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TO SUBMIT WRITTEN COMMENTS ON AN
AGENDA ITEM IN ADVANCE OF THE MEETING GO

TO: hitp:/iwww.arb.ca.qov/lispub/comm/bclist.php

August 23, 2012
9:00 a.m.

DISCUSSION ITEMS:
Note: The following agenda items may be heard in a different order at the Board meeting.

Agenda ltem #

12-51:

12-5-2:

Public Meeting to Present the Air Resources Board’s Role in Responding to Air
Emergencies in California

Staff will present to the Board the purpose, history and capabilities of the Air Resources
Board's (ARB) emergency air monitoring program. Staff will also explain the importance of
this function in the context of the State Emergency Plan and the State Emergency
Management System.

Public Hearing to Consider Technical Status of and Proposed Amendments to On-
Board Diagnostic System Requirements for Heavy-Duty Engines, Passenger Cars,
Light-Duty Trucks, Medium-Duty Vehicles and Engines

Staff will present to the Board proposed amendments to the Heavy Duty On-Board
Diagnostic (HD OBD) and Medium-Duty On-Board Diagnostic (OBD i) requirements.
Most of the proposed amendments relate to the requirements for diesel engines,
including providing revised requirements during the 2013 through 2015 model years
based on the current limits of diesel technology. Staff is also proposing other changes
specific to the HD OBD regulation, including accelerating the start date for on-board
diagnostic system implementation on heavy-duty alternate-fueled engines from the 2020
model year fo the 2018 model year. Staff is proposing to update the associated HD OBD
and OBD 1l enforcement regulations to align with the diesel-related changes being
proposed for the HD OBD and OBD Il regulations.
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12-5-3:

~ Public Hearing to Consider Amendments to the Verification Procedure, Warranty
and In-Use Compliance Requirements for In-Use Strategies to Control Emissions
from Diesel Engines

Staff will present to the Board proposed amendments to the Verification Procedure, which is
used by staff to evaluate diesel retrofits through emissions, durability, and field testing. The
Verification Procedure is ARB’s key tool for ensuring that diesel retrofits used by fleet owners
are an effective means to reducing emissions from existing diesel engines used in vehicles
and equipment. Staff's proposed changes are intended to reduce the amount of in-use
compliance emissions testing required of retrofit manufacturers while maintaining the
protections and remedies for the retrofit system purchasers with the addition of recall
provisions. Staff will propose additional changes to improve the process of matching retrofits
with their intended vehicles, strengthen ARB'’s ability to quickly and effectively address
systems with high warranty claim rates, provide additional information to fleets on the
maintenance and appropriate use of their diesel retrofits, and provide better information to
assist applicants in navigating the verification process.

CLOSED SESSION

The Board will hold a closed session, as authorized by Government Code section 11126(e), to
confer with, and receive advice from, its legal counsel regarding the following pending or
potential litigation, and as authorized by Government Code section 11126(a).

Pacific Merchant Shipping Association v. Goldstene, U.S. District Court (E.D. Cal.
Sacramento), Case No. 2:09-CV-01151-MCE-EFB.

POET, LLC, et al. v. Goldstene, et al., Superior Court of California (Fresno County},
Case No. 09CECG04850; plaintiffs appeal, Court of Appeal No. F064045.

- Rocky Mountain Farfners Union, et al. v. Goldstene, U.S. District Court (E.D. Cal. Fresno),

Case No. 1:09-CV-02234-LJO-DLB; interfocutory appeal, U.S. Court of Appeal, Ninth Circuit
Nos. 09-CV-02234 and 10-CV-00163.

American Fuels and Petrochemical Manufacturing Associations, et al. v. Goldstene, et al., U.S.
District Court (E.D. Cal. Fresno) Case No. 1:10-CV-00163-AWI-GSA; interfocutory appeal, U.S.
Court of Appeal, Ninth Circuit Nos. 09-CV-02234 and 10-CV-00163.

Association of Irmitated Residents, et al. v. California Air Resources Board, Superior Court of
California (San Francisco County), Case No. CPF-09-509562.

Association of Imitated Residents, et al. v. U.S. E.P.A., 2011 WL 310357 (C.A.9), (Feb. 2, 2011).

California Dump Truck Owners Association v. California Air Resources Board, U.S. District
Court (E.D. Cal. Sacramento) Case No. 2:11-CV-00384-MCE-GGH.

Engine Manufacturers Association v. California Air Resources Board, Sacramento Superior
Court, Case No. 34-2010-00082774.

Citizens Climate Lobby and Our Children’s Earth Foundation v. California Air Resources Board,
San Francisco Superior Court, Case No. CGC-12-519554.

Consideration of a personnel matter.




Public Agenda Centinued August 23, 2012 Page 3

OPPORTUNITY FOR MEMBERS OF THE BOARD TO COMMENT ON MATTERS OF INTEREST

Board members may identify matters they would like to have noticed for consideration at future meetings
and comment on topics of interest; no formal action on these topics will be taken without further notice.

OPEN SESSION TO PROVIDE AN OPPORTUNITY FOR MEMBERS OF THE PUBLIC TO ADDRESS
THE BOARD ON SUBJECT MATTERS WITHIN THE JURISDICTION OF THE BOARD

Although no formal Board action may be taken, the Board is allowing an opportunity to interested
members of the public to address the Board on items of interest that are within the Board's
jurisdiction, but that do not specifically appear on the agenda. Each person will be allowed a
maximum of three minutes to ensure that everyone has a chance fo speak.

TO SUBMIT WRITTEN COMMENTS ON AN AGENDA ITEM IN ADVANCE OF THE MEETING
GO TO:

http://www.arb.ca.qov/lispub/comm/bclist.php

ONLINE SIGN-UP:
You can sign up online in advance to speak at the Board meetlng when you submit an
electronic Board item comment. For more information go to:

http://www.arb.ca.gov/beard/online-signup.htm

IF YOU HAVE ANY QUESTIONS, PLEASE CONTACT THE CLERK OF THE BOARD:
1001 | Street, 23™ Floor, Sacramento, California 95814
(916) 322-5594
ARB Homepage: www.arb.ca.gov

SPECIAL ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:
» Aninterpreter to be available at the hearing;
« Documents made available in an alternate format or another language;
» Adisability-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk of the Board at
(916) 322-5594 or by facsimile at (916) 322-3928 as soon as possible, but no later than 7 business days
before the scheduled Board hearing. TTY/TDD/Speech to Speech users may dial 711 for the California
Relay Serwce

Comodidad especial o necesidad de otro idioma puede ser proveido para alguna de las siguientes:
s Un intérprete que esté disponible en la audiencia.
» Documentos disponibles en un formato alterno u otro idioma;
» Una acomodacion razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales 0 necesidades de otro idioma, por favor llame a la oficina
del Consejo al (916) 322-5594 o envie un fax a (916) 322-3928 lo mas pronto posible, pero no menos de
7 dias de trabajo antes del dia programado para la audiencia del Consejo. TTY/TDD/Personas que
necesiten este servicio pueden marcar el 711 para el Servicio de Retransmision de Mensajes de
California.

SMOKING IS NOT PERMITTED AT MEETINGS OF THE CALIFORNIA AIR RESOURCES BOARD
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TITLE 13. CALIFORNIA AIR RESOURCES BOARD

- NOTICE OF PUBLIC HEARING TO CONSIDER TECHNICAL STATUS AND
PROPOSED REVISIONS TO ON-BOARD DIAGNOSTIC SYSTEM REQUIREMENTS
FOR HEAVY-DUTY ENGINES, PASSENGER CARS, LIGHT-DUTY TRUCKS,
MEDIUM-DUTY VEHICLES AND ENGINES

The Air Resources Board (ARB or Board) will conduct a public hearing at the time and
place noted below to consider adopting amendments to California’s Heavy Duty Engine
On-Board Diagnostic System Requirements (HD OBD) and On-Board Diagnostic
System Requirements for Passenger Cars, Light-Duty Trucks, and Medium-Duty
Vehicles and Engines (OBD Il). The Board will consider amendments to the HD OBD
and OBD Il regulations to update the diesel monitoring requirements, to make some
requirements consistent between the HD OBD and OBD |l regulations, and to clarify
and improve the regulation where necessary, among other revisions.

DATE: August 23, 2012
TIME: 9:00 a.m.
PLACE: California Environmental Protection Agency

Air Resources Board

Byron Sher Auditorium

1001 | Street

Sacramento, California 95814

This item may be considered at a two day meeting of the Board, which will commence
at 9:00 am., Pygust 23, 2012, and may continue at 8:30 a.m., on August 24, 2012.
This item may not be considered until August 24, 2012. Please consult the agenda for
the meeting, which will be available at least 10 days before August 23, 2012, to
determine the day on which this item will be considered.

INFORMATIVE DIGEST OF PROPOSED ACTION AND POLICY STATEMENT
OVERVIEW

Sections Affected: Proposed amendments to California Code of Regulations, title 13,
sections 1968.2, 1968.5, 1971.1, and 1971.5 and the following documents incorporated
- by reference therein:

ARB Mail-Out #MSC 09-22, “Guidelines for Heavy-Duty On-Board Diagnostic (HD OBD)
Certification Data,” July 7, 2009.

International Standards Organization (ISO) 15765-4:“Road Vehicles — Diagnostics
Communications over Controller Area Network (CAN) — Part 4. Requirements for
emission-related systems,” February 2011.



Society of Automotive Engineers (SAE) J1699-3 — “Vehicle OBD Il Compliance Test
Cases”, December 2009.

SAE J1930-DA “Electrical/Electronic Systems Diagnostic Terms, Definitions,
Abbreviations, and Acronyms Web Tool Spreadsheet”, March 2012.

SAE J1979 "E/E Diagnostic Test Modes," February 2012.
SAE J1979-DA “Digital Annex of E/E Diagnostic Test Modes”, October 201 1

SAE J2012-DA “Digital Annex of Diagnostic Trouble Code Definitions and Failure Type
Byte Definitions”, July 2010.

SAE J2403 "MediumlHeavy-Duty E/E Systems Diagnosis Nomenclature,” February
2011.

SAE J1939 consisting of:
J1939 Recommended Practice for a Serial Control and Communications Vehlcle
Network, April 2011;
J1939/01 On-Highway Equipment Control and Communications Network,
May 2011;
J1939/13 Off-Board Diagnostic Connector, October 2011,
J1939/21 Data Link Layer, December 2010;
J1939/31 Network Layer, May 2010;
J1939/71 Vehicle Application Layer (Through May 2010), March 2011,
J1939/73 Application Layer—Diagnostics, February 2010;
J1939/81 Network Management, June 2011; and
J1939/84 OBD Communications Compliance Test Cases For Heavy Duty
Components and Vehicles, December 2010.

Background:

OBD systems serve an important role in helping to ensure that engines and vehicles
maintain low emissions throughout their full life. OBD systems monitor virtually all
emission controls on gasoline and diesel engines, including catalysts, particulate matter
(PM) filters, exhaust gas recirculation systems, oxygen sensors, evaporative systems,
fuel systems, and electronic powertrain components as well as other components and
systems that can affect emissions when malfunctioning. The systems also provide
specific diagnostic information in a standardized format through a standardized serial
data link on-board the vehicles. The use and operation of OBD systems ensure
reductions of in-use motor vehicle and motor vehicle engine emissions through
improvements in emission system durability and performance.

The Board originally adopted comprehensive OBD regulations in 1989, requiring all
1996 and newer model year passenger cars, light-duty trucks, and medium-duty
vehicles and engines to be equipped with OBD systems (referred to as OBD Il). The



Board subsequently updated the OBD Il requirements in 2002 with the adoption of
California Code of Regulations, title 13, section 1968.2, which established OBD Il
requirements and enforcement requirements for 2004 and subsequent model year
vehicles. The Board has modified the OBD Il regulation in regular updates since initial
adoption to address manufacturers’ implementation concerns and, where needed, to
strengthen specific monitoririg requirements. The Board last adopted comprehensive
updates to the OBD Il requirements in 2006 to address several concerns and issues
regarding the regulation (California Code of Regulations, title 13, §1968.2) and
enforcement requirements (§1968.5), while minor updates were made to the OBD I
regulations in 2011. In 2005, ARB adopted California Code of Regulations, title 13,
section 1971.1, which established comprehensive OBD requirements for 2010 and
subsequent model year heavy-duty engines and vehicles (i.e., vehicles with a gross
vehicle weight rating greater than 14,000 pounds), referred to as HD OBD. The Board
subsequently updated the HD OBD regulation in 2009 as well as adopted HD OBD-
specific enforcement requirements (California Code of Regulations, title 13, §1971.5).
Finally, as part of the 2009 update, the Board aligned the HD OBD with OBD I
requirements for medium-duty vehicles. '

Objectives and Benefits:

The purpose of the HD OBD and OBD |l regulations is to reduce motor vehicle and
motor vehicle engine emissions by establishing emission standards and other
requirements for onboard diagnostic systems (OBD systems) that are installed on 2010
and subsequent model-year engines certified for sale in heavy-duty applications in
California. The OBD systems, through the use of an onboard computer(s), monitor
emission systems in-use for the actual life of the engine, detect malfunctions-of the
monitored emission systems, illuminate a malfunction indicator light (MIL) to notify the

- vehicle operator of detected malfunctions, and store fault codes identifying the detected
maifunctions. The use and operation of OBD systems ensure reductions of in-use motor
vehicle and motor vehicle engine emissions through improvements in emission system
durability and performance.

In adopting the HD OBD and OBD |l regulations, the Board directed the staff to continue
to follow manufacturers’ progress towards meeting the regulations’ requirements and to
report back should modifications to the requirements be deemed appropriate. Since
then, staff has met with stakeholders in teleconferences and face-to-face meetings,
including a public workshop in March 2012, where staff and manufacturers identified
areas in which modifications to the HD OBD and OBD I! regulations, as it applies to
medium-duty diesel vehicles, would be beneficial.

Additionally, since the adoption of amendments in 2010, stakeholders have argued that
OBD system requirements are not emission standards or test procedures and that ARB
does not have authority to order manufacturers to recall motor vehicles or engines if
ARB were to determine that an installed OBD system was found to be in noncompliance
with the HD OBD regulation. To clarify any misunderstanding, ARB staff is proposing -
that the OBD regulations be amended to be consistent with the federal definition of



emission standard as set forth in Engine Manufacturers Association v. South Coast Air
Quality Management District (2004) 541 U.S. 246, 253, 124 S.Ct. 1756, 1762 (EMA).
For purposes of clarification and consistency, ARB staff is also adding the terms
"axhaust emission standard” and "evaporative emission standard” in the definitions
section to provide more specificity, where needed, to preexisting textual references to
emission standards.

The proposed changes to the HD OBD regulation include revisions that accelerate the
start date for OBD system implementation on alternate-fueled engines from the 2020
model year to the 2018 model year, relax some requirements for OBD systems on
heavy-duty hybrid vehicles for the 2013 through 2015 model years, relax the
malfunction thresholds until the 2016 model year for three major emission control
systems (PM filters, oxides of nitrogen (NOXx) catalysts, and NOx sensors) on diesel
engines based on the current limits of technical feasibility, delay the monitoring
requirements for some diesel-related components until 2015 to provide further lead time
for emission control strategies to stabilize, and clarify requirements for several monitors
and standardization. Proposed amendments to the HD OBD regulation include:

Clarifying the purposes and objectives of the OBD regulations
Adding a definition of emission standard as it applies to OBD systems
Adding definitions for exhaust and evaporative emission standards
Revisions related to alternate-fueled engines
Adding definitions and revising the permanent fault code storage and erasure
protocol and in-use monitoring performance requirements applicable to hybrid
vehicles
s Reévising the freeze frame storage and erasure protocol
-~ e Revising the in-use monitoring performance requirements for the PM filter and
- PM sensor monitors
« Revising the diesel misfire monitoring requirements to no longer require emission
threshold-based malfunction criteria and to require expanded monitoring
conditions. '
e Revising the 2013 through 2015 model year malfunction thresholds for the diesel
PM filter monitor, the NOx catalyst monitor, and the NOx sensor monitor
« Delaying some monitoring requirements for catalyzed PM filters and diesel non-
methane hydrocarbon converting catalysts from the 2013 model year to the 2015
model year - ‘
o Revising the cooling system monitoring requirements to clarify when monitor
‘enablement can occur ‘ '
¢ Updating the SAE and 1SO document references
 Revising the standardized communication protocol and diagnostic connector
requirements to account for the new 500 kbps baud rate version of SAE J1938.
« Revising the readiness status requirements to clarify which monitors are to be
included in determining readiness '
e Clarifying the calibration verification number requirements
e Revising the certification demonstration testing requirements to clarify how to
perform the testing for gasoline air-fuel ratio cylinder imbalance monitoring and



exhaust gas sensor monitoring, to exempt manufacturers from testing the diesel
misfire monitor, and to clarify the test requirements for catalyst faults and other
faults where default actions are taken

¢ Adding items required to be submitted as part of the certification appllcatlon
Revising the deficiencies section to allow up to two free deficiencies for 2013
through 2015 model year heavy-duty hybrid vehicles and for PM filter and PM
sensor monitors

Concurrently, the staff is proposing to update the medium-duty vehicle diesel-related

- requirements in the medium-duty OBD Il regulation (§1968.2) to be consistent with the
proposed diesel-related amendments to the HD OBD regulation. These proposed
changes for medium-duty vehicles include diesel monitoring requirements and diesel-
related in-use monitor performance requirements mentioned above. This would allow
manufacturers of both heavy-duty and medium-duty diesel engines to design to and
meet essentially the same requirements.

Further, the staff is also proposing amendments to the HD OBD and OBD |l
enforcement regulations (California Code of Regulations, title 13, §1971.5 and §1968.5,
respectively) to align with the proposed diesel-related changes to the HD OBD and OBD
Il regulations, specifically the selection criteria of engines/vehicles for the test sample
group and the mandatory recall provisions for diesel engines.

The proposed HD OBD and OBD Il amendments provide engine manufacturers with
greater compliance flexibility and clarify the performance requirements that they are
expected to meet in designing and developing robust OBD systems. This in turn will
encourage manufacturers to design and build more durable engines and emission-
related components, all of which will help ensure that forecasted emission reduction
benefits from adopted medium- and heavy-duty engine emission control programs are
achieved in-use.

CONSISTENCY AND COMPATIBILITY WITH EXISTING STATE REGULATIONS

As stated above, OBD Il regulations were first adopted in 2002 while the HD OBD
regulations were first adopted in 2005. The intent of OBD systems is to ensure that
motor vehicle tailpipe and evaporative emission standards are met in-use throughout
the useful lives of the motor vehicle and that emission-related components are durable
and effective. The proposed amendments will provide for robust systems that are -
consistent and compatible with existing State regulations.

MANDATED BY FEDERAL LAW OR REGULATIONS

The federal Clean Air Act establishes ambient air quality standards that states must
achieve by specific dates. The Clean Air Act does not mandate specific requirements
that states must adopt but instead provides states with discretion on how to achieve
these emission reductions. The OBD amendments set forth here have been



determined by the California legislature and ARB as a necessary and important part of
California’s emission reduction program to achieve the federal objectives.

COMPARABLE FEDERAL REGULATIONS

In February 1993, the U.S. EPA promulgated final OBD requirements for federally
certified light-duty vehicles and trucks. (40 CFR Part 86, §§ 86.094-2, 86.094-17,
86.004-18(a), 86.094-21(h), 86.094-25(d), 86.094-30(f), 86.094-35(1), 86.095-30(f),
86.095-35(1); see 58 Fed.Reg. 9468-9488 (February 19, 1993).) The requirements
were later amended to require OBD systems on medium-duty vehicles by the 2008
model year. The final rule with the latest modifications of the requirements was
published on February 24, 2009. A central part of the federal regulation is that, for
purposes of federal certification of vehicles, U.S. EPA will deem California-certified
OBD Il systems to comply with the federal regulations.

In Health and Safety Code sections 43013, 43018, and 43101, the Legislature expressly
directed ARB to adopt emission standards for new motor vehicles that are necessary
and technologically feasible and to endeavor to achieve the maximum degree of
emission reduction possible from vehicular and other mobile sources in order to
accomplish the attainment of the State standards at the earliest practicable date. ARB
initially adopted the OBD |l regulations to meet those legislative directives. The OBD i
regulation was first adopted in 1990. On October 3, 1996, the U.S. EPA formally
granted California’s request for a waiver regarding the OBD |l regulation, as last
amended in December 1994," recognizing that the OBD Il regulation is at least as
stringent in protecting public health and welfare as the federal regulation, and that
unique circumstances exist in California hecessitating the need for the State's own
motor vehicle regulations program.

The federal OBD requirements are comparable in concept and purpose with California’s
OBD |l regulation; however, differences exist with respect to the scope and stringency
of the requirements of the two regulations. More specifically, California’s current OBD |
regulations are generally more comprehensive and stringent than the comparable
federal requirements. Under OBD |l requirements, manufacturers must implement
monitoring strategies for essentially all emission control systems and emission-related
components. Generally, the OBD |l regulation requires that components be monitored
to indicate malfunctions when component deterioration or failure causes emissions to
exceed 1.5 times the applicable tailpipe emission standards of the certified vehicle. The
regulation also requires that components be monitored for functional performance even
if the failure of such components does not cause emissions to'exceed 1.5 times the
standard. The federal requirements, in contrast, require monitoring only of the catalyst,
engine misfire, evaporative emission control system, and oxygen sensors. Other
emission control systems or components, such as exhaust gas recirculation and
secondary air systems, need only be monitored if by malfunctioning, vehicle emissions
exceed 1.5 times the applicable tailpipe standards. No functional monitoring is required.

' California State Motor Vehicle Pollution Control Standards; Waiver of Federal Preemption; Decision,
dated October 3, 1996, 61 Fed.Reg. 53371 (October 11, 1996).



Historicélly. virtually every vehicle sold in the U.S. is designed and certified to
California’'s OBD Il requirements in lieu of the federal OBD requirements.

ARB initially adopted the HD OBD regulation in 2005. A waiver for the regulation was
granted by U.S EPA in 2008.2 The U.S. EPA has also adopted OBD requirements for
vehicles and engines above 14,000 pounds, which is the weight range for California’s
“heavy-duty” class. The federal regulation, which was published on February 24, 2009,
is consistent with ARB'’s California regulation in almost all important aspects, and while
minor differences may exist between these requirements, heavy-duty OBD systems can
be designed to comply with both the federal and California programs. In fact, U.S.
EPA’s regulation directly allows acceptance of systems that have been certified to
California’s HD OBD regulation and to date, all heavy-duty engine manufacturers have
chosen this path for certification.

Finally, in 2004, the United States Supreme Court clarified the definition of emission
standard as it applies to motor vehicles and motor vehicle engines, finding that emission
standards relate to the emission characteristics of a vehicle or engine and that for
compliance purposes require a motor vehicle or motor vehicle engine to emit no more
than a certain amount of a given pollutant, be equipped with a certain type of poliution-
control device, or have some other design feature related to the control of emissions.
(EMA. 541 U.S. at 253.) An OBD system, in general, is a design feature related to the
control of emissions and specifically establishes malfunction criteria that set numerical
emission limits for pollutants for the purpose of detecting emission control system
malfunctions. The proposed amendments are intended to make clear that the definition
of emission standard as used in the OBD regulations conform to the federal defmltlon as
interpreted.

AVAILABILITY OF DOCUMENTS

ARB staff has prepared a Staff Report; ' Initial Statement of Reasons (ISOR) for the
propased regulatory action, which includes a summary of the economic and
environmental impacts of the proposal. The report is entitled: Technical Status and
Revisions to Malfunction and Diagnostic System Requirements for Heavy-Duty Engines
(HD OBD) and Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles and
Engines (OBD ).

Copies of the ISOR and the full text of the proposed regulatory language, in underline
and strikeout format to allow for comparison with the existing regulations, may be
accessed on ARB's website listed below, or may be obtained from the Public
Information Office, Air Resources Board, 1001 | Street, Visitors and Environmental
Services Center, First Floor, Sacramento, California, 95814, (916) 322-2990, on

July 5, 2012.

2 California State Motor Vehicle Pollution Control Standards; Waiver of Federal Preemption; Decision,
dated August 13, 2008 73 Fed.Reg. 52042 (September 8, 2008),



Final Statement of Reasons Availability
Upon its completion, the Final Statement of Reasons (FSOR) will be available and

copies may be requested from the agency contact persons in this notice, or may be
accessed on ARB’s website listed below.

Internet Access .

This notice, the ISOR and all subsequent regulatory documents, including the FSOR,
when completed, are available on ARB’s website for this rulemaking at
http:/Awww.arb.ca.gov/regact/2012/hdobd 12/hdobd12.htm

AGENCY CONTACT PERSONS

Inquiries concerning the substance of the proposed regulation may be directed to the
designated agency contact persons, Mike McCarthy, Manager, Advanced Engineering
Section, at (626) 771-3614 or Adriane Chiu, Air Resources Engineer, Advanced
Engineering Section, at (626) 350-6453.

Further, nonsubstantive inquiries concerning the proposed administrative action may be
directed to Ms. Lori Andreoni, Manager, Board Administration and Regulatory
Coordination Unit at (916) 322-4011, or Ms. Amy Whiting, Regulations Coordinator at
(916) 322-6533. The Board staff has compiled a record for this rulemaking action,
which includes all the information upon which the proposal is based. This material is
available for inspection upon request to the contact persons. :

FISCAL IMPACT

The determinations of the Board's Executive Officer concerning the costs or savings
necessarily incurred by public agencies and private persons and businesses in
reasonable compliance with the proposed regulations are presented below.

DISCLOSURES REGARDING THE PROPOSED REGULATION

Pursuant to Government Code sections 11346.5(a)(5) and 11346.5(a)(6), the Executive
Officer has determined that the proposed regulatory action would not create costs or
savings to any State agency or in federal funding to the State, costs or mandate to any
local agency or school district, whether or not reimbursable by the State pursuant to
Government Code, title 2, division 4, part 7 (commencing with section 17500), or other
nondiscretionary cost or savings to State or local agencies.

COST IMPACTS ON REPRESENTATIVE PRIVATE PERSONS OR BUSINESSES

In developing this regulatory proposal, ARB staff evaluated the potential economic
impacts on representative private persons or businesses. The proposed revisions to
the regulations consist primarily of providing interim relaxations of requirements and
clarifying existing requirements. The only changes that are expected to affect costs-
involve the increased reporting requirements for the diesel misfire monitor and the two



year earlier implementation of full OBD for heavy-duty alternate-fueled engines.
Regarding the diesel misfire monitor reporting requirements, the additional reporting
costs to comply with the more comprehensive misfire monitoring requirements will result
in total costs of about $30,000 annually when the requirement is fully phased-in, which
amounts to an incremental cost.of less than $0.56 per vehicle passed on to consumers.
Thus, the cost related to heavy-duty engine manufacturers and.medium-duty vehicle
manufacturers are expected to be negligible. For heavy-duty alternate-fueled engines,
the additional incremental cost for buyers of these vehicles has been estimated to range
from $21 per vehicle for vehicles from large volume manufacturers to $207 per vehicle
for small businesses. These costs, however, are expected to be offset by various
financial incentives offered by the State and federal agencies that have ranged from
$7500 to $32,000 per vehicle in past years. More details of this analysis are set forth in
the ISOR -

SIGNIFlCANT STATEWIDE ADVERSE ECONOMIC IMPACT DIRECTLY AFFECTING
BUSINESS, INCLUDING ABILITY TO COMPETE

The Executive Officer has made an initial determination that the proposed regulatory -
action would not have a signifi icant statewide adverse economic impact directly affecting
businesses, including the ability of California businesses to compete with businesses in
other states, or on representative private persons. Support for this determination is set
forth in the ISOR.

STATEMENT OF THE RESULTS OF THE ECONOMIC IMPACT ASSESSMENT
PREPARED PURSUANT TO GOVERNMENT CODE SEC. 11346.3(b)

The Executive Officer has determined that the proposed regulatory action would have
minor or no impact on the creation or elimination of jobs within the State of California,
the creation of new businesses or elimination of existing businesses within the State of
California, or the expansion of businesses currently doing business within the State of
California. A detailed assessment of the economic impacts of the proposed regulatory
action can be found in the ISOR.

Benefits of the Proposed Requlation:

As set forth above, the proposed HD OBD and OBD Il amendments will provide engine
manufacturers with greater compliance flexibility and clarify the performance
requirements that they are expected to meet in designing and developing robust OBD
systems. This in turn will encourage manufacturers to design and build more durable
engines and emission-related components, all of which will help ensure that forecasted
emission reduction benefits from adopted medium- and heavy-duty engine emission
control programs are achieved in-use. A detailed assessment of the economic impacts
of the proposed regulatory action and ascribed benefits can be found in the Economic
Impact Analysis in the {ISOR. |



10

EFFECT ON SMALL BUSINESS

The Executive Officer has also determined, pursuant to California Code of Regulations,
title 1, section 4, that the proposed regulatory action may affect small businesses.
There are an estimated nine alternate-fueled conversion manufacturers, some of which
may be considered "small businesses’, though the exact number cannot be determined.
One of these manufacturers is located in California. A typical small business is an
alternate-fueled engine conversion manufacturer that converts up to 500 diesel or
gasoline engines per year to run on alternate fuels. An analysis was conducted that
estimates the cost of the proposed amendments on such a small business at $212,000
over two years. Such small businesses would be expected to pass these costs on to
the purchaser of the engine in the form of increased retail price for the converted engine
as noted above in the cost impacts on private persons or businesses.

REPORTING REQUIREMENTS

In accordance with Government Code sections 11346.3(¢c) and 11346.5(a)(11), the
Executive Officer has found that the reporting requirements of the regulation which
apply to businesses are necessary for the heaith, safety, and welfare of the people of
the State of California. '

ALTERNATIVES

Before taking final action on the proposed regulatory action, the Board must determine
that no reasonable altemative considered by the Board, or that has otherwise been
identified and brought to the attention of the Board (which includes during preliminary
workshop activities), would be more effective in carrying out the purpose for which the
action is proposed, or would be as effective and less burdensome to affected private

. persons than the proposed action, or would be more cost-effective to affected private

persons and equally effective in implementing the statutory policy or other provisions of
law.

ENVIRONMENTAL ANALYSIS

In accordance with ARB's certified regulatory program, California Code of Regulations,
title 17, sections 60006 through 60007, and the California Environmental Quality Act,
Public Resources Code section 21080.5, ARB has conducted an analysis of the
potential for significant adverse and beneficial environmental impacts associated with
the proposed regulatory action. The environmental analysis of the proposed regulatory
action can be found in Chapter Il of the ISOR.

SUBMITTAL OF COMMENTS AND WRITTEN COMMENT PERIOD

Interested members of the public may also present comments orally or in writing at the
meeting, and comments may be submitted by postal mail or by electronic submittal
before the meeting. The public comment period for this regulatory action will begin on

10



Monday, July 9, 2012. To be considered by the Board, written comments, not physically
submitted at the meeting, must be submitted on or after Monday, July 9, 2012 and
received no later than 12:00 noon on Wednesday, August 22, 2012, and must be
addressed to the following:

“Postal mail: Clerk of the Board, Air Resources Board
1001 | Street, Sacramento, Cglifornia 95814

Electronic submittal: http:/www.arb.ca.gow/lispub/comm/bglist.php

You can sign up online in advance to speak at the Board meeting when you submit an
electronic board item comment. For more information go to: '

http:/Aww.arb.ca-gov/board/online-signup.htm

Please note that under the California Public Records Act (Gov. Code, § 6250 et seq.),
your written and oral comments, attachments, and associated contact information (e.g.,
your address, phone, email, etc.) become part of the public record and can be released
to the public upon request.

ARB requests that written and email statements on this item be filed at least 10 days
prior to the hearing so that ARB staff and Board members have additional time to
consider each comment. The Board encourages members of the public to bring to the
attention of staff in advance of the hearing any suggestions for modification of the
proposed regulatory action. '

Additionally, the Board requests but does not require that persons who submit written
comments to the Board reference the title of the proposal in their comments to facilitate
review.

STATUTORY AUTHORITY AND REFERENCES

This regulatory action is proposed under that authority granted in Health and Safety
Code, sections 39010, 39600, 39601, 43000.5, 43013, 43016, 43018, 43100, 43101,
43104, 43105, 43105.5, 43106, 43154, 43211, and 43212. This action is proposed to
implement, interpret and make specific sections 39002, 39003, 39010, 38018, 39021.5,
39024, 39024.5, 39027, 39027.3, 39028, 39029, 39031, 39032, 39032.5, 39033, 39035,
39037.05, 39037.5, 39038, 39039, 39040, 39042, 39042.5, 39046, 39047, 39053,
39054, 39058, 39059, 39060, 39515, 39600, 39601, 43000, 43000.5, 43004, 43006,

- 43013, 43016, 43018, 43100, 43101, 43102, 43104, 43105, 43105.5, 43106, 43150,
43151, 43152, 43153, 43154, 43155, 43156 43204, 43205, 43211, and 43212 ofthe
Health and Safety Code.

11
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HEARING PROCEDURES

The public hear'ing will be conducted in accordance with the California Administrative
Procedure Act, Government Code, title 2, division 3, part 1, chapter 3.5 (commencing

~with section 11340).

Following the public hearing, the Board may adopt the regulatory language as originally

~ proposed, or with non-substantial or grammatical modifications. The Board may also

adopt the proposed regulatory language with other modifi cations if the text as modifi ed

is sufficiently related to the originally proposed text that the public was adequately

placed on notice and that the regulatory language as modified could result from the
proposed regulatory action; in such event, the full regulatory text, with the modifications
clearly indicated, will be made avaitable to the public, for written comment, at least.
15-days before it is adopted.

The public may request a copy of the modified regulatory text from ARB’s Public
Information Office, Air Resources Board, 1001 | Street, Visitors and Environmental
Services Center, First Floor, Sacramento, California, 95814, (916) 322-2990.

SPECIAL ACCOMMODATION REQUEST

Special accommodation or language needs can be provided for any of the following:

« An interpreter to be available at the hearing;
« Documents made available in an alternate format or another language; or
« A disability-related reasonable accommodation.

To request these special accommodations or language needs, please contact the Clerk
of the Board at (916) 322-5594 or by facsimile at 916) 322-3928 as soon as possible,
but no later than 10 business days before the scheduled Board hearing.
TTY/TDD/Speech to Speech users may dial 711 for the California Relay Service.

Comodidad especial o necesidad de otro idioma puede ser proveido para alguna de las
siguientes:

« Un intérprete que esté disponible en la audiencia.
» Documentos disponibles en un formato alterno u otro idioma.
« Una acomodacion razonable relacionados con una incapacidad.

Para solicitar estas comodidades especiales o necesidades de otro idioma, por favor

llame a la oficina del Consejo al (916) 322-5594 o envie un fax a (916) 322-3928 lo mas
pronto posible, pero no menos de 10 dias de trabajo antes del dia programado para la

12



audiencia del Consejo. TTY/TDD/Personas que necesiten este servicio pueden marcar
el 711 para el Servicio de Retransmisién de Mensajes de California.

CALJFORNIA AIR RESOURCES BOARD

Wi 1Y

mes N. Geldsténe

xecutive Officer

Date: June 26, 2012

The energy challenge facing California is real. Every Californian needs fo take immediate action to
reduce energy consumption. For a list of simple ways you can reduce demand and cut your energy
costs, see our websife at viww.arb.ca.qov.
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APPENDICES

Appendix A: Proposed Regulation Order: Title 13, California Code of Regulations,
Section 1971.1, On-Board Diagnostic System Requirements — 2010 and Subsequent
Model-Year Heavy-Duty Engines

Appendix B: Proposed Regulation Order: Title 13, California Code of Regulations,
Section 1968.2, Malfunction and Diagnostic System Requirements — 2004 and
Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and Medium-Duty
Vehicles and Engines

Appendix C: Proposed Regulation Order: Title 13, California Code of Regulations,
Section 1971.5, Enforcement of Malfunction and Diagnostic System Requirements for
2010 and Subsequent Model-Year Heavy-Duty Engines

Appendix D: Proposed Regulation Order: Title 13, California Code of Regulations,
Section 1968.5, Enforcement of Malfunction and Diagnostic System Requirements for
2004 and Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and Medium-
Duty Vehicles and Engines
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. SUMMARY OF STAFF PROPOSAL AND"RELATED POLICY ISSUES

Background

On-board diagnostic (OBD) systems are comprised mainly of software designed into the
vehicle’s on-board computer to detect emission control system malfunctions as they
occur by monitoring virtually every component and system that can cause increases in
emissions. When an emission-related malfunction is detected, the OBD system alerts
the vehicle owner by itluminating the malfunction indicator light (MIL) on the instrument
panel. By alerting the owner of malfunctions as they occur, repairs can be sought
promptly, which resulis in fewer emissions from the vehicie. Additionally, the

OBD system stores important information, including identifying the faulty component or
system and the nature of the fault, which allow for quick diagnosis and proper repair of
the problem by technicians. This helps owners achieve less expensive repairs and
promotes repairs done correctly the first time. The use and operation of OBD systems
ensure reductions of in-use motor vehicle and motor vehicle engine emissions through
improvements in emission system durability and performance.

The California Air Resources Board (ARB or Board) originally adopted comprehensive
OBD regulations in 1989, requiring all 1996 and newer model year passenger cars,
light-duty trucks, and medium-duty vehicles and engines to be equipped with

OBD systems (referred to as OBD IlI). ARB subsequently updated the OBD |l
regulations with the adoption of California Code of Regulations (Cal. Code Regs.), title
13, sections 1968.2 and 1968.5, which established OBD Il requirements and OBD II-
specific enforcement requirements for 2004 and subsequent model year passenger
cars, light-duty trucks, and medium-duty vehicles and engines. In 2004, ARB adopted
the Engine Manufacturer Diagnostic system (EMD) regulation (Cal. Code Regs., title 13,
section 1971), which requires manufacturers of heavy-duty engines and vehicles (i.e.,
vehicles with a gross vehicle weight rating greater than 14,000 pounds) to implement
diagnostic systems on ail 2007 and subsequent model year on-road heavy-duty Otto- )
cycle (gasoline) and diesel engines. However, the EMD regulation is much less
comprehensive than the OBD 1l regulation, requiring the monitoring of only a few major
emission control technologies and containing no standardized requirements.
Essentially, the EMD regulation was developed to require heavy-duty engine
manufacturers to achieve a minimum level of diagnostic capability while focusing most
of their resources on meeting the new 2007 exhaust emission standards. In 2005, ARB
adopted Cal. Code Regs., title 13, section 1971.1, which established comprehensive
0BD requirements (HD OBD) for 2010 and subsequent model year heavy-duty engines
and vehicles, and an HD OBD-specific enforcement regulatlon section 1971.5, was
subsequently adopted in 2009.

Since amendments were last adopted for the heavy-duty OBD regulations in 2009, ARB
staff has met with manufacturers to review progress in meeting the regulatory
requirements and identify the need for revisions. Staff believes that modifications fo the
regulations are warranted and is proposing amendments to the HD OBD regulation



section 1971.1, which can be found in Appendix A. Staff is also proposing similar
amendments to the OBD Il regulation section 1968.2 (included in Appendix B) for
medium-duty diesel engines and vehicles to harmonize the requirements of the two
regulations. The proposed regulation order for section 1968.2 also contains minor
amendments that were recently approved by the Board at the January 23, 2012 Board
hearing but have not been formally adopted to date. These amendments are
designated by single underiine to indicate additions and single-strikeeut to indicate
deletions from the existing regulatory text, while the amendments proposed during this
rulemaking are shown in double underline to indicate additions and deuble-strikesut fo
indicate deletions. Lastly, staff is proposing to amend the associated enforcement
regulations, sections 1971.5 and 1968.5 (included as Appendices C and D,
respectively), to align these regulations with the new or modified OBD requirements.
Within section 1971.1, which initially applied to 2010 model year engines, some
requirements include specific implementation model year dates that dictate exactly
when manufacturers are expected to meet a requirement; requirements that do not
reference an implementation date were required to be initially be implemented for 2010
and subsequent model year engines.

Summary of Proposed Amendm_ehts

A summary of the main issues and technical amendments are provided below whiie
detailed explanations of each of these issues are provided in section |l. Summaries and
rationales of the proposed changes are provided in section VIl of this report. Of the
proposed amendments to the HD OBD regulation, many have been discussed with
manufacturers and have raised little issue or have mostly been settled. They include:

Clarifying the purpose and objectives of the OBD regulations.

Adding a definition for “alternate-fueled engines.”

Adding a definition of “emission standard” as it applies to OBD systems.

Adding definitions of “exhaust emission standards” and “evaporative emission

standards.” :

¢ Adding definitions and revising the permanent fault code storage and erasure

~ protocol and in-use monitoring performance requirements applicable to hybrid
vehicles.

s Revising the freeze frame storage and erasure protocol.

¢ Revising the in-use monitoring performance requirements for the PM filter and
PM sensor monitors. ,

» Revising the diesel misfire monitoring requirements to no longer require emission
threshold-based malfunction criteria and to require expanded monitoring
conditions.

¢ Delaying some monitoring requirements for catalyzed PM filters and diesel
NMHC converting catalysts to the 2015 model year and adding test-out criteria.

¢ Revising the cooling system monitoring requirements to clarify when monitor
enablement can occur. _

e Updating the Society of Automotive Engineers (SAE) and International Standards

Organization (1SO) document references.
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¢ Revising the readiness status requirements to clarify which monitors are
specifically to be included in determining readiness.

¢ Clarifying the calibration verification number (CVN) requirements.

» Revising the certification demonstration testing requirements to clarify how to
perform the testing for gasoline air-fuel ratio cylinder imbalance monitering and
exhaust gas sensor monitoring, to exempt manufacturers from testing the diesel E
misfire monitor, and to clarify the test requirements for catalyst faults and other
faults where default actions are taken. '

» Adding items required to be submitted as part of the certification application.

The purpose of the HD OBD and OBD || reguiations is to reduce motor vehicle and
motor vehicle engine emissions by establishing emission standards and other
requirements for OBD systems that are instalied on motor vehicles and motor vehicle
engines certified for sale in California. The use and operation of OBD systems ensure
reductions of in-use motor vehicle and motor vehicle engine emissions through
improvements in emission system durability and performance. The regulations ensure
that emission reductions forecasted under California's various motor vehicle and engine
exhaust and evaporative emission regulations are effectively achieved by monitoring the
emission-control systems of individual vehicles during every day in-use operation.
Without functional diagnostic systems, there would be no way to ensure that every
individual component installed on a motor vehicle is working properly and that every
malfunction is detected and corrected expeditiously. Such emission reduction
objectives and benefits are distinct from those derived from ARB'’s in-use vehicle
enforcement test procedures (title 13, Cal. Code Regs., section 2136 et seq.), which are
directed at ensuring that cettified vehicles and engines, on average, do not exceed

- certification exhaust and evaporative emission standards. The proposed amendments

to sections 1968.2(a) and 1971.1(a) are to reaffirn and make more explicit these
longstanding and intended purposes of the OBD regulations. '

Regarding the proposed amendments to the diesel monitoring requirements, the HD
OBD regulation establishes monitoring requirements for approximately 10 major
emission control components/systems and another 20 or more minor comprehensive
components on a typical diesel engine. For each major component/system, the
regulation contains several different monitoring requirements that target specific aspects
of each component/system that can have an emission impact when not functioning
properly, which collectively represents about 40 to 50 different monitoring

requirements. For each minor comprehensive component, the regulation also requires
separate monitors for individual failures to enable pinpointing of the likely malfunction
for repair technicians, which collectively represents another 80 or more monitoring
requirements. In total, staff is proposing significant changes to seven requirements,
with two of these changes (for diesel misfire monitoring and PM filter feedgas V :
monitoring) making the current requirements more stringent and the other five relaxing
the requirements for the 2013 through 2015 model years.

Concurrently, the staff is proposing to update the medium-duty vehicle diesel-related
requirements in the medium-duty OBD !l regulation (section 1968.2) to be consistent



with some of the proposed diesel-related amendments to the HD OBD regulation.
These proposed changes for medium-duty vehicles include diesel monitoring
requirements and diesel-related in-use monitor performance requirements. This wouid
allow manufacturers of both heavy-duty and medium-duty diesel engines to design to
and meet essentially the same requirements. Staff is also proposing changes that
would establish specific monitoring requirements and thresholds for future medium-duty
vehicles certified to a chassis dynamometer tailpipe emission standard in lieu of
manufacturers requesting ARB approval of their proposed thresholds.

~ Further, the staff is proposing amendments to the HD OBD and OBD Il enforcement
regulations (sections 1971.5 and 1968.5, respectively) to align with the proposed diesel-
related changes to the HD OBD and OBD |l regulations, specifically the selection
criteria of engines/vehicles for the test sample group and the mandatory recall
provisions for diesel engines.

Stakeholders have recently argued that OBD system reguirements are not emission
standards or test procedures and that ARB does not have authority to order
manufacturers to recall motor vehicles or engines if ARB were to determine that an
instalied OBD system was found to be in noncompliance with the HD OBD regulation.
Staff is proposing a new definition of “emission standard” to clarify any confusion and
misunderstanding as to whether the OBD requirements include emission standards.
The proposed definition conforms with the federal definition applied to Title I of the
Clean Air Act by the U.S. Supreme Court in Engine Manufacturers Association v. South
Coast Air Quality Management District (2004) 541 U.S. 246, 253, 124 S.Ct. 1756, 1762
(EMA). There the Court clarified that an emission standard, with respect to motor
vehicles and motor vehicle engines, is a standard that relates to the emission -
characteristics of a vehicle or engine and that, for compliance purposes, requires a
motor vehicle or motor vehicle engine to emit no more than a certain amount of a given
pollutant, be equipped with a certain type of pollution-control device, or have some other
design feature related to the control of emissions. (/d. at 253.) The proposed
amendments are intended to make clear that the definition of emission standard as
used in the OBD regulations conforms to the federat definition as interpreted by the
Supreme Court.

In addition to the proposed amendments mentioned above, there are a few issues
where ARB staff and industry differed significantly as to the necessity or the stringency
of a requirement. In addition to proposed amendments that require more stringent
requirements that manufacturers objected to, ARB staff also proposed many changes
that would relax some requirements based on manufacturers’ concerns, though the
proposal does not go as far as manufacturers have requested. The requirements of
concern to the affected manufacturers include: ‘
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Heavy-Duty and Medium-Duty Diesel Monifors

Manufacturers have expressed concerns about meeting some of the required diesel
monitoring emission malfunction thresholds during the 2013 through 2015 modet years,
particularly for NOx catalyst/NOx sensor monitoring and PM filter monitoring. The HD
OBD and OBD Il regulations currently require manufacturers to detect conversion
efficiency faults before NOx emissions exceed the applicable NOx standard plus 0.2
grams per brake-horsepower hour (g/bhp-hr) for the 2013 and subsequent model years.
For PM filter monitoring, manufacturers are required to detect faults before PM ,
emissions exceed a threshold ranging from 0.03 to 0.05 g/bhp-hr for the 2013 through
2015 model years with a final threshold of 0.03 g/bhp-hr for all 2016 and subsequent
model year engines and vehicles. Manufacturers have argued that meeting these
thresholds is difficult or not feasible in the required timeframe. Concerning the NOx
catalyst and NOx sensor monitor thresholds, manufacturers have indicated that the
dynamics of the selective catalytic reduction (SCR) system and its control, including the
NOx sensors and the reductant delivery system, have made it difficult to meet the
thresholds. Concerning the PM filter monitor thresholds, manufacturers have indicated
that PM sensors, which many believe will be the only viable way to meet the thresholds,
will not be availabie in time for the 2013 model year. Accordingly, they proposed that
engines continue to use the higher malfunction thresholds required before the 2013
model year. While staff believes these thresholds are technically feasible to meet, staff

" agrees some relaxation is necessary for the near-term model years, though it disagrees

with manufacturers about the extent of the relaxation needed. For both the NOXx
catalyst/sensor monitors and the PM filter monitors, staff is proposing higher interim
thresholds during the 2013 through 2015 model years, with the final stringent thresholds
delayed until the 2016 model year. Additionally, for the PM filter and PM sensor
monitors, staff is also proposing free deficiencies related to these monitors for the 2013
through 2015 model years to acknowledge the risk manufacturers are taking when
implementing new PM sensors and ensure that they are not penalized for doing so.

Heavy-Duty SAE J1939 Protocol

Part of the HD OBD requirements includes standardization of data to be output from the
engine and vehicle to off-board tools used by technicians and inspectors. The
regulation currently allows engines to use SAE J1939 as the standard for the
communication protocol and the diagnostic connector specifications. When the
requirement was first adopted, SAE J1939 only had a single (250 kilobits per second

" (kbps)) baud rate and a single connector, so there was no need to identify a specific

baud rate or connector version in the regulation. However, since then, SAE J1939 has
added an additional baud rate (500 kbps) and a second connector variant to handle the
new baud rate. Thus, to ensure that all manufacturers were using the same baud rate
and connector, staff originally proposed to clarify that only the original baud rate and
connector versions (i.e., the 250 kbps baud rate version) were allowed for standardized

OBD communication. However, manufacturers have indicated that most of industry was

already moving towards using the 500 kbps baud rate version o handle an increased ..
number of messages and data and requested that they be allowed to use either the 250



kbps or the 500 kbps version indefinitely. While staff agrees that some changes are
needed to account for the industry trend towards the 500 kbps version, staff does not
believe both baud rate versions should be allowed as options indefinitely given the
potential problems of allowing multiple communication variants in the field. Thus, staff
is proposing to amend the HD OBD regulation to use either variant and their associated
connector up through the 2015 model year and wouid allow only the 500 kbps variant
for all 2016 and subsequent model year heavy-duty engines.

Heavy-Duty Hybrid Vehicles

The HD OBD regulation has required monitoring of hybrid components since the
regulation was first adopted in 2005. While updating the regulation in 2009, staff added
language that provided general guidelines for monitoring of the hybrid system and
required manufacturers to submit a monitoring plan for ARB’s review and approval.
Affected manufacturers, however, have complained about the burden of having to
comply with the HD OBD requirements and have argued that because the heavy-duty
industry is horizontally-integrated and heavy-duty engine manufacturers only
manufacture the engine while hybrid system manufacturers are only responsible for the
hybrid components, it is very difficult to design compliant diagnostics that would account
for the wide range of engine-hybrid applications. Citing that hybrid vehicles only
constituted a very small part of the heavy-duty market and are only economically viable
because of sizable government funding subsidies and incentives to purchasers, hybrid
system manufacturers have requested exemption from-having to implement OBD
systems on heavy-duty hybrid vehicles until a later model year (e.g., 2018 model year).
Concurrently, engine manufacturers have requested that they be relieved from any
liability for engine diagnostics that are adversely affected by the hybrid system. While
ARB staff believes revisions are needed given these circumstances, it disagrees with
the amount of lead time requested, given that these monitoring requirements have been
in the regulation for many years. Staff believes that further delays in hybrids becoming
compliant should be avoided and will better ensure that near term hybrid vehicles (that
are largely subsidized by ARB through ARB’s hybrid and zero-emission truck and bus
voucher incentive project) achieve and maintain emission benefits over the life of the
vehicle. Thus, staff is proposing one extra year (the 2013 model year) in which
manufacturers are allowed the option of complying with alternative, much less stringent
requirements. In addition, staff is proposing changes to the deficiency provisions which
allow for certification of HD OBD systems with minor implementation problems that don't
fully meet the HD OBD requirements. Specifically, staff is proposing two additional free
deficiencies in the 2013 through 2015 model years (for a maximum of four free
deficiencies) for hybrid-related issues to help manufacturers certify their HD OBD
systems. :

Heavy-Duty Altemate-Fueled Engines
The régulation currentty requires manufacturers to implement “full” HD OBD systems on

alternate-fueled engines starting in the 2020 model year. When first adopting this
requirement, ARB staff had anticipated alternate-fueled engines to constitute a very low
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percentage of the heavy-duty market. This assumption, however, is no longer expected
to hold true, with several manufacturers indicating plans to offer more alternate-fueled
engines in the near future. Considering the importance of ensuring the durability and
emission benefits of these engines, staff initially proposed to move up the start date
from the 2020 to the 2016 model year. Alternate-fueled engine manufacturers,
however, have argued about the difficulty in meeting this proposal, and some proposed
a phase-in plan to come into compliance starting in the 2016 model year, with 100

* percent of 2018 model year engines meeting the HD OBD requirements. Based on

further discussions with manufacturers, staff ultimately revised its proposal to require
HD OBD system implementation on alternate-fueled engines starting in the 2018 model
year. This would result in alternate-fueled engines complying two years earlier than
currently required and minimize the chance for inequities in the phase-in years between
manufacturers that offer many different alternate-fueled engines and those that have
only one or two offerings. Staff, however, is anticipating some alternate-fueled engine
manufacturers to oppose this revised proposal.

~ Emission and Cost Impacts

The proposed amendments are not expected to have an adverse impact on the
environment. Overall, the proposed amendments to the HD OBD and OBD I!
regulations would result in cleaner vehicles than those currently produced, since the
requirements for later model years will still be more stringent than those for current
model year, and are not expected to significantly alter previously calculated emission
benefits or findings. During the 2009 HD OBD regulatory process, the lifetime
cumulative emission reductions for HD OBD, on a per engine basis calculated with the
most recent version of the base emission inventory model (EMFAC), were calculated to
be 165 pounds of reactive organic gases (ROG), 2000 pounds of NOx, and 14 pounds
of PM. For OBD II, during the 2002 OBD II regulatory update, staff calculated a ‘
combined benefit for OBD Il and LEV Il of 57 tons per day of ROG + NOx in the South
Coast Air Basin alone. These benefits calculations have not changed since.

The additional costs to manufacturers to meet the proposed amendments are expected

"to be negligible. Staff calculated the cost effectiveness of this proposed rulemaking to

be $13.13 per pound of PM and $0.08 per pound of ROG + NOx. Further details of the
emission benefit, costs, and cost-effectiveness are included in sections 1li. and V.

Recommendation

ARB staff recommends that the Board adopt the amendments to the HD OBD and
OBD |l regulations and associated enforcement regulations as proposed in the Initial
Statement of Reasons. :

11



II. TECHNICAL STATUS UPDATE AND PROPOSED AMENDMENTS
A. HEAVY-DUTY HYBRID VEHICLES

One issue of concemn to heavy-duty engine, vehicle, and hybrid system manufacturers
is OBD monitoring of heavy-duty hybrid components. The HD OBD regulation currently
requires hybrid systems and components to be monitored for emission-related
malfunctions and to ensure the addition of such systems to a certified engine does not
adversely affect the ability of the engine to comply with OBD requirements. Because
hybrid systems vary greatly in terms of system architecture and capability,
manufacturers are required to submit a monitoring plan for ARB’s review and approval
for hybrid vehicles. Affected manufacturers have argued that, unlike the light-duty and
‘medium-duty industry, the heavy-duty industry is a horizontally-integrated industry in
which the heavy-duty engine manufacturers only manufacture the engine and the hybrid
system manufacturers are responsible for the hybrid components and neither have total
integrated system responsibility or capability. Further, they argue the use of hybrid
technology on heavy-duty vehicles is still emerging, that they constitute a very small
market share, and that they are only economically viable because of sizable |
government funding subsidies and incentives to purchasers and would be even less
viable given additional expenses to incorporate OBD systems.

The hybrid system manufacturers have indicated that, despite the requirements being
adopted in the HD OBD regulation well in advance of the 2013 model year, they have .
not yet developed compliant diagnostics for their own components let alone attempted
to understand their impact on the engine diagnhostics. This leads to the engine
manufacturers representing that they cannot be responsible for designing their engine
diagnostics to account for all of the various hybrid applications that might get mated to
one of their engines in the future. Additionally, hybrid system manufacturers argue that
because they have no knowledge of how the engine diagnostics work on the various ‘
engines they work with, they cannot be responsible for ensuring compliant systems.
Accordingly, the hybrid system manufacturers have asked to be exempted from OBD
requirements at least until the 2017 model year, which parallels the exemption recently
granted by the U.S. EPA under the federal OBD regulation. Additionally, the engine
manufacturers have requested relief for any of their engines that get mated to a hybrid,
specifically proposing that they not be held liable for ensuring the engine diagnostics
comply with the hybrid system components, and, where necessary, be allowed to
desensitize or disable diagnostics that no longer work correctly when used in hybrid
applications. ' '

Fundamentally, an integrated approach needs to be used for engine and hybrid system
manufacturers to have a reasonable chance at meeting all of ARB'’s requirements,
including the OBD requirements and tailpipe standards. Modern engine and emission
control systems are extremely complex and must balance many competing factors such
as durability, perfformance, emissions, and fuel economy. Engine manufacturers
expend significant resources to find a solution that simultaneously meets all of these
requirements, so it should come as no surprise that major alterations to the system such
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as attaching a hybrid system that can tumn the engine on and off and change the speeds
and loads the engine is routinely operated at can substantially compromise the ability of
the engine to continue to meet ali of the requirements. Further, an integrated approach
has the advantage of likely being able to maximize hybrid operation and efficiency,
thereby making the system more economically viable for the long term. As such, staff is
proposing an extra year of relaxation (the 2013 model year) before hybrid systems are
required to be properly integrated and compliant with the OBD regulation.

In general terms, there are three areas where hybrid systems need to comply with the
OBD requirements. First, there are diagnostics of the added hybrid
components/systems themselves. Such diagnostics are required to identify
malfunctions that iead to emission increases or affect other diagnostics. These hybrid
component/system diagnostics primarily fall under a section of the regulation that details
monitoring requirements for comprehensive components, which ensures all electronic
input and output components/systems that can affect emissions are fully monitored.
Hybrid components that would typically be monitored under such requirements include
electric motors, inverters, sensors used for the battery pack, and the battery pack itself.
While hybrid manufacturers readily acknowledge that they already have a fair amount of
diagnostics for their components 1o facilitate service, these diagnostics do not fully
cover all of the components and failure modes required by the HD OBD regulation.
Therefore, most hybrid systems will need added diagnostics (i.e., software routines and
calibrations in the on-board computers) to cover the additional failure modes and
components. It is expected that the hybrid system manufacturer and suppliers that
already provide some diagnostics for service will also need to implement additional
diagnostics to require such additional failure notification since they know how these
components work. Achieving this is primarily a matter of dedicating sufficient
engineering resources to develop, implement, and calibrate the additional diagnostics.

Second, there are the engine diagnostics themselves. While these diagnostics have

'largely been developed and calibrated to meet the stand-alone engine requirements,

the addition of a hybrid system can adversely impact some of these diagnostics. As a
very simple example, an engine manufacturer may have designed a required diagnostic
of an emission control component to run only at idle. However, when mated to a hybrid
system that tums the engine off at every idle, that monitor would no longer be able to
run and, consequently, would no longer be able to detect failures of that emission
control component. A more complicated example involves engine diagnostics that are
calibrated to a tailpipe emission threshold such as EGR diagnostics that must detect
malfunctions before tailpipe emissions exceed two times the tailpipe standards. Engine
manufacturers do iterative testing on an engine dynamometer to determine the level of
malfunction that equates to that tailpipe emission level and design a diagnostic that
uses EGR parameters to detect such a level. However, when mated with a hyhbrid, the

" engine could be utilized in different speeds and loads where it is more dependent on
- proper EGR operation and thus, have higher corresponding tailpipe emissions when a
fault is detected. Engine manufacturers clearly cannot predict every possible hybrid

system control strategy or feature and thus cannot by themselves design an OoBD
system that will remain compliant regardliess of how it is medified. Similarly, hybrid
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system manufacturers cannot by themselves be expected to know how every engine
diagnostic works and make sure they design their system accordingly.

This leads to the only viable solution: having an integrated system whereby one entity
takes responsibility to ensure the system as a whole works properly. Such an approach
is not unlike what engine manufacturers already do when coordinating with their
suppliers that source the emission control components on their engines to ensure that
the end result actually works. Hybrid system manufacturers currently do the same with
their systems that are comprised of components from various suppliers. Coordination
between the hybrid system manufacturer and the engine manufacturer (and even other
entities like the transmission or vehicle manufacturers) already happens to varying
degrees to ensure some reasonable level of drivability and performance and to work out
details such as warranty responsibility. Staff's proposal would require further
coordination between the hybrid system manufacturer and engine manufacturer and
would ensure that some party takes ultimate responsibility to ensure that the OBD
system, in total, works. In some cases, there are engine manufacturers that are more
vertically integrated (e.g., that manufacture both the engine and the vehicle and perhaps
even the hybrid system), with a few of those manufacturers already well on their way to -
an integrated design. In other cases, staff expects hybrid system, engine, and even
vehicle manufacturers to partner together to achieve an integrated solution. For some,
staff expects the existing relationships to change very little other than more involvement
between the entities and one of them taking overall responsibility for OBD system
compliance. In any case, ultimately one party will be the ‘manufacturer’ applying for and
receiving OBD certification for. the integrated hybrid system and engine and that party -
be it the manufacturer of the hybrid system, the engine manufacturer, or, in some
cases, the vehicle integrator — will be the party the ARB recognizes as the manufacturer
of the system and liable for noncompliance. :

Third, a more minor but still important element of OBD is structure and standardization
of the diagnostics. The OBD requirements iay out detailed rules for everything from
types of statistical protocols that can be used for diagnostics to when and how fault
information must be stored and communicated to the driver and repair technicians.
While the engine diagnostics should already meet these requirements, the hybrid
- system diagnostics likely do not, so changes will need to be made to the software in the
on-board computers to be able to conform to the OBD requirements. For some of the
requirements, industry standards such as SAE recommended practices are referenced
and used, but some hybrid system manufacturers have expressed concern that
sufficient standardization has not yet been defined for all of the various hybrid
components and systems. Staff, however, believes the hybrid manufacturers have
overemphasized the need for some elements to be standardized. The SAE committees
are accustomed to engine manufacturers and others adding new components. and
needing additional standardized designations and are usually able to accommodate
such requests in a timely manner, and should be able to do that here as well. Where
standardization is not likely to occur fast enough is in the area of messages for control
of such systems (e.g., between the engine and hybrid system computers); however,
such standardization is not required to comply with HD OBD or any other ARB
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requirements. Any integrated approach would, by definition, resolve such issues
regardiess of whether the solution used standardized or proprietary control messages.

To address concerns raised by hybrid system and engine manufacturers, staff is
proposing to modify the 2013 model year requirements to allow use of hybrid systems.
Under the proposed modifications, a hybrid vehicle would be required to use a
California-certified 2013 model year engine as the base engine and that any
modifications made to the base engine’s certified OBD system be solely for the purpose
of preventing false malfunction determinations that could otherwise occur as a result of
the integration of the hybrid system hardware and software. If a hybrid vehicle is
certified, the engine manufacturer would be exempt from enforcement or liability for any
noncompliance caused by the addition of the hybrid system. Finally, hybrid system and
engine manufacturers would be exempted from having to monitor any of the hybrid
system components. Staff believes it is necessary to modify the 2013 model year
requirements given the current capabilities of both hybrid and engine manufacturers.

" Further, without providing clear and direct relief to engine manufacturers for engines

that are used in hybrid vehicles, engine manufacturers may be hesitant to allow their
engines to be used in such applications at the risk of their engines becoming
noncompliant. It should be noted, however, that this relaxation applies only to the HD

. OBD regulation and not any other applicable emission standard or regulation such as

tailpipe standards.

Staff's proposal to amend the requirements for the 2013 model year does not
necessarily mean that all the systems will go from zero to full compliance by 2014. The
HD OBD regulation already provides for deficiencies — areas of the requirements where
manufacturers make a good faith attempt to comply in full but fall short — and
manufacturers can use the provisions to still get certified even though they do not meet
every requirement. Approval of deficiencies is based on several factors identified in the
regulation including the overall compliance of the system, good faith effort on the part of
the manufacturer to comply, and the manufacturer’s plan to come into compliance as
soon as possible. Staff expects that it is likely that some, if not many, hybrid systems in
2014 may fall short of some of the requirements, despite the best efforts of
manufacturers to comply, yet the systems will still be eligible to be certified by using the
deficiency provisions. Staff also expects that some hybrid system manufacturers may
make a business decision to not expend the resources for compliance in 2014, in which
case they will not be able to offer hybrids for sale in California beyond 2013. For those
that do remain in the California market and are thus eligible for incentive funds, the
integrated design approach required by the HD OBD regutation will likely lead to more-
capable hybrid systems having increased efficiencies that meet all ARB requirements. .

Hybrid manufacturers have indicated that the proposed changes provided above are not
enough, indicating that their lack of experience with designing OBD systems makes it
difficult to meet the required HD OBD implementation dates. They further indicated that
hybrid vehicles comprise less than 1 percent of the heavy-duty market, and that the
requirements would impose a huge burden on the hybrid manufacturers. Thus, they
proposed delaying HD OBD compliance for heavy-duty hybrid vehicles beyond the 2013
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model year. Staff, however, disagrees that more lead time is the appropriate solution.
The requirements for hybrids to comply have been clearly identified in the regulation
since 2009 and little progress has been made since then, so providing even more lead
time is not likely to change the situation. In contrast, requiring manufacturers to begin
compliance in the short-term to remain eligible for funding through ARB’s hybrid and
zero-emission truck and bus voucher incentive project (HVIP) will likely provide
sufficient motivation to manufacturers to make real progress. Avoiding further delays in
compliance will also better ensure that near-term hybrid vehicles (that are largeiy
subsidized by ARB through the HVIP) actually achieve and maintain benefits over the
life of the vehicles. ‘

Hybrid manufacturers also suggested that there would be a learning curve for them and
that while the deficiencies available in the HD OBD regulation provide an avenue for .
them to get certified with less-than-fully compliant systems, there are fines for engines
certified with more than two deficiencies. Knowing that most hybrid engines certified in
2014 may fall short of some HD OBD requirements, just like many engines certified in
2010 fell short of the initial HD OBD requirements, hybrid manufacturers have
requested that additional or unlimited free deficiencies be allowed for the first several
years of implementation. While engine manufacturers were aliowed unlimited free
deficiencies in the 2010 through 2012 timeframe, engine manufacturers then were faced
with a much more difficult task than hybrid system manufacturers will be facing.
Accordingly, staff does not agree that similar deficiency allowances be given. However,
- staff does acknowledge that most hybrid systems will likely have some deficiencies in
the early years and thus is proposing an additional two free deficiencies for hybrid
systems in the 2013 through 2015 model years to help reduce the fines for
manufacturers that fall short. As is done with engines and is described above for
hybrids, the party applying for and receiving OBD certification will be the ‘manufacturer’
and deficiencies (including the additional two free deficiencies or any associated fines
for deficiencies beyond that) will be assessed on this manufacturer.

B. ALTERNATE-FUELED ENGINES

The heavy-duty OBD regulation currently allows alternate-fueled engines to delay
implementation of “full” OBD systems until the 2020 model year, with 2013 through
2019 model year alternate-fueled engines required to comply with the less
comprehensive EMD requirements and basic monitoring of all NOx aftertreatment
components. This late start date of 2020 was adopted in 2006 as part of the initiat HD
OBD regulation with the expectation that alternate-fueled heavy-duty engines would
make up a small portion of the market share and, based on light-duty experience with.
alternate fuel conversions of gasoline vehicles, that the engines would primarily be
OBD-compliant gasoline or diesel engines that are converted to an alternate-fueled
engine and continue to have functional full OBD systems. Recent information, however,
has indicated that some of these assumptions by staff were incorrect. Several

- manufacturers have indicated that alternate-fueled engine sales are not insignificant,
with at least one engine manufacturer announcing plans to offer significantly more
alternate-fueled engines in the near future. Recent discussions with other regulating

16
29



30

agencies indicate they are considering near or mid-term measures to greatly increase
the market share of alternate-fueled engines. Additionally, in discussions with
manufacturers currently offering alternate-fueled engines, staff has found more diverse
solutions than previously expected. These include alternate fuel conversions that
remain compression-ignited and retain the diesel emission control solution, conversions
that change from compression-ignition to spark-ignition and change over to more
gasoline-like emission control solutions, conversions to non-stoichiometric spark-ignition
that retain diesel-like emission control solutions, etc. Such conversions can have a
much larger impact on the OBD system than simpler conversions staff were familiar
with, resulting in several unmonitored major emission control compenents in addition to
the normal impacts of altering correlation to emission thresholds and monitoring
frequency. Therefore, staff is proposing to move up the required start date for full OBD
monitoring from the 2020 modef year to the 2018 model year.

Staff had originally proposed that the compliance date be moved up to the 2016 model
year, but feedback from several manufacturers at the workshop indicated bringing their
many alternate-fueled engine families into compliance in the 2016 model year would be
difficult. As such, they requested a phase-in plan for the 2016 through 2018 model
years in lieu of compliance for all engine families in 2016. In subsequent discussions
with manufacturers that had multiple engine families, staff determined that, within the
small market share of alternate-fueled engines, there could be a significant inequity
during the phase-in years between manufacturers that offer many different product _
offerings and those that have only one or two offerings. To address the initial request
for additional lead time and to avoid inequity during the phase-in years, staff revised the
HD OBD regulation proposal to require that the HD OBD requirements apply to all
alternate-fueled engines starting with the 2018 model year. :

While the HD OBD regulation currently does not have a specific definition for alternate-
fueled engines, the definition of “gasoline engines” includes alternate-fueled engines
based on staff's presumption from light-duty experience that all alternate-fueled engines
would be spark-ignited and have emission controls most like gasoline engines. This
presumption, however, was wrong. To date, there has also been some confusion about
what exactly constitutes an alternate-fueled engine versus a gasoline or diesel engine.

‘Specifically, issues have come up with engines that can use more than one type of fuel,

such as engines that can operate on two different types of fuels at the same time and
engines that can operate on two different types of fuel but only one at a time. In some
instances, these engines are appropriately classified as alternate-fueled engines when
both fuels are used for the engine to operate. In other cases, such engines can also
operate exclusively on diesel or gasoline if the alternate fuel is not used or not available,
and such engines should not be considered alternate-fueled during those conditions.
Accordingly, staff is proposing a definition that would more expiicitly identify what
configurations are considered alternate-fueled (and thus exempt from OBD monitoring
until the 2018 model year). This clarification would provide manufacturers with direction
as to how possible future configurations would be classified and prevent gaming by
manufacturers looking to inappropriately classify something as an alternate-fueled
engine to avoid OBD requirements. , :
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Additionally, regarding heavy-duty alternate-fueled engines, staff is proposing another
clarification with respect to evaporative system monitoring. As currently written, engines
are exempt from evaporative system monitoring if they are not required to be equipped -
with evaporative emission systems. Technically, ARB regulations do not mandate
vehicles be equipped with components specifically to control evaporative emissions, so
the existing language is unclear about which vehicles and engines are subject to the
evaporative system monitoring requirements. ARB regulations do however clearly
delineate which vehicles and engines are subject to evaporative emission standards.
Accordingly, the proposed change would exempt engines from evaporative monitoring if
they are not subject to the evaporative emission standards. As examples, compressed
natural gas (CNG) engines are not subject to evaporative emission standards but liquid
propane gas (LPG) ergines are subject to the standards. The change would make it
clear that evaporative system monitoring is required for LPG engines, irrespective of
whether the manufacturer claims it has or has not equipped the engine with an
evaporative emission system. Altemate-fueled engines that are subject to evaporative
emission standards and thus required to do evaporative system monitoring would be
required to submit a plan for Executive Officer approval on what monitoring they would
do and its equivalence to the type of evaporative system monitoring required for
gasoline applications.

C. DEFINITIONS

Staff is proposing that a definition of “emission standard” be added to the OBD
regulations to help clarify any confusion among stakeholders that the OBD requirements
are not emission standards. The proposed definition specifically defines emission
standard in the context of OBD regulations and conforms that definition with the EMA
decision, which defined a “standard relating to the control of emissions” under Title 2 of

-the Clean Air Act as it applies to motor vehicles and motor vehicle engines. There, the
Court found that an emission standard relates to the emission characteristics of a -
vehicle or engine and that for compliance purposes, requires a motor vehicle or motor
vehicle engine to emit no more than a certain amount of a given poliutant, be equipped
with a certain type of poliution-control device, or have some other design feature related
to the control of emissions. (/d.) Staff is proposing that the OBD regulations add a
definition of emission standard to be consistent with the definition set forth in EMA for
purposes of clarity, consistency, and conformity. Under the federal definition,
requirements establishing OBD design features related to the control of emissions, as
well as exhaust and evaporative numerical emission limits, relate to the emission
characteristics of the engine and are emission standards. The proposed amendments
are intended to make clear that the definition of emission standard as used in the OBD
regulations conforms to the federal definition. The proposed definition, which modifies
the definition of “emission standard” as set forth in Health and Safety Code section
39028, is authorized by Health and Safety Code sections 39010 and 39601 in that the
proposed definition conforms with existing federal definitions.

For purposes of consistency and clarity, ARB staff is also adding the terms “exhaust
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emission standard” and “evaporative emission standard” in the definitions section to
clarify, where needed, previous references to emission standards. These proposed
terms are two subcategories of emission standards and are used to specifically identify
the specified subcategories as opposed to the broader term of emission standard that
encompasses all standards, including among other requirements OBD design features
relating to the control of emissions and tailpipe and evaporative numerical limits.

HD OBD systems are required to support standardized reporting of the calibration
identification number {CAL ID), which identifies the current software version installed in
the engine, and the catibration verification number (CVN), which verifies the integrity of
the software. These two parameters are intended to be used during heavy-duty vehicle
inspections to help verify that valid software is installed in the on-board computer and
that the software has not been corrupted or tampered with, which may occur for
performance or fuel economy reasons or to defeat the OBD system. These parameters
can also be used to verify that the proper software has been installed as the result of an
in-use action (e.g., service campaign, recall). The HD OBD regulation currently requires
a CAL ID/CVN combination for each “diagnostic or emission critical” electronic control
unit. The current definition of “diagnostic or emission critical” includes the engine
control unit and is intended to cover other control units that play a significant role in the
emission control system or diagnostic systems. However, there is an ongoing frend
with engine and vehicle designs to distribute diagnostic and control functions across
multiple control units thereby subjecting more control units on an engine or vehicle to
reporting these parameters. Under the current definition, there is a potential
proliferation of CAL ID and CVN data and maintenance of those data without a
commensurate OBD program benefit. Staff is therefore proposing to modify the
definition of “diagnostic or emission critical” to limit the number of control units that are
subject to the requirement while preserving the requirement for control units that serve a
significant role in emissions or diagnostics or would likely be targeted for tampering.

The HD OBD regulation currently includes a definition of “small volume manufacturer” in
section 1971.1(d)(7.4), which states “a manufacturer with projected engine sales for
California heavy-duty vehicles of less than 1200 engines per year for the 2010 model
year.” This definition was adequate for the original use that was limited to initial
implementation of the HD OBD system itself. With the proposed additions of required
phase-in schedules for the diesel misfire, NOx catalyst/NOx sensor, and PM filter
monitoring requirements (described below in their respective sections), staff is
proposing to relax requirements for small volume manufacturers with limited resources
to meet the phasé-ins (described in section I1.S. below). Accordingly, staff is proposing
to add a definition for “small volume manufacturer” that would reference the definition in
Cal. Code Regs., title 13, section 1900(b), with the exception that California sales of
less than 1200 heavy-duty engines wilt be used in lieu of 4500 engines.

The HD OBD regulation currentiy aliows manufacturers to erase a confirmed fault code
or a previously MIL-on fault code if the identified malfunction has not been again
detected in at least 40 engine warm-up cycles and the MIL is presently not illuminated
for that malfunction. The regulation currently defines “warm-up cycle” as “sufficient
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vehicle operation such that the coolant temperature has risen by at least 40 degrees
Fahrenheit from engine starting and reaches a minimum temperature of at least 160
degrees Fahrenheit (140 degrees Fahrenheit for applications with diesel engines).”
Some concerns have been raised that certain vehicles, such as vehicles with highly
efficient engines, may not be able to meet these temperature criteria under normal
driving and ambient conditions. Staff understands that some allowances should be
made for these vehicles that are unable to warm-up the engine coolant temperature to
the defined temperatures even if they have been sufficiently driven. Thus, staff is
proposing to allow manufacturers the option to define a “warm-up cycle” as a driving
‘cycle in which the criteria to erase a permanent fault code for continuous monitors are
met. This would ensure that the vehicle has been operated for a sufficient period of
time to reasonably detect a recurrence of the malfunction and would allow timely
erasure of confirmed or prewoust-MIL on fault codes.

Staff is proposmg changes to the permanent fault code erasure requirements and the
in-use monitor performance requirements that would apply to heavy-duty hybrid
vehicles, the details of which are described below. Given the context of the proposed
changes, new definitions are needed to complement the proposed requirements. Thus,
staff is also proposing three new definitions for “hybrid vehicle,” “fueled engine
operation,” and “propulsion system active” and making.changes to the “ignition cycle”
definition to supplement the proposed changes. More details about the proposed
definitions can be found below. '

D. MIL ILLUMINATION AND FAULT CODE STORAGE PROTOCOL

The HD OBD regulation currently requires vehicles using the ISO 15765-4 protocol to
store and erase freeze frame conditions in conjunction with the storage and erasure of
eithér the pending fault code or the confirmed fault code. This has unintentionally
resulted in manufacturers erasing freeze frame conditions for pending fault codes that
mature to confirmed fault codes and has left repair technicians without helpful
information to diagnose detected faults. To prevent such erasures, staff is proposing
that starting with the 2016 model year, manufacturers be required to store freeze frame
conditions in conjunction with storage of a pending fault code. If the pending fault code
is erased in the next driving cycle because no fault is detected, the manufacturers would
also be required to erase the freeze frame conditions. If, however, the pending fault
code matures to a confirmed fault code, the manufacturer would be required to either
retain the current freeze frame conditions or update the freeze frame conditions with
those related to storage of the confirmed fault code. For monitors that do not store
pending fault codes (e.g., one-trip monitors or monitors that use alternate statisticat MIL
illumination strategies), staff is proposing that manufacturers store and erase freeze
frame conditions in conjunction with storage and erasure of a confirmed fault code.
Such changes will better ensure under all conditions that freeze frame information is
available to aid a technician in diagnosing a detected fault.

Staff is also proposing minor amendments to the erasure protocol for confirmed or
previously MIL-on fault codes in the HD OBD regulation. The regulation currently states
that the OBD system “may” erase the fault code if the fault isn't again detected “in at
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least’ 40 warm-up cycles” and the MIL is not presently illuminated for that fault. To
ensure consistency among manufacturers, staff is proposing to modify the language to
state that the OBD system “shall” erase the fault code if the fault isn’t again detected “in”
40 warm-up cycles and the MIL is not presently illuminated for that fault — this
amendment would apply starting with the 2016 model year. This change will better
ensure that repair technicians focus on recently detected faults and are not led astray
chasing down faults that have long since disappeared.

Additionally, staff is proposing changes to address issues concerning permanent fault
code erasure on heavy-duty hybrid vehicles for monitors that are designed to run
continuously, including monitors that must wait until similar conditions are satisfied (e.g.,
gasoline misfire and fuel system monitors). Currently, the reguiation requires that the
permanent fault code for these monitors be erased only after the vehicle has been
operated such that, among other conditions, criteria similar to those for a general
denominator (section 1971.1(d)(4.3.2)(B)} have been satisfied on a single driving cycle
(with the exception that the general denominator conditions require ambient
temperature above 20 degrees Fahrenheit or below 8000 feet in elevation). This
ensures that the vehicle has been operated for a sufficient period of time to reasonably
detect a recurrence of the malfunction but does not unnecessarily delay erasure of the
permanent fault code. Among these conditions is the criterion that the “cumulative.time
since engine start” be greater than or equal to 600 seconds. This language may not be
clear for vehicles such as hybrid vehicles, where the engine may not start running at the
beginning of a drive cycle like it would on a conventional vehicle. Thus, for hybrid -
vehicles, staff is proposing to clarify that manufacturers use 600 cumulative seconds of
“propulsion system active” time in lieu of the 600 cumulative seconds after engine start,
with “propulsion system active” defined as when the vehicle is operated, regardiess of
whether it is powered by the battery or the engine or both. Staff believes this new
definition would ensure equivalent vehicle operation time between conventional vehicles
and hybrid vehicles. :

E. STANDARDIZED METHOD TO MEASURE REAL WORLD MONITORING
PERFORMANCE

The OBD regulations require manufacturers to track monitor performance by counting
the number of monitoring events and the number of driving events. The number of
monitoring events is defined as the numerator and the number of driving events is
defined as the denominator. The ratio of these two numbers is referred to as the
monitoring frequency and provides an indication of how often the monitor is operating .
relative to vehicle operation. The regulation also requires all vehicles to keep track of a
“general denominator’, which is a measure of how often the vehicle is operated and is
intended to represent a “typical” driving cycle the vehicle usually encounters. The
regulations require the manufacturer to increment this denominator only if certain
criteria are satisfied on a single driving cycle. This method allows very short trips or
trips during extreme conditions such as very cold temperatures or very high altitude to
be filtered out and excluded from the count. This is appropriate because these are also
conditions where most OBD monitors are neither expected nor required to operate. In
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addition to the general denominator, manufacturers are required to track specific
denominators for several major monitors. These denominators are tailored to the
specific components being monitored and provide a more accurate and appropriate
indication of the monitoring opportunities for each of those components relative to how
often those components are used.

The HD OBD regulation currentiy requires all vehicles to increment the general
denominator if, among other conditions, the cumulative time since engine start is
greater than or equal to 600 seconds. For the same reasons noted above, hybrid
vehicles need an alternate definition to recognize trips where the engine does not start
right away. Thus, similar to the changes proposed above for the permanent fault code
erasure protocol, for hybrid vehicles, staff is proposing to clarify that manufacturers
must use 600 cumulative seconds of “propulsion system active” time in lieu of the 600
cumulative seconds after engine start when incrementing the general denominator.
Additionally, staff is also proposing to require 10 seconds of “fueled engine operation” to
be met in order to increment the generai denominator to discern between trips with and
without engine operation. This condition would ensure that only trips where the engine
has at least turned on once during the driving cycle are counted when looking at how
.often engine-related emission control component monitors are running. These
proposed changes would apply to all 2016 and subsequent model year heavy-duty
hybrid vehicles. : _

Staff is also proposing amendments to the in-use monitor performance requirements for
PM filter monitors. The HD OBD regulation and OBD Il regulation currently require the
PM filter active/intrusive injection monitor {sections 1971.1(e)(8.2.6) and
1968.2(f)(9.2.6)) to increment the denominator for that monitor when, in addition to the
general denominator criteria, a regeneration event is commanded for a time greater
than or equal to 10 seconds. Intrusive injection, while used during a regeneration event,
is not necessarily tied to when regeneration begins. Staff believes the denominator
incrementing criteria for such a monitor should instead be similar to monitors of other .
components/systems that are commanded to activate in-use where monitoring
frequency is tracked relative to how often that particular component or system is used.
Thus, staff is proposing to require manufacturers to increment the denominator for this
monitor when, in addition to the general denominator criteria, the intrusive injection is
commanded to function for a cumulative time greater than or equal to 10 seconds in
both the HD OBD and OBD Il regulations.

Additionally, staff is proposing amendments to the denominator incrementing criteria for
the PM filter filtering performance and missing substrate monitors in both the HD OBD
and OBD Il regulations. The HD OBD regulation currently requires these PM filter
monitors to increment the denominator when, in addition to the general denominator
criteria, the cumulative engine run time exceeds 800 minutes, while the OBD |l
regulation currently requires the denominator to increment when, in addition to the:
general denominator criteria, the cumulative miles of vehicle operation exceeds 500
miles. Further, the HD OBD regulation requires these monitors to meet a minimum
acceptable in-use performance ratio of 0.100, while the OBD Il regulation requires these
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monitors to meet a ratio of 0.336 starting in the 2013 model year. ARB adopted the
current denominator incrementing criteria based on the capability of PM filter monitoring
technology. Most current monitoring strategies are limited to running during a narrow
window relative to a PM filter regeneration event. Accordingly, the denominator criteria
were tied roughly to a period of vehicle operation that would allow a regeneration event.
However, there has been concern with this approach because PM filters are needed to
control emissions throughout each and every driving cycle, not just for a narrow window
of once per regeneration event. Additionally, regeneration event intervals have been
significantly increasing leading to longer and longer intervals between monitoring events
and significant consequent delays from the time of occurrence of a fault to detection of

" the fault. Fortunately, monitoring technology has continued to evolve and newly

developed PM sensors are now estimated to be the primary method for detection of
faults starting in the 2014 and 2015 model years. Such sensors are capable of
evaluating the performance of the PM filter on virtually every driving cycle and have little
or no connection to PM filter regeneration events. Given the importance of properly-
operating PM filters on every trip and the direction monitoring technology is headed,
staff is proposing to require manufacturers to increment the denominators for these
monitors when the general denominator criteria are met in lieu of only once per 800
minutes of engine operation or 500 miles of vehicle operation starting in the 2016 model
year for both heavy-duty engines and medium-duty vehicles. Further, for medium-duty
vehicles, given the current higher ratio of 0.336 that these monitors are required to
meet, staff is proposing to modify the OBD [t regulation to lower the required ratio to
0.100 for the first few years these monitors use this new denominator, 2016 through
2018 model years, to give manufacturers more time to assess the monitoring frequency
of the new monitoring technologies.

Staff is also proposing amendments to the in-use monitor performance requirements for
PM sensor and PM sensor heater monitors. The HD OBD regulation currently requires
the PM sensor monitoring capability monitor {(section 1871.1(e)(9.2.2)(D)) and the PM
sensor heater monitor (section 1971.1(e)(9.2.4)(A)) to use the general denominator as
the monitor denominators. PM sensors, like PM filters, may be regenerated infrequently
in-use, which may make frequent monitoring difficult. Further, as opposed to oxygen

“sensor and NOx sensor heaters, PM sensor heaters may be used infrequently in-use.

Manufacturers are concerned that using the general denominator may result in the
denominator incrementing more often than is appropriate for the sensor technology and
how it is used. Thus, staff is proposing to allow manufacturers to propose alternate '
criteria (for ARB review and approval) to increment the denominator for PM sensor
monitoring capability monitors until further experience is gained and more appropriate
criteria can be defined in the regulation. For PM sensor heater monitors, staff is
proposing to amend the HD OBD regulation to require manufacturers to increment the
denominator when, in addition to the general denominator criteria, the heater has been
commanded to function for a cumulative time greater than or equat to ten seconds.

Staff is also proposing changés to the ignition cycle counter requirements for heavy-

duty hybrid vehicles. Currently, manufacturers are required to track and report an
ignition cycle counter, which is required to be incremented every time the vehicle is
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started (i.e., “engine start” is met). This is basically a counter of the number of driving
cycles expenenced by the vehicle. Staff is proposing to modify the incrementing criteria
for hybrid vehicles under the HD OBD regulation to clarify that manufacturers increment
the ignition cycle counter when the “propulsion system active” definition is met (e.g.,
each time the vehicle is operated, without respect to whether the engine is started or
used). |

Lastly, staff is proposing changes to the tracking and reporting requirements in the HD
OBD regulation and OBD Il regulation. First, in the HD OBD regulation staff is
proposing to modify the diesel components/systems required to report in-use monitoring
performance data (section 1971.1(d)(5.1.1)) to align with the requwements in SAE
J1979 and J1939. Second, in both the HD OBD and medium-duty OBD Il regulations,
staff is proposing changes to the in-use performance tracking and reporting '
requirements for diesel NOx and PM sensor monitors. The regulation currently does
not require manufacturers to track and report the diesel NOx/PM sensor “monitoring
capability” monitors (sections 1971.1(e)(9.2.2)(D) and 1968.2(f)(5.2.2)(D)); it only
requires manufacturers to track and report diesel NOx/PM sensor performance monitors
that are emission threshold-based (sections 1971.1(e)(9.2.2)(A) and
1968.2(f)(5.2.2)(A)). However, recent discussions between staff and manufacturers
have indicated that many of these sensors do not have emission-threshold based
monitors, and thus would only be subject to monitoring if the malfunction causes the
sensor to no longer be sufficient for use as an OBD system monitoring device.
Considering how important NOx and PM sensors are for monitoring of major
aftertreatment emission control devices, they should be monitored to ensure that they
are running frequently in-use. Thus, staff is proposing that the HD OBD and OBD |
regulations be modified to require manufacturers to track and report the diesel NOx/PM
sensor “monitoring capability” monitors for 2016 and subsequent model year heavy-duty
engines and medium-duty vehicles.

F. DIESEL MISFIRE MONITORING

Diesel manufacturers are currently required to monitor for misfire only during engine idle
conditions and only for faults that cause one or more cylinders to be continuously
misfiring. This requirement was first proposed based on diesel manufacturers’ assertlon
that misfire only occurred due to poor compression and would result in a cylinder
misfiring under all operating conditions. The OBD requirements aiso specify that, for
2013 and subsequent model year heavy-duty diese! engines and 2010 and subsequent
model year light- and medium-duty vehicles equipped with sensors that can detect
combustion or combustion quality, diesel manufacturers are required to monitor for
misfire continuously under all positive torque engine speeds and load conditions and to
detect misfire before emissions exceed specific thresholds (e.g., 2.0 times the
applicable standards). The premise for this was that engines so equipped would likely
be more precisely controliing the combustion process based on information from these
sensors such that misfires could likely exist only in limited operating regions.
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However, the complexity of today’s control strategies on all diesel engines and the
addition of new technologies in recent years, like aggressive use of EGR or target air-
fuel ratios or fresh air concentrations in certain operating conditions, has resuited in
additional factors that can cause misfire in very specific operating conditions instead of
continuously under all conditions. Thus, even for diesel engines that do not have direct
combustion quality sensors, staff is concerned that real world malfunctions will cause
intermittent or off-idle misfires that increase emissions but go undetected with today's
monitors. As stated in the 2005 Staff Report when the HD OBD regulation was first
adopted, staff intended to investigate the possibility of such misfires and had indicated.
that a more comprehensive requirement may be proposed at a future Board review
based on their findings. Staff has found that in the field, misfire can occur during
specific speed and load regions and would not likely be detected by an idle-oniy misfire
monitor. Thus, staff worked on a proposal to require all 2016 and subsequent heavy-
duty and medium-duty diesel engines to continuously monitor for misfire in addition to
the idle-only misfire monitor.

Manufacturers have expressed several concerns about monitoring continuously for
misfires and about establishing a level of misfire that would equate to a specific tailpipe
emission level. They indicated that they would likely encounter difficulties in the highest
engine speed and torque conditions and that there would be challenges in actually
creating misfires in a repeatable manner without damaging the engine and representing
a worst case emission scenario. As a result, they proposed that they be required to
detect a fixed misfire rate of 5 percent in lieu of establishing the specific rate on an
engine model basis that correlated to a specific tailpipe emission level. They also
proposed that monitoring be limited to engine speeds and loads less than 75 percent of
the maximum engine speed and load.

Staff agrees that there are significant difficulties in creating a repeatable misfire on

diesel engines that is representative of the worst case emissions and thus is proposing

" the manufacturers’ suggested solution of using a fixed percentage of 5 percent as the

malfunction criterion for both heavy-duty engines and medium-duty vehicles.
Concerning the continuous monitoring requirement, while staff agrees that some
relaxation is necessary, there are still concerns and questions about the likelihood and
possible effects of misfire during higher speed and load regions. Thus, for the interim
model years of 2016 through 2018, staff modified the proposal to be consistent with the
manufacturers’ proposal to limit monitoring to positive torque conditions with engine
speed up to 75 percent of the maximum-rated engine speed and engine load up to 75
percent maximum-rated load. Additionally, -at the manufacturers’ suggestion, a small
region-of high engine speed and very low load was defined and is proposed as an area
where monitoring would not be required. However, because staff is concerned that
higher speed and load regions may very well be susceptible to misfire, the proposal also
requires manufacturers to phase in monitoring all the way up to the maximum engine
speed and load for the 2019 through 2021 model years. Further, manufacturers would
be required to collect and report data demonstrating the compliance of the misfire
monitor as part of the certification application, similar to what is currently required for
gasoline vehicles and engines. Specifically, the manufacturers would be required to
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provide data demonstrating the probability of detection of misfire events of the misfire
monitoring system over the required engine speed and load operating range and data
identifying all disablement of misfire monitoring that occurs during a specified test cycle.
These data would provide assurance that the misfire monitor is robust and enabled
under the required conditions. In addition to the new proposed misfire monitor
requirements, manufacturers would still be subject to the idle-only misfire monitor
_requirements. Staff expects that manufacturers will be able to meet both requirements
with the revised monitor developed to cover the expanded speed and load ranges.
However, in case unforeseen difficulties arise that prevent detection of the 5 percent
misfire at idie, the manufacturers would have to retain the current idle monitor. This
would help protect the credibility of the monitoring system capability in the eyes of repair
technicians by avoiding the situation where a technician can identify that an engine has
an obvious and severe misfire at idle but the OBD system is incapable of detecting it.
Staff is proposing all these changes tc both the HD OBD and medium-duty OBD ||
requirements. '

G. DIESEL EXHAUST GAS RECIRCULATION (EGR) SYSTEM MONITORING

The HD OBD regulation currently requires manufacturers to monitor any EGR catalysts
used in the EGR system on all 2013 and subsequent model year engines. Such
catalysts, though not very common, are used to further clean up the exhaust gas before
it is recirculated into the intake of the engine to reduce contamination or fouling that
might otherwise affect durability of the EGR system. While failures of the EGR catalyst
may not result in an immediate impact on emissions, such failures iead to more
aggressive deterioration of other EGR system components such as fouling or plugging
of the EGR cooler.

Manufacturers have argued that OBD systems have always focused on the monitoring

of components that directly influence emissions, not components that help to sustain the

effectiveness or durability of the system. They have further argued that there are issues

- with detecting and pinpointing EGR catalyst failures as opposed to relying on other
monitors such as the EGR cooler diagnostic to eventually detect the subsequent failure

~of the cooler itself. Thus, staff is proposing to modify the HD OBD regulation to exempt
heavy-duty manufacturers from having to monitor the EGR catalyst if they can show that
a fault of the catalyst will not cause a measurable emissions impact on the criteria
pollutants (i.e., NMHC, CO, NOx, and PM) during any reasonable driving condition in
which the catalyst is most likely to affect criteria pollutants. ‘
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H. DIESEL NON-METHANE HYDROCARBON (NMHC) CONVERTING CATALYST
MONITORING

The HD OBD regulation currently requires manufacturers to design the OBD system on
2013 and subsequent model year engines to detect an NMHC catalyst malfunction
when the catalyst conversion capability decreases to the point that NMHC emissions
exceed 2.0 times the applicable standard. However, if a catalyst maifunction does not
result in emissions exceeding this threshold, the regulation allows the manufacturer to
detect a malfunction when the catalyst has no detectable amount of NMHC conversion
capability.

Similar to what they argued during the 2009 HD OBD biennial review, manufacturers
have again expressed concern that total failure of NMHC catalysts will push emissions
over the threshold and force them to implement threshold monitors. Furthermore, they
do not believe that there is any monitoring technology that can robustly detect anything
other than a completely failed NMHC catalyst. Accordingly, manufacturers have again
asked ARB to raise the threshold to 4.0 times the NMHC standard so that
manufacturers would very likely only have to implement functional monitors to detect
completely failed catalysts. :

In the 2009 HD OBD staff report, staff detailed some possibie monitoring approaches to
meet the threshold monitoring requirements. To counter manufacturers argument that
there is no level of catalyst degradation between perfectly adequate and completely
failed and that an exotherm monitor can only discern those two states, staff indicated in
the 2009 report that after talking with suppliers and individual manufacturers, it had
determined that catalysts do have intermediate levels of deterioration that cause
increases in light-off temperature and lower conversion efficiencies. Staff found that by
looking more closely at the catalyst behavior during active regeneration (e.g., by
investigating how much time and/or fuel is needed to generate an exotherm, tracking
the actual temperature rise from the exotherm versus the expected, and using better
temperature sensors), manufacturers may be able to better determine the
characteristics exhibited as an NMHC catalyst degrades (even if it is still capable of
eventually getting to a high enough exotherm to achieve regeneration of the PM filter).
Manufacturers now argue that though there may be some validity to staff's position,
there are significant limitations including the narrow temperature and time window
around catalyst light-off that the exotherm monitor must run. Staff also mentioned in the
20089 staff report about a strategy to monitor the catalyst during a cold start, where
during intrusive actions intended to bring the catalyst up to the desired temperature
quickly after a cold start, the light-off and/or temperature rise characteristics are tracked
to evaluate the catalyst. Manufacturers again argued there are fimitations with this
approach as well, with many factors including the condition of the catalyst that can
affect catalyst warm-up, and note that most manufacturers have found that the cold start
component monitor for the catalyst can only detect a completely failed catalyst. Lastly,
staff mentioned in the 2009 staff report that manufacturers can also reduce the engine-
out NMHC emissions associated with a malfunctioning catalyst. Manufacturers have
countered that lower engine-out NMHC emissions wouid mean higher engine-out NOXx
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emiésions, which would make it more difficult to meet the NOx-based monitoring
requirements. o

In more recent discussions with manufacturers and suppliers, staff has found that some
manufacturers have indeed been successful in incrementally aging the NMHC catalyst
much like what has been done for over 15 years with gasoline catalysts. Additionally,
virtually all manufacturers have indeed moved towards higher engine-out NOx emission
levels (and generally, lower engine-out NMHC emission levels) to maximize efficiency.
and use of SCR systems as staff suggested was possible, thus requiring detection of a
more degraded NMHC catalyst than before. Further, at least one manufacturer has
already successfully demonstrated the ability to detect a degraded catalyst prior to
emissions exceeding the current 2013 model year thresholds by monitoring the
exotherm of the catalyst during regeneration events. Virtually all manufacturers have
continued to make significant improvements to regeneration emissions both by
increasing the time between regenerations and lowering the emissions during the actuat
regeneration events. This leads to reduced influences from the infrequent regeneration
adjustment factors (IRAF), making it less of a factor in determining the threshold
catalyst. Nonetheless, if a manufacturer were to choose a solution that still was very
sensitive to NMHC catalyst degradation (due to high engine-out NMHC and/or high
IRAFs), it is appropriate that such a solution be monitored at a reasonable emission
level and not at something that is four times a standard that is already generous for
diesel engines. Accordingly, staff is proposing no change in the current NMHC catalyst
monitoring threshold.

Staff is proposing amendments to the HD OBD requirement for manufacturers to
monitor the ability of the catalyst to generate a desired feedgas (e.g., nitrogen dioxide
(NO>)) to promote better performance in a downstream aftertreatment component (e.g.,
for higher NOx conversion efficiency in an SCR system). Currently, the regulation
requires 2013 and subsequent heavy-duty model year engines to meet this -
requirement. During the most recent OBD |l regulatory review for light- and medium-
duty vehicles earlier this year, manufacturers asked ARB to delay the start date to meet
this requirement to the 2016 model year in part because their original plans to comply
were based on using monitors for the NMHC conversion efficiency of the NMHC
catalyst and/or NOx conversion efficiency of the SCR system and such approaches
were not uniformly successful. This resulted in manufacturers having to investigate
alternative monitoring strategies, which indicated they needed more time to verify these
strategies. While staff believes it is feasible to develop a monitor to meet this
requirement and at least one manufacturer has already shown it will have this capability
for the 2013 model year, staff acknowledges that more time is needed to develop a
robust monitor to meet this requirement. Thus, to be consistent with what staff had
recently proposed for the OBD Il regulation, staff is proposing to modify the HD OBD
regulation to delay monitoring of proper feedgas generation until the 2015 model year
for heavy-duty engines.

Further, manufacturers have indicated that ability of the catalyst to generate a desired
feedgas (e.g., high levels of NOy) is a secondary function that often has very minor
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impacts. Manufacturers proposed that because the impacts are small, ARB should add
test-out criteria that would allow an emissions increase of up to 15 percent of the
standard due to a malfunction or loss.of this feature before monitoring would be
required. While the OBD programs at ARB have traditionally avoided this. approach
because of the concern that several ‘minor’ items could fail without fault detection and
cumulatively lead to significantly higher emissions, or that two or more such failures
could have an interaction that causes even higher emissions when both occur, staff has
agreed to try such an approach here. Specifically, for this 'secondary’ function of the
NMHC catalyst (i.e., proper feedgas generation for downstream components), staff is
proposing to modify the HD OBD and OBD 1l regulations to allow manufacturers to be
exempt from monitoring if complete failure of the component or loss of the function
results in less than a 15 percent of the standard increase for any poliutant over an
applicable test cycle (e.g., Federal Test Procedure (FTP) or Supplemental Emission
Test (SET)) during the engine’s useful life. However, in addition to being less than a 15
percent of the standard increase, staff's proposal would also require that tailpipe
emissions be below the standard with the failure to better ensure that any emission
impact is truly ‘'minor.’

.I.  DIESEL OXIDES OF NITROGEN (NOx) CONVERTING CATALYST MONITORING

The HD OBD and medium-duty OBD Il regulations require manufacturers to detect .
conversion efficiency faults of the NOx converting catalyst (typically an SCR catalyst)
before NOx emissions exceed the foliowing thresholds: for the 2010 through 2012
model years, the applicable NOx standard plus 0.4 g/bhp-hr, and for the 2013 and
subsequent model years, the applicable NOx standard plus 0.2 g/bhp-hr.

Manufacturers have argued that the dynamics of the SCR system and its control,
including the NOx sensors and the reductant delivery system, have made it difficutt to
meet the 2013 model year requirements. They contend that due to the high degree of
conversion efficiency of the SCR catalyst, a system degraded to the level required to be
detected by the OBD system is still a highly functioning SCR system and provides little
separation from a properly performing one. They further contend that a good catalyst
could resemble a bad catalyst since the instantaneous conversion efficiency can
dramatically change given the operating conditions. Adding to the issue is the cross-
sensitivity of the NOx sensors to ammonia (NH3) and the less-than-desired accuracy of
the sensors needed for robust monitoring.

Staff has met with virtually every manufacturer and several suppliers to assess current
capability and what improvements are available in the near term. While several
medium-duty manufacturers are on track to meet the existing 2013 standards, most
heavy-duty manufacturers are not. Given the importance of achieving and preserving
the NOx benefits of the 0.2 g/bhp-hr tailpipe standard, staff is committed to continuing to
drive to the limits of technical feasibility to achieve the lowest threshold possible.
Further, given industry trends towards increasing engine-out NOx emissions even
higher for engine efficiency improvements or greenhouse gas reductions, staff is
concerned that some may try to push too far in that direction such that tailpipe or OBD
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capability is sacrificed. Thus, staff is cautious about providing even interim relaxation
that could be misinterpreted as showing that some ARB requirements are more
important than others instead of keeping manufacturers on track to find a reasonable
middle ground that meets all of our requirements, including OBD, tailpipe standards,
and greenhouse gas standards (where applicable). In discussions with the
manufacturers, it seems there are many elements of base SCR control and dynamics
that are not well refined or understood. The problem appears to be exacerbated on
larger catalysts that are more common on the biggest engine displacements, and many
point to unknowns related to ammonia storage and release that produce both
inconsistent in-use conversion efficiency and, consequently, quite varied catalyst
monitoring results. Last-minute changes to the underlying base emission control
strategy has also placed the OBD engineers within manufacturers at a disadvantage by
forcing them to either develop and calibrate on less-than-finalized software or wait until
very late in the process to begin the calibration process. Those manufacturers with
more stable emission control solutions that were finalized early in the process tend to be
further ahead in OBD capability as well.

When talking with manufacturers and suppliers, staff identified several items that
continue to show promise for achieving the current 2013 model year threshold of the
NOx tailpipe standard + 0.2 g/bhp-hr. NOx sensor accuracy is not expected to get
appreciably better than the +/-10% and +/- 10 parts-per-million accuracy of current
sensaors, but that doesn’t appear to be the limiting factor to achieving the final
thresholds. Some manufacturers have shifted some focus to looking more at ammonia
storage—both for purposes of better controlling emissions in the first place and also for
another metric to correlate with the performance of the catalyst itself. One supplier has
~ indicated that ammonia storage capability is affected earlier and more dramatically on
deteriorated catalysts than NOx sensor-based measurements can detect, implying that
monitoring strategies based on or incorporating some measure of ammonia storage
would likely be more sensitive and able to detect malfunctioning catalysts sooner.
Some manufacturers have even incorporated (or plan to incorporate) ammonia sensors
to better quantify and understand the storage and release phenomena. Some of these
strategies may even include intrusive monitors that saturate and/or deplete ammonia
storage to better assess the current catalyst performance. Others have indicated they
plan to look at partial volume monitoring approaches to moniter the conversion
efficiency over a smaller portion of the total catalyst volume in an attempt to be able to
work in an environment with higher NOx outlet concentrations. To the extent that the
smaller engines (and thus catalysts) are cioser to achieving (if not already achieving)
the 2013 model year thresholds, such an approach continues to have promise.
Additionally, some manufacturers believe that they just need to get a better handle on
what they are currently observing as high variability in the monitor results through better
base control strategies, inciuding adaptive algorithms, further refinement of enable
conditions to eliminate driving conditions that cause big fluctuations in catalyst
efficiency, and even improved statistical filtering of the results.

Taking that all intc consideration, staff is proposing a couple changes to the current HD
‘OBD and OBD |l requirement of a '+ 0.2’ threshold across the board in the 2013 model
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year. Specifically, staff is proposing that for medium-duty vehicles, which are already
further along than some of their heavy-duty counterparts (primarily because of the |
smaller catalyst size, more constrained vehicle packages and usage patterns, and
perhaps earlier timing for finalized base calibrations), manufacturers would be required
to meet a threshold of '+0.3’ (i.e., the engine dynamometer standard + 0.3 g/bhp-hr)
instead of the ‘+0.2° current threshold for 2013 through 2015 model year medium-duty
vehicles. For chassis dynamometer-certified applications, based on the current
capability of several such products, a threshold of 2.0x the applicable standard would be
used as a level that is consistent with section 1968.2(f)(17.1.5)(C), which requires the
threshold be set as tight as technically feasible.

For heavy-duty applications, staff is proposing to modify the 2013 model year threshold
to remain at the ‘+0.4’ threshold that applied in 2012. However, starting with the 2014
mode! year, manufacturers would be required to phase in a tighter threshold of *+0.3".
Specifically, manufacturers wouid have to meet the ‘+0.3’ threshold on 20 percent of
their 2014 model year diesel engine volume and 50 percent of their 2015 modet year
diesel engine volume, with the percentages based on the manufacturer’s projected
California sales volume of all heavy-duty diesel engines. For the 2016 model year,
manufacturers would be required to meet the '+0.2’ threshold with the exception that
any engines that were phased-in during 2014 or 2015 to the '+0.3’ threshold would be
able to remain at that threshold in 2016 and would not have to meet the '+0.2’ threshold
untit the 2017 model year. This phase-in would force manufacturers to continue to push
forward but aliow them to focus their efforts on the engine models for which compliance -
is more straight forward in the early years as well as give them time to continue to
evolve base calibration beyond what was done for the 2013 model year. Further, the
carry-over provision for the 2016 model year would provide them relief from having to
recalibrate their entire product line to meet the tighter threshold in that one year. The
phase-in would aiso provide much needed time to improve ammonia storage
estimations and explore alternative monitoring methods or metrics.

Manufacturers raised questions about which heavy-duty engines could or could not be
counted as part of the phase-in percentages for the heavy-duty OBD proposal.
Specifically, whether only 'parent’ ratings (those explicitly calibrated to emission
thresholds and liable for them in-use) would count or if ‘child’ ratings (ratings with
calibration that is extrapolated from the parent rating to be very similar but without
explicit demonstration or in-use liability for the emission thresholds) could also be
counted. Given the premise of parent and child ratings is that the parent is.
representative of the child and the extrapolated calibrations are intended to end up with

. compliant calibrations for the child ratings, the regulation would allow child ratings
_engines as well as parent ratings to count as part of the engine volume phase-in

percentage. And while staff already scrutinizes the extrapolation method manufacturers
use fo establish an appropriate calibration on the child ratings, there is concern that
manufacturers would take additional liberties when extrapolating the cafibration for the
tighter phase-in threshold. Specifically, staff is concerned that manufacturers would
extrapolate towards a less stringent threshold in addition to making appropriate changes
for the different rating. Accordingly, staff will likely be reviewing manufacturers’
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extrapolation techniques and calibrations carefully to ensure that manufacturers are
calibrating to an equivalent strlngency for any ratings they are including in the phase-ln
percentages.

J. DIESEL PARTICULATE MATTER (PM) FILTER MONITORING

The HD OBD regulation currently requires the OBD system to identify malfunctions of
the PM filter when the filtering capability degrades to a level such that tailpipe PM
emissions exceed a specific threshold. For the 2010 through 2012 model year engines,
the PM threshold was essentially 0.07 g/bhp-hr (for an engine certified to the nominal
standard of 0.01 g/bhp-hr). For the one engine family in 2013 through 2015 where full
OBD is phased-in, the threshold is 0.03 g/bhp-hr (for an engine certified to the nominal
standard of 0.01 g/bhp-hr). For all other 2013 through 2015 model year engines, the
PM threshold drops to 0.05 g/bhp-hr (again for an engine certified to the nominal -
standard of 0.01 g/bhp-hr). For all 2016 and subsequent model years, the threshold is
0.03 g/bhp-hr (for an engine certified to the nominal standard of 0.01 g/bhp-hr). For
medium-duty vehicles and engines covered under OBD li, the only difference from the
above is that the 0.03 g/bhp-hr standard applies across the board in 2013 and
subsequent model years in heu of a phase in on some products in 2013 and the rest in
2016. :

The HD OBD regulation originally required manufacturers to meet the PM threshold of
0.050 g/bhp-hr starting in the 2010 model year, but due to heavy-duty engine
manufacturers’ concerns about meeting the threshold, staff amended the starting date
to the 2013 model year based on projections that PM sensors, which many believe will
* be the only viable way to meet the thresholds, would be available in time for the 2013
model year.” Now manufacturers are still expressing concern that the threshold is too
stringent and is not technically feasible for the 2013 model year time frame. They .
contend that PM sensors are not yet commercially ready across all of industry and thus,
the emission threshold needs to be revised to what current monitoring technologies
(primarily backpressure or delta pressure-based metrics) are capable of achieving.
Accordingly, they propesed that heavy-duty engines continue to use the 2010 model
year 0.07 g/bhp-hr PM threshold up to and including the 2015 model year, with 2016
and subsequent model year engines using the PM threshold of 0.05 g/bhp-hr.

As noted earlier, staff met with virtually every manufacturer and several suppliers to
assess their monitoring capabilities for 2013 and the improvements they plan to
implement in the near term. While at least one light-duty manufacturer is implementing
a PM sensor in 2013 model year and a few heavy-duty manufacturers were on track to
do that until very recently, staff generally agrees that PM sensors are not ready for fuli
scaie implementation in the 2013 model year. In some cases, manufacturers have
indicated the 2014 model year is stil! viable for implementation on some of their
products while others have indicated the 2015 model year is more likely. In most cases,
the data from the sensors continue fo indicate that they are certainly capable of
detecting faults at the final PM threshold level of 0.03 g/bhp-hr. In meeting with sensor
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suppliers, staff has confirmed that wide-scale implementation of PM sensors in heavy-
duty engines is not feasible for the 2013 model year.

in the absence of PM sensors, several manufacturers have continued to move forward
on alternate monitoring techniques, including further refinement of delta pressure-based
approaches and concepts such as a downstream secondary filter optimized for
monitoring capability. In some cases, especially on medium-duty products, such
techniques have already achieved the emission level of the 2016 threshold. However,
some of these monitoring strategies still rely on relaxed provisions provided in the
regulation (and recently extended through the 2013 mode! year for medium-duty) to
aliow ARB to exclude certain failure modes such as a partially melted and partially
cracked filter that results in the identical delta pressure characteristics of a good filter.
Such relaxation is set to expire in 2014 for medium-duty because it provides an
unknown risk for failures that cause high PM emissions to go undetected, but was seen
as a necessary interim step to accommodate the best available monitoring technigues.
Lastly, as most in industry continue to move towards higher engine-out NOx emission
levels, this necessarily results in lower engine-out PM levels. As engine-out levels
decrease, the amount of degradation of the PM filter the engine can handie before the
emission threshold is reached is substantially increased. In some cases, engine-out
levels are reaching 0.05 g/bhp-hr or lower, which in tum means a PM filter would need
to drop from a 95 percent or higher trapping efficiency down to something less than 60

percent efficiency to reach the threshold of 0.03 g/bhp-hr.

Taking all this into account, staff is proposing a variety of changes to the thresholds
including a couple of phase—in options to provide some interim relaxation. With minor
exceptions depending on the phase-in options selected, medium-duty and. heavy-duty
applications would all have the same end point for all 2016 and subsequent model year
engines: PM threshold levels of 0.03 g/bhp-hr and no provision for exclusion of certain
failure modes. PM sensors are certainly on track to be available across industry before
that timeframe so that is a viable solution to meet the requirements.

Staff is proposing the following changes to the OBD |l regulation for medium-duty
vehicles. For the 2013 model year, staff is proposing that the PM threshold for medium-
duty vehicles remain at 0.03 g/bhp-hr; but with amendments previously approved in
January. 2012, manufacturers will be able to receive ARB approval to exclude specific
failure modes. For 2014 and 2015 model year, medium-duty manufacturers would have
two options. First, they could choose to implement monitoring to a PM threshold of 0.03
g/bhp-hr without the failure mode exemptions on at least 20 percent of their 2014 and
2015 annual model year medium-duty diesel vehicle volume, and certify the remaining
vehicles to the 0.03 g/bhp-hr threshold with the failure mode exemption. Alternatively, a
manufacturer could chose to continue to meet the 2013 threshold with failure mode
exemption in the 2014 model year. However, for the 2015 model year, the
manufacturer choasing this second path would need to certify at least 50 percent of its
2015 model year medium-duty diesel volume to the threshold of 0.03 without the failure
mode exemption. These two options provide manufacturers the flexibility to either
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implement earlier (2014 model year) on a smalier portion of their fleet or implement later
(2015 model year) but on a larger fraction of their fleet.

Staff is proposing the foliowing changes to the HD OBD regulation. For 2013 modei
year heavy-duty engines, staff is proposing the PM threshold of 0.05 g/bhp-hr apply to
all engines and to retain the provision for ARB to exempt certain failure modes. For.
2014 and 2015 model year heavy-duty engines, staff is proposing two options. First,
manufacturers can choose to certify 20 percent of their 2014 through 2015 model
annual year heavy-duty diesel engine volume to a PM threshold of 0.05 without the
failure mode exemption. The remaining engines can again be certified to the

0.05 g/bhp-hr threshold with the exemption of certain failure modes. Additionally,
manufacturers using this alternative would be allowed to carry-over the 0.05 threshold
without the failure mode exemption into the 2016 model year on engines first certified to
this option in the 2014 model year. This would provide an extra year at the higher
threshold on those engines brought in earty and allow the manufacturer to avoid having
to recalibrate all of its products in 2016 to the lower 0.03 threshold. As an alternative,
manufacturers could choose to certify the 2014 model year engines to the same
requirements as the 2013 model year -- a PM threshold of 0.05 g/bhp-hr with failure
mode exemption. Those choosing this second option, however, would be required to
certify 50 percent of their 2015 model year diesel engine volume to a PM threshold of
0.03 g/bhp-hr without the failure mode exemption. Manufacturers choosing this second
option would also be required to meet the 0.03 threshold without failure mode

" exemption on all 2016 model year engines. As mentioned in the diesel NOx catalyst
monitoring discussion above, manufacturers would be allowed to include child ratings in
the phase-in percentages to the extent they are extrapolated from a parent rating that
meets the tighter threshold.

The HD OBD regulation also currently requires manufacturers to monitor the NMHC
conversion capability of catalyzed PM filters starting with the 2013 model year. The
catalyzed coating of a PM filter has secondary functions that have an emission impact.
These functions can include promotion of passive regeneration at lower exhaust
temperatures, conversion of HC and carbon monoxide created during an active
regeneration, and generation of NO; feedgas for downstream SCR systems.
Manufacturers have argued that many of these functions are just side effects that
directionally help, but are not necessary to comply with the emission standards. They
further indicated that there are currently no suitable robust monitoring strategies
available to discern the proper operation of these secondary functions. Thus,
manufacturers have asked ARB to delay the start date to meet this requirement to the
2016 model year. -

Staff believes that such secondary functions are not trivial and warrant monitoring to
-ensure overall effectiveness of the emission control system. Staff recognizes that the
success of the monitoring approaches may be highly dependent on the actual catalyst
- configuration, significance of the catalyst loading on the PM filter, and regeneration
strategy (especially reliance on high levels of passive regeneration) and thus require
manufacturers to take OBD monitoring capability into consideration when designing and
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lmplementlng the aftertreatment system and control strategy. It further recognizes that
manufacturer OBD engineers have often been left out of the design process due to the
rapid deployment of new technologies and increasingly stringent standards. Thus,
consistent with the Board’s approval of amendments to the OBD |l regulation in January
2012, staff is proposing to delay the monitoring requirements of the catalyst function of
catalyzed PM filters until the 2015 model year for heavy-duty engines to give
manufacturers more time to refine their systems, optimize regeneration strategies, and
better investigate the impacts of the catalyzed PM filter.

Staff is also proposing that for 2016 and subsequent model year engines that use
catalyzed PM filters to generate feedgas constituency (e.g., NO2) to assist SCR
systems, manufacturers be required to monitor the capability of the system to generate
desired feedgas. Currently, the HD OBD regulation specifically requires that
manufacturers monitor the NMHC catalyst for proper feedgas generation for the SCR
system, since this seems to be the primary component used to generate such feedgas.
Through discussions with manufacturers, staff has learned that catalyzed PM filters are
also used to generate such feedgas. Thus, staff's proposal would require the
monitoring of all components that generate the desirable feedgas. '

Lastly, similar to what is discussed above for proper feedgas menitoring of NMHC
catalysts in section 11.H., manufacturers have indicated that the abilities of the catalyzed
PM filter to convert NMHC and to generate a desired feedgas (e.g., high levels of NO»)
are secondary functions that often have very minor impacts. While not arguing that
such functions do not have any emission impact and should not monitored, the
manufacturers propose that because the impacts are small, ARB should add test-out
criteria, specifically allowing an emissions increase of up to 15 percent of the standard
due to a malfunction or loss of this feature before monitoring would be required. While
the OBD programs at ARB have traditionally avoided this approach because of the -
concern that several ‘minor items could fail without fault detection and cumulatively lead
to significantly higher emissions, or that two or more such failures could have an
interaction that causes even higher emissions when both occur, staff has agreed to try
such an approach here. Specificaily, for bath of these 'secondary’ functions of a PM
filter (i.e., NMHC conversion due to a catalyzed coating and proper feedgas generation
for downstream components), staff is proposing to allow manufacturers to be exempt
from monitoring if complete failure of the component or loss of the function results in
less than a 15 percent of the standard increase for any pollutant over an applicable test
cycle (e.g., FTP or SET) during the useful life. However, in addition to being less than a
15 percent of the standard increase, staff's proposal would also require that tailpipe
emissions be below the standard with the failure to better ensure that any emission
impact is truly ‘minor’. These proposed changes would apply to both the HD OBD and
OBD li regulations.

K. DIESEL NOx SENSOR MONITORING

The HD OBD and medium-duty OBD |l regulations currently require manufacturers to
detect faults of the NOx sensor before emissions exceed the following thresholds: for
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the 2010 through 2012 model years, the applicable NOx standard plus 0.4 g/bhp-hr, and
for the 2013 and subsequent model years, the applicable NOx standard plus 0.2 g/bhp-
hr. Manufacturers have argued that they are unable to meet the 2013 model year
thresholds given the current NOx sensor technology — specifically, considering the
tolerances of the latest NOx sensors, they claimed there is too little separation between
good sensors and bad sensors to ensure robust detection. Thus, they proposed that
staff delay the 2013 model year threshoids until a later model year.

For sensors upstream of the NOx converting catalyst, there are fewer items aifecting
the output of the sensor condition. Accordingly, most manufacturers have monitoring
strategies based on comparing an expected/modeled engine-out emission fevel to the
sensor output. And while the better sensor accuracy at the higher NOx concentrations
read by the upstream sensor generally improves the situation, there are still several
factors affecting the sensor output and accuracy of the estimated engine out emission
levels that impact what emission level a fault can be detected. Further, manufacturers
are still refining these diagnostics including improving accuracy of engine-out models
and sensor adaptation strategies to compensate for any sensor drift.

For NOx sensors located downstream of the NOx converting catalyst, the sensor output
is affected by the condition of the catalyst itself. As such, it is difficult to discern sensor
malfunctions from catalyst system malfunctions. For the most part, manufacturers have
come up with separate diagnostics to discern the likely root cause and be abie to direct
a repair technician to a troubleshooting procedure that focuses on the likely cause.
However, these sensor diagnostics are generally only able to detect malfunctions at the
same emission level as the catalyst diagnostic itself.

Accordingly, staff is proposing that the HD OBD and OBD i regulations be modified to

~ require identical thresholds for NOx sensors as those being proposed for NOx
converting catalyst monitoring (described in section | above). Specifically, staff is
proposing that for 2013 model year medium-duty vehicles, manufacturers would be
required to meet a threshold of ‘+0.3’ (i.e., the engine dynamometer standard + 0.3
g/bhp-hr) instead of the '+0.2” current threshold. For heavy-duty applications, staff is
proposing to modify the 2013 model year threshold to remain at the ‘+0.4' threshold that
applied in 2012. However, starting with the 2014 model year, manufacturers would be
required to phase in a tighter threshold of ‘+0.3'. Specifically, manufacturers wouid
have to meet the '+0.3’ threshold on 20 percent of their 2014 model year heavy-duty
engine volume and 50 percent of their 2015 model year heavy-duty engine volume. For
the 2016 modetl year, manufacturers would be required to meet the '+0.2’ threshold with
the exception that any products that were phased-in during 2014 or 2015 to the ‘'+0.3'’
threshold would be able to remain at that threshold in 2016 and would not have to meet
the *+0.2’ threshold until the 2017 model year. As already stated in section | for NOx
catalyst monitoring, this phase-in would force manufacturers to continue to push forward
but allow them to focus their efforts on engines in which compliance is more straight-
forward in the early years as well as give them time to continue to evolve base
calibration beyond what was done for the 2013 model year. Further, the carry-over
provision for the 2016 model year would provide them relief from having to recalibrate
their entire product line to meet the tighter threshold in that one year.
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Further, staff is also proposing NMHC malfunction thresholds for the NOx/PM s_ensof
performance monitoring requirements in the HD OBD regulation. Specifically, in
addition to the NOx and PM malfunction thresholds currently required (e.g., detecta

NOx sensor fault before NOx emissions or PM emissions, whichever happens first,

exceed a specified level), manufacturers would be required o detect a sensor
performance fault before NMHC emissions exceed 2.0 times the standards starting in
the 2016 model year. The proposed NMHC thresholds would be consistent with the
thresholds currently required for diesel NQOx catalyst monitoring. In virtually all cases,
staff does not expect this change to aiter the current calibration or sensitivity of NOx or
PM sensor diagnostics because NOx and PM emissions wiil likely be the two most '
sensitive pollutants and have the biggest emission impact. However, to be thorough
and to protect against unforeseen interactions or control strategies, the change would
ensure that a fault is detected before any one of the pollutants exceeds a defined -
threshold. '

L. GASOLINE MISFIRE MONITORING

"~ The HD OBD regulation currently requires manufacturers to continuously monitor for

misfire faults from no later than the end of the second crankshaft revolution after engine
start and, for engines that employ shutoff strategies (e.g., hybrid vehicles that shut off

“the engine at idle}, no later than the end of the second crankshaft revolution after each

engine restart. The term “engine start” is currently being used in the regulation for many
requirements with the intent that “engine start” signifies the start of vehicle operation, '
which may or may not involve the engine actually being started in a hybrid vehicle. To
avoid confusion about when exactly misfire monitoring is required to resume after the
engine is shutoff, staff is proposing to revise the language to require manufacturers to
monitor for misfire faults from no later than the end of the second crankshatft revolution
after “engine fueling begins for the initial start and after each time fueling resumes.”

M. GASOLINE SECONDARY AIR SYSTEM MONITORING

The HD OBD regulation currently requires manufacturers to monitor the secondary air
system for malfunction prior to either a decrease or an increase from the manufacturer's
specified air flow that would cause emissions to exceed 1.5 times the standards.
Further, if no fault that causes a decrease or an increase in air flow could cause
emissions to exceed 1.5 times the standards, the manufacturer is required to detect a
fault when “no detectable amount of air flow is delivered during normal operation of the
secondary air system.” Manufacturers are presently not required to do a functional
monitar for increases in air flow that do not cause emissions to exceed 1.5 times the
standards. Consistent with what is required for other component/system monitors, staff
believes that complete coverage of faults is needed for secondary air systems as well.
Thus, staff is proposing to modify the language to require manufacturers to detect a
fault when no detectable amount of air flow is delivered only if no fault that causes a
decrease in air flow could cause emissions to exceed the threshold. Further, staff is
proposing that if no fault that causes an increase in air flow could cause emissions to
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éxceed the threshold, the manufacturer would be required to detect a fault when the
system has reached its control limits such that it cannot reduce air flow during normal
operation of the secondary air system.

N. ENGINE COOLING SYSTEM MONITORING

The HD OBD regulation requires manufacturers to monitor cooling systems for
malfunctions that affect emissions or other diagnostics. Malfunctions resulting in
improper engine temperature regulation may disable OBD diagnostics, reduce OBD
monitoring frequency, cause changes in engine and emission control operation, and
cause an increase in vehicle emissions. Therefore, ARB has required cooling systems
to be monitored to detect thermostat malfunctions if either of the following occurs: {i) the
engine coolant temperature (ECT) does not reach the highest temperature required by
the OBD system to enable other diagnostics, or (ii) the ECT does not reach a warmed-
up temperature within 20 degrees Fahrenheit of the engine manufacturer’'s nominal
thermostat regulating temperature. Currently the regulation requires this thermostat
monitor to be enabled “on every driving cycle in which the ECT sensor indicates, at
engine start, a temperature lower than the” threshold temperature, but the regulation
also indicates that ARB will not approve “disablement of the monitor on engine starts
where the ECT at engine start is more than 35 degrees Fahrenheit lower than the”
threshold temperature. The language has caused confusion about when the thermostat
monitor is allowed to be enabled on a given driving cycle. Thus, staff is proposing
clarifications to the HD OBD language to make clear when the thermostat monitor can
be enabled. Essentially, the manufacturer would be required to disable the thermostat
monitor on driving cycles where the ECT at start is within 35 degrees Fahrenheit of the
thermostat monitor malfunction threshoid temperature to avoid false passes when
cooling system faults are present but still manage to warm the system up by a few
degrees. However, manufacturers would be able to request Executive Officer approval
to enable the monitor if the ECT at start is within a portion of this region (e.g., if the
malfunction threshold temperature is 160 degrees Fahrenheit, the manufacturer-may
request approval to enable the monitor for a portion of the temperature region above
125 degrees but still below 160 degrees Fahrenheit) provided they submit data
demonstrating that the monitor can indeed robustly detect thermostat malfunctions and
is not at risk for false passing when starting at engine temperatures in those regions.

0. COMPREHENSIVE COMPONENT MONITORING _

The HD OBD regulation currently requires diesel manufacturers to detect fauits of the
idle control system if, among other things, the fuel injection quantity is “not within

+/-50 percent of the fuel quantity necessary to achieve the target idle speed for a
properly functioning engine and the given operating conditions.” Manufacturers have
expressed concemn that not all the “given operating conditions” are known to
manufacturers, making it hard to determine what the appropriate fuel quantity to achieve
the target idle speed shouid be and, consequently, whether or not there actually is a
fault. Staff is proposing to modify the language to require detection of idle control
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system faults of the fuel quantity in relation to achieving the target idle speed for
“known”, not “given,” operating conditions.

The HD OBD regulation currently requires manufacturers to monitor fuel control system
components (e.g., injectors, fuel pumps) that have tolerance compensation features
implemented in hardware or software during production or repair procedures on 2013
and subsequent model year engines. Examples of these include individually coded
injector flow characteristics and fuel pumps that use in-line resistors to correct
differences in fuel pump volume output. Monitoring of the components would ensure
that misassembled systems, erroneous programming, or incomplete repair procedures
that result in incorrect adjustment being applied (and consequently, increases in
emission levels) will be detected. Manufacturers have questioned the need to monitor
this feature and have expressed concern about meeting this requirement in the 2013
timeframe. They additionally stated that the fuel system monitoring requirements
already require detection of emission-related malfunctions for pressure control, timing,
and quantity. Light- and medium-duty manufacturers, who are also required to monitor
this feature, have indicated they have been working hard on improvements to their fuel
system adaptive strategies to fully compensate or learn out any errors that may occur
due to mismatches in the injector and the programmed tolerance/adjustment. This
would allow manufacturers to avoid adding new hardware, such as a communication
chip in the injector that would automatically communicate its characteristics to the
engine computer, and avoid other alternatives such as tighter tolerances on the
injectors to meet this requirement. Staff believes that heavy-duty manufacturers could
also take the same approach. Thus, consistent with what was approved by the Board in
January 2012 for light- and medium-duty diesel vehicles under the OBD 1l regulation,
staff is proposing to modify the HD OBD reguiation to delay the monitoring requirement
of this feature until the 2015 model year for heavy-duty engines. Such a delay should
give sufficient time for manufacturers to fully refine adaptive strategies so that they can
compensate for any mismatches that occur or to determine that such strategies are
ineffective and implement an alternative method such as those previously mentioned.

Additionally, as discussed early in sections |1.H. and Il.J., manufacturers have requested
that this monitor be subject to test-out criteria allowing manufacturers to be exempted -
from monitoring if the impact is less than 15 percent of the standard. While many
manufacturers seem to be making great strides in adaptive strategies that nearly fully
compensate for mismatches, achieving complete compensation may prove to be very
difficult. Accordingly, staff is proposing to also apply test-out criteria to features that fall
under this provision. Specifically, mismatches or faults that cause less than a 13
percent of the standard increase in emissions and are below the emission standard
would be exempt from monitoring. However, because this function is often on multiple
components (e.g., all injectors) and the severity of the fault can vary by how far off the
mismatch is, staff is proposing that manufacturers be required to submit a test plan for
Executive Officer approval of the test procedures and combination of failed parts and.
the degree to which they are a mismatch that will be used for the test-out. While staff
would normally take the position of the worst-case scenario (e.g.., all injectors with a
mismatch and with the largest mismatch possible), such a scenario is statistically
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virtually impossible and not very representative of the type of mismatches that happen
in the real world. Accordingly, staff is proposing to give some additional latitude to

" manufacturers to propose a more realistic scenaric based on the distribution of parts
and likely in-use scenarios. Staffs intent is for the manufacturers to identify a
reasonable bound within which most replacement parts would fall (e.g., perhaps within
one sigma from the median part) and propose a test condition that would represent a
reasonable worst case emissions scenario within those bounds. These proposed
changes would apply to both the HD OBD and OBD Il regulations.

P. STANDARDIZATION REQUIREMENTS

Reference Documents:

The staff is proposing amendments that would update the list of SAE and 1ISO
documents that are incorporated by reference into the HD OBD regulation. As is
common practice with technical standards, industry periodically updates the standards
to add specification or clarity.

Diagnostic Connector and Communication Protocol:
Staff is also proposing amendments to the diagnostic connector and protocol

requirements in the HD OBD regulation. Staff is proposing specific language clanfymg

the use of SAE J1939 for diesel manufacturers. When the HD OBD regulation was first

adopted, SAE J1939 only had a 250 kbps baud rate version of the protocol and a single

connector. However, since originally adopted, SAE J1939 had been updated to include

an additional 500 kbps baud rate version of the protocol and a second version of the

connector itself (i.e., the “Type 2" version) to handle the new baud rate. While staff

~ initially objected to the addition of a second baud rate and second connector on the
grounds that it was undermining the intent of standardization by creating more

- permutations, industry has indicated that the 250 kbps baud rate is likely to have
insufficient bandwidth to handle all of the required message traffic in the near future.
Further, the “Type 2” connector has been designed to be backwards compatible with
both baud rates such that any technician or inspection entities would be able to
purchase a single connector that would cover both variants. With this standardization
first applying in the 2013 model year, it is also expected that a minimal amount of
entities have already ‘tooled up’ for the “Type 1” connector and could jump straight to
the “Type 2" connector for their equipment purchases. While two baud rates will
generate more work for the tool and equipment manufacturers because they will have to
validate their equipment on a sufficient number of vehicles on each of the two baud
rates, the baud rate change is a fairly minor permutation. Several J1939 committee
members have also committed to ensuring that the J1939 specification contains enough
direction to tool manufacturers on how to accurately determine the appropriate baud
rate when first connected to a vehicle. Thus, staff is proposing to-amend the HD OBD
regulation to clarify the combinations of baud rate and connectors that are allowed in
the near term (prior to 2016 model year) and that the 500 kbps variant (and associated
“Type 2" connector} would be the only allowed variant for 2016 and subsequent model
years to align with industry’s likely timeframe-for switching to the higher baud rate.
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Based on light-duty experience, staff is also proposing that the HD OBD regulation be
amended to prohibit manufacturers from putting an additional identical standardized
connector (i.e., an SAE J1939 connector or “Type A" SAE J1962 connector) used for
non-OBD purposes in the same area where the standardized OBD diagnostic connector
is required to be located. This would help avoid confusion among technicians or
inspectors attempting to identify the ‘correct’ diagnostic connector to retrieve OBD
information from the vehicle. Manufacturers would still be allowed to equip their
engines and vehicles with additional diagnostic connectors as needed but, if they
choose additional connectors that are identical to the standardized one, they would not
be allowed to install those connectors in the driver footwell area where the HD OBD
connector is required to be.

Readiness Status:

Staff is also proposing amendments to the readiness status requirements in the HD
OBD regulation. Manufacturers are presently required to incorporate readiness status
indications of several major emission control systems and components into their OBD
systems, which helps determine if the OBD monitors have performed their system
evaluations. When the OBD system is interrogated by an off-board tool, the system is
to report a readiness status for each major emission-related component of either
“complete” (if the monitor has run a sufficient number of times to detect a malfunction
since the memory was last cleared), “incomplete” (if the monitor has not yet had the
chance to run since the memory was last cleared), or “not applicable” (if the monitored
component in question is not equipped or monitored on the vehicle). The main intent of
the readiness status is to ensure an engine or vehicle is ready for an OBD-based

. inspection (i.e., that monitors have run prior to inspection). Technicians also can use

the readiness status to verify OBD-related repairs. With the current language, however,
there has been confusion about which monitors manufacturers are required to include
when determining readiness status for each component/system. Further,
manufacturers have expressed concern that certain diesel-related monitors may take

"too long to run and complete (e.g., monitors that require PM filter regenerations to

oceur), which would unnecessarily delay setting of the readiness status to “complete”.
While staff understands manufacturers’ concerns regarding this last point, staff believes
it is important to include most monitors of the primary emission controls on the engine,
even though they make take time to complete. Staff, however, is proposing revisions

~ that would clarify exactly which monitors are required to be included when determining

readiness status to ensure consistency in implementation among all manufacturers.

Staff is also proposing additional amendments to correct confusion related to
implementing the readiness requirements, including specific language on how to deal
with monitors that detect faults of more than one major emission-related component
(e.g., an oxygen sensor monitor that is used to detect both oxygen sensor faults that are
tied to the oxygen sensor readiness bit and air-fuel ratio cylinder imbalance faults that
are tied to the fuel system readiness bit). Lastly, staff is proposing to delete the current
requirement that allows manufacturers to request Executive Officer approval to set the
readiness status to “complete” without monitoring actually having been completed if
monitoring is disabled on multiple driving cycles due to extreme operating conditions
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(e.g., cold ambient temperatures, high altitudes). This requirement was originally
carried over from the OBD Il requirements, where staff allowed a showing of complete
status to avoid light- and medium-duty vehicles from failing inspection and maintenance
tests due to unset readiness bits solely because the vehicle was being operated in
extreme conditions (e.g., high altitude, very cold temperatures, etc.) in which monitoring
was routinely disabled. However, given that heavy-duty vehicles do not undergo
periodic inspections, staff believes this condition is not needed.

Data Stream Parameters: ‘

Staff is proposing some modifications to the data stream parameters that are required to
be made available in the HD OBD regulation. First, staff is proposing the addition of
three parameters for all 2016 and subsequent mode! year heavy-duty diesel engines.
Specifically, manufacturers would be required to report fuel rate, actual engine torque
in¢luding fan/accessory torque, and modeled exhaust flow (mass/time). These three
parameters are intended to make it easier to conduct valid in-use emission tests with
portable emission measurement systems (PEMS) and as such, also are referenced in
section 1971.1(h)(4.2.2)(R) as needed to be reported as accurately as available in the
applicable electronic control module to facilitate accurate testing. Regarding fuel rate,
this parameter is already required on diesel engines ‘if equipped’ but this change will
ensure all diesel engines support it and by including reference in section .
1971.1(h)(4.2.2)(H), the resolution of the fuel rate parameter will likely need to be
improved beyond what is currently reported on some vehicles as suspect parameter
number (SPN) 183 in the SAE J1939 standard. Regarding engine torque, several
‘manufacturers have indicated that the engine torque value commonly available is torque
after fan or other engine accessory torque has been subtracted. This effectively

" underreports the torque being produced by the engine and results in less accurate
calculations of a g/bhp-hr emission rate during in-use testing. Accordingly, the
amendments would ensure the most accurate total engine torque number is available
for testing. Staff is also proposing additional data stream parameters to be made
available on engines so equipped — specifically, starting with the 2016 model year,
manufacturers of engines equipped with reductant quality sensors would be required to
output such sensor data in a standardized format to a scan tool. Further, 2016 and
subsequent engines with NOx sensors would be required to output a ‘corrected’ NOx
sensor signal in addition to the raw NOx sensor signal currently available. 1n ,
discussions with manufacturers, several have indicated that they have corrections or
adaptions they apply to the raw signal within the engine or aftertreatment control
modules to account for the ammonia cross-sensitivity of the sensor or auto-zero or other
adaption strategies that are used to adjust the raw signai. Given the control systems
would likely be acting on this corrected signal rather than the raw signal, it could prove
to be valuable information for technicians when troubleshooting detected malfunctions.

Lastly, staff is proposing to identify the specific SPNs that manufacturers must use for
the required data stream parameters “normalized trigger for PM filter regeneration” and
“PM filter regeneration status”. In these specific cases, SAE J1839 contains more than
one SPN that is related or very similar to these parameters, which may result in an
engine utilizing a different SPN than another engine for the same parameter or
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~ confusion among manufacturers as to which variant of the parameter they should be

supporting. So while manufacturers are required to report both these data parameters
starting with the 2013 model year and different manufacturers will likely meet this
requirement by supporting different SPNs, staff is proposing to clarify which exact SPN
manufacturers should be using to meet these requirements starting in the 2016 model
year to ensure consistent implementation across all manufacturers.

Erasure of Emission-Related Information:

Staff is also proposing amendments related to the erasure of emission-related
information. Currently, the HD OBD regulation allows permanent fault codes to be
erased when the individual control module containing the permanent fauit code is
reprogrammed and the vehicle/engine readiness status for all monitors {in all emission-
related modules) is set to “not complete”. The regulation simitarly requires all emission-
related information (from all emission-related modules) to be erased in conjunction with
the reprogramming of the vehicle identification number (VIN) or engine serial number
(ESN). Manufacturers have argued that actions that affect only certain control modules

| (e.g., erasing a permanent fault code stored in just the engine control module) should

not require resetting of readiness bits or erasing of emission-related information from
“all” control modules, and that such ‘coordinated clearing’ can be difficult to achieve.
The rationale for clearing all information was to reduce the opportunity for selective
reprogramming events to be used to evade detection during inspections or avoid
necessary repairs. However, staff agrees that a change is appropriate while still
meeting the original intent. Specifically, the primary objective was to ensure that
readiness status for the major monitars was reset to “not complete” to provide an
obvious indication that some or all relevant information to an inspection had recently
been altered or erased. Given that many modules do not support readiness bits or only
support the comprehensive components readiness bit (which, by design, immediately
reports “complete” even after a code clear event), staff is proposing that such
reprogramming events must ensure a readiness reset only in modules that support
readiness for major components (i.e., any readiness bits other than comprehensive
components). While this does still require some form of ‘coordinated’ code ciearing, it
limits the number of involved modules. For example, if a vehicle has an engine control
unit (ECU) that supports readiness for major components and five auxiliary emission-
related modules that don’t support readiness for any major components, and if one of
the auxiliary modules has a permanent fault code stored and that module is
reprogrammed and erases the permanent fault code, the OBD system would only need
to ensure that the engine ECU resets all readiness bits and not that all five of the
auxiliary modules also reset readiness. '

Calibration Verification Number (CVN): _

Staff is proposing amendments to the CVN requirements. The HD OBD regulation
currently requires the CVN to be stored at all times, calculated, and re-stored at least
once per ignition cycle, and to be made immediately available at all times through the
data link connector to a generic scan tool in accordance with the requirements in SAE
J1979 or J1939. The only exceptions allowed in the regulation are for extreme
circumstances where the stored value has been erased and not had an opportunity to
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be calculated and re-stored yet. Specifically, relief is granted from having the CVN

- immediately available to a scan tool if it is requested within 60 seconds of the ECU
being reprogrammed or having non-volatile memory cleared, or within 30 seconds of a
volatile memoty clear or battery disconnect. A few manufacturers have indicated that
the timeframes of 60 and 30 seconds might be insufficient to recalculate a new CVN
and have it available. To address this, staff is proposing to modify the HD OBD

~ regulation to clarify these timeframes and the associated events that are allowed and to
clarify that, at all other times, immediately available means the value is returned to the
requesting scan tool within the normal message response timing and does not allow for
any extended message response timings or negative response codes. Additionally,
given the very limited and rare scenarios in which the 60 and 30 second timeframes
apply, staff is proposing to extend the timeframe to 120 seconds for both situations.

Q. -CERTI'FICATION'DEMONSTRATIQN TESTING .REQUIREIVIENTS

The HD OBD and OBD Il regulations require manufacturers to conduct emission
demonstration testing prior to certification to ensure that the systems are indeed able to
detect faults before the thresholds are exceeded. The HD OBD and OBD Il regulations
currently require manufacturers to perform demonstration testing of the diesel full speed
and load misfire monitor on heavy-duty engines and medium-duty vehicles, since the
monitors are calibrated to a tailpipe emission threshold and demonstration testing is
used to verify such calibrations are correct. However, as explained in section F. above,
staff is proposing to require manufacturers to detect misfire when the percentage of
misfire exceeds a certain level (i.e., 5 percent) in lieu of the emission threshold-based
malfunction criteria. Due to this change staff is proposing to modify both the HD OBD
and OBD !I regulations to exempt manufacturers from having to perform demonstration
testing of diesel misfire monitors using this new malfunction criterion.

The HD OBD regulation currently contains language detailing the testing required for
gasoline fuel system monitoring. Staff, however, forgot to inciude specific language for
the air-fuel ratio cylinder imbalance monitor, which is one part of the gasoline fuel
system monitoring requirements, so staff is proposing language detailing the testing
requirements for this monitor. Further, the regulation currently requires that “for
purposes of fuel system testing, the fault(s) induced may result in uniform distribution of
fuel and air among the cylinders” and that “non-uniform distribution of fuel and air used
to induce a fault may not cause misfire.” While this language works for testing of the
main fuel system feedback monitor, it doesn’t apply to testing of other fuel system |
monitors such as the air-fuel cylinder imbalance monitor, which, by definition is ‘non-
uniform’ and in some cases produce misfire. Therefore, staff is propasing amendments
to the HD OBD regulation to fimit this language to testing of the main fuel system
feedback monitor.

Staff is also proposing amendments to the HD OBD testing requirements for gasoline
oxygen sensor emission threshold-based monitors to limit the number of tests required
to be performed. Specifically, for conventional oxygen sensors, the manufacturer would
be required to perform a test for two malfunction cases: (1) the single worst case
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response rate malfunction among all symmetric and asymmetric patterns, and (2) the
worst case asymmetric response rate malfunction that results in delays during
transitions from rich-to-lean or lean-to-rich sensor output. For wide range or universal
sensors, the manufacturer also would be required to perform a test for two malfunction
cases: (1) the single worst case response rate malfunction among all symmetric and
asymmetric patterns, and (2) the symmetric response rate matfunction that results in
delays during transitions from rich-to-lean and lean-to-rich sensor output. For the worst
case malfunctions, staff would require manufacturers to submit data and/or analysis
demonstrating that the malfunction will result in the worst case emissions compared to
all the other response rate malfunctions.

Lastly, staff is proposing changes to the HD OBD regulatory language to clarify
demonstration testing for catalyst faults and other faults where default actions are taken -
subsequent to fault detection. Staff's proposed modifications provide more direction to
manufacturers to handle various scenarios of default actions and incremental levels of
fault detection to ensure diesel monitors are appropriately tested.

R. DEFICIENCIES

The HD OBD regulation contains provisions that allow certification of HD OBD systems
with “deficiencies” in cases where a good faith effort to fully comply with the OBD
requirements has been demonstrated. The deficiency provisions facilitate OBD
implementation by mitigating the danger of manufacturers not being able to certify
engines with relatively minor implementation problems. :

Staff is proposing a clarification to the deficiency language in the HD OBD regulation.
Specifically, staff currently does not issue deficiencies (and consequently, certification of
the vehicle) for issues that would be subject to an ordered recall under the HD OBD
enforcement regulation section 1971.5. Staff is proposing language to make this clear
in the regulation. Further, staff is proposing language clarifying that OBD systems that
fail to meet the requirements of the HD OBD regulation and that were not granted

" deficiencies for the requirements they failed to meet would be considered non-compliant '

and subject to enforcement under section 1971.5.

~ Staff is also proposing amendments to the required timelines for issuing retroactive

deficiencies in the HD OBD regulation. The regulation currently allows manufacturers to
request retroactive deficiencies within either the first six- months after commencement of
the start of engine production or the first three months after commencement of the start
of vehicle production; whichever is later. The deadlines are aligned with the required
deadlines for production engine/vehicle testing to verify the monitoring requirements
(section 1971.1(1)(2)), since such testing may uncover problems with the OBD system
that would be considered deficiencies. Manufacturers have expressed concern about
meeting the required deadlines for the testing, indicating that they have been having
trouble procuring vehicles with their engines soon enough after production begins to
complete the testing in time. Staff, therefore, is proposing to extend the deadiine for
production enginefvehicle testing, and thus the request deadline for retroactive
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deficiencies, to six months after commencement of the start of engine production or
vehicle production, whichever is later.

Additionally, staff is proposing amendments to address the certification of heavy-duty
hybrid vehicles. The regulation currently allows manufacturers to carry over a
deficiency up to a maximum of three model years from the time it was first issued,
provided the manufacturer is able to demonstrate a good faith effort in complying with
the HD OBD requirements, among other criteria. As indicated above, engine
manufacturers and hybrid system manufacturers have expressed issues about meeting
the OBD requirements on hybrid vehicles, citing the lack of experience in developing
such OBD systems and the complexities of designing systems considering the various
possible hybrid-engine configurations. And as already explained above in section ILA.,
staff is proposing to provide relaxation for the 2013 model year and require OBD
compliance starting from the 2014 model year. However, for those hybrid vehicles that
are certified to the HD OBD requirements of section 1971.1 in lieu of this relaxation in
the 2013 model year and carried over to the 2014 model year, staff is proposing
language to allow the 2014 model year to be considered the first model year for the
deficiency. This change should ensure that a manufacturer who elects to certify to the

- more stringent path (HD OBD) in 2013 will not be at a disadvantage to manufacturers
who choose the easier path for items that would take long lead time to resolve.
Additionally, as already explained above in section IL.A., staff is proposing an additional
two free deficiencies for hybrid systems in the 2013 through 2015 model years to help
avoid fines for manufacturers that fall short.

Lastly, while staff is not proposing specific language in the regulations, staff would like
to clarify the policy for the carry-over of deficiencies for emission threshold-based
monitors to address questions raised by manufacturers. Specifically, in cases where
there is an interim threshold (e.g, three times the standard) for a few years and then a
step down to a final threshold (e.g., two times the standard), manufacturers have asked
if a deficiency for the interim threshold ‘starts the clock’ towards the maximum two or
three years of carry-over or if the carry-over clock restarts when the threshold steps
down to the final threshold. Initially, staff was concerned that the latter case (i.e.,
restarting the clock with the final threshold) would aliow manufacturers to drag their feet
when addressing deficiencies or attempt to carry them over longer than needed.
However, given the existing criteria that a manufacturer must meet to qualify for a
deficiency, namely a good faith effort to comply in full and to come into compliance as
expeditiously as possible, staff believes there are valid cases where it would be
appropriate. For example, a manufacturer could make an appropriate attempt to
comply with the interim threshold and fall short and again make a valid attempt to
comply with the final threshold with a completely different approach or monitor-and stili
come up short. In cases where it is not appropriate and is caused by a manufacturer
not putting forth sufficient effort or resources to try and compiy, the existing deficiency
qualifications would already allow staff to deny such deficiencies and prevent further
carry-over. Accordingly, staff believes it is appropriate that, as a general policy, a
change in the monitoring threshold would reset the clock for a deficiency. As stated
though, this would not, however, obviate the need to make a good faith effort to comply
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or to come into compliance as expeditiously as possible-—-both would still be required to
qualify both initially and in each subsequent year for a deficiency to be granted.

S. OTHER PROPOSED AMENDMENTS

Staff is proposing other minor amendments to the HD OBD regulation. These include
proposed additional items required to be submitted by the manufacturer as part of the
HD OBD certification application and minor amendments to the production
engine/vehicle evaluation testing procedures, as well as clarification changes
throughout the regulation. Ali the proposed amendments are detailed in the attached
regulatory language. :

Staff is also proposing amendments related to small volume manufacturers. As ,
described above, staff is proposing amendments to the diesel misfire, NOx catalyst/NOx
sensor, and PM filter monitoring requirements that include required phase-in schedules
that manufacturers must meet. Small volume manufacturers, however, would likely
have trouble meeting the required phase-ins, considering the small volume of engines
(and thus, small number of engine families, if more than one) produced every year and.
the limited resources available to make the necessary changes each year of the phase-
in. In some cases, these manufacturers do not have enough different engine families to
be able to meet a phase-in on a portion of their families and would be forced to
implement the new requirements across their entire product line in the first year of the
phase-in. Therefore, staff is proposing to allow small volume manufacturers to meet
different schedules than the required phase-in schedules for these monitors.
Specifically, for the diesel misfire monitor, staff is proposing to allow these
manufacturers to either use an alternate phase-in schedule as defined in section (c) or
to meet the requirement on all vehicles in the final year of the required phase-in
schedule. For NOx catalyst/NOx sensor and PM filter monitoring, staff is proposing to
allow these manufacturers to continue using the 2013 model year malfunction criteria

_for the 2014 and 2015 mode! years (i.e., exempt them from the phase-in malfunction

criteria required for the 2014 and 2015 model year phase-in engines) and wait until the
2016 model year to comply with the final thresholds that apply to 2016 and subsequent
model year engines. These revisions for small volume manufacturers are consistent
with what has historically been provided for light-duty vehicle manufacturers in the
OBD Il program. Further, staff is also proposing similar revisions in the OBD [!
regulation concerning small volume manufacturers and the new proposed PM filter
monitor requirements and phase-in schedule.

Concerning the OBD Il regulation, staff is proposing amendments for medium-duty
diesel vehicles certified to a chassis dynamometer tailpipe emission standard. The
OBD Il regulation currently requires manufacturers of these vehicles to request approval
of the emission-based malfunction criteria in lieu of the engine dynamometer-based
malfunction criteria (e.g., 2.0 times the applicable standards) required for each
applicable diesel monitor in section 1968.2(f). At the time of the last amendments in
2008, the vast majority of medium-duty diesels were certified using the engine
dynamometer standards and chassis dynamometer-based certifications were extremely
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rare. However, since then, chassis dynamometer certification has become quite
common and staff has developed more experience as to the monitoring capability of
these systems with respect to emission levels relative to the emission standards.
Therefore, staff is proposing that for most monitors on 2016 and subsequent model year
medium-duty diesel vehicles certified to a chassis dynamometer tailpipe emission
standard, manufacturers would be required to use the same chassis dynamometer-
based malfunction criteria currently required for passenger cars, light-duty trucks, and
medium-duty passenger vehicles certified to a chassis dynamometer tailpipe emission
standard. For NMHC catalyst conversion efficiency monitoring, since the light-duty
malfunction criteria does not have a NOx malfunction threshold while the medium-duty
engine dynamometer-based criteria does, staff would require manufacturers to detect a
catalyst fault before emissions exceed 1.75 times the applicable FTP NMHC or NOx
standards. For diesel misfire monitoring, since the OBD Il regulation currently requires
light-duty emission threshold-based malfunction criteria and continuous monitoring while
the medium-duty engine dynamometer-based criteria does not, staff would require
manufacturers to detect a malfunction based on the medium-duty engine dynamometer-
based malfunction criteria and monitoring requirements. The proposed language would
eliminate the requirement for manufacturers to individually propose chassis-based
thresholds and seek Executive Officer approval and instead would provide clear
thresholds that all manufacturers would be required to meet.

Lastly, as already stated above in section l[.R., staff is proposing amendments to the
required timelines for conducting production engine/vehicle testing to verify the
monitoring requirements in the HD OBD regulation. The regulation currently allows
manufacturers to conduct this testing and submit the results within either the first six
months after commencement of the start of engine production or the first three months
after commencement of the start of vehicle production, whichever is later.
Manufacturers have expressed concern about meeting the required deadlines,
indicating that they have been having trouble procuring vehicles with their engines early
enough to complete the testing in.time. Staff therefore is proposing te extend the
deadline for production engine/vehicle testing to six months after commencement of the
start of engine production or vehicle production, whichever is later. Additionally, for
clarification, staff is proposing amendments to indicate the six month timeline starts
when vehicle production using the manufacturer's engine begins o cover cases where
vehicle production begins earlier but solely with other engine options.

T. HD OBD AND OBD || ENFORCMENT REGULATIONS

The HD OBD and OBD [I enforcement provisions (sections 1971.5 and 1968.5,
respectively) help ensure the effectiveness of the HD OBD and OBD I regulations and
to address OBD noncompliances in the field. The enforcement regulations detail
procedures for evaluating and remediating (where necessary) OBD-specific in-use
issues. Specifically, the regulations contain detailed protocols that provide clear
direction as to the procurement, testing, sampling, and evaluation criteria that ARB staff
uses to determine compliance with the OBD requirements. They include performance
testing of emission threshold-related monitors, downloading of data of in-use monitering
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performance ratios, and evaluation of other OBD requirements (e.g., diagnostic
connector location, communication protocol standards, MIL illumination protocol, etc.).
The results of the tests would be compared to the minimum performance levels
prescribed in the enforcement regulations, which would determine if the
engines/vehicles in question may be subject to remedial action or fines including
mandatory recall for the most egregious nonconforming OBD systems.

Currently, the HD OBD and OBD |l enforcement regulations dictate specific criteria for
procuring engines/vehicles for the test sample group used to perform the evaluation. To
determine if a monitor is in compliance with the in-use monitoring performance
requirements, the regulations require the test sample group to include engines/vehicles
with denominators for that monitor meeting a minimum required value. Currently, many
PM filter-related monitors and PM sensor monitors are required to have denominator
values of at least 150 or 300, depending on the denominator incrementing criteria being
used. Many of these monitors, however, require a PM filter regeneration event to oceur,
which consequently means the engine/vehicle would have to accumulate very high
mileage to have a sufficient number of denominators to be acceptable as part of the test
sample group. Given the recent trend in industry to further lengthen the intervals
between regeneration events, this criterion will become even more restrictive in the
future. Thus, staff is proposing to reguire engines/vehicles to be part of the test sample
group if such PM filter-related monitors or PM sensor monitors have denominators of at
least 50. - :

As stated above, staff is proposing changes to the denominator incrementing criteria for
the PM filter filtering performance monitor and PM filter missing substrate monitor in
both the HD OBD and OBD Il regulations. Specifically, these monitors, which are
currently required to increment the denominator when, among other conditions, 800
minutes of engine runtime are met in the HD OBD regulation and 500 miles are met in
the OBD |l regulation, would be required to increment the denominators using only the
general denominator criteria starting in the 2016 model year. Further, the OBD I
regulation would allow manufacturers to certify these monitors to a lower interim in-use
ratio of 0.100 on 2016 through 2018 madel year medium-duty vehicles. Considering the
new denominator would increment more often than the current denominator, the
resulting ratios would be less than the current ratios, causing manufacturers’ concerns
about the ability to meet the required minimum in-use performance ratio. To address
manufacturers’ concerns, staff is proposing to relax enforcement provisions for the first
few years the monitors start using this new denominator, specifically to the
nonconformance criteria and mandatory recali requirements. The OBD Il enforcement
regulation already has nonconformance criteria for monitors certified to an in-use ratio
of 0.100 and do not subject these monitors to mandatory recall, so minimal changes are
needed to address this. For the HD OBD enforcement regulation, staff is proposing
changes to allow these monitors on 2016 through 2018 model year engines to use the
less stringent criteria to determine nonconformance. Specifically, while other monitors
on 2016 and subsequent model year engines would be considered nonconforming if the
average in-use monitor performance ratio of engines in the test sample group is less
than 0.088 or if at least 66 percent of the engines have an in-use ratio of less than
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0.100, the PM filter filtering performance monitor and PM fitter missing substrate monitor
would be considered nonconforming if the average in-use ratio is less than 0.050 or if at
least 66 percent of the engines have an in-use ratio of less than 0.050. Further, staff is
proposing that these monitors not be subject to mandatory recall for the 2016 through
2018 model years.

Staff is also proposing changes to the HD OBD and OBD |l enforcement regulations to
address the proposed changes made to the diesel misfire monitoring requirements. As
described above, staff is proposing to require all 2016 and subsequent model year
heavy-duty engines and medium-duty vehicles to detect a diesel misfire fault when the
percentage of misfire exceeds 5 percent. The enforcement regulations currently do not
contain mandatory recall criteria applicable to this new requirement. Thus, staff is
proposing to require mandatoery recall if the percentage of misfire exceeds 10
percentage points greater than the malfunction criteria (i.e., 15 percent misfire) without
the MIL being illuminated for both the HD OBD and OBD Il enforcement regulations,
starting with the 2019 model year.

| astly, staff is proposing changes to the HD OBD and OBD Il enforcement regulations
related to the PM filter. As described above in section I1.J., staff is proposing higher
interim emission malfunction thresholds for PM filter monitoring, with proposed
thresholds around the range of 0.04 or 0.05 g/bhp-hr in the HD OBD regulation.

Further, as previously stated, engine manufacturers have been moving towards higher
engine-out NOx emission levels, resulting in lower engine-out PM levels that are near
0.05 g/bhp-hr or lower. The HD OBD and OBD |l enforcement regulations currently
mandate a mandatory recall if a malfunction is not detected before emissions exceed
two or three times the malfunction criteria. In the case of the PM filter monitor, that
recall ievel could reach 0.120 to 0.150 g/bhp-hr. Considering that engine-out PM levels
are projected to be around the 0.05 g/bhp-hr level for several manufacturers, an engine
with no PM filter would have PM emission levels that would be far below the mandatory
recall emission level and never be subject to mandatory recall despite a completely non-
functional PM filter monitor. Considering how critical of an emission control component
that the PM filter is, it would be inappropriate for the monitor to be unable to detect a
completely missing PM filter and still not be subject to enforcement action. Thus, staff is
proposing to add additional criteria for mandatory recall related to the PM filter monitor.
Specifically, starting with the 2013 model year, a mandatory recall shall be ordered if the
PM filter monitor is ‘unable to detect any of the foliowing: (1) a missing substrate PM
filter fault or (2) a malfunction of the PM filter that causes PM emissions to be equal to
or greater than the engine-out PM levels with the PM filter substrate completely
removed. _ ‘

Staff is also proposing additional changes to the mandatory recal! criteria for PM filter
filtering performance monitoring in the OBD Il enforcement regulation. The OBD |
enforcement regulation currently mandates a mandatory recall if a malfunction is not
detected before emissions exceed two times the malfunction criteria. The OBD Il
regulation currently requires manufacturers to detect a PM filter fault before emissions
exceed 0.03 g/bhp-hr for all 2013 and subsequent model year vehicles. Some
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manufacturers, however, have indicated that their current monitors would not be able to
detect a fault until emissions are quite near 0.06 g/bhp-hr, which would put them very
close to the mandatory recall criterion, and have requested accommodations for their
near-term model year vehicles. While staff does not think increasing the emission
threshold malfunction criteria during these interim years would be appropriate as most
manufacturers are on track to meet them, it acknowledges that some accommodation is
needed with regards to enforcement to ensure that manufacturers are able to certify
their OBD Il systems. Thus, staff is proposing to exempt the PM filter filtering
performance monitor from the mandatory recall provisions in the OBD Il enforcement
regulation that are specifically based on meeting the emission threshold malfunction
criteria for the 2013 model year. ' : ’

lll. ENVIRONMENTAL IMPACT ANALYSIS
A. INTRODUCTION

This chapter provides an environmental analysis for the proposed regulation. Based on
ARB'’s review, staff has determined that implementation of the proposed amendments to
the HD OBD and OBD Il regulations would not result in any potentially significant
adverse impacts on the environment. This analysis provides the basis for reaching this
conclusion. This section of the Staff Report also discusses the environmental benefits
resulting from implementation of the proposed regulation.

B. ENVIRONMENTAL REVIEW PROCESS

ARB is the lead agency for the proposed regulation and has prepared this environmental
analysis pursuant to its certified regulatory program that was certified by the Secretary of
the Natural Resources Agency in 1978." Public Resources Code §21080.5 of the
California Environmental Quality Act (CEQA) allows public agencies with regulatory
programs to prepare a plan or other written document in lieu of an environmental impact
report or negative declaration once the Secretary of the Natural Resources Agency has
certified the regulatory program. As required by ARB’s certified regulatory program, and
the policy and substantive requirements of CEQA, ARB prepares an environmental
analysis to assess the potential for significant long or short-term adverse environmental
impacts associated with a proposed reguiation.2 In accordance with ARB’s regutations,
the analysis also describes any beneficial environmental impacts.’> The CEQA
Guidelines environmental checklist was used to consider the potential for significant
impacts.* In accordance with ARB's certified regulatory program, this environmental
analysis is included in the Staff Report: Initial Statement of Reasons (ISOR) for the
rulemaking.® |

' CEQA Guidelines §15251(d); Cal. Code Regs., titte 17, 60005-60008
2 Cal. Code Regs., title 17, section 80005(b)
3 Cal. Code Regs., title 17, 50005(d)

4 CEQA Guidelines, Appendix G
5 Cal. Code Regs., title 17, 60005
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If comments received during the public review period raise significant environmental

issues, staff will summarize and respond to the comments in writing. The written

responses will be included in the Final Statement of Reasons for the regulation. In

accordance with ARB's certified regulatory program, the decnsu)n maker will approve the

written responses prior to taking final action on any proposal.® If the regulation is

adopted, a Notice of Decision will be posted on ARB’s website and filed with the
Secretary of the Natural Resources Agency for public inspection.’

C. ENVIRONMENTAL IMPACTS

Based on ARB's review of the proposed regulation, staff concludes that the proposed
regulatory amendments would not have a significant adverse effect on the environment.
Compliance with the proposed regulation does not require or result in any physical
change to the existing environment. It does not involve new development or require
modifications to buildings or other structures, or affect operations at existing facilities, or
cause any new land use designation because the action consists of changes to the
engine/vehicle software that include changes to the OBD system algorithms using the
existing hardware already on the engines/vehicles. These changes do not result in any
physical changes to the environment such as adverse impacts to aesthetics, air quality,
agricultural and forestry resources, biological resources, cultural resources, geology and
soils, greenhouse gases, land use planning, mineral resources, population and housing,
public services, recreation, or traffic and transportation. Further, compliance with the
proposed regulation does not involve any activity that would involve or affect hazardous
material, hydrology and water quality, noise, or population and housing because it does
not require any action that could affect these resources. No discussion of alternatives
or mitigation measures is necessary because no significant adverse environmental
impacts were identified. :

This determination was made because the proposed amendments would only affect HD
OBD and OBD Il requirements that have not yet been implemented. The proposed
‘amendments affect requirements that start in the 2013 or later model year and do
include some relaxations in the 2013 through 2015 model years that would allow higher
interim malfunction emission thresholds for some monitors. Staff believes these short
term interim delays and higher thresholds are necessary considering the diesel
emission control technologies involved are new and evolving and have never previously
existed on diesel engines. As described in section |l of this staff report, these
requirements are considered technically feasible for manufacturers to meet, but
circumstances such as delays in technology development have prevented
manufacturers from implementing the requirements within the required deadlines. For
example, in the case of the PM fiiter monitoring requirement, the delay in the
development of the PM sensor, which is expected to be used to meet the future
stringent emission threshold requirement, has necessitated some delays in the start

® Cal. Code Regs., title 17, 60007(a)
7 Cal. Code Regs., title 17, 60007(b)
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dates. Manufacturers are expected to take advanfage of these delays to improve their
system strategies and develop robust monitors to meet the requirements.

Additionally, the proposed amendments would also establish more stringent
requirements that will encourage manufacturers to design and build more robust
engines to comply with the requirements. The proposed HD OBD and OBD |
amendments will help ensure that forecasted emission reduction benefits from adopted
light-, medium-, and heavy-duty engine emission standards programs are achieved.
Given the substantial shortfall in emission reductions still needed to attain the National
and State Ambient Air Quality Standards and the difficulty in identifying further sources
of cost-effective emission reductions, it is vital that the emission reductions projected for
the light-, medium-, and heavy-duty vehicle programs be achieved. The proposed
amendments are necessary to accomplish this goal by achieving these emission
benefits in two distinct ways: First, to avoid customer dissatisfaction that may be
caused by frequent illumination of the MIL because of emission-related malfunctions, it
is anticipated that the manufacturers will produce increasingly durable, more robust
emission-refated components; Second, by alerting vehicle operators of emission-
related malfunctions and providing precise information to the service industry for
identifying and repairing detected malfunctions, emission systems will be quickly
repaired. The benefits of the regulations become increasingly important as certification
levels become more and more stringent and as a single malfunction has an increasingly
greater impact relative to certification levels.

Overall, the proposed amendments to the HD OBD and OBD |l regulations would result -
in cleaner vehicles than those currently produced and are not expected fo impact -
previously calculated emission benefits or findings. During the 2009 HD OBD
regulatory process, the lifetime cumuiative emission reductions for HD OBD, on a per
engine basis calculated with the most recent version of EMFAC, were calculated to be
165 pounds of ROG, 2000 pounds of NOx, and 14 pounds of PM. For OBD Il, during
the 2002 OBD |l regulatory update, staff calculated a combined benefit for OBD il and
LEV Il of 57 tons per day of ROG + NOx in the South Coast Air Basin alone. These
benefit calculations have not changed.
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IV. ENVIRONMENTAL JUSTICE

State law defines environmental justice as the fair treatment of people of all races,
cultures, and incomes with respect to the development, adoption, impiementation, and
enforcement of environmental laws, regulations, and policies (Senate Bill 115, Solis;
Stats 1999, Ch. 690; Government Code § 65040.12(c)). The Board has established a
framework for incorporating environmental justice into the ARB's programs consistent
with the directives of State law. The policies developed apply to all communities in
California, but recognize that environmental justice issues have been raised more in the
context of low income and minority communities, which sometimes experience higher
exposures to some pollutants as a result of the cumulative impacts of air pollutlon from
multiple mobile, commercial, industnal area-wnde and other sources.

Over the past twenty years, ARB, local air disfricts, and federal air pollution control
programs have made substantial progress towards improving the air quality in
California. However, some communities continue to experience higher exposures than
others as a result of the cumulative impacts of air pollution from multiple mobile and
stationary sources and thus may suffer a disproportionate level of adverse health
effects.

Adoption and implementation of the OBD regulations will not result in any adverse
environmental impacts on environmental justice communities. The proposed

“amendments would help ensure that measurable emission benefits are achieved both
statewide and in the South Coast and San Joaquin Valley air basins

V. ECONOMIC IMPACT

The proposed amendments to the HD OBD and OBD |l requirements and enforcement
regulations would apply to manufacturers of California-certified medium-duty and heavy-
duty engines and manufacturers of medium and heavy-duty vehicles using the
aforementioned engines. There are approximately 11 companies worldwide that
manufacture diesel or gasoline California-certified heavy-duty engines, an estimated 10
heavy-duty hybrid system manufacturers, and 9 heavy-duty alternate-fuel conversion
manufacturers. Of these, only one manufacturer, an alternate fuel conversion
manufacturer, is located in California.

The proposed amendments to the HD OBD and OBD |1l regulations are not anticipated
to have a significant impact on businesses or individuals related to the diesel and
gasoline engine manufacturing industry. The proposed amendments primarily affect
computer software, and additional lead time would be provided to manufacturers to
allow them to implement such changes at the time they normally schedule system
updates. The new reporting requirements will result in some additional costs to
manufacturers, and the proposed amendments fo require manufacturers to implement
full OBD on alternate-fueled engines two years earlier than previously required will
impose staffing and equipment costs two years earlier than previously anticipated, but
will concomitantly provide emission’ benefits earlier than anticipated. These additional
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and earlier imposed costs will be passed on nationwide to consumers of heavy-duty
vehicles since manufacturers normally certify one version of an engine for the entire
nation. Additionally, staff believes that the proposed requirements would cause no
noticeable adverse impact in California employment, business status, and
competitiveness since all companies that manufacturer medium- and heavy-duty
engines are required to meet the same requirements whether they are located in
California or elsewhere. ‘

A. LEGAL REQUIREMENTS

Section 11346.3 of the Government Code requires State agencies to assess the
potential for adverse economic impacts on California business enterprises and
individuals when proposing to adopt or amend any administrative regulation. Section
43101 of the Health'and Safety Code similarly requires that the Board consider the
impact of adopted standards on the California economy. This assessment shall include
a consideration of the impact of the proposed regulation on California jobs, business
expansion, elimination, or creation, and the ability of California business to compete.

B. COST AND COST EFFECTIVENESS

" The revisions to the OBD |l and HD OBD regulations consist primérily of interim

relaxation and clarification of existing requirements. The only changes that are
expected to affect costs involve the increased reporting requirements for the misfire
monitor and the two year earlier implementation schedule of full OBD for alternate- »
fueled engines. To assess the impact.these proposed changes will have on costs, ARB
staff has performed a comprehensive cost analysis of the proposed amendments.
Since the modifications to the two regulations are similar, and primarily affect diesel and
alternate-fueled vehicles, staff concentrated its cost analysis on the HD OBD
amendments since this provides the worst-case cost to manufacturers and consumers.
This is because over 90 percent of all new vehicles in the heavy-duty sector consist of
diesel and alternate-fueled engines while the light-duty and medium-duty sector
consists primarily of gasoline-powered vehicles. The analysis was done to estimate the
long-term “learned-out” costs of the program to a heavy-duty engine purchaser fora
“typical” engine. The analysis estimated the incremental costs of implementing the
proposed amendments.

First, staff estimated the costs to manufacturers of heavy-duty diesel engines. These
engines make up over 90 percent of all new heavy-duty engines and are manufactured
only by large manufacturers. The amendments mainly provide short-term interim
relaxed compliance for these manufacturers, with no associated compliance costs.
However, there are additional costs assaciated with the reporting requirements that
ensure compliance with the amendments for more comprehensive diesel misfire
monitoring that begins with the 2016 model year. This will result in costs of up to .
$30,000 per manufacturer (for a large manufacturer) annually when the reporting
requirements are fully phased in. These costs are expected to be passed on to
consumers (new heavy-duty engine/vehicle purchasers) at an incremental retail cost of
jess than $0.56 per vehicle. For reference, this represents a less than 0.01 percent
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increase in the retail price of a typical heavy-duty engine. To perform the analysis, staff
took the national sales numbers for the top nine engine manufacturers and determined
a composite average value of 72,440 engines. This number was rounded to 72,000 in
the analysis. Staff then estimated the incremental costs for an engine manufacturer

. with sales of 72,000 engines. Staff further assumed the engine manufacturer wouid
have three engine families that would require separate misfire monitoring data to be
generated and calculated the total costs for such a manufacturer.

Second, staff estimated the costs to manufacturers of alternate-fueled engines. These
engines currently make up approximately 2 percent of all new medium and heavy-duty
engines but the percentage could increase in the future due to various monetary
incentives that could be offered by state and federal organizations, greenhouse gas
regulations, and by increased market demand. These engines are usually converted
from diesel or gasoline to run on alternate-fuels such as CNG or LPG. As a result,
these engines will already have an existing OBD system before being converted. Itis
projected that manufacturers will only need to recalibrate some of the existing monitors
on these engines, and may, in some cases, need to develop a few new monitors for
alternate fuel specific components that are added. Manufacturers of these vehicles
range from small businesses (less than 250 employees) to large manufacturers. For
the analysis, it was assumed that a typical alternate-fueled engine manufacturer will
have one engine family with a large manufacturer producing about 5000 alternate-
fueled engines per year nationwide and a small manufacturer producing approximately
500 engines per year nationwide. Additionally, it was assumed that a large alternate-
fueled manufacturer also produces diesel engines as its primary product.

Since the amendments will require these manufacturers to comply with the alternate-
fuel requirements two years earlier than previously required, the majority of costs were
already accounted for in the initial 2005 HD OBD rulemaking. The only additional costs
would be those costs incurred during these first two years that would not otherwise have
- been incurred under the original requirements. Specifically, this would cover the hiring
of additional staff or equipment needed for earlier compliance and possible two years of
annual monitor recalibration. Also, since the alternate-fueled engines will have OBD
systems on them two years earlier, buyers of such engines in these two years wilt see
an incremental price increase that otherwise would not have occurred until later. From
staff's analysis, the incremental retail cost to buyers of these engines/vehicles for these
two years has been estimated to range from $21 per vehicle to $207 per vehicle,
depending on the size of the manufacturer (larger manufacturers can spread out the
cost across more engines than smaller manufacturers). These costs represent less
than a 1.0 percent increase in the retail cost of the smallest vehicles and far less than a
0.1 percent increase for larger vehicles. Generally, large manufacturers and smali
businesses that convert alternate-fueled engines have not been direct competitors.
Large manufacturers have mainly offered alternate-fueled engines for larger work
vehicles such as line-hau! trucks and buses while small businesses have typically
offered alternate fuel conversions for smaller vehicles that perform lighter-duty work
such as passenger and cargo vans. The incremental costs for these vehicles are aiso
expected to be offset by financial incentives offered by state and federal governments
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that have recently ranged from about $7,500.up to $32,000. Future incentives are
currently being proposed and may be different from these amounts. :

Based on the emission benefit analysis and the additional cost numbers identified
above, the cost effectiveness of the OBD regulation was re-calculated to reflect the
proposed amendments. For the cost estimation, it was assumed that half of the cost
was for PM emission benefit and the other half was for ROG+NOx benefit. Since the
amendments applicable to diesel engines only added an incremental cost of $0.56 per
engine for diesel engines, newly calculated numbers for cost effectiveness, when
rounded to the nearest cent, are identical to the results calculated in the 2009 biennial
review. As stated in 2009, the per-engine cost to implement OBD is estimated at $630
per engine. Splitting that in half, $315 was attributed to PM benefit for a cost-
effectiveness of $13.13 per pound of PM. The other half of the cost was attributed to
ROG+NOx benefit for a cost-effectiveness of $0.08 per pound of ROG+NOx. Both
values compare favorably with the cost-effectiveness of other recently adopted
regulations.

The amendments applicable to alternate-fueled engines requiring full HD OBD
compliance in model year 2018, two years earlier than previously required, would also
have a limited impact on cost-effectiveness. While there would be some incremental
costs as calculated above that occur from implementing HD OBD two years earlier,
there would also be an incremental emission benefit from the OBD system being
required earlier. As such, the cost-effectiveness numbers caiculated in 2009 for all
engines including 2020 and subsequent model year alternate-fueled engines are also
appropriate for 2018 and subsequent model year alternate-fueled engines under the
proposed amendments. These numbers take into account both the costs to implement
and the long-term emission benefits of the program (after the vehicles have been on the
road for 20 years). Further, alternate-fueled engines make up a very small fraction of
the vehicle fleet so the cost-effectiveness of the program, as a whole, is primarily driven
by the cost-effectiveness of diesel engines.

C. AFFECTED BUSINESSES AND POTENTIAL IMPACTS

Any business involved in manufacturing, purchasing, or servicing medium-duty vehicles,
and heavy-duty engines and vehicles could be affected by the proposed amendments.
Also affected are businesses that supply parts for these vehicles.

With respect to businesses that manufacture engines, there are approximately 11
companies worldwide that manufacture diesel or gasoline California-certified heavy-duty
engines. There are also an estimated 10 hybrid system manufacturers and 9 alternate-

- fuel conversion manufacturers. Only one of these companies, an alternate-fuel

conversion manufacturer, is located in Califomnia. Staff believes that some of the
alternate-fuel conversion manufacturers are “small businesses” but cannot determine
the exact number. However, the cost related to these manufacturers is determined to
be negligible because these manufacturers are expected to pass the added costs on to
consumers (engine and vehicle purchasers) in the form of increased retail prices.
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With respect to businesses that purchase medium- or heavy-duty diesel engines, the
amendments are not expected to have any material impact as the incremental per
engine price increase of $0.56 is insignificant on engines/vehicles that range in price
from $20,000 to over $100,000. For businesses that purchase 2018 or 2019 model
year heavy-duty alternate-fueled engines, the effect has also been determined to be
negligible because the incremental per engine increase in price is less than 0.1 to 1.0
percent and is expected to be more than offset by various fmanmal incentives that exist
for purchasing alternate-fueled vehicles.

California accounts for only a small share of total nationwide medium-duty and heavy-
duty motor vehicle and parts manufacturing. As stated, only one alternate-fuel
conversion company is located in California.

D. POTENTIAL IMPACTS ON VEHICLE OPERATORS

For heavy-duty engines and vehicles, the proposed amendments would provide OBD
information and encourage manufacturers to build more durabie engines, which would
result in the need for fewer repairs and savings for vehicle owners. OBD systems are
designed to detect malfunctions that may otherwise go undetected (and unrepaired) by
the vehicle owner. A single additional repair was estimated to occur on approximately
two-thitds of the trucks over a 21 year lifetime as a result-of OBD detection, at an
average cost of $741 per repair. This is a conservative cost estimate, since OBD
systems will potentially result in savings by catching problems early before they
adversely affect other components and systems in the engine. The proposed
amendments are anticipated to have a negligible impact on new diesel engine or vehicle
prices, since the calculated increase in retail price of an engine is estimated to be $0.56
per engine. The two-year earlier implementation of full OBD on alternate-fueled
engines is expected to increase the retail cost of the engine and vehicle for the two year
time period by $21 to $207 but these costs are expected to be offset by various financial
incentives offered by state and federal agencies that have ranged from $7,500 to
$32,000 per vehicle in past years. -

For medium-duty vehicles, the proposed amendments would provide improved OBD |l
information and encourage manufacturers to build more durable vehicles, which should
result in the need for fewer vehicle repairs and savings for consumers. The proposed
changes involve minimal development and verification of software above what is
already incorporated into OBD |l systems. Additionally, because manufacturers would
be provided sufficient lead time to incorporate the minimal proposed changes,
incorporation and verification of the revised OBD Il software would be accomplished
during the regular design process at virtually no additionat cost. Any additional
engineering resources heeded to comply with the proposed program would be small,
and when spread over several years of vehicle production, these costs would be
negligible. Thus, the proposed amendments are anticipated to have a negllglble impact
on manufacturer costs and new vehicle prices.

E. POTENTIAL IMPACTS ON BUSINESS COMPETITIVENESS
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The proposed amendments are not expected to adversely impact the ability of California
businesses to compete with businesses in other states as the proposed standards are
anticipated to have no material impact on retail prices of new engines and vehicles.
Additionally, U.S. EPA has adopted federal OBD Il and HD OBD requirements that are
generally harmonized with those of ARB. To date, virtually all engine and vehicle
manufacturers have chosen to design a single OBD system that meets both ARB and
U.S. EPA regulations and equipped all vehicles nationwide with the same system.
Therefore, any costs incurred by the engine or vehicle manufacturers will be applicable
to all engines/vehicles nationwide and these costs will be passed on to purchasers
nationwide in the form of higher retail prices as explained above. Thus, any price
increases of medium- and heavy-duty vehicles are not expected to dampen the demand
for these vehicles in California relative to other states, since price increases would be

the same nationwide.

It should be noted that one area of difference between the Federal and California
requirements involves heavy-duty hybrids. Specifically, the U.S. EPA has exempted
hybrids from OBD compliance for the 2014 through 2016 model years while ARB will
require compliance. In theory, this could lead to some heavy-duty hybrid vehicles being
more expensive in California than in other states during these three years. However,
staff's assessment is that this is not likely to happen for two reasons. First, the heavy-
duty hybrid vehicle sales volume is extremely low, which would make it virtually
impractical for manufacturers to have sufficient resources to offer two different OBD
systems (one that complies for the California market and one that does not comply with
California hybrid monitoring requirements that would be available for sale in other
states). Past history would suggest that these manufacturers will design and build one
system nationwide and as such, the cost to purchasers would be the same nationwide.
Second, the ARB'’s HVIP program already incentivizes (and largely subsidizes) the
purchase of a heavy-duty hybrid vehicle for businesses in California and those ,
incentives (typically $20,000 to $40,000 per vehicle) dwarf any increase in cost due to
OBD compliance. Thus, even if there were to be an increase specific to hybrids offered
for sale in California, the incentives would more than offset them for any purchaser in
California. ‘ _

F. POTENTIAL IMPACTS ON EMPLOYMENT

The proposed amendments are not expected to cause a noticeable change in California
employment because California accounts for only a small share of motor vehicle, heavy-
duty engine, and parts manufacturing employment, and the minimal additional work
done by heavy-duty vehicle manufacturers can be done with existing staff.

G. POTENTIAL IMPACT ON BUSINESS CREATION, ELIMINATION, OR
EXPANSION

The proposed amendments are not expected to affect business creation, elimination or
expansion.
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VI. ANALYSIS OF ALTERNATIVES

As described in the individual sections above detailing the proposed changes,
manufacturers suggested alternatives to the proposed amendments, and staff explained
why these alternatives were not considered. No alternative considered by the agency
would be more effective in carrying out the purpose for which the regulation is proposed
or would be as effective or less burdensome to affected private persons than the
proposed regulation. - '

VIl. SUMMARY AND RATIONALE FOR PROPOSED AMENDMENTS

In response to manufacturers’ concerns about difficulties meeting the requirements
within the required timeframes, the proposed amendments mostly include relaxations
that would provide manufacturers with mare lead time. -Manufacturers are expected to
take advantage of these delays to improve their system strategies and develop robust
monitors to meet the requirements and ensure more robust systems. The proposed
amendments also include more stringent requirements that will encourage
manufacturers to design and build more robust engines to comply with the
requirements. In general, the proposed amendments to the HD OBD and OBD I
regulations would help ensure that forecasted emission reduction benefits from adopted
medium-duty and heavy-duty engine emission standards programs are achieved.

Proposed amendments to Cal. Code Regs., title 13, section 1971.1:

Subsection (a) The “Purpose" clause of the regulation has been amended to
reaffirm and clarify the objectives of the regulation consistent with the longstanding
expressed intent when the regulation was first adopted and subsequently amended.

“Subsection (c) “Alternate-fueled engine”  This new proposed definition is needed
to clear up confusion about what constitutes an alternate-fueled engine and thus is
exempt from meeting the HD OBD monitoring requirements until the 2018 model year,
with the clarification mostly invelving engines that utilize more than one type of fuel.

Subsection (¢) “Alternate phase-in” This new proposed definition is heeded to
allow manufacturers some flexibility and allow more time in meeting some requirements
with phase-in schedules.

Subsection (¢) “Auxiliary Emission Control Device (AECD)” The proposed
change to move this definition before the definition of “base fuel schedule” is needed
since the definitions in subsection (c) are typically listed in alphabetical order.

Subsection (c) “Calculated load value” The proposed changes to the definition
of “calculated load value” is necessary to update the versions of the SAE J1979 and

SAE J1939 documents referenced to the most recent versions referenced in section
1971.1(h)(1) of the regulation.
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Subsection (¢) “Diagnostic or emission critical” The proposed changes to the -
definition of a “diagnostic or emission critical” electronic control unit is necessary to limit
the number of control units that would be subject to report the CAL ID/CVN parameters
to the most important control units.

Subsection (c) “Driving cycle®  The proposed chahge to this definition is needed
for formatting reasons. .

Subsection (c) “Emission standard”  The addition of this definition is needed to
clarify that the OBD regulations include emission standards. The definition revises the
definition set forth at Health and Safety Code section 39028 consistent with the express
authorization of the Board to make such a revision in Health and Safety Code sections
39010 and 39601. :

Subsection (c) “Evaporative emission standards” The new proposed definition is
needed to identify a subcategory of the new definition of emission standard that had
previously been identified merely as an emission standard.

Subsecﬁon (c) “Exhaust emission standards” or “tailpipe emission standards”
The new proposed definition is needed to identify a subcategory of the new definition of
emission standard that had previously been identified merely as an emission standard.

Subsection {c) “Fueled engine operation” This new proposed definition is needed
to complement the amendments to the in-use monitor performance requirements, where
this definition is used.

Subsection (c) “Gasoline engine” This proposed change to delete “or an
alternate-fueled engine” from this definition is needed because a separate new
definition for “alternate-fueled engine” is being proposed.

Subsection (c) “Hybrid vehicle” This new proposed definition is needed to
complement the amendments to the permanent fault code erasure requirements and
the in-use monitor performance requirements, where this definition is used.

Subsection (c) “Ignition cycle” The proposed changes to the definition are
necessary to account for the proposed changes to the ignition cycle counter
requirements for hybrid vehicles in section 1971.1(d){(3.3).

Subsection (c) “Maltfunction” The proposed addition of “system” to the
definition of “malfunction” is needed since the regulation requires detection of a
malfunction that can affect either a component or a system.

Subsection (c) “Permanent fault code” The proposed deletion of the phrase
“currently commanding the MIL on” is needed to avoid confusion, since a permanent
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fault code may not be commanding the MIL on in cases where the fault information in
the on-board computer has been cleared by a scan tool or a battery disconnect.

Subsection (c) “Propuision system active” This new proposed definition is needed
to complement the amendments to the permanent fault code erasure requirements and
the in-use monitor performance requirements, where this definition is used.

Subsection (c) “Small volume manufacturer’ This new proposed definition is
needed to compiement the proposed changes to the exceptions to monitoring
requirements provisions in subsection (g)(5.8.2).

Subsection (¢) “Warm-up cycle” The proposed addition of the phrase “a driving
cycle with” to this definition is necessary to clarify that a warm-up cycle is referring to a
driving cycle with specific conditions met. Additionally, the proposed change to allow
manufacturers to use an alternate definition for warm-up cycle is needed to account for
vehicles that are unable to warm up the engine coolant temperature to the defined
temperatures in the current definition even if it has been sufficiently driven.

Subsection (d){2.1.2) The purpose of this subsection is to indicate how the
functional check of the MIL should work. The proposed change to delete “20” is
necessary since the original phrase “minimum of 15-20 seconds” already indicates 15
seconds as the minimum required time.

Subsection (d}(2.1.3) The purpose of this section is to allow manufacturers the
option to use the MIL for readiness status indication. The proposed change is needed
for formatting reasons, with the old text in subsection (h}(4.1.3) now in subsection
(h)(4.1.6).

Subsections {d)(2.2.1)(D) The purpose of this subsection is to indicate the
criteria under which freeze frame conditions can be stored and erased for engines using
ISO 15765-4. The proposed changes are needed to address concerns about
manufacturers inappropriately erasing freeze frame data when a pending fault code
matures to a confirmed fault code. Also, the proposed changes to require monitors -
using alternate strategies to store and erase the freeze frame conditions concurrent with
storing and erasing-a confirmed fault code are needed since the current language is
vague about how to handle one-trip monitors which don'’t store pending fault codes.

Subsection (d)(2.2.2)(D) The purpose of this subsection is to indicate the
criteria under which freeze frame conditions can be stored and erased for engines using
SAE J1939. The proposed changes to require monitors using alternate strategies to
store and erase the freeze frame conditions with the MIL-on fault code are needed since
the current language is vague about how to handle one-trip monitors, which don't store
pending fault codes. : :

Subsection (d)(2.3.1)(A) The purpose of this subsection is to indicate the
protocol for extinguishing the MIL for engines using ISO 15765-4. The proposed
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changes are needed to include reference to diesel monitors that have their own protocol
for extinguishing the MIL in lieu of the requirements in this subsection, since the current
language only referenced gasoline monitors. The proposed changes are also needed
to clarify that the MIL is not allowed to be extinguished after less than three sequential
driving cycles, since the original language may be misinterpreted. '

Subsections (d)(2.3.1)(B) and (d)(2.3.2)(C) The purpose of these subsections is to
indicate the protocol for erasing confirmed fault codes or previously MIL-on fault codes.
The proposed changes to require rather than allow manufacturers to erase these fault
codes after 40 warm-up cycles are necessary to ensure consistency among
manufacturers and require all of them to erase the fault codes in the same timing. The
proposed change to delete “engine” from “engine warm-up cycle” is also necessary to
be consistent with the terminology used in the definitions in section (c), which states
“warm-up cycle.” ‘ '

Subsections (d)(2.3.1)(C)(ii)b.3. and (d)(2.3.2)(D)(ii)b.3  The purpose of these
subsections is to indicate the criteria under which a permanent fault code can be erased
when the fault information in the on-board computer has been cleared and the OBD
system is not commanding the malfunction indicator light on. The proposed changes to
subsections (d)(2.3.1)(C)(ii)b.3.i. and (d)(2.3.2)(D)ii)b.3.i. and the proposed additions of
subsections (d)(2.3.1)(C)ii)b.3.v. and (d)(2.3.2)(D)ii)b.3.v. are needed to account for
hybrid vehicles, which may not start the engine right after the vehicle is turned on and
may affect the “cumulative time since engine start” criterion. :

Subsection (d)(2.3.2)(A) The purpose of this subsection is to indicate the
protocol for extinguishing the MIL for engines using SAE J1939. The proposed changes
are needed to clarify that the MIL is not allowed to be extinguished after less than three
sequential driving cycles, since the original language may be misinterpreted.

Subsection (d)(2.4.1) The purpose of this subsection is to describe default
strategies that manufacturers are aliowed to have and not be required fo illuminate the
MIL when they are invoked. The proposed changes are needed for readability to make
the language and criteria easier to understand.

Subsection (d)(4.3.2)(B) - The purpose of this subsection is to describe the
specifications for incrementing the denominator. The proposed clarification that the
requirements in subsections (d){4.3.2)(F), (I), and (J) may supersede the requirements
in subsection (d)(4.3.2)(B) for specific monitors/vehicles is needed since they have
certain characteristics that make the current requirements in subsection (d)(4.3.2)(B)
inappropriate to use. The proposed change to add “engine” to “start” to subsection
(d)(4.3.2)(B)(i) is also necessary to be consistent with the terminology used in the
definitions in section (c), which states “engine start”.

Subsection (d){4.3.2)(C} The purpose of this subsection is to describe the |

specifications for incrementing the denominator for evaporative system monitors. The
proposed change is needed to allow other monitors (i.€., engine cooling system input
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component monitors, comprehensive component input component temperature sensor
rationality monitors) that also require a cold start to enable monitoring to use the same
denominator. Further, the proposed change to add “engine” to “start” in subsection
(d)(4.3.2)(C)(i) is necessary to be consistent with the terminology used in the definitions
in section (c), which states “engine start”.

Subsection (d)(4.3.2)(E) The purpose of this subsection is to describe the
specifications for incrementing the denominator for companents that are “commanded”
to function. The proposed change to delete “output” from “output components” is
needed since some of the component monitors listed under this section are not output
components. The proposed additions of the PM filter active/intrusive injection monitor
and the PM sensor heater monitor to this section are needed since the previously
required denominator incrementing criteria applied to these monitors were not
appropriate. Additionally, the proposed change to allow 2010 through 2015 model year
engines to use the previously required denominator criteria is needed to allow lead tlme
for manufacturers to meet the new reqmrement

Subsection (d){(4.3.2)(F) The purpose of this subsection is to describe the
specifications for incrementing the denominator for monitors that require “alternate”
criteria. The proposed change to modify the phrase “monitors of the following
components” to “the following component monitors” is needed since the items listed in
this section refer to monitors, not components. The proposed deletions of “engine
cooling system input component” and “comprehensive component input component
temperature sensor rationality monitors” and renumbering of the section are needed
since these monitors were moved to subsection (d)(4.3.2)(C). The proposed change to
add “PM sensor monitoring capability monitor” to this subsection is needed to reflect the
current capability of the PM sensor technology, which may regenerate infrequently in-
use and thus may result in low ratios for this monitor with the currently required
denominator.

Subsection (d)(4.3.2)(G) The purpose of this subsection is to describe the
specifications for incrementing the denominator for components or emission controls
that experience infrequent regeneration events. The proposed change to modify the

phrase “monitors of the following components” to “the foliowing component monitors” is .

needed since the items listed in this section refer to monitors, not components. The
proposed change to limit application of this requirement to the 2010 through 2015 model
year for the PM filter filtering performance monitors and the PM filter missing substrate
monitors to is needed considering the importance of the PM filter, which controls
emissions throughout the driving cycle, not just once every 800 minutes.

Subsection (d)(4.3.2)(H) The purpose of this subsection is to describe the
specifications for incrementing the denominator for some monitors based on whether or
not a regeneration event occurs. The propased deletion of “PM filter active/intrusive
injection” is needed since this monitor was moved to subsection (d)(4.3.2)(E).
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Subsection (d){4.3.2)(1) The purpose of this subsection is to allow certain
vehicles to increment the general denominator based on alternate criteria in lieu of
those in subsection (d)(4.3.2)(B). The proposed deletion of the phrase “hybrid vehicles”
is necessary since a new propased requirement for hybrid vehicles has been added
(subsection (d)(4.3.2)(J)) that will supersede this requirement. The proposed
replacement of the phrase “integrated starter and generators” with the phrase “a vehicle
with a start-stop system that does not meet the definition of a hybrid vehicle as defined
in section (c)” is needed since the requirement in subsection (d)(4.3.2)(l) no longer
applies to hybrid vehicles (a separate section was created specifically for hybrids) and
vehicles with integrated starters and generators most commonly will meet the definition
of a hybrid vehicle while vehicles with other simpler start-stop systems will not and will
still be subject to the requirements of this section. The proposed change of “alternate
fue! vehicles” to “alternate-fueled engines” is needed to be consistent with the phrase
used in the definitions in subsection (c). The proposed deletion of “(e.g., dedicated, bi-
fuel, or dual-fuel applications)” is needed since the phrase “alternate-fueled engine” is
now defined in section (c), so the examples here are not needed anymore.

. Subsection {(d)(4.3.2){(J) The purpose of this new proposed subsection is to
indicate the criteria under which the general denominator shall increment for hybrid
vehicles. This new requirement is needed to account for the fact that hybrid vehicles
need a new definition to recognize trips where the engine starts later in the trip.
Additionally, the proposed language to allow 2010 through 2015 model year engines to
use the previously required denominator criteria in subsection (d)(4.3.2)(}) is needed to
allow lead time for manufacturers to meet the new requirement.

Subsection (d)(4.5.3) The purpose of this subsection is to describe the conditions
under which incrementing of all numerators and denominators are allowed to be
disabled. The proposed deletions of reference to subsection (d)(4.3.2)(C) and the
phrase “engine cold start” are heeded since subsection (d)(4.3.2)(C) refers to the
denominator incrementing criteria for monitors that require cold start (e.g., evaporative
system monitors), so all other monitors that do not require a cold start can and should
still accurately increment their numerators and denominators even if an “engine cold
start” can no longer be determined.

Subsection (d)(5.1.1) The purpose of this subsection is to indicate the specific
diesel components/monitors the HD OBD system is required to report in-use monitor
performance data for. The proposed changes to this subsection are needed to be
consistent with what is required to be reported in SAE 1979 and SAE J1939.

Subsection (d)(5.5.2)(B) . The purpose of this subsection is to indicate the
criteria under which the ignition cycle counter shall increment. The preposed changes
are needed to ensure that the counters for conventional vehicles and hybrid vehicles
are incremented in an equivalent manner.

Subsection (d)(7.5) The purpose of this subsection is to indicate the HD OBD
implementation schedule for alternate-fueled engines. The proposed_change of the
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start date to impiement HD OBD systems from 2020 to 2018 is needed to address the
issue that alternate-fueled engines will comprise a higher percentage of the heavy-duty
market than previously thought, thus increasing the importance of making sure the
emission controls on these engines are properly working in-use. The proposed
additional language in subsection (d)(7.5.3) requiring manufacturers to propose a
monitoring plan for alternate-fueled engines is needed to ensure that all emission
control components (which may include both diesel-related and gasoline-related
components) on the engine are properly monitored. '

Subsection (d)(7.6) This new proposed subsection allowing 2013 model year
heavy-duty hybrid vehicles to meet less stringent requirements in lieu of the
requirements in section 1971.1 is needed to address manufacturers’ concerns about
implementing compliant HD OBD systems and to allow some interim relaxatlon from
meeting the HD OBD reqwrements

Subsection (e)(1.1) The purpose of this subsection is to indicate the generatl
“requirement for diesel fuel system monitoring. The proposed change of “emission
standard” to “applicable standard” is needed since “applicable standard” is the more
appropriate term to use.

Subsection (e)(1.4.2) The purpose of this subsection is to describe the MIL
ilumination and fault code storage protocol for diesel fuel system monitoring. The
proposed change of “vehicle” to “engine” is needed since the reference to “engine” is
more appropriate.

Subsection (e)(2.1.1) The purpose of this subsection is to indicate the general
requirement for diesel misfire monitoring. The proposed deletion of “causing excess
emissions” from “misfire causing excess emissions” is needed since the proposed
changes to the diesel misfire monitoring now involve requiring detection of faults when
the percentage of misfire exceeds a certain level, not when a specific emission
threshold is exceeded.

Subsection (e)(2.2) The purpose of this subsection is to require manufacturers to
monitor for misfire on diesel engines. The proposed change to require all diesel
engines to meet subsection (€)(2.2.2) with a phase-in starting in the 2016 model year is
needed since the current requirement to monitor for misfire only at idle will not detect
misfire faults that occur only during other engine speed and load conditions. The
proposed change to require misfire detection when the percentage of misfire exceeds 5
percent instead of when specific emission thresholds are exceeded in subsection
(e)(2.2.2}) is needed to address manufacturers’ concerns about difficulties in establishing
a level of misfire that equates to a specific tailpipe emission threshold. The proposed
change to subsection (e)(2.2.3) is needed for formatting reasons, since the malfunction
criteria originally in subsection (e)(2.2.2)(A) is now in subsection (e)(2.2.2). The
proposed new subsection (e)(2.2.5) to allow manufacturers to detect misfire at a higher
percentage than the required 5 percent if specific emission levels are not exceeded is
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. needed to provide relaxation to manufacturers should their system be abnormally robust

to an emission increase due to misfire.

Subsection (€)(2.3.1) The purpose of this subsection is to describe the conditions
under which diesel misfire monitoring shall occur. The proposed changes are needed
to avoid confusion by indicating that the monitoring conditions under this subsection
apply to misfires identified in section (e)(2.2.1).

Subsection (€)(2.3.3) The purpose of this subsection is to describe the conditions
under which diesel misfire monitoring shall occur. The proposed change to require ’
monitors for misfires identified in section (e)(2.2.2) to meet subsection (€)(2.3.3) is
needed for clarity. The proposed changes to the required monitoring conditions in
subsection (€)(2.3.3)(A)(i) are needed to address manufacturers’ concerns about the
extent to which they can monitor for misfire on diesel engines given the wide range of
heavy-duty applications that exist up to the 2018 model year, while the proposed
requirement to continuously monitor for misfire under all positive torque engine speed
and load conditions with a phase-in starting in the 2019 modet! year in subsection
(e)(2.3.3)(A)ii) are needed to ensure misfires that occur during the higher operating
ranges are robustly detected. Lastly, the proposed change in subsection (e)(2.3.3)(B) is
needed to allow manufacturers to disable misfire monitoring under conditions in which
robust detection of misfires is at issue.

Subsection (€)(2.4.2) The purpose of this subsection is to describe the MIL
illumination and fault code storage protocol for the diesel misfire monitor. The proposed
change to require monitors for misfires identified in section (e)(2.2.2) to meet subsection
(e)(2.4.2) is for clarity. The proposed change to delete “(A)” from “section (e)2.2.2)(A)"
in subsection (e)(2.4.2)(A) is needed for formatting reasons, since the malfunction
criteria originally in subsection (e)(2.2.2)(A) is now in subsection (e){2.2.2).

Subsection (e)(3.2.6) The purpose of this subsection is to require manufacturers to
monitor the EGR catalyst. The proposed addition of subsection (e}(3.2.6}(B), which
allows manufacturers to be exempt from monitoring the EGR catalyst if a failure of the
catalyst does not cause a measurable emission impact, is needed to provide relaxation
to manufacturers due to their concerns that a failure of this cataiyst does not directly
cause an emissions increase.

Subsection (e)(5.2.3)(B) The purpose of this subsection is to require
manufacturers to monitor the NMHC converting catalyst for proper feedgas generation.
The proposed delay of the required start date to the 2015 model year is needed to allow
manufacturers more time to meet the requirement. The proposed language allowing
manufacturers to be exempt from this monitoring requirement if certain conditions are
met is needed to allow manufacturers relaxation in meeting this requirement based on
their concerns. :

Subsections (e)(5.2.2)(B), (€)(6.2.1)(A)(), (€)(6.2.1)(D){i), (e)(e.z.z)(A)(ij and (iv),
(€)(7.2.1)(A) and(B), (€}(8.2.1)(A) and (B), (€)(8.2.1)(D), (e)(8.2.2)(B), (€)(9.2.1)(B)()).
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(e)(9.2.2)(A)(i) and (iv), (9)(3.4.3), and (j)(1.1) The proposed change of “emission
standard” to “exhaust emission standard” is needed since “exhaust emission standard”
is the more appropriate term to use.

Subsection (e)(5.2.3)}(D)  The proposed changes to this subsection are needed
for readability. ‘

Subsection (e)(6.2.1) The purpose of this subsection is to require manufacturers to

-monitor the NOx converting catalyst conversion efficiency. The proposed changes to
allow higher interim emission thresholds for 2013 through 2015 model year engines in
new proposed subsections (e)(6.2.1)(B) and (C) and ta delay the final, stringent
emission thresholds to 2016 in subsection (e}(6.2.1){D) are needed to address
manufacturers’ concerns about meeting the requirements and to allow manufacturers
more time to meet the final thresholds. The new proposed subsection (e}(6.2.1)(E),
which allows engines first certified in the 2014 or 2015 model year and carried over to
the 2016 model year to meet the previous interim thresholds in 2016, is needed so that
manufacturers would not have to spend resources to have all engines meet the final

- thresholds in 2016.

Subsection (e)(6.2.2) The purpose of this subsection is to require manufacturers to
monitor the SCR catalyst reductant delivery perfermance. The proposed changes to
allow higher interim emission thresholds for 2013 through 2015 model year engines in
new proposed subsections (e)(6.2.2)(A)(ii) through (iii) and to delay the final, stringent
emission thresholds to 2016 in subsection (e)(6.2.2)(A)(iv) are needed to address
manufacturers’ concerns about meeting the requirements and to allow manufacturers
more time to meet the final thresholds. The new proposed subsection (e)(6.2.2)(A)(v),
which allows engines first certified in the 2014 or 2015 model year and carried over to
the 2016 model year to meet the previous interim thresholds in 2016, is needed so that
manufacturers would not have to spend resources to have all engines meet the final
thresholds in 2016.

Subsection (e)(6.2.2)(D) The purpose of this subsection is to require
manufacturers to monitor the SCR catalyst feedback control. The proposed addition of
‘(e.g., pressure control)” is needed to give an example of a feedback control strategy
that is required to be monitored.

Subsection (€)(6.3) The purpose of this subsection is to describe the conditions
under which NOx converting catalyst monitoring shall occur. The proposed addition of
section (e)(6.2.2)(A) (for reductant delivery performance monitoring) to subsection
(e)(6.3.1), which requires monitoring to occur once per trip, is needed since the original
requirement for monitoring to occur continuously was found to be inappropriate and too
stringent. The proposed deletion of section (€)(6.2.2)(A) (for SCR performance
monitoring) from subsection (e)(6.3.2) is needed since this subsection was moved to
subsection (e)(6.3.1) as previously described.
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Subsection (e)(8.2.1) The purpose of this subsection is to require manufacturers to
maonitor the PM filter filtering performance. The proposed changes to allow higher
interim emission thresholds for 2013 through 2015 model year engines in subsections
(€)(8.2.1)(B) and (C) are needed to address manufacturers’ concerns about meeting the
requirements, given the delay of the availability of PM sensors, and to allow
manufacturers more time to meet the final thresholds. The new proposed subsection
(e)(8.2.1)(E), which allows engines first certified in the 2014 or 2015 model year and
carried over to the 2016 mode! year to meet the previous interim thresholds in 2016, is
needed so that manufacturers would not have to spend resources to have all engines
meet the final thresholds in 2016. The new proposed subsection (e)(8.2.1)(F) is needed
to prohibit manufacturers from using an alternate phase-in schedule instead of the
required phase-in schedulfe proposed in subsection (e)(8.2.1)(C).

Subsection (e)(8.2.4) The purpose of this subsection is to require manufacturers to
monitor the catalyzed PM filter. The proposed delay of the required start date to the
2015 model year in subsection (€)(8.2.4)(A) for monitoring NMHC conversion capability
is needed to allow manufacturers more time to meet the requirement. The proposed
language in subsection (e)(8.4.2)(A)(iii) allowing manufacturers to be exempt from this

monitoring requirement if certain conditions are met is needed to allow manufacturers

relaxation in meeting this requirement based on their concerns. The proposed addition
of subsection (e)(8.2.4)(B), which requires monitoring of catalyzed PM filter for proper
feedgas generation, is needed to ensure monitoring of ali components that generate
feedgas for the SCR system. =

Subsection (€)(8.3.2) The proposed deletion of “II” from “OBD Il system” is needed
to correct an error, since this regulation does not apply to OBD Il systems.

Subsection {€)(9.2.2)(A) The purpose of this subsection is to require
manufacturers to monitor the NOx sensor for sensor performance faults. The proposed
changes to allow higher interim emission thresholds for 2013 through 2015 model year
ehgines in new proposed subsections (€)(9.2.2)(A)(ii) through (iii) and to delay the final,
stringent emission thresholds to 2016 in subsection ()(9.2.2)(A)(iv) are needed to.
address manufacturers’ concerns about meeting the requirements and to allow
manufacturers more time to meet the final thresholds. The new proposed subsection
(€)(9.2.2)(A)(v), which allows engines first certified in the 2014 or 2015 model year and
carried over to the 2016 mode! year to meet the previous interim thresholds in 2016, is
needed so that manufacturers would not have to spend resources to have all engines
meet the final thresholds in 2016. Lastly, the proposed addition of an NMHC threshold

in subsection (e)(9.2.2)(A)(iv) is necessary to maintain consistency with the thresholds

for the heavy-duty NOx converting catalyst monitors as well as the medium-duty NOXx
sensor monitoring requirements in the OBD |l regulation.

Subsection ()(9.3.1) The purpose of this subsection is to indicate the conditions
under which NOx sensor monitoring shall occur. The proposed addition of section
(€)(9.2.2)(D), for sensor monitoring capability monitors, to subsection (e}9.3.1)A) is
needed since this monitor has been determined to be important based on reviews of
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manufacturers’ OBD systems, so there should be assurance that the in-use monitoring
performance data of this monitor is tracked and reported starting in the 2016 model
year. The proposed deletion of section (€)(9.2.2)(D) from subsection (e)(9.3.1)(B) is
needed since this subsection was moved to subsection (€)(9.3.1)(A) as previously
described. The proposed change fo delete the requirement for monitoring to occur
“every time the monitoring conditions are met during the driving cycle in lieu of once per
driving cycle” in subsection (e)(2.3.1)(B) is needed since staff does not see a need for
this, and because some monitors currently required to meet this requirement would not
be able to meet this if they were intrusive monitors.

Subsection (e)(9.4) The purpose of this subsection is to describe the MIL
ilumination and fault code storage requirements for exhaust gas sensors. The
proposed addition of language to separately detect and store different fault codes for
circuit and out-of-range faults is needed for emphasis since some manufacturers have
been inappropriately storing the same fault code for different circuit and out-of-range
faults, even though section (h)(4.4) currently reguires manufacturers to pinpoint the
likely cause of a malfunction. :

Subsection (e)(11.1) The purpose of this subsection is to require manufacturers to
monitor the cold start emission reduction strategy on diesel engines. The proposed
changes to subsection (€)(11.1.1) are needed for readability. The new proposed
subsection (11.1.2), which would require manufacturers to use different diagnostics to
distinguish component/element faults that occur while the cold start strategy is active
from faults that occur while the strategy is not activé (e.g., warmed-up conditions), is
needed to avoid confusion and prevent manufacturers from using only one fault
code/monitor to detect both types of faults — this new subsection would prevent
premature erase of pending fault codes.

Subsection (f)(1.1) = The purpose of this subsection is to indicate the general
requirement for gasoline fuel system monitoring. The proposed change of “emission
standard” to “applicable standard” is needed since “applicable standard” is the maore
appropriate term to use.

Subsection (f)(1.2.1)  The purpose of this subsection is to describe the malfunction
criteria for gasoline fuel system monitoring. The proposed changes of “vehicie” to
“engine” in subsections (f)(1.2.1)(B) and (C) are needed since the reference to “engine”
is more appropriate.

Subsection (f)(2.3.1) The purpose of this subsection is to describe the conditions
under which gasoline misfire monitoring shall occur. The proposed clarification that the
requirements in subsection (f)(2.3.6) may supersede the requirements in subsection
(H(2.3.1)(A) is needed since subsection (f)(2.3.6) contains criteria for vehicles that utilize
engine shutoff strategies like hybrids, which have certain characteristics that make the
- current requirements in subsection (f)(2.3.1)(A) inappropriate to use.
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Subsection ()(2.3.6) The purpose of this subsection is to indicate the conditions
under which misfire monitoring shall occur for vehicles that employ engine shut-off
strategies that do not require the vehicle operator to restart the engine to continue
driving. The proposed changes to this subsection are needed since the current usage
of “engine start” is not applicable for such vehicles, since the definition of “engine start”

in subsection (c) does not comprehend engine restarts.

Subsection (f){4.1) The purpose of this subsection is to require manufacturers to
monitor the cold start emission reduction strategy on gasoline engines. The new
proposed subsection (f)(4.1.2), which would require manufacturers to use different
diagnostics to distinguish component/element faults that occur while the cold start
strategy is active from faults that occur while the strategy is not active (e.g., warmed-up
conditions), is needed to avoid confusion and prevent manufacturers from using only
one fault code/monitor to detect both types of faults — this new subsection would
prevent premature erase of pending fault code. :

- Subsection ()(5.2.2) The proposed change is needed for formatting reasons,
since the original text in subsection (f)(5.2.3) is now in subsection (f)(5.2.4).

Subsection (f)(5.2.3) The purpose of this subsection is to require manufacturers to
detect a functional fault of the secondary air system if a fault does not cause emissions
to exceed a specific threshold. The proposed changes are needed to clarify that this
subsection is related to faults that cause a decrease in air flow.

Subsection (f)(5.2.4) This new proposed subsection, which requires
manufacturers to detect a functional fault of the secondary air system if a fault that
causes an increase in air flow does not cause emissions to exceed a specific threshold,
is needed to completely cover all faults of the secondary air system and be consistent
with what is required for other component/system monitors.

Subsection (f)(7.1) The purpose of this subsection is to require manufacturers to
monitor the evaporative system. The proposed changes to change “vehicles not
required to be equipped with evaporative emission systems” to “vehicles not subject to
evaporative emission standards” is needed since ARB regulations technically do not
mandate engines to be equipped with evaporative systems but, instead, establish
evaporative emission standards and identify which vehicles are subject to the
standards. The proposed additional language requiring manufacturers to propose a
monitoring pian for alternate-fueled engines is needed since some alternate-fueled
engines are subject to the evaporative emission standards, and thus to evaporative
system monitoring, but have evaporative systems that are different from gasoline
engines, so the current monitoring requirements are not applicable.

Subsection (f}(7.2.5)  The purpose of this subsection is to require manufacturers to .
monitor multiple purge flow paths on a vehicle. The proposed change of “vehicles” to
“engines” is needed since the reference to “engines” is more appropriate. The
proposed change of “both purge flow paths” to “all purge flow paths” is needed to
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correct an error, since vehicles can have more than two purge flow paths and should
monitor all these purge flow paths.

Subsection (f)(8.4) The purpose of this subsection is to describe the MIL
illumination and fault code storage requirements for exhaust gas sensors. The
_proposed addition of language to separately detect and store different fault codes for
circuit and out-of-range faults is needed for emphasis since some manufacturers have
been inappropriately storing the same fault code for different circuit and out-of-range
faults, even though section (h)(4.4) currently requwes manufacturers to pinpoint the
likely cause of a malfunction.

Subsection (g)(1.3.1) The purpose of this subsection is to describe the conditions
under which thermostat monitoring shall occur. The proposed changes to subsection
(9)(1.3.1)(A) is needed for formatting reasons due to the changes mentioned here. The
proposed changes to subsection (g)(1.3.1)(D) and proposed additional subsection
(9)(1.3.1)(E) are needed to make the requirement easier to understand and clearly
indicate under what conditions the thermostat monitor can be disabled. The proposed
change of subsection (g)(1.3.1)}(E) to (g)(1.3.1)(F) is needed for formatting reasons.

Subsection (g)(3.1.1) The purpose of this subsection is to require manufacturers to
monitor comprehensive components. The proposed change to delete “engine” from
‘electronic engine powertrain component/system” is needed since the monitoring
requirements under this subsection are not limited to componentlsystems on the
engine. :

Subsection (g)(3.1.3) The purpose of this subsection is to require manufacturers to
require manufacturers to monitor electronic powertrain input or output
components/systems associated with systems/components that are driven by the
engine and not related to control of fueling or emissions only if the component/system is
used as part of the diagnostic strategy of a monitored component/system. The
proposed addition of “transmission” is needed to make clear that tfransmission
components/systems are required to meet this subsection.

Subsections (g)(3.1.4) and (g}(3.1.5) The proposed change of “hybrids” to “hybrid
vehicles” is needed to be consistent with the terminology used in the definitions in
section (c). The proposed change to allow the requirements of subsection (g)(3.1.5) to
be superseded by section {(d)(7.6) is needed to account for the new proposed
subsection (d)(7.6), which allows manufacturers to be exempt from meeting the
requirements of section 1971.1 in the 2013 model year.

Subsection (g)}(3.2.2)(B)(ii)d. The purpose of this subsection is to require
manufacturers to monitor the diesel idle control system. The proposed change to
require detection of faults if the fuel injection quantity is not within a certain range
necessary to achieve the target idie speed for the “known”, not “given”, operating
conditions is needed to address manufacturers concerns about the inability to know all
the “given” operating conditions to determine the appropriate fuel quantity.
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Subsection (g)(3.2.2)(F) The purpose of this subsection is to require _
manufacturers to monitor the fuel control system components for proper compensation.
The proposed delay of the required start date to the 2015 model year is needed to allow
manufacturers more time to meet the requirement. The new proposed subsection
(9)(3.2.2)(F)(ii) allowing manufacturers to be exempt from this monitoring requirement if
certain conditions are met is.needed to ailow manufacturers relaxation in meeting this
requirement based on their concerns.

Subsection {g)(5.1) The purpose of this subsection is to allow manufacturers to
revise the required malfunction criteria if certain conditions are met. The proposed
change of the phrase “prevent significant errors of commission in detecting a
malfunction” to “prevent false indications of a malfunction” is needed for clarify and to
avoid confusion. The proposed amendments to limit the allowance for manufacturers to
exclude detection of specific failure modes for PM filter monitoring up to the 2015 model
year is needed since this allowance provides an unknown risk for failures that cause
high PM emissions to go undetected, which should not be aliowed on all future engines
nor needed based on new monitoring techniques being developed for future engines.

Subsection (g)(5.7) The purpose of this new proposed subsection is to allow

" manufacturers to be exempt from monitoring a component if a failure only affects

emissions or other diagnostics when the ambient temperature is below 20 degrees
Fahrenheit. This proposed allowance is needed to address manufacturers’ concerns
about expending resources to monitor such components that only affect emissions
during extreme conditions.

Subsection (g)(5.8) The purpose of this new proposed subsection is to allow
manufacturers to use an alternate phase-in schedule, in accordance with the definition
in subsection (c), and allow smalt volume manufacturers to use a different
implementation schedule (as described in new subsection (g)(5.8.2)) in lieu of the
required phase-in schedule. This proposal is needed to allow manufacturers more lead
time to meet the requirements.

Subsection {g)(5.9) This proposed change of this subsection from (g)}(5.7) to

 {9)(5.9) is needed for formatting reasons.

Subsection (h)(1) The purpose of this subsection is to indicate the SAE and
ISO documents incorporated by reference in the regulation. The proposed updates to
the SAE and 1SO documents are needed to reference the most recent versions of these
documents, which include some clarifications and modifications to the standardized
requirements for the HD OBD systems.

Subsection (h)(2) The purpose of this subsection is to specify the requirements
for the diagnostic connector. The proposed changes are needed to account for the new
500 kbps baud rate variant of SAE J1939 and its associated connector being allowed
for communication protocol. The proposed language in subsections (h)(2.6.1) and
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(h)(2.6.2) prohibiting additional identical connectors from being located in the same area
as the standardized OBD connector is needed to avoid confusion among technicians
and inspectors attempting to identify the comrect connector to retrieve OBD information
from. '

Subsection (h)(3.2)  The purpose of this subsection is to indicate the
communication protocol allowed to be used on the engines. The proposed addition of
“including diesel engines converted to alternate-fueled engines” is needed so that the
requirement in subsection (h)(7), where the language was originally located, can be
deleted. The proposed changes indicating the 250 kbps and 500 kbps baud rates are
needed to account for the recent addition of the 500 kbps baud rate variant to SAE
J1939. The proposed change to prohibit usage of the 250 kbps baud rate variant
starting in the 2016 model year is needed to account for the industry trend towards
using the 500 kbps baud rate variant and to mitigate potential problems in the field that
may result with allowing multiple variants for communication protocol.

Subsection (h)(4.1) = The purpose of this subsection is to describe the
requirements for the readiness status. The proposed changes to the language are
needed for clarity, to make the requirements easier to understand, and avoid confusion
among manufacturers by identifying the specific monitors that are required to be
included in the readiness status for a specific monitored component/system.

Subsection (h}(4.2.2) The purpose of this subsection is to describe the data
stream parameters required to be made available. The proposed change to subsection
(h)(4.2.2)(E) is needed to better ensure standardization by clarifying the specific SPNs
to be used. The new proposed subsection (h)(4.2.2)(G) is needed to make it easier to
conduct valid in-use emission tests with PEMS. The proposed change in subsection
(h)(4.2.2)(H) is needed to account for new subsection (h){4.2.2}(G).

Subsection (h)(4.2.3)(E) This new proposed subsection, which requires
engines equipped with reductant quality sensors and NOx sensors to make the
reductant quality sensor output and the corrected NOx sensor output available to a scan
tool, is needed since mare and more manufacturers are using the reductant quality
sensor and technicians will need access to both these signals to help diagnose
malfunctions. ‘

Subsections (h)(4.4.1)(F) and (h)(4.4.2)(F) The purpose of these subsections is to
describe the standardized requirements for permanent fault codes. The proposed
changes to subsections (h)(4.4.1){F)(iv) and (h){4.4.2)(F)(iv}, which limit the resetting of
readiness bits to those modules that report any supported readiness bits except the bit
for the comprehensive components when the control module containing the permanent
fault code is reprogrammed, are needed to address manufacturers’ concerns about the
difficulty in resetting the readiness bits in ‘all’ control modules.

Subsection (h)(4.7) The purpose of this subsection is to-describe the
standardized requirements for CVN. The proposed deletion of language from
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subsection (h)(4.7.4) is needed since this language was moved to new proposed
subsection (h)(4.7.5). The new proposed subsection (h)(4.7.5) is needed to clarify the
requirements for making CVN immediately available through the data link connector and
to prevent manufacturers from inappropriately using extended message timing for
replies or negative response codes.

Subsection (h)(4.8.3) The purpose of this subsection is to describe the
standardized requirements for VIN and ESN. The proposed change to this subsection,
which limits the resetting of readiness bits to those modules that report any supported
readiness bits except the bit for the comprehensive components when the VIN or ESN
is reprogrammed, are needed to address manufacturers’ concerns about the difficulty in

~ resetting the readiness bits in ‘all' control modules.

Subsection (h)(4.10.2) The purpose of this subsection is to describe the conditions
under which all emission-related diagnostic information is required to be erased. The
proposed change to this subsection is needed to indicate that the requirements in
section (h)(4.4.1)(F)(iv), (h){4.4.2)(F)(iv}), and (h)(4.8.3) supersede the requirements of
this subsection.

Subsection (h)(5.2.2) The proposed deletion of this subsection is needed since the
specific requirements are already specified in SAE J1979 and J1839.

Subsection (h)(7) The prdposed deletion of this subsection is needed since the
requirements have been moved to subsection (h)(3.2).

Subsection (i) The purpose of this subsection is to describe the
requirements for demonstration testing. The proposed changes throughout the
subsection with relation to the term “emission threshold malfunction criteria” and
“malfunction limit” are needed to maintain consistency within the section. The proposed
deletions of "FTP" from “FTP standard” throughout the subsection are needed to be
consistent with the term used throughout subsections (e) and (f).

Subsection (i)(3.1.2)  The purpose of this subsection is to describe the

~ demonstration testing requirements for diesel misfire monitoring. The proposed change

to exempt manufacturers from testing the diesel misfire monitor is needed since the
malfunction criteria for diesél misfire monitoring in subsection (e){2} is no longer tied to
an emission threshold. '

Subsection (i)(3.2.1)  The purpose of this subsection is to describe the testing
requirements for gasoline fuel system monitors. The proposed addition in subsection
(i)(3.2.1)(A) and the proposed deletion in subsection (i)(3.2.1)(E) are needed since the
language at issue does not apply to all fuel system monitors, such as the air-fuel
cylinder imbalance monitor. The new proposed subsection (i)(3.2.1)(C) describing the
testing requirements for the air-fuel cylinder imbalance monitor is needed since such
language was mistakenly left out. '
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Subsection (i){(3.2.7)  The purpose of this subsection is to describe the testing
requirements for gasoline exhaust gas sensor monitors. The proposed changes are
needed to allow manufacturers to test only certain response rate malfunctions (e.g.,
worst case malfunctions) to limit the number of tests performed.

Subsection (i)(3.3.1) The proposed change of “applicable emission standards” to
“applicable standards” is needed since “applicable standards™ is the more appropriate
term to use. '

Subsection (i}(3.6) This new proposed subsection is needed to avoid o
manufacturer confusion by clearly stating that demonstration testing is not required for
functional monitors, since they are not tied to an emission threshold.

Subsection (i)(5.1.3) The purpose of this subsection is to describe the procedure
that must be taken when the MIL does not illuminate when the malfunction is set at the.
limits during demonstrating testing. The proposed changes are needed to clarify the
testing procedures for catalyst faults and other faults where default actions are taken
subsequent to fault detection, since the original language is not ¢lear on this.

Subsection (j)(2.2) The proposed deletion of “July 7, 2009, incorporated by
reference” is needed since this phrase was already stated previously in the regulation.
The proposed change in subsection (j)(2.2.2)(H) to require diesel engines to use units of
“mg/stroke” for all fuel quantity based criteria is needed since “mg/stroke” is already
" more commonly used and appropriate for diesel engines than the “per crankshaft
revolution™ units currently required.

Subsection (j)(2.5) The purpose of this subsection is to describe the gasoline
misfire monitor information required to be included in the certification application. The
proposed changes are needed to indicate that the required data are to be submitted in
the standardized formats detailed in ARB Mail-Out #MSC 08-22. which will assist staff
during certification review.

Subsection (j)(2.6) The proposed deletion of the requirement to include
information related to the heated catalyst system is needed since the original inclusion
of this requirement was a mistake, given that the HD OBD regulation does not have
monitoring requirements for heated catalyst systems. The new proposed requirement
for manufacturers to provide diesel misfire monitor data is needed to support the new
diesel misfire monitoring requirements being proposed in subsection (e){2)} and to
ensure that the diesel misfire monitor is robust in detecting misfires.

Subsection (j)(2.16)  The proposed additional requirement to include information
about all other issues that apply to the engine is needed to assist staff in reviewing the
application.

Subsection (j)(2.18)  Staff is proposing to move the original language in
subsection (j)(2.18} to subsection (j)(2.21). The new proposed requirement in
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subsection (j}(2.18) to include information related to the in-use performance data is
needed to assist staff in reviewing the application. ’

Subsections (j)(2.19) and (j){(2.20)  The new proposed requirements to include
information related to test results and the required timelines for submitting results for the
production engine/vehicle testing are needed to assist staff in reviewing the application.

Subsection (k)(1) The purpose of this subsection is to describe the
requirements for certifying with a deficiency. The proposed additional language is
needed to make clear that deficiencies will not be granted for issues that would subject
to an ordered recall under section 1971.5. '

Subsection (k){6.1) The purpose of this subsection is to describe the criteria and
timelines under which a retroactive deficiency can be applied. The proposed change to
extend the deadline of “three months after commencement of the start of vehicle
production” to “six months after commencement of the start of vehicle production” is
needed to align with the propased deadline in subsection (1}(2.1).

Subsection (k)(7) The purpose of this new proposed subsection is to describe
the exceptions to the fine requirements for PM filter and PM sensor-related monitor
deficiencies. The proposed change to allow for “free deficiencies” for specific PM filter
and PM sensor monitors is needed to account for the fact that PM sensors are a new
technology and manufacturers that use them in the early years may have difficulty
developing robust monitors to meet the requirements in the current regulation.

Subsection (k){(8) The purpose of this new proposed subsection is to describe-
the carry-over allowances and the exceptions to the fine requirements for hybrid vehicle
deficiencies. The proposed allowances and exceptions are needed to provide
relaxation to manufacturers and allow them to certify their hybrid vehicles to the HD
OBD requirements in the initial years. ) , '

Subsection (k)(9) The purpase of this new proposed subsection is to indicate
that OBD systems that fail to meet the requirements of section 1971.1 and have not
been granted deficiencies pursuant to subsection (k) are considered non-compliant and
subject to enforcement. This language is already implied but its inclusion is necessary
to make it clear to manufacturers.

Subsection (I){(1) The purpose of this subsection is to require manufacturers to
perform verification testing of the standardized requirements. The proposed change in
subsection ([)(1.1) is needed to make clear that the testing is to be done on production
engines. The proposed change in (1)(1.4.3)(B) is needed for formatting reasons, since
the original requirement in subsection (h)(4.1.3) is now in (h)(4.1.6). The proposed
change in subsection (h}(4.1.3)(E) to include MIL command status is needed to ensure
the correct information is being made available, and the proposed change to require
this information from each diagnostic and emission critical electronic powertrain control
unit is needed for better assurance that the OBD system as a whole is working as
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certified. Finally, the proposed changes to subsection (I)(1.5.1), which would require
manufacturers to submit the test results (i.e., the test log file), is needed since this is
important data for staff in determining if the system is working correctly.

Subsection (1)(2.1) The purpose of this subsection is to require manufacturers to
perform testing to verify the monitoring requirements within a certain timeline. The
proposed change to extend the deadiine of “three months after the start of vehicle
production” to “six months after the start of vehicle production” is needed to allow
manufacturers more time to conduct this testing, since they indicated it was difficult to
procure the vehicles within the current required timeline.

Subsection (1){2.3.4) The proposed. change of “emission standard” to “emission
threshold malfunction criteria (e.g., 2.0 times the standard)” is needed to correct an
error.

Subsection (1}(2.3.6) The purpose of this subsection is to allow manufacturers to
be exempt from testing specific diagnostics if certain conditions are met. The proposed
allowance to exempt testing on monitors where demonstration may jeopardize the
safety of the tester is needed to ensure the safety of the individuals conducting the
testing. '

Subsection. (1)(3.4) The purpose of this subsection is to require manufacturers to
submit specific information related to their in-use monitor performance testing. The
proposed changes are needed to make the required information consistent with what is
required in ARB Mail-Out #MSC 09-22.

Proposed amendments to Cal. Code Regs., title 13, section 1968.2:

Subsection (a) The “Purpose” clause of the regulation has been amended to
reaffirm and clarify the objectives of the regulation consistent with the longstanding
expressed intent when the regulation was first adopted and subsequently amended.

Subsection (c) “Alternate phase-in” The proposed change to the definition is
needed since the definition states the percentages described in the phase-in schedules
are to be based on the manufacturer's projected sales volume of “all vehicles”, while
some phase-in schedules described in section (e) and (f) specifically indicate that the
percentages are not based on all vehicles (e.g., based on only diesel vehicles).

Subsection (¢) “Emission standard”  The addition of this definition is needed to
clarify that the OBD regulations include emission standards. The definition revises the
definition set forth at Health and Safety Code section 39028 consistent with the express
authorization of the Board to make such a revision in Health and Safety Code sectiors
39010 and 39601.
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Subsection (c) “Evaporative emission standards” The new proposed definition is
needed to identify a subcategory of the new definition of emission standard that had
previously been identified merely as an emission standard.

Subsection (c) “Exhaust emission standards” or “tailpipe emission standards”
The new proposed definition is needed to identify a subcategory of the new definition of
emission standard that had previously been identified merely as an emission standard.

Subsection (d)(3.2.1) The purpose of this subsection is to indicate which monitors
are required to meet a minimum in-use performance ratio of 0.100. The proposed
change to subsection (d)(3.2.1)(D) of “introductory years” to “interim years” since the
new proposed subsection (d)(3.2.1)(D){vi) does not apply to “introductory years.” The
new proposed subsection (d)(3.2.1)(D)(vi) requiring a minimum ratio of 0.100 for PM
filter monitors on 2015 through 2018 model year medium-duty vehicles is needed fo
allow interim relaxation for these monitors, which would be required to start using the
more frequently incremented general denominator starting in the 2015 model year (as
required in subsection (d)(4.3.2)(G)) and thus may result in lower ratios and require the
manufacturer to gain some experience before being held to a higher ratio.

Subsection (d)(4.3.2)(F) = The purpose of this subsection is to describe the
specifications for incrementing the denominator for components that are “commanded”
to function. The proposed change to delete “output” from “output components” is
needed since some of the component monitors listed under this section are not output
components. The proposed addition of the PM filter active/intrusive injection monitor to
this section is needed since the previously required denominator incrementing criteria
applied to this monitor were not appropriate. Additionally, the proposed changes to
allow 2013 through 2015 model year vehicles to use the previously required
denominator criteria for the PM filter active/intrusive injection monitor and the PM
sensor heater monitor are needed to allow lead time for manufacturers to meet the new

requirement.

Subsection (d)(4.3.2)(G) The purpose of this subsection is to describe the
specifications for incrementing the denominator for components or emission controls
that experience infrequent regeneration events. The proposed change to limit
application of this requirement to the 2004 through 2015 model year for the PM filter
filtering performance monitors and the PM filter missing substrate monitors to is needed
considering the importance of the PM filter, which controls emissions throughout the
driving cycle, not just every 500 miles.

Subsection (d){(4.3.2)(]) The purpose of this subsection is to describe the
specifications for incrementing the denominator for some monitors based on whether or

" not a regeneration event occurs. The proposed deletion of “PM filter active/intrusive

injection” is needed since this monitor was moved to subsection (d)(4.3.2)(F).

Subsection (€)(6.1.1) The purpose of this subsection is to indicate the general
requirement for diesel fuel system monitoring. The proposed change of “emission
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standard” to “applicable standard” is needed since “applicable standard” is the more
appropriate term to use.

Subsection (f)(1.2.3)(B) The purpose of this subsection is to require
manufacturers to monitor the NMHC converting catalyst for proper feedgas generation.
The proposed language allowing manufacturers to be exempt from this monitoring
requirement if certain conditions are met is needed to allow manufacturers relaxatlon in
meeting this requirement based on their concerns.

Subsection (f)(2.2.2)(A)(i) The purpose of this subsection is to require
manufacturers to monitor the NOx converting catalyst conversion efficiency.. The
proposed changes to allow higher interim emission thresholds for 2013 through 2015
model year vehicles in new proposed subsection (f)(2.2.2)(A)(ii)c. and to delay the final,
stringent emission thresholds to 2016 in subsection (f)(2.2.2){(A)(ii)d. are needed to
address.manufacturers’ concerns about meeting the requirements and to allow
manufacturers more time to meet the final thresholds.

Subsection (f)(3.1.1) The purpose of this subsection is to indicate the general
requirement for diesel misfire monitoring. The proposed deletion of “causing excess
emissions” from “misfire causing excess emissions” is needed since the proposed
changes to the diesel misfire monitoring for medium-duty vehicles now involve detection
of faults when the percentage of misfire exceeds a certain level, not when a specific
emission threshold is exceeded.

Subsection (f)(3.2.2) The purpose of this subsection is to require manufacturers to
monitor for misfire on diesel engines. The proposed change to require all diesel
engines to meet subsection (f)(3.2.2) with a phase-in starting in the 2016 model year is
needed since the current requirement to monitor for misfire only at idle will not detect
misfire faults that occur only during other engine speed and load conditions. The
proposed change to require misfire detection when the percentage of misfire exceeds 5
percent instead of when specific emission thresholds are exceeded in subsection
(f)(3.2.2){A)(ii) is needed to address manufacturers’ concerns about difficulties in
establishing a correlation between a specific misfire level and a tailpipe emission
threshold. The proposed change to subsection (f)(3.2.3) is needed for formatting
reasons, since the malfunction criteria originally in subsection (f}(3.2.2)(B) is now in
subsection (f)(3.2.2). The proposed new subsection (f)(3.2.5) to allow manufacturers to
detect misfire at a higher percentage than the required 5 percent if specific emission
levels are not exceeded is needed to provide relaxation to manufacturers should their
system be abnormally robust to an emission increase due to misfire.

Subsection (f)(3.3.1)  The purpose of this subsection is to describe the conditions
under which diesel misfire monitoring shall occur. The proposed changes are needed
to avoid confusion by indicating that the monitoring conditions under this subsection
apply to misfires identified in section (f)(3.2.1).
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Subsection ()(3.3.3) The purpose of this subsection is to describe-the conditions
under which diesel misfire monitoring shall occur. The proposed change to require
monitors for misfires identified in section (f)(3.2.2) to meet subsection (f}(3.3.3) is
needed for clarity. The proposed changes to the required monitoring conditions in -
subsection (f)(3.3.3)(B) are needed to address manufacturers’ concerns about the
extent to which they can monitor for misfire on diesel engines given the wide range of
medium-duty applications that exist up to the 2018 model year, while the proposed
requirement to continuously monitor for misfire under all positive torque engine speed
and load conditions with a phase-in starting in the 2019 model year in subsection
(f)(3.3.3)(B)(ii) is needed to ensure misfires that occur during the higher operating
ranges are detected. Lastly, the proposed change in subsection (f)(3.3.3)(C) is needed
to allow manufacturers to disable misfire monitoring under conditions in which robust
detection of misfires is at issue to prevent misdetections.

Subsection (f)(3.4.2) The proposed change of subsection (f)(3.2.2)(B) to ()(3.2.2)
is needed for formatting reasons. ' 7

Subsection (f)(4.1) The purpose of this subsection is to indicate the general
requirement for gasoline fuel system monitoring. The proposed change of “emission

. standard” to “applicable standard” is needed since “applicable standard” is the more

appropriate term o use.

Subsection (f)(5.2.2)(A)(ii) The purpose of this subsection is to require

‘manufacturers to monitor the NOx sensor performance. The proposed changes to allow

higher interim emission thresholds for 2013 through 2015 model year vehicles in new
proposed subsection (f)(5.2.2)(A)ii)c. and to delay the final, stringent emission
thresholds to 2016 in subsection (f){2.2.2)(A)(ii)d. are needed to address manufacturers’
concerns about meeting the requirements and to allow manufacturers more time to
meet the final threshoids.

Subsection (fi(5.3.1)  The purpose of this subsection is to indicate the conditions
under which NOx sensor monitoring shall accur. The proposed addition of section
(f)(5.2.2)}(D), for sensor monitoring: capabifity monitors, to subsection H(B.3.1)A)Is
needed since this monitor has been determined to be important based on reviews of
manufacturers’ OBD systems, so there should be assurance that the in-use monitoring
performance data of this monitor is tracked and reported starting in the 2016 model year

~ for medium-duty vehicles. The proposed deletion of section (f)(5.2.2)(D) from

subsection (f)(5.3.1)(B) is needed since this subsection was moved to subsection
(H(5.3.1)(A) as previously described.

Subsection (f}(9.2.1)  The purpose of this subsection is to require manufacturers to
monitor the PM filter fittering performance. The proposed changes to allow exclusion of
specific failure modes for 2014 through 2015 model year engines in subsection
(f)(9.2.1)(A)ii)c. and subsection (f)(9.2.1)(A)(iii) are needed to address manufacturers’
concerns about meeting the requirements, given the delay of the availability of PM
sensors. The new proposed subsection (f)(9.2.1)(A)(iv) is needed to prohibit
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manufacturers from using an alternate phase-in schedule instead of the required phase-
in schedule proposed in subsection (f)(9.2.1)(A)(iii).-

Subsection (f}(9.2.4) The purpose of this subsection is to require manufacturers to
monitor the catalyzed PM filter. The proposed language allowing manufacturers to be
exempt from monitoring the NMHC conversion capability if certain conditions are met is
needed to allow manufacturers relaxation in meeting this requirement based on their
concerns. ‘ '

Subsection {f)(15.2.2)(F) The purpose of this subsection is to require
manufacturers to manitor the fuel control system components for proper compensation.
The new proposed subsection (f}(15.2.2)(F)(ii) allowing manufacturers to be exempt
from this monitoring requirement if certain conditions are met is needed to allow
manufacturers relaxation in meeting this requirement based on their concerns.

Subsection (f)(17.1)  The purpose of this subsection is to allow manufacturers to
revise the required malfunction criteria if certain conditions are met. The proposed
change of the phrase “prevent significant errors of commission in detecting a
malfunction” to “prevent false indications of a.malfunction” is needed for clarify and to
avoid confusion. The proposed extension of the allowance for manufacturers to exclude
detection of specific failure modes for PM fitter monitoring is needed to recognize one of
the issues with monitoring strategies that do not use a PM sensor and to allow
manufacturers to certify the OBD Ii systems on their medium-duty vehicles up to the

- 2015 model year. ’ :

Subsection (f)(17.1.5) The purpose of this subsection is to describe the monitoring
requirements and malfunction criteria for medium-duty diesel vehicles certified to a
chassis-dynamometer tailpipe emission standard. The proposed change to limit this
subsection to the 2004 through 2015 model years is needed since new requirements for
2016 and subsequent model year vehicles are being proposed in new subsection

(f(17.1.6).

Subsection (f)(17.1.6) The purpose of this new proposed subsection is to describe
the monitoring requirements and malfunction criteria for 2016 and subsequent model
year medium-duty diesel vehicles certified to a chassis-dynamometer tailpipe emission
standard. This subsection is needed to give clear direction to medium-duty
manufacturers about what they are required to meet for these vehicles and to eliminate
the requirement for manufacturers to individually propose chassis-based thresholds and
seek Executive Officer approval.

Subsection (f)(17.2.2) The purpose of this subsection is to allow manufacturers to
use an alternate phase-in schedule, in accordance with the definition in subsection (c),
in lieu of the required phase-in schedule. The proposed language to meet this language
except for what is described for the PM filter monitor in section (f)(9.2.1)(A) is needed
since this section specifically prohibits manufacturers from using an alternate phase-in
plan for the PM filter monitor.
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Subsection ()(17.2.3) The purpose of this subsection is to allow small volume
manufacturers to use a different implementation schedule in lieu of the required phase-
in schedule. The proposed additional language is needed to clarify the acceptable
phase-in schedule small volume manufacturers can use in lieu of the required phase-in
schedule for the diesel PM filter monitor. :

Subsection (h)(4.3) The purpose of this subsection is to describe the
demonstration testing requirements for diesel misfire monitoring. The proposed change
to this subsection is needed to specifically require demonstration testing only for those
vehicles with misfire monitors calibrated to an emission malfunction threshold (i.e.,
those meeting section (f)(3.2.2)(A)Xi)).

Subsection (i)(1.1) The purpose of this subsection is to describe the certification
documentation requirements. The proposed addition of “exhaust” to “emission

'standard” is needed since “exhaust emission standard” is the more appropriate term to

use.

Subsection (i)(2.5) The purpose of this subsection is to describe the misfire
monitor information required to be submitted as part of the certification application. The
proposed change to separate the original language into different parts in subsection
(i)(2.5.1)(A) through (D) is needed for better readability. The proposed change to
subsection (i)(2.5.1)(D) is needed for formatting reasons to account for the change

- described above. The new proposed subsection (i)(2.5.2) for manufacturers to provide

diesel misfire monitor data is needed to support the new diesel misfire monitoring
requirements being proposed in subsection (f)(3) and to ensure that the diesel misfire
monitor is robust in detecting misfires.

Subsection (j)(2.3.4) The purpose of this subsection is to describe the
requirements for verification testing of monitoring requirements. The proposed change
of “emission standard” to “malfunction threshold (e.g., 1.5 times the applicable
standards)” is needed to correct an error.

Proposed amendments to Cal. Code Regs., title 13, section 1971.5:

Subsection (a)(3) “OBD Emission Testing” The proposed change to add a “d" to
“measure” in this definition is needed to correct a grammatical error.

Subsection (b)(3)(C)(i} The purpose of this subsection is to describe the protocol for
procuring engines for a test group sample. The proposed deletion in this subsection is
needed to correct an error, since the deleted language was mistakenly taken from the
OBD Ii enforcement regulation and not appropriate for the HD OBD enforcement
regulation. :
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Subsection (b){3)(D){ii)b. The purpose of this subsection is to describe the
criteria for which engines are to be included in a test sample group for OBD ratio
testing. The proposed changes to subsection (b)(3)(D)(ii)b.3. are needed to ensure less
difficulty in procuring applicable engines, since the engine would have needed to
~ accumulate a very high mileage before the denominators for the diesel PM filter, PM
sensor, and NMHC converting catalyst monitors specified were acceptable for inclusion
in the test sample group with the original language. The proposed change to
subsection (b)(3)(D)(ii)b.4. is needed to make clear what monitors are required to have
denominators meeting the value in this subsection versus the value in subsectlon
(b)(3)(D)(iD)b.3.

Subsection (b)(6)(A) The purpose of this subsection is to describe the criteria for
determining nonconformance for OBD emission testing. The proposed deletions of “on
the applicable standard (i.e., FTP or SET)" is needed to correct wording errors. The
proposed changes in subsection (b)(6)(A)iii) of reference to section 1971.1(e}(8.2.1)(C)
to section 1971.1(e)(8.2.1)(D) and (E) are needed for formatting reasons based on the
proposed changes to section 1971.1. The proposed changes in subsections
{(b)(B)(A)(iii) and (b)(B)A)iv) of “either” to “any” are needed for clarity.

Subsection (b)(6)(B) The purpose of this subsection is to describe the criteria for
determining nonconformance for OBD ratio testing. The proposed changes related to
PM filter filtering performance and missing substrate monitors for the 2016 through 2018
model years are needed to allow some relaxation during these model years based on
~ the proposed changes made to subsection 1971.1(d)(4.3.2)(G).

Subsection (b)(B)}(C)(ii)b. The proposed change to this subsection is needed for
formatting reasons based on the proposed changes to section 1971.1.

Subsection (d)(3)(A)(i) The purpose of this subsection is to describe the mandatory .
recall criteria for OBD ratio testing. The proposed addition of “and subject to the
- nonconformance criteria on section (b)(6(B)(ii)” is needed to allow 2016 through 2018
model year PM filter filtering performance and missing substrate monitors to be exempt
from mandatory recall and to allow some relaxation during these model years based on
the proposed changes made to subsection 1871.1(d)(4.3.2)(G).

Subsection (d){(3)(A)(ii)b.2.  The proposed change to this subsection is needed for
formatting reasons based on the proposed changes to section 1971.1.

Subsection (d){3)(A)(iii) The purpose of this subsection is to describe the
mandatory recalil criteria for misfire monitors. The new proposed subsection
(d)(3)(A)(ii)b. is needed to account for the proposed changes made to the diesel misfire
monitor requirements in section 1971.1(e)(2).

Subsection (d){3)(A)(vi) The purpose of this new proposed subsection is to
describe additional mandatory recall criteria for the PM filter monitor. This subsectionis
needed to ensure that monitors unable to detect PM filter missing substrate faults that
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do not fall under the mandatory recall criteria in subsection (d){3)(A)(ii) would still be
subject to mandatory recalls.

Subsection (d)(3)(A)(vii) The proposed change from (d)(3)(A)(vi) to
(d)(3)(A)(vii) is needed for formatting reasons.

.Proposed amendments to Cal. Code Regs., fitle 13, section 1968.5:

Subsection (b){3)(D)(ii)b. The purpose of this subsection is to describe the
criteria for which engines are to be included in a test sample group for OBD Il ratio
testing. The proposed changes to subsection (b)(3)(D)(i)b.2. is needed to ensure less
difficulty in procuring applicable engines, since the engine would have needed to
accumulate a very high mileage before the denominators for the diesel PM filter, PM
sensor, and NMHC converting catalyst monitors specified were acceptable for inclusion
in the test sample group with the original language. The proposed changes to
subsection (b)(3}(D)(i)b.1. and 3. are needed make clear what monitors are required to
have denominators meeting the value in these subsections versus the value in
subsection (b}(3)(D)(ii)b.2. -

Subsection (b){8)(A)ii) The purpose of this subsection is to describe the
criteria for determining nonconformance for OBD |l emission testing of the intermediate
diesel thresholds. The new proposed subsections (b)(6)(A)(ii)d. and e. are needed to
account for the new interim thresholds being proposed for the NOx converting catalyst
monitor and PM filter monitor in sections 1968.2(f)(2) and (f)(9).

Subsection (b)(B)(A)(iii) The purpose of this subsection is to describe the
criteria for determining nonconformance for OBD |l emission testing of the final diesel
threshoids. The proposed change to this subsection is needed to account for the
changes being proposed for subsection (b)(6)(A)(ii) above.

‘Subsection (b){(6)(B)(i)a. The purpose of this subsection is to describe the
criteria for determining nonconformance for OBD |l ratio testing of monitors certified to a

ratio of 0.100. The proposed change of 2016 to 2018 is needed to account for the

proposed addition of section 1968.2(d)(3.2.1)(D)(vi), which allows a minimum ratio of
0.100 for PM filter filtering performance and missing substrate monitors on 2016 through
2018 model year medium-duty vehicles. :

Subsection (c)(3)(AX(i) The purpose of this subsection is to describe the
mandatory recall criteria for OBD Il ratio testing. The proposed change of 2016 through
2018 is needed to account for the proposed addition of section 1968.2(d)}(3.2.1)}(D)(vi),
which allows a minimum ratio of 0.100 for PM filter filtering performance and missing
substrate monitors on 2016 through 2018 model year medium-duty vehicles.

Subsection (¢)(3)(A)ii) - The purpose of this subsection is to describe the

mandatory recall criteria for OBD |l emission testing. The proposed change to allow the
PM filter filtering performance monitor (section 1968.2(f)(9.2.1)) to be exempt from -
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mandatory recall for 2013 model year medium-duty vehicles is needed to provide some
relaxation to-manufacturers and to ensure manufacturers are able to certify their OBD |l
system for the 2013 model year.

Subsection (c)(3)(A)(iii) The purpose of this subsection is to describe the
mandatory recall criteria for misfire monitors. The new proposed subsection
(c)(3)(A)iii)b. is needed to account for the proposed changes made to the diesel misfire
monitor requirements in section 1968.2(f)(3).

Subsection (¢)(3){(A)(vi) The purpose of this new proposed subsection is to
describe additional mandatory recall criteria for the PM filter monitor. This subsection is
needed to ensure that monitors unable to detect PM filter missing substrate faults that
do not fall under the mandatory recall criteria in subsection (c)(3)(A)(ii) would still be
subject to mandatory recalls. _

Subsection (c)(3}(A)(vii) The proposed change from (c)(3)(A){vi) to
(©)(3)(A)(vii) is need‘ed for formatting reasons.
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DOCUMENTS INCORPORATED BY REFERENCE

Below is a list of documents newly incorporated by reference in the HD OBD regulation. '

1) ARB Mail-Out #MSC 09-22, “Guidelines for i-leavy-Duty‘ On-Board Diagnostic (HD
OBD) Certification Data,” July 7, 2009.

2) International Standards Organization (ISO) 15765-4:"Road Vehicles — Diagnostics
Communications over Controller Area Network (CAN) — Part 4: Requirements for
emission-related systems,” February 2011.

3) Society of Automotive Engineers (SAE) J1699-3 — “Vehicle OBD Il Compliance Test
Cases”, December 2009. ‘

4) SAE J1930-DA “Electrical/Electronic Systems Diagnostic Terms, Definitions,
Abbreviations, and Acronyms Web Tool Spreadsheet”, March 2012.

5) SAE J1979 "E/E Diagnostic Test Modes," February 2012.
6) SAE J1979-DA “Digital Annex of E/E Diagnostic Test Modes”, October 2011.

7) SAE J2012-DA "Dlgltal Annex of Diagnostic Trouble Code Definitions and Failure
Type Byte Definitions”, July 2010. -

8) SAE J2403 “Medium/Heavy-Duty E/E Systems Diagnosis Nomenciature February
2011.

7 9) SAE J1939 Recommended Practice for a Serial Control and Communications
Vehicle Network, April 2011. :

10)SAE J1939/01 On-Highway Equipment Control and Communication Network, May
2011.

11)SAE J1939/13 Off-Board Diagnostic Connector, October 2011.

12)SAE J1939/21 Data Link Layer, December 2010.

13)SAE J1939/31 Network Layer, May 2010.

14)SAE J1939/71 Vehicle Application Layer (Through May 2010), March 2011.
15)SAE J1939/73 Application Layer—Diagnostics,'February 2010.

16)SAE J1.939/81 Network Management, June 2011,

17)SAE J1939/84 OBD Communications Compliance Test Cases For Heavy Duty
Components and Vehicles, December 2010.
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Appendix A
PROPOSED REGULATION ORDER
Amend section 1971.1, title 13, California Code of Regulations, to read as follows:

Note: The proposed amendments are shown in underiine to indicate additions and
strikeout to indicate deletions from the existing regulatory text. Various portions of the
regulations that are not modified by the proposed amendments are omitted from the
text shown and indicated by “* * ** ",

§1971.1. On-Board Diagnostic System Requirements--2010 and Subsequent
Model-Year Heavy-Duty Engines '

(a) Purpose.
The purpose of this regulation is to reduce motor vehicle and motor vehicle engine

~ emissions by establishing emission standards and other requirements for onboard

" diagnostic systems (OBD systems) that are installed on 2010 and subsequent
model-year engines certified for sale in heavy-duty applications in California. The OBD
systems, through the use of an onboard computer(s), shall monitor emission systems '
in-use for the actual life of the engine and shall be capable of detecting malfunctions of .
the monitored emission systems, illuminating a malfunction indicator light (MIL) to notify
the vehicle operator of detected malfunctions, and storing fault codes identifying the
detected malfunctions._The use and operation of OBD systems will ensure reductions
in in-use motor vehicle and motor vehicle engine emissions through improvements of
emission system durability and performance.

(b) Applicability. :
Except as specified in section (d)(7) and elsewhere in this regulation (title 13, CCR
section 1971.1), all 2010 and subsequent model-year heavy-duty engines shall be
equipped with an OBD system that has been certified by the Executive Officer as
meeting 1alll applicable requirements of this regulation (titie 13, CCR section
1971.1).

- (¢) Definitions. .
“Actual life" refers to the entire period that an engine is operated on public roads
in California up to the time an engine is retired from use. '
“Alternate-fueled engine” refers to an engine using a fuel different from or in
addition to gasoline fuel or diesel fuel (e.g., compressed natural gas (CNG),
liquefied petroleum gas). For the purposes of this regulation, alternate-fueled
engines include dedicated alternate-fueled engines (i.e.. engines designed to

_ operate exclusively on the alternate fuel) and engines that can use more than one
type of fuel but cannot be reasonably operated in-use exclusively on gasoline or

diesel fuel (e.g.. enaines with diesel pilot injection and CNG main injection where
engine operation is limited to idle if CNG fuel is not available or engines which use

' Unless otherwise noted, all section references refer to section 1971.1 of title 13, CCR.
1

102



gasoline-only operation during cold start and CNG-only operation for the rest of the
driving cycle and engine operation defaults to a limp-home restricted speed and load
if CNG fuel is not available). For engines that can use more than one type of fuel
but can be operated in-use exclusively on gasoline or diesel fuel, the engines are
considered alternate-fueled engines only for the portion of operation the engine
uses a fuel other than exclusively gasoline or diesel (e.g., a gasoline and CNG
engine that can operate exclusively on gasoline is considered an alternate-fueled
engine only while operating on CNG and is not subject to the provisions or relief of
this regulation for alternate-fueled engines while operating exclusively on gasoline).
For alternate-fueled engines, the manufacturer shall meet the requirements of
section (d)}(7.5).

“Alternate phase-in”, as allowed in section (g)(5.8). is a phase-in schedule that
achieves equivalent compliance volume by the end of the last year of a scheduled
phase-in provided in this requlation. The compliance volume is the number
calculated by multiplying the percent of engines (based on the manufacturer's
projected sales volume of all engines unless specifically stated otherwise in section
{e). (D). or (g)) meeting the new requirements per year by the number of years
implemented prior to and including the last year of the scheduled phase-in and then
summing these vearly results to determine a cumulative total (e.g.. a three year,
20/50/100 percent scheduled phase-in would be calculated as (20*3 years) + (60*2
vears) + (100*1 year) = 260; a two-year 20/50 percent scheduled phase-in would be
calculated as (20*2 years) + (50*1 year) = 90). Manufacturers are allowed to
include engines introduced before the first year of the scheduled phase-in (e.g.. in
the previous example, 10 percent introduced one year before the scheduled phase-

in begins would be calculated as (10*4 years) and added to the cumulative total).
However, manufacturers are only allowed to inciude engines introduced up to one

model year before the first year of the scheduled phase-in. The Executive Officer
shall consider acceptable any alternate phase-in that results in an egual or larger
cumulative total by the end of the last year of the scheduled phase-in and ensures
that all engines subject to the phase-in will comply with the respective requirements
no later than two model years following the last year of the scheduled phase-in.

For alternate phase-in schedules resulting in all engines complying one
model year following the last year of the scheduled phase-in, the compliance

_ volume shall be calculated as described directly above. For example, a
20/50/100 percent scheduled phase-in during the 2016-2018 model vears would
have a cumulative total of 260. If the manufacturer's planned alternate phase-in
schedule is 40/50/80/100 percent during the 2016-2019 model years, the final
compliance volume calculation would be (40*3 years) + (50*2 years) + (80*1
year) = 300, which is greater than 260 and therefore would be acceptable as an
alternate phase-in schedule.

For alternate phase-in schedules resulting in all engines complying two model
vears following the last year of the scheduled phase-in. the compliance volume
calculation shall be calculated as described directly above and shall aiso include
a_negative calculation for engines not complying until one or two model years
following the last year of the scheduled phase-in. The negative calculation shali
be calculated by multiplying the percent of engines not meeting the new
requirements in the final year of the phase-in by.negative one and the percent of
engines not meeting the new reguirements in.the one year after the final year of

2
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the phase-in by negative two. For example, if 10 percent of a manufacturer's

engines did not comply by the final year of the scheduled phase-in and 5 percent

did not comply by the end of the first year after the final year of the scheduled

- phase-in, the negative calculation result would be (10*(-1 years)) + (5*(-2 years))
= _20. The final compliance volume calculation is the sum of the original

compliance volume calculation and the negative calculation. For example, a

20/50/100 percent scheduled phase-in during the 2016-2018 model years would

have a cumulative total of 260. |f a manufacturer's planned alternate phase-in

schedule is 40/70/80/90/100 percent during the 2013-2020 model years, the final

compliance volume calculation would be (40*3 years) + (70*2 years) + (80*1

vear) + (20*(-1 year)) + (10*(-2 years)) = 300. which is greater than 260 and

therefore would be acceptable as an alternate phase-in schedule.

“Applicable standards” refers to the specific exhaust emission standards or
family emission limits (FEL), including the Federal Test Procedure (FTP) and
Supplemental Emission Test (SET) standards, to which the engine is certified.

“Auxiligry Emission Control Device (AECD)” refers to any approved AECD (as
defined by 40 Code of Federal Regulations (CFR) 86.082-2 and 86.094-2).

“Emission Increasing Auxiliary Emission Control Device (EI-AECD)” refers to
any approved AECD that: reduces the effectiveness of the emission control
system under conditions which may reasonably be expected to be encountered
in normal vehicle operation and use; and the need for the AECD is justified in
terms of protecting the vehicle against damage or accident. An AECD that is
certified as an NTE deficiency shall not be considered an EI-AECD. An AECD
that does not sense, measure, or calculate any parameter or command or trigger
any action, algorithm, or alternate strategy shall not be considered an EI-AECD.
An AECD that is activated solely due to any of the following conditions shall not
be considered an EI-AECD: (1) operation of the vehicle above 8000 feet in
elevation; (2) ambient temperature; (3) when the engine is warming up and is not
reactivated once the engine has warmed up in the same driving cycle; (4) failure
detection (storage of a fault code) by the OBD system; (5) execution of an OBD

monitor: or (6) execution of an infrequent regeneration event. ,

“Base fuel schedule” refers to the fuel calibration schedule programmed into the
Powertrain Control Module or programmable read-only memory (PROM) when
manufactured or when updated by some off-board source, prior to any leamed
on-board correction. : ' ‘
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. “Calculated load value” refers to the percent of engine capacity being used and
is defined in Society of Automotive Engineers (SAE) J1979 "E/E Diagnostic Test
‘Modes,"” May-2007February 2012 (SAE J1979), incorporated by reference (section
(h)(1.4)). For diese! applications, the calculated load value is determined by the
ratio of current engine output torque to maximum engine output torque at current
engine speed as defined by parameter definition 5.2.1.7 of SAE J1939-71 “Vehicle
Application Layer (Through February2008May 2010),” January-2809March 2011.

“Confirmed fault code,” for purposes of engines using International Standards
Organization (ISO) 15765-4, is defined as the diagnostic trouble code stored when
an OBD system has confirmed that a maifunction exists (e.g., typically on the )
second driving cycle that the malfunction is detected) in accordance with the -
requirements of sections (d)(2), (f), (g), and (h){4.4).

“Continuously,” if used in the context of monitoring conditions for circuit
continuity, lack of circuit continuity; circuit faults, and out-of-range values, means
monitoring is always enabled, unless alternate enable conditions have been
approved by the Executive Officer in accordance with section (d)(3.1.1), and
sampling of the signal used for monitoring occurs at a rate no less than two samples
per second. If a computer input component is sampled less frequently for control
purposes, the signal of the component may instead be evaluated each time
sampling occurs. '

“Deactivate” means to turn-off, shutdown, desensitize, or otherwise make
inoperable through software programming or other means during the actual life of
the engine.

“Diagnostic or emission critical” electronic control unlt refers to the engine and
any other on-board electronic powertrain control unit containing software that:

(1) determines the commanded value(s) for any of the following:

(a) Fuel injection guantity

(b) Fuel injection timing and/or valve tlmlng

(c) NOx catalyst reductant (e.g., urea) injection guantity; or

(2) is used to control or determine the measured value of an exhaust gas sensor
- subject to monitoring in section (e}(9) or ()(8) (e.q., NOx or PM sensor

module); or

. (3) has primary control over any of the monitors required by sectlons (e)(1)
through (f{(9), (g)(1) through (g)(2), and {(g)(4); or
(24) excluding anti-lock brake system (ABS) control units or stability/traction
control units, has primary control over the diagnostics for more than twe four
ofthe input components or more than two output components required to be
monitored by section (g)(3).
For.purposes of criteria {3} and (4) above, “primary control” over a_ monitor means
the control unit does any of the following: (a) determines if enable conditions are
satisfied; (b) calculates the value or statistic that represents the component/system's
level of performance; or (c} makes pass or fail decisions. Further, fFor purposes of
criteriaon (42) above, all glow plugs in an engine shall be considered “one” output
component in lieu of each glow plug being considered a separate component.
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“Diesel engine” refers to an engine using a-compression ignition thermodynamic
cycle.

“Driving cycle” is defined as a trip that meets any of the four conditions below:

(a1) Begins with engine start and ends with engine shutoff; ’

(b2) Begins with engine start and ends after four hours of continuous engine-on
operation;

(e3) Begins at the end of the previous four hours of continuous engine-on
operation and ends after four hours of cantinuous engine-on operation; or

(d4) Begins at the end of the previous four hours of continuous englne-on
operation and ends with engine shutoff. -

"For monitors that run during engine-off conditions, the period of engine-off time

following engine shutoff and up to the next engine start may be considered part of
the driving cycle for conditions (a1) and (d4). For vehicles that employ engine
shutoff strategies that do not require the vehicle operator to restart the engine to -
continue driving (e.g., hybrid bus with engine shutoff at idle), the manufacturer may
request Executive Officer approval to use an alternate definition for driving cycle
(e.g., key on and key off). Executive Officer approval of the alternate definition shall
be based on equivalence to engine startup and engine shutoff signaling the
beginning and ending of a single driving event for a conventional vehicle. Engine
restarts foliowing an engine shut-off that has been neither commanded by the
vehicle operator nor by the engine control strategy but caused by an event such as
an engine stall may be considered a new driving cycle or a continuation of the
existing driving cycle. For engines that are not likely to be routinely operated for
long continuous periods of time, a manufacturer may also request Executive Officer
approval to use an alternate definition for driving cycle (e.g., solely based on engine
start and engine shutoff without regard to four hours of continuous engine-on time).
Executive Officer approval of the alternate definition shall be based on
manufacturer-submitted data and/or information demonstrating the typical usage,
operating habits, and/or driving patterns of these vehicles.

“Emission standard,” as it applies to OBD compliance, relates to the emission
characteristics of a motor vehicle and engine and means:

(1) a numerica! limit on the amount of a given pollutant that a motor vehicle or

motor vehicle engine may emit into the atmosphere: or

(2) a requirement that a motor vehicle or motor vehicle engine be equipped with

a_certain type of pollution-control device or some other design feature related
to the control of emissions.

“Engine family” means a grouping of vehicles orengines in a manufacturer's
product line determined in accordance with 40 CFR 86.098-24.

“Engine rating” means a unique combination of displacement, rated power,
calibration (fuel, emission, and engine control}, AECDs, and other eng:ne and

‘emission control components within an engine family.

“OBD parent rating” means the specific engine rating selected according to
section (d)(7.1.1) or (d)(7.2.2)(B) for compliance with section 1971.1.

“OBD child rating” means an engine rating (other than the OBD parent rating)
within the engine family containing the OBD parent rating selected according to
section (d)(7.1.1) or an engine rating within the OBD group(s) defined according
to section (d)(7.2.1) and subject to section (d)(7.2.3).

“Evaporative emission standards” are a subset of emission standards that refer
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to the specific motor vehicle fuel evaporative emission standards and test

procedures incorporated by reference in titie 13, CCR section 1976 to which the
_ engine is cerified.

“Exhaust emission standards” or “tailpipe emission standards” are a subset of
emission standards that collectively refer to the specific FTP standards and SET

standards to which an engine is certified.

“Engine misfire” means lack of combustion in the cylinder due to absence of
spark, poor fuel metering, poor compression, or any other cause. This does not
include lack of combustion events in non-active cylinders due to default fuel shut-off
or cylinder deactivation strategies.

“Engine start” is defined as the point when the engine reaches a speed 150 rpm
below the normal, warmed-up idle speed (as determined in the drive position for
vehicles equipped with an automatic transmission). For hybrid vehicles or for
engines employing alternate engine start hardware or strategies (e.g., integrated
starter and generators), the manufacturer may request Executive Officer approval to
use an alternate definition for engine start (e.g., ignition key “on”). Executive Officer
approval of the alternate definition shall be based on equivalence to an engine start
for a conventional vehicle. _

~ “Family Emission Limit (FEL)” refers to the exhaust emission levels to which an
engine family is certified under the averaging, banking, and trading program .
incorporated by reference in title 13, CCR section 1956.8.
, ‘Fault memory” means information pertaining to malfunctions stored in the
onboard computer, including fault codes, stored engine conditions, and MIL status.

“Federal Test Procedure (FTP) test” refers to an exhaust emission test
conducted according to the test procedures incorporated by reference in titie 13,
CCR section 1956.8(b) and (d) that is used to determine compliance with the FTP
standard to which an engine is certified.

‘FTP cycle”. For engines certified on an engine dynamometer, FTP cycle
refers to the engine dynamometer schedule in 40 CFR appendix 1 of part 86,
section (f)(1), entitled, “EPA Engine Dynamometer Schedule for Heavy-Duty
Otto-Cycle Engines,” or section (f)(2), entitled, “EPA Engine Dynamometer
Schedule for Heavy-Duty Diesel Engines.”

“FTP standard” refers to the certification exhaust emission standards and test
procedures applicable to the FTP cycle incorporated by reference in titie 13,
CCR sections 1956.8(b) and (d) to which the engine is certified.

“Fuel trim” refers to feedback adjustments to the base fuel schedule. Short-term
fuel trim refers to dynamic or instantaneous adjustments. Long-term fuel trim refers
to much more gradual adjustments to the fuel calibration schedule than short—term
trim adjustments.

“Fueled engine operation” is the state where any fuel is introduced into the
engine for the purposes of combustion.

“Functional check” for an output component or system means verification of
proper response of the component and system to a computer command.

“Gasoline engine” refers to an Otto-cycle engine eran-alternate-fueled-engine.

“Heavy-duty engine” means an engine that is used to propel a heavy-duty
vehicle.

“Heavy-duty vehicle” means any motor vehicie having a manufacturer’s gross
vehicle weight rating (GVWR) greater than 14,000 pounds.

6
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“Hybrid vehicle” refers to a vehicle that has both of the following an-vehicle
sources of stored energy and can draw propulsion energy from the source

mentioned in 2): 1) a consumable fuel and 2} an energy storage device such as a
battery, capacitor, pressure reservoir, or fiywheel. '

“lgnition Cycie” means a driving cycle that begins with engine start, meets the
engine start definition for at least two seconds plus or minus one second, and ends
with engine shutoff. For hybrid vehicles, “ignition cycle” means a driving cycle that
begins when the propulsion system active definition is met for at least two seconds
plus or minus one second, and ends when the propulsion system active definition is
no longer met. '

“Keep-alive memory (KAM),” for the purposes of this regulation, is defined as a
type of memaory that retains its contents as long as power is provided to the on-
board control unit. KAM is not erased upon shutting off the engine but may be
erased if power to the on-board control unit is interrupted (e.g., vehicle battery
disconnected, fuse to contro! unit removed). In some cases, portions of KAM may
be erased with a scan tool command to reset KAM. ‘

“Key on, engine off position” refers to a vehicle with the ignition key in the engine
run position (not engine crank or accessory position) but with the engine not

_Tunning.

“Malfunction” means any deterioration or failure of a component or system that
causes the performance to be outside of the applicable limits in sections (e) through

(9). | . -

“Manufacturer” for the purpose of this regulation means the holder of the
Executive Order for the engine family.

“MIL-on fault code,” for purposes of engines using SAE J1938, refers to the
diagnostic trouble code stored when an OBD system has confirmed that a
malfunction exists (e.g., typically on the second driving cycle that the malfunction is
detected) and has commanded the MIL on in accordance with the requnrements of
sections (d}(2), (e), (g), and (h)(4.4).

“Non-volatile random access memory (NVRAM),” for the purposes of this
regulation, is defined as a type of memory that retains its contents even when power
to the on-board control unit is interrupted (e.g., vehicle battery disconnected, fuse to

- confrol unit removed). NVRAM is typically made non-volatile either by use of a

back-up battery within the control unit or through the use of an electrically erasable
and programmable read-only memory (EEPROM) chip.
“Not-To-Exceed (NTE) control area” refers to the bounded region of the engine’s

| torque and speed map, as defined in 40 CFR 86.1370-2007, where emissions must

not exceed a specific emission cap for a given pollutant under the NTE requirement.

“Manufacturer-specific NOx NTE carve-out area” refers to regions within the
NTE controi area for NOx where the manufacturer has limited NTE testing as
aliowed by 40 CFR 86.1370-2007(b)(7).

“Manufacturer-specific PM NTE carve-out area” refers to regions within the
NTE control area for PM where the manufacturer has limited NTE testing as
allowed by 40 CFR 86.1370-2007(b)(7).

“NTE deficiency” refers to regions or conditions within the NTE control area
for NOx or PM where the manufacturer has received a defi CIency as allowed by
40 CFR 86.007-11(a)(4)(iv).



“OBD group” refers to a combination of engines, engine families, or engine
ratings that use the same OBD strategies and similar calibrations. A -manufacturer
is required to submit a grouping plan for Executive Officer review and approval
detailing the OBD groups and the engme families and engine ratings within each
group for a model year.

“Pending fault code” is defined as the dlagnostlc trouble code stored upon the
initial detection of a malfunction (e.g., typically on a single driving cycle) prior to
illumination of the MIL in accordance W|th the requirements of sections (d)(2), (e)
through (g), and (h)(4.4).

‘Permanent fault code’ is defined as a confirmed or MlL-on fault code that is

stored in NVRAM as specified in sections
(d)(2) and (h)(4.4).

“Percentage of misfire” as used in sections (e)(2) and (f)(2) means the
percentage of misfires out of the total number of firing events for the specified
interval.

- “Power Take- Oﬁ (PTO) unit” refers to an engine driven output provision for the
purposes of powering auxiliary equipment (e.g., a dump-truck bed, aerial bucket, or
tow-truck winch).

“Previously MIL-on fault code for purposes of engines using SAE J1939, is
defined as the diagnostic trouble code stored when an OBD system has conflrmed
that a malfunction no longer exists (e.g., after the third consecutive driving cycle in
which the corresponding monitor runs and the malfunction is not detected),
extinguishes the MIL, and erases the corresponding MIL-on fault code in
accordance with the requirements of sections (d)(2), (e), (9), and (h)(4.4).

“Propulsion system active” is the state where the powertrain (e.g.. engine,
electric machine) is enabled by the driver (e.g., after ignition on for conventional
vehicles, after power button pushed for some hybrid vehicles) such that the vehicle
is ready to be used (e.g.. vehicle is ready to be driven, ready to be shifted from
‘park” to “drive”). For purposes of this definition, “the state where the powertrain is
enabled” does not include activations that are not driver-initiated (e.g., conditions
where portions of the vehicle system wake up to perform OBD monitoring).

“Rationality fault diagnostic” for an input component means verification of the
accuracy of the input signal while in the range of normal operation and when
compared to all other available information.

“‘Redline engine speed” shall be defined by the manufacturer as either the
recommended maximum engine speed as normally displayed on instrument panel
tachometers or the engine speed at which fuel shutoff occurs.

, “Response rate” for exhaust gas sensors refers to the delay from when the

sensor is exposed to a different make-up of exhaust gas constituents until it outputs
a signal reflecting the different make-up of exhaust gas constituents. For example,
for oxygen sensors, response rate is the delay from when the oxygen sensor is
exposed to a change in exhaust gas from richer/leaner than stoichiometric to
leaner/richer than stoichiometric to the time when the oxygen sensor indicates the
lean/rich condition. Similarly, for wide-range air-fuel (A/F) sensors, response rate is
the delay from when the sensor is exposed to a different A/F ratio to the time it
indicates the different A/F ratio. For NOx and PM sensors, response rate is the
delay from when the sensor is exposed to a different NOx or PM exhaust gas level
until it indicates the different NOx or PM exhaust gas level.
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“Secondary air” refers to air introduced into the exhaust system by means of a
pump or aspirator valve or other means that is intended to aid in the oxidation of HC
and CO contained in the exhaust gas stream.

“Similar conditions” as used in sections (e)(1), (€)(2), (A(1), and (f}(2) means
engine conditions having an engine speed within 375 rpm, load conditions within 20
percent, and the same warm-up status (i.e., cold-or hot) as the engine conditions
stored pursuant to (e)(1.4.2)(E), (e)(2.4.2)(C), (f)(1.4.5), and (f)(2.4.4). The
Executive Officer may approve other definitions of similar conditions based on
comparable timeliness and reliability in detecting similar engine operation.

“Small volume manufacturer” is defined in title 13, CCR section 1900(b), with the
exception that California sales of less than_1200 heavy-dufy engines will be: used in
lieu of 4500 heavy-duty engines.

“Start of production” is the time when the manufacturer has produced two
percent of the projected volume for the engine or vehicle, whichever is specifi ied in
sections (k) and (I).

“Supplemental Emission Test (SET) cycle” refers to the driving schedule defined
as the “supplemental steady state emission test” in 40 CFR 86.1360-2007.

“SET standard” refers to the certification exhaust emission standards and test
procedures applicable to the SET cycle incorporated by reference in title 13, CCR
sections 1956.8(b) and (d) to which the engine is certified

“Warm-up cycle® means a driving cycle with sufficient vehicle operation such that
the coolant temperature has risen by at least 40 degrees Fahrenheit from engine
start and reaches a minimum temperature of at least 160 degrees Fahrenheit (140
degrees Fahrenheit for applications with diesel engines). Alternatively,
manufacturers may define warm-up cycle as a driving cycle with vehicle operation in
which the following criteria are met: for vehicles using the ISO 15765-4 protocol. the
manufacturers may use the criteria specified in sections (d)(2.3.1)(C)(ib.3.i., ii., and
iii._ herein, and for vehicles using the SAE 41939 protocol the manufacturer may use

the criteria specified in sections (d)(2.3.2)(D)(ib.3.i., ii.. and iii. herein.

“Weighted sales number” means a manufacturers prOjected sales number for
engines to be used in California heavy-duty vehicles multiplied by a weight class
factor. Sales numbers for diesel engines for heavy-duty vehicles less than 19,499
pounds GVWR shall be multiplied by 1.0. Sales numbers for diesel engines for
heavy-duty vehicles from 19,500 to 33,000 pounds shall be multiplied by 1.68.
Sales numbers for diesel engines for heavy-duty vehicles greater than 33,000
pounds and urban buses shall be multiplied by 3.95. Sales numbers for all gasoline
engines for heavy-duty vehicles shall be multiplied by 1.0.

(d) General Requirements.

(1

Section (d) sets forth the general requirements of the OBD system. Specific

performance requirements for components and systems that shall be monitored are

set forth in sections (e) through (g) below. The OBD system is required to detect all

malfunctions specified in sections (e) through {(g). However, except as specified

elsewhere, the OBD system is not required to use a unlque monitor to detect each

malfunction specified.

The OBD System. '

(1.1) If a malfunction is present as specified in sections (e) through (g), the OBD

system shall detect the malfunction, store a pending, confirmed, MIL-on, or
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previously MIL-on fault code in the onboard computer's memory, and
-illuminate the MIL as required. ‘ _

(1.2) The OBD system shall be equipped with a standardized data link connector
to provide access to the stored fault codes as specified in section (h).

(1.3) The OBD system shall be designed to operate, without any required
scheduled maintenance, for the actual life of the engine in which it is installed
and may not be programmed or otherwise designed to deactivate based on
age and/or mileage of the vehicle during the actual life of the engine. This
section is not intended to alter existing law and enforcement practice
regarding a manufacturer’s liability for an engine beyond its useful life, except
where an engine has been programmed or otherwise designed so that an
OBD system deactivates based on age and/or mileage of the engine.

(1.4) Computer-coded engine operating parameters may not be changeable
without the use of specialized tools and procedures (e.g. soldered or potted
computer components or sealed (or soldered) computer enclosures). Subject
to Executive Officer approval, manufacturers may exempt from this
requirement those product lines that are unlikely to require protection.
Criteria to be evaluated in making an exemption include current availability of
performance chips, performance capability of the engine, and sales vqume

(2) - MIL and Fault Code Requirements.

(2 1) MIL Specifications.

(2.1.1) The MIL shall be located on the dnvers side instrument panel and be of
sufficient illumination and location to be readily visible under all lighting
conditions and shall be amber in color when illuminated. The MIL, when
illuminated, shall display the International Standards Organization (1SO)
engine symbol. There shall be only one MIL used to indicate all faults
detected by the OBD system on a single vehicle.

(2.1.2) The MIL shall illuminate in the key on, engine off position before engine
cranking to indicate that the MIL is functional. The MIL shall continuously
illuminate during this functional check for a minimum of 15-20 seconds.
During this functional check of the MIL, the data stream value for MIL
status shall indicate commanded off (see section (h)(4.2)) unless the MIL
has also been commanded on for a detected malfunction. This functional
check of the MIL is not required during vehicle operation in the key on,
engine off position subsequent to the initial engine cranking of an ignition
cycle (e.g., due to an engine stall or other non-commanded engine
shutoff).

(2.1.3y At the manufacturer's option, the MIL may be used to indicate readiness
status-in a standardized format (see section (h)(4.1.36)} in the key on,
engine off position.

(2.1.4) A manufacturer may request Executive Officer approval to also use the
MIL to indicate which, if any, fault codes are currently stored (e.g., to
“blink” the stored codes}. The Executive Officer shall approve the request
upon determining that the manufacturer has demonstrated that the
method used to indicate the fault codes will not be unintentionally
activated during a California inspection test or during routine driver
operation.

10
| (AR



(2.1.5) The MIL may not be used for any purpose other than specified in thls
regulation.
- (2.2) MIL illumination and Fault Code Storage Protocol.
(2.2.1) For vehicles using the 1SO 15765-4 protocol for the standardized functions

required in section (h):

(A) Upon detection of a malfunction, the OBD system shali store a pending
fault code within 10 seconds indicating the likely area of the malfunction.

(B) After storage of a pending fault code, if the identified malfunction is again
detected before the end of the next driving cycle in which monitoring
occurs, the OBD system shall illuminate the MIL continuously, keep the
pending fault code stored, and store a confirmed fault code within 10
seconds. If a malfunction is not detected before the end of the next
driving cycle in which monitoring occurs (i.e., there is no indication of the
malfunction at any time during the driving cycle), the corresponding
pending fault code set according to section (d)(2.2.1)(A) shall be erased at
the end of the driving cycle.

(C) A manufacturer may request Executive Officer approval to employ
alternate statistical MIL iliumination and fault code storage protocols to
those specified in these requirements. The Executive Officer shall grant
approval upon determining that the manufacturer has provided data
and/or engineering evaluation that demonstrate that the alternative
protocols can evaluate system performance and detect malfunctions in a
manner that is equally effective and timely. Strategies requiring on
average more than 5|x driving cycles for MiL illumination may not be
accepted.

(D) Storage and erasure of freeze frame conditions.

(i) The OBD system shall store and erase “freeze frame” conditions (as
defined in section (h)(4.3)) present at the time a malfunction is
detected.

(i) Fhe-storage-and-erasure-of For 2010 through 2015 model year

engines, the OBD system shall store and erase freeze frame
conditions shall-be-denre in conjunction with the storage and erasure of

either pending or confirmed fault codes as required elsewhere in

section (d)(2.2).

(iii) For 2016 and subsequent modet vear engines, except as provided for
in section (d)(2.2.1){D)iv), the OBD system shall store freeze frame
conditions in conjunction with the storage of a pending fault code.

a. If the pending fault code is erased in the next driving cycle in which
monitoring occurs and a malfunction is not detected (as described .
in section (d)(2.2.1)(B)), the OBD system may erase the
corresponding freeze frame conditions.

b. If the pending fauit code matures to a confirmed fault code (as
described in section (d)}(2.2.1)(B)). the OBD system shall either
retain the currently stored freeze frame conditions or replace the
stored freeze frame conditions with freeze frame conditions
regarding the confirmed fault code. The OBD system shall erase
the freeze frame information in conjunction with the erasure of the
confirmed fault code (as described under section (d)(2.3.1)(B)).

s

112



(iv) For alternate strategies that do not store pending fault codes (i.e.,
monitors using alternate statistical strateqgies described in section

(d)(2.2.1)(C) such as monitors that store a confirmed fauli code and

illuminate the MIL upon the first detection of a malfunction), the OBD

system shall store and erase freeze frame conditions in conjunction
with the storage and erasure of the confirmed fault code.

(E) The OBD system shall illuminate the MIL and store a confirmed fault code

within 10 seconds to inform the vehicle operator whenever the engine
enters a default or “limp home” mode of operation that can affect
emissions or the performance of the OBD system or in the event of a
malfunction of an on-board computer(s) itself that can affect the
performance of the OBD system. If the default or “limp home® mode of
operation is recoverable (i.e., the diagnostic or contro! strategy that
caused the default or “limp home” mode of operation can run on the next
driving cycle and confirm the presence of the condition that caused the
default or “limp home” gperation), the OBD system may, in lieu of
illuminating the MIL within 10 seconds on the first driving cycle where the
default or “limp home” mode of operation is entered, delay illumination of
the MIL until the condition causing the default or “limp home” mode of
operation is again detected before the end of the next driving cycle.

(F) Before the end of an ignition cycle, the OBD system shall store confirmed

fault codes that are currently causing the MIL to be illuminated in NVRAM
as permanent fault codes (as defined in section {(h)(4.4.1)(F)).

(2.2.2) For vehicles using the SAE J1939 protocol for the standardized functions
required in section (h):

(A) Upon detection of a malfunction, the OBD system shall store a pending
fault code within 10 seconds indicating the likely area of the malfunction.

(B) After storage of a pending fault code, if the identified malfunction is again
detected before the end of the next driving cycle in which monitoring
occurs, the OBD system shall illuminate the MIL continuously, erase the
pending fault code, and store a MIL-on fault code within 10 seconds. If a
malfunction is not detected before the end of the next driving cycle in
which menitoring occurs (i.e., there is no indication of the malfunction at
any time during the driving cycle), the corresponding pending fault code
set according to section (d)(2.2.2){(A) shall be erased at the end of the
driving cycle. '

(C) A manufacturer may request Executive Officer approval to employ
alternate statisticai MIL illumination and fault code storage protocols to
those specified in these requirements. The Executive Officer shall grant
approval upan determining that the manufacturer has provided data
and/or engineering evaluation that demonstrate that the alternative
protocols can evaluate system performance and detect malfunctions in a
manner that is equally effective and timely. Strategies requiring on
average more than six driving cycles for MIL illumination may not be
accepted. :

(D) Storage and erasure of freeze frame conditions.
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(i) The OBD system shall store and erase “freeze frame” conditions (as
defined in section (h)(4.3)) present at the time a malfunction is-
detected.

(i) The OBD system shall store freeze frame conditions in conjunction
with the storage of a pending fault code.

(iii) If the pending fault code is erased in the next driving cycle in which
monitoring occurs and a malfunction is not detected (as described
under section (d)(2.2.2)}(B)), the OBD system may erase the
corresponding freeze frame conditions.

(iv) If the pending fault code matures to a MIL-on fault code (as described
under section (d)(2.2.2)(B)), the OBD system shall either retain the
currently stored freeze frame conditions or replace the stored freeze
frame conditions with freeze frame conditions regarding the MiL-on
fault code. The OBD system shall erase the freeze frame information
in conjunction with the erasure of the previously MIL-on fault code (as
described under section (d}(2.3.2}(C)).

(v) For alternate strategies that do not store pending fault codes (i.e.,
monitors using alternate statistical strategies described in section
{(d)(2.2.1)}{C) such as monitors that store a MlL-on fault code and
illuminate the MIL upon the first detection of a malfunction), the OBD

system shall store and erase freeze frame conditions in coniunction
with the storage and erasure of the MIL-on fault code.

(E) The OBD system shall illuminate the MIL and store a MIL-on fault code

within 10 seconds to inform the vehicle operator whenever the engine
enters a default or “limp home” mode of operation that can affect
emissions or the performance of the OBD system or in the event of a
malfunction of an on-board computer(s) itself that can affect the
performance of the OBD system. If the default or “limp home” mode of
operation is recoverable (i.e., the diagnostic or control strategy that
caused the default or “limp home” mode of operation can run on the next
driving cycle and confirm the presence of the condition that caused the
default or “limp home” operation), the OBD system may, in lieu of
illuminating the MIL within 10 seconds on the first driving cycle where the
default or “limp home” mode of operation is entered, delay illumination of
the MIL untif the condition causing the default or “limp home” mode of
operation is again detected before the end of the next driving cycle.

(F) Before the end of an ignition cycle, the OBD system shall store MIL-on

fault codes that are currently causing the MIL to be illuminated in NVRAM
as permanent fault codes (as defined in section (h)(4.4.2)(F)).

(2.3) MIL Extinguishing and Fault Code Erasure Protocol.
© (2.3.1) For vehicles using the 1ISO 15765-4 protocol for the standardized functions

required in section (h):

(A) Extinguishing the MIL. Except as otherwise provided in sections

(e)(1.4.2)(F), (€}(2.4.2)(D). (e)(6.4.2). {f)(1.4.6), ()(2.4.5), and (f)(7.4.2)
(for diesel fuel system. diesel misfire, diesel empty reductant tank, '
gasoline fuel system, gasoline misfire, and gasoline evaporative system
malfunctions), once the MIL has been illuminated, it may shall be
extinguished after at least three subsequent sequential driving cycles
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during which the monitoring system responsible for iliuminating the MIL
functions and the previously detected malfunction is no longer present
provided. no other malfunction has been detected that would
independently illuminate the MIL according to the requirements outlined
above.

(B) Erasing a confirmed fault code. For 2010 through 2015 model year
engines, Fthe OBD system may erase a confirmed fault code if the
identified malfunction has not been again detected in at least 40 ergine
warm-up cycles and the MIL is presently not illuminated for that
malfunction._For 2016 and subsequent model year engines, the OBD
system shall erase a confirmed fautt code if the identified malfunction has
not been again detected in 40 warm-up cycles and the MIL is presently
not illuminated for that malfunction.

(C) Erasing a permanent fault code.

(i) If the OBD system is commanding the MIL on, the OBD system shall
erase a permanent fault code only if the OBD system itself determines
that the malfunction that caused the permanent fault code to be stored
is no longer present and is not commanding the MIL on, pursuant fo
the requirements of section (d)(2.3.1)(A) (which for the purposes of
this section shall apply to all monitors). Erasure of the permanent fault
code shall occur in conjunction with extinguishing the MIL or no later
than the start of the first drive cycle that begins with the MIL
commanded off.

(ii) If all fault information in the on-board computer other than the
permanent fault code has been cleared (i.e., through the use of a scan
tool or battery disconnect) and the OBD system is not commanding the
MIL on:

a. Except as provided for in section (d)(2.3.1)(C)(ii)c., if the monitor of
the malfunction that.caused the permanent fault code to be stored
is subject to the minimum ratio requirements of section (d)(3.2)
(e.9., catalyst monitor, comprehensive component input component
rationality monitors), the OBD system shall erase the permanent
fault code at the end of a driving cycle if the monitor has run and
made one or more determinations during a driving cycle that the
malfunction of the component or the system is not present and has
not made any determinations within the same driving cycle that the
malfunction is present.

b. If the monitor of the malfunction that caused the permanent fault
code to be stored is not subject to the minimum ratio requirements
of section (d)(3.2) (e.g., gasoline misfire monitor, gasoline fuel

~ system monitor, comprehensive component circuit continuity
monitors), the OBD system shall erase the permanent fault code at
the end of a driving cycle if:

1. The monitor has run and made one or more determinations
during a driving cycle that the maifunction of the component or
the system is not present and has not made any determinations
within the same driving cycle that the malfunction is present;
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2. The monitor has not made any determinations that the
malfunction is present subsequent to the most recent driving
cycle in which the criteria of section (d)(2.3.1)(C)(i))b.1. are met;
and

3. The following criteria are satisfied on any single driving cycle
(which may be a different driving cycle than that in which the
criteria of section (d)( 2.3.1)(C)(ii)b.1. are satisfied):

i. Except as provided in section (d)(2.3.1)(C)(iDb.3.v. below,
Gcumulative time since engine start is greater than or equal
to 600 seconds; _ ‘

ii. Cumulative gasoline engine operation at or above 25 miles
per hour or diesel engine operation at or above 1150 rpm,
either of which occurs for greater than or equal to 300
seconds;

iii. Continuous vehicle operation at idle (i.e., accelerator pedal
released by driver and either vehicle speed less than or
equal to one mile per hour or engine speed less than or
equal to 200 rpm above normal warmed-up idle (as
determined in the drive position for vehicles equipped with
an automatic transmission)) for greater than or equal to 30
seconds; and

iv. The monitor has not made any determinations that the
malfunction is present.

v. For hybrid vehicles, manufacturers shall use “cumulative

- propulsion system active time” in lieu of “cumulative time
since engine start” for the criterion in section
(d)(2.3.1)(C)(i)b.3.1.

4. Monitors required to use “similar conditions” as defined in
section (c) to store and erase pending and confirmed fault
codes may not require that the similar conditions be met prior to
erasure of the permanent fault code.

c. For monitors subject to section (d)(2.3.1)(CXii)a., the manufacturer
may choose to erase the permanent fault code using the criteria
under section (d)(2.3.1)(C)(ii)b. in lieu of the criteria under section
(d)(2.3.1)(C)(ii)a. '

d. For 2010 through 2012 model year engines, manufacturers may
request Executive Officer approval to use alternate criteria to erase
the permanent fault code. The Executive Officer shall approve
alternate criteria that will not likely require driving conditions that
are longer and more difficult to meet than those required under
section (d)(2.3.1)(C)(ii)b.

(2.3.2) For vehicles using the SAE J1939 protocol for the standardized functions
‘ required in section (h): ‘ '

(A) Extinguishing the MIL. Except as otherwise provided in sections
(e)(1.4.2)(F), (e)(2.4.2)(D) and (e)(6.4.2) for fuel system malfunctions,
misfire malfunctions,-and empty reductant tanks, once the MIL has been
illuminated, it may shall be extinguished after at least three subsequent
sequential driving cycles during which the monitoring system responsible
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for illuminating the MIL functions and the previously detected malfunction

is no longer present provided no other malfunction has been detected that

would independently illuminate the MIL according to the requirements
outlined above.

(B) Erasing a MIL-on fault code. The OBD system may erase a MIL-on fault
code in conjunction with extinguishing the MIL as described under section
(d)(2.3.2)(A). In addition to the erasure of the MiL-on fault code, the OBD
system shall store a previously MiL-on fault code for that failure.

{C) Erasing a previously MIL-on fault code. For 2010 through 2015 model
year engines, Fthe OBD system may erase a previously MiL-on fault code
if the identified malfunction has not been again detected in at least 40
engire warm-up cycles and the MIL is presently not illuminated for that
malfunction. For 2016 and subsequent model year engines, the OBD
system shall erase a previously MiL-on fault code if the identified
malfunction has not been again detected in 40 warm-up cycles and the
MIL is presently not illuminated for that malfunction.

(D) Erasing a permanent fault code. The OBD system shall erase a
permanent fault code under the following conditions: ‘
(i) If the OBD system is commanding the MIL on, the OBD system shall

erase a permanent fault code only if the OBD system itself determines

that the malfunction that caused the permanent fault code to be stored
is no longer present and is not commanding the MIL on, pursuant to
the requirements of section (d)}(2.3.2)(A) (which for the purposes of
this section shall apply to all monitors). Erasure of the permanent fault
code shall occur in conjunction with extinguishing the MIL or no iater

than the start of the first drive cycle that begins with the MIL

commanded off.

(i) If all fault information in the on-board computer has been cleared (i.e.,
through the use of a scan tool or battery disconnect) and the OBD
system is not commanding the MIL on:

a. Except as provided for in section (d)(2.3.2)(D)(ii)c., if the monitor of
the malfunction that caused the permanent fault code to be stored
is subject to the minimum ratio requirements of section (d)(3.2)
(e.g., catalyst monitor, comprehensive component input component
rationality monitors), the OBD system shall erase the permanent
fault code at the end of a driving cycle if the monitor has run and
made one or more determinations during a driving cycle that the
malfunction of the component or the system is not present and has
not made any determinations within the same driving cycle that the
malfunction is present.

b. If the monitor of the malfunction that caused the permanent fault
code to be stored is not subject to the minimum ratio requirements
of section (d)(3.2) (e.g., continuous diesel fuel system monitors,
comprehensive component circuit continuity monitors), the OBD
system shall erase the permanent fault code at the end of a driving
cycle if:

1. The monitor has run and made one or more determlnatlons
during a driving cycle that the malfunction of the component or
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~ the system is not present and has not made any determinations
within the same driving cycle that the malfunction is present;

2. The monitor has not made any determinations that the
malfunction is present subsequent to the most recent driving
cycle in which the criteria of section (d)(2.3.2)(D)(ii)b.1. are met;
and

3. The following criteria are satisfied on any single driving cycle
(which may be a different driving cycle than that in which the
criteria of section (d)(2.3.2)(D)(ii)b.1. are satisfied).

i. Except as provided in section (d)(2.3.2)(D)ii)b.3.v. below,
Gcumulative time since engine start is greater than or equal
to 600 seconds;

ii. Cumulative gasoline engine operation at or above 25 miles
per hour or diesel engine operation at or above 1150 rpm,
either of which occurs for greater than or equal to 300
seconds;

ifi. Continuous vehicle operation at idle (i.e., accelerator pedal

" released by driver and either vehicle speed less than or
equal to one mile per hour or engine speed less than or

~ equal to 200 rpm above normal warmed-up idle (as
determined in the drive position for vehicies equipped with
an automatic transmission)) for greater than or equal to 30
seconds; and

iv. The monitor has not made any determinations that the
malfunction is present.

v. For hybrid vehicles, manufacturers shall use “cumulative
propulsion system active time” in lieu of “cumulative time
since engine start” for the criterion in section
(d)(2.3.2)(D)(ii)b.3.1.

4. Monitors required to use “similar conditions” as defined in
section (c) to store and erase pending and confirmed/MIL-on
fault codes may not require that the similar conditions be met
prior to erasure of the permanent fault code.

c. For monitors subject to section (d)(2.3.2)(D)(ii)a., the manufacturer
may choose to erase the permanent fault code using the criteria
under section (d)(2.3. 2)(D)(u)b in Iueu of the criteria under section
(d)(2.3.2)(D)(ii)a.

d. For 2010 through 2012 model year engines, manufacturers may
request Executive Officer approval to use alternate criteria to erase
the permanent fault code. The Executive Officer shall approve

“alternate criteria that will not likely require driving conditions that

are longer and more difficult to meet than those required under

section (d)(2.3.2)(D)(ii)b.
2.4) Exceptlons to MIL and Fault Code Requirements.
(2.4.1) if the engine enters a default mode of operation, a manufacturer may
request Executive Oﬁ" icer approval to be exempt from illuminating the MIL
The Executive
Officer shall approve the request upon determining that the manufacturer
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3)

has submitted data and/or engineering evaluation that verify the
conditiens-below either of the following:

- (A) The default strategy (1) causes an overt indication (e.g., illumination of a
red engine shut-down warning light) such that the driver is certain to
respond and have the problem corrected, and (2) is not caused by of
inveked-topretecta component required to be monitored by the OBD
system under sections (e) through (g), and (3) is not invoked to protect a
component required to be monitored by the OBD system under sections
(e) through (g); or ' ,

(B) The default strategy is an AECD that is properly activated due to the
occurrence of conditions that have been approved by the Executwe
Officer.

(2.4.2) For gasoline engines, a manufacturer may elect to meet the MIL and fault
code requirements in title 13, CCR section 1968.2(d)(2) in lieu of meeting
the requirements of (d)(2).

Monitoring Conditions.

Section (d)(3) sets forth the general monitoring requirements while sections (e)

through (g} sets forth the specific monitoring requirements as well as identifies

which of the following general monitoring requirements in section (d)(3) are

applicable for each monitored component or system identified in sections (e)

through (g).

(3.1) For all engines:

(3.1.1) As specifically provided for in sections (e) through (g), manufacturers shall
define monitoring conditions, subject to Executive Officer approval, for
detecting malfunctions identified in sections (e) through (g). The
Executive Officer shall approve manufacturer-defined monitoring
conditions that are determined (based on manufacturer-submitted data
and/or other engineering documentation) to be: technically necessary to
ensure robust detection of malfunctions (e.g., avoid false passes and
false indications of malfunctions); designed to ensure monitoring will occur
under conditions that may reasonably be expected to be encountered in
normal vehicle operation and use; and designed tc ensure monitoring will
occur during the FTP cycle.

(3.1.2) Monitoring shall occur at least once per dnvmg cycle in which the
monitoring conditions are met.

(3.1.3) Manufacturers may request Executive Ofﬁcer approval to define
monitoring conditions that are not encountered during the FTP cycle as
required in section (d)(3.1.1). In evaluating the manufacturer's request,
the Executive Officer shall consider the degree to which the requirement
to run during the FTP cycle restricts in-use monitoring, the technical
necessity for defining monitoring conditions that are not encountered
during the FTP cycle, data and/or an engineering evaluation submitted by
the manufacturer which demonstrate that the component/system does not
normally function, or monitoring is otherwise not feasible, during the FTP
cycle, and, where applicable in section (d)(3.2), the ability of the
manufacturer to demonstrate the monitoring conditions will satisfy the
minimum acceptable in-use monitor performance ratio requirement as
defined in section (d){3.2) (e.g., data which show in-use driving meets the
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minimum requirements).

(3.2) As specifically provided for in sections (e) through (g), manufacturers shall
define monitoring conditions in accordance with the criteria in sections
(d)(3.2.1) through (3.2.3).

(3.2.1) Manufacturers shall implement software algorithms in the OBD system to
individually track and report in-use performance of the following monitors
in the standardized format specified in section (d)(5):

(A) NMHC converting catalyst {section (€)(5.3.1))
(B) NOx converting catalyst (section (€)(6.3.1))
(C) Catalyst (section (f)(6.3));
(D) Exhaust gas sensor (sections {€)(2.3.1)(A) or (f)(8.3.1)(A));
(E) Evaporative system (section (f)(7.3.2));
(F) EGR system (sections (€)(3.3.2) and (3.3.3) or (f}(3.3.1)) and VVT system
(sections ()(10.3) or ()(9.3));
(G) Secondary air system (section (f)(5.3.1));
(H) PM filter (section (e)(8.3));
() Boost pressure control system (sections (g)(4.3.2) and (€)(4.3.3));
(J) NOx adsorber (section (e)(7.3.1)),
(K) Fuel system (section (e)(1.3.3)); and
(L) Secondary oxygen sensor (section (f)(8.3.2)(A)).
The OBD system is not required to track and report in-use performance
for monitors other than those specifically identified above.

(3.2.2) For ali 2013 and subsequent model year engines, manufacturers shall
define monitoring conditions that, in addition to meeting the criteria in
sections (d)(3.1) and (d)(3.2.1), ensure that the monitor yields an in-use
performance ratio (as defined in section (d)(4)) that meets or exceeds the
minimum acceptable in-use monitor performance ratio for in-use vehicles.

For purposes of this regulation, the minimum acceptable in-use monitor
performance ratio is 0.100 for all monitors specifically required in sections
(e) through (@) to meet the monitoring condition requirements of section
(d)(3.2).

(3.2 3) Manufacturers may not use the calculated ratio (or any element thereof) or
any other indication of monitor frequency as a monitoring condition for a
monitor (e.g., using a low ratio to enable more frequent monitoring
through diagnostic executive priority or modification of other monitoring
conditions, or using a high ratio to enable less frequent monitoring).

(3.2.4) Upon request of a manufacturer or upon the best engineering judgment of
ARB, the Executive Officer may revise the minimum acceptable in-use
monitoring performance ratio specified in section (d)(3.2.2) for a specific
monitor if the most reliable monitoring method developed requires a lower
ratio.

(4  In-Use Monitor Performance Ratio Definition.

(4.1) For monitors required to meet the requirements in section (d)(3.2), the ratio
shall be calculated in accordance with the following specifications for the
numerator, denominator, and ratio.

(4.2) Numerator Specifications '

(4.2.1) Definition: The numerator is defined as a measure of the number of times
a vehicle has been operated such that all monitoring conditions necessary

19
120



for a specific monitor to detect a malfunction have been encountered.
(4.2.2) Specifications for incrementing:

(A) Except as provided for in section (d)4.2.2)(E), the numerator, when
incremented, shall be incremented by an integer of one. The numerator
may not be incremented more than once per driving cycle.

(B) The numerator for a specific monitor shall be incremented within 10
seconds if and only if the following criteria are satlsf ed on a single driving
cycle:

(i) Every monitoring condition necessary for the monitor of the specific
component to detect a malfunction and store a pending fault code has
been satisfied, including enable criteria, presence or absence of
related fault codes, sufficient length of monitoring time, and diagnostic
executive priority assignments (e.g., diagnostic “A” must execute prior
to diagnostic “B”). For the purpose of incrementing the numerator,
satisfying all the monitoring conditions necessary for a monitor to -
determine the component is passing may not, by itself, be sufficient to
meet this criteria.

(i) For monitors that require muitiple stages or events in a single driving
cycle to detect a malfunction, every monitoring condition necessary for
all events to have completed must be satisfied.

(iii) For monitors that require intrusive operation of components to detect a
malfunction, a manufacturer shall request Executive Officer approval
of the strategy used to determine that, had a malfunction been
present, the monitor would have detected the malfunction. Executive
Officer approval of the request shall be based on the equivalence of
the strategy to actual intrusive operation and the ability of the strategy
to accurately determine if every monitoring condition necessary for the
intrusive event to occur was satisfied.

(iv) For the secondary air system monitor, the criteria in sections
(d)(4.2.2)(B)(i) through (iii) above are satisfied during normal operation
of the secondary air system. Monitoring during intrusive operation of
the secondary air system later in the same driving cycle solely for the
purpose of monitoring may not, by itself, be sufficient to meet this
criteria.

(C) For monltors that can generate results in a “gray zone” or “non-detection
zone" (i.e., resuits that indicate neither a passing system nor a
ma!functlonlng system) or in a “non-decision zone” (e.g., monitors that
increment and decrement counters until a pass or fail threshold is
reached), the manufacturer shall submit a plan for appropriate
incrementing of the numerator to the Executive Officer for review and
approval. In general, the Executive Officer shall not approve plans that
allow the numerator to be incremented when the monitor indicates a result
in the “non-detection zone" or prior to the monitor reaching a decision. In
reviewing the plan for approval, the Executive Officer shall consider data
and/or engineering evatuation submitted by the manufacturer
demonstrating the expected frequency of results in the “non-detection
zone” and the ability of the monitor to accurately determine if a monitor
would have detected a malfunction instead of a result in the “non-
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detection zone” had an actual malfunction been present.

(D) For monitars that run or complete during engine-off operation, the
numerator shall be incremented within 10 seconds after the monitor has
completed during engine-off operation or during the first 10 seconds of
engine start on the subsequent driving cycle..

(E) Except as specified in section (d}(4.2.2)(F) for exponentially weighted
moving averages, manufacturers utilizing alternate statistical MIL
illumination protocols as allowed in sections (d)(2.2.1){C) and (d)(2.2.2)(C)
for any of the monitors requiring a numerator shalil submit a plan for
appropriate incrementing of the numerator to the Executive Officer for
review and approval. Executive Officer approval of the plan shall be
conditioned upon the manufacturer providing supporting data and/or
engineering evaluation demonstrating the equivalence of the incrementing
in the manufacturer's plan to the incrementing specified in section
(d)(4.2.2) for monitors using the standard MIL illumination protocol and the
overall equivalence of the manufacturer's plan in determining that the
minimum acceptable in-use performance ratio in section (d)}(3.2) is
satisfied.

(F) Manufacturers using an exponentially weighted moving average (EWMA)
as the alternate statistical MiL illumination protocol approved in
accordance with sections (d)(2.2.1)(C) and (d)(2.2.2)(C) shall increment
the numerator as follows:

(i) Following a reset or erasure of the EWMA result, the numerator may
not be incremented until after the requisite number of decisions
necessary for MIL illumination have been fully executed.

(i) After the number of decisions required in section (d)(4.2.2)(F)(i) above,
the numerator, when incremented, shall be incremented by an integer
of one and may not be incremented more than once per driving cycle.
Incrementing of the numerator shall also be in accordance with
sections (d)(4.2.2)(B), (C), and (D).

(4.3) Denominater Specifications
(4.3.1) Definition: The denominator is defined as a measure of the number of
times a vehicle has been operated as defined in (d)(4 3.2).
(4.3.2) Specifications for incrementing:

(A) The denominator, when incremented, shall be incremented by an integer
of one. The denominator may not be incremented more than once per
driving cycle.

(B) Excenpt as provided for in sections (d)(4.3.2)(F). (1), and (J), Fthe
denominator for each monitor shall be incremented within 10 seconds if
and only if the following criteria are satisfied on a single driving cycle:

(i) Cumulative time since engine start of driving cycle is greater than or
equal to 600 seconds while at an elevation of less than 8,000 feet
above sea level and at an ambient temperature of greater than or
equal to 20 degrees Fahrenheit;

(i) Cumulative gasoline engine operation at or above 25 miles per hour or
diesel engine operation at or above 1150 rpm, either of which occurs
for greater than or equal to 300 seconds while at an elevation of less
than 8,000 feet above sea level and at an ambient temperature of
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greater than or equal to 20 degrees Fahrenheit; and

(iii) Continuous vehicle operation at idle (i.e., accelerator pedal released
by driver and either vehicle speed less than or equal to one mile per
hour or engine speed less than or equal to 200 rpm above normal
warmed-up idle (as determined in the drive position for vehicles
equipped with an automatic transmission)) for greater than or equal to
30 seconds while at an elevation of less than 8,000 feet above sea
level and at an ambient temperature of greater than or equal to 20
degrees Fahrenheit.

(iv) For 2010 through 2012 model year diesel engines, manufacturers may
use diesel engine operation at or above 15% calculated load in lieu of
1150 rpm for the criterion in section (d)(4.3.2)(B)(ii) above.

(C) In addition to the requirements of section (d)(4.3.2)(B) above, for the
evaporative system monitor-dencminater{s}, the comprehensive
component input component temperature sensor rationality monitors
(section (9)(3)) (e.q., intake air temperature sensor, ambient temperature
sensor, fuel temperature sensor), and the engine cooling system input
components (section (g)(1)), the denominator(s) shall be incremented i
and only if:

(i) Cumulative time since enqgine start of driving cycle is greater than or
equal to 600 seconds while at an ambient temperature of greater than
or equal to 40 degrees Fahrenheit but less than or equal to 95 degrees
Fahrenheit; and

(i} Engine cold start occurs with englne coolant temperature at engine
start greater than or equal to 40 degrees Fahrenheit but less than or
equal to 95 degrees Fahrenheit and less than or equal to 12 degrees
Fahrenheit higher than ambient temperature at engine start. .

(D) In addition to the requirements of section (d)(4.3.2)(B) above, the
denominator(s) for the following monitors shall be incremented if and only
if the component or strategy is commanded “on” for a cumulative time
greater than or equal to 10 seconds:

(i) Secondary Air System (section (f){5))

(i) Cold Start Emission Reduction Strategy (sections (e)(11) or (f)(4))

(i) Components or systems that operate only at engine start-up (e.g.,
glow plugs, intake air heaters) and are subject to monitoring under
“other emission control systems” (section (g)(4)) or comprehensive
component output components (section (g)(3))

For purposes of determining this commanded “on” time, the OBD system

may not include time during intrusive operation of any of the components

or strategies later in the same driving cycle solely for the purposes of
monitoring.

(E) In addition te the requ:rements of section (d)(4.3.2)(B) above, the
denominator(s) for the following component monitors ef-eutput
compenents (except those operated only at engine start-up and subject to
the requirements of the previous section (d)(4.3.2)(D)) shall be
incremented if and only if the component is commanded to function (e.g.,
commanded “on”, “open”, “closed”, “locked”} for a cumulative time greater
than or equal to 10 seconds: =~
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(i) Variable valve timing and/or control system (sections {e){10) or (}(9))

(i) “Other emission control systems” (section (g}(4)) '

(iii) Comprehensive component output component {section (g)(3)) (e.g.,
turbocharger waste-gates, variable length manifold runners)

(iv) PM filter activefintrusive injection (section (e)(8.2.6))

(v)_PM sensor heater (section (e}(9.2.4)(A))

As an alternative, in addition to the requirements of section (d)(4.3.2)(B),

the manufacturers may use the criteria specified in title 13, CCR section

1968.2(d)(4.3.2)(F) in lieu of the criteria specified in section (d){4.3.2)(E)

above.

For the PM filter actlve/mtruswe injection monitor, as an alternative for

2010 through 2015 model year engines, the manufacturer may use the

criteria in section (d)(4.3.2)(H) in lieu of the criteria specmed in section

(d)(4.3.2)(E) above.

For the PM sensor heater monitor, as an alternative for 2010 through

2015 model year engines, the manufacturer may use the criteria specified

in section (d){4.3.2)(B)} in lieu of the criteria specified in section

. {d)(4.3.2)(E} above.
(F) For menitors-ofthe following components monitors, the manufacturer may

request Executive Officer approval to use alternate or additional criteria to
that set forth in section (d)(4.3.2)(B) above for incrementing the
denominator. Executive Officer approval of the proposed criteria shall be
based on the equivalence of the proposed criteria in measuring the
frequency of monitor operation relative to the amount of vehicle operation
in accordance with the criteria in section (d)(4.3.2)(B) above: .

(i) “Other emission control systems” (section (g)(4))

Gii(iiy Comprehensive component input components that require extended
monitoring evaluation (section (g)(3)) (e.g., stuck fuel level sensor
rationality)

(i) PM filter frequent regener:altion (section (e)(8.2.2))
(iv) PM sensor monitoring capability monitor (section. (€)(9.2.2)(D))

(G) For menitors-ofthe following monitors of components or other emission

controls that experience infrequent regeneration events, the
denominator(s) shall be incremented during a driving cycle in whichthe
following two criteria are met: (1) the requirements of section (d)(4.3.2)(B)
are met on the current driving cycle, and (2) the number of minutes of
cumulative engine run time since the denominator was last incremented is
greater than or equal to 800 minutes. The 800-minute engine run time
counter shall be reset to zero and begin counting again after the
denominator has been incremented and no later than the start of the next
ighition cycle: '
(i) Diesel NMHC converting catalyst (section (e)(5.2.2))
(ii) Diesel NMHC converting catalyst other aftertreatment assistance
functions {sections (e)(5.2.3)(B) and (D))
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(i) Particulate-matter-Catalyzed PM filters NMHC conversion (sections
{e}8=2-1) ()(8.2.4)-and(8-2:5))

(iv) 2010 through 2015 model year PM filter filtering performance and
missing substrate (sections (€)(8.2.1) and (8.2.5))

As an alternative, for 2010 through 2012 model year engines, the

manufacturer may request Executive Officer approval to use alternate or

additional criteria to that set forth in section (d)(4.3.2)(G) above for

incrementing the denominator. Executive Officer approval of the

proposed criteria shall be based on the effectiveness of the proposed

criteria in measuring the frequency of monitor operation relative to the

amount of vehicle operation.

(H) For 2013 and subsequent model year engines, in addition to the )
‘requirements of section (d)(4.3.2)(B) above, the denominator(s) for the
following monitors shall be incremented if and only if a regeneration event
is commanded for a time greater than or equal to 10 seconds:

() Diesel NMHC converting catalyst other aftertreatment assistance
‘ functions (sections (e)(5.2.3)(A) and (C))
(i) PM filter incomplete regeneration (section (e)(8.2.3))

(I) For hybrid-vehieles; vehicles that employ alternate engine start hardware
or strategies (e.g., integrated-starter-and-generators_a vehicle with a start-
stop system that does not mest the definition of a hybrid vehicle as
defined in section (c)); or alternate-fueled vehicles engines (e-g-
dedicated-bi-fuel-ordual-fuel-applications), the manufacturer may
request Executive Officer approval to use alternate criteria to that set forth
in section (d){(4.3.2)(B) above for incrementing the denominator. In
general, the Executive Officer shall not approve alternate criteria for
vehicles that only employ engine shut off at or near idle/vehicle stop
conditions. Executive Officer approval of the alternate criteria shall be
based on the equivalence of the alternate criteria to determine the amount
of vehicle operation relative to the measure of conventional vehicle
operation in accordance with the criteria in section (d)(4.3.2)(B) above.

(J) For hybrid vehicles, in lieu of the criteria in section (d)(4.3.2)(B) above, the
denominator for each monitor shall be incremented within ten seconds if
and only if the following criteria are satisfied on a single driving cycle:

(i) Cumulative propulsion system active time is greater than or equal to
600 seconds while at an elevation of less than 8,000 feet above sea
level and at an ambient temperature of greater than or equal to 20
degrees Fahrenheit;

(i) Cumulative gasoline engine operation at or above 25 miles per hour or

diesel engine operation at or above 1150 rpm. either of which occurs

for greater than or egual to 300 seconds while at an elevation of less
than 8,000 feet above sea level and at an ambient temperature of
greater than or equal to 20 degrees Fahrenheit;

(i) Continuous vehicle operation at idle (i.e.. accelerator pedal released
by driver and either vehicle speed less than or egqual to one mile per
hour or engine speed less than or equal to 200 rpm above normal
warmed-up idle (as determined in the drive position for vehicles
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equipped with an automatic transmission)) for greater than or equal to
30 seconds while at an elevation of less than 8,000 feet above sea
level and at an ambient temperature of greater than or equal to 20
" degrees Fahrenheit; and
(iv) Cumulative fueled engine operation for greater than or equal to 10
seconds while at an elevation of less than 8,000 feet above sea level
and at an ambient temperature of greater than or equal to 20 degrees
Fahrenheit.
As an alternative. for 2010 through 2015 model year hybrid vehicles, the
manufacturer may use the criteria ‘specified in section (d)(4.3.2)(1) in lieu
of the criteria specified in section (d)(4.3.2)(J) above.

(4.4) Ratio Specifications '

(4.4.1) Definition: The ratio is defined as the numerator divided by the
denominator.

(4.5) Disablement of Numerators and Denominators

(4.5.1) Within 10 seconds of a malfunction being detected (i.e., a pending,
confirmed, or MiL-on fault code being stored) that dlsables a monitor
required to meet the monitoring conditions in section (d)(3.2), the OBD
system shall disable further incrementing of the corresponding numerator
and denominator for each monitor that is disabled. When the malfunction
is no longer detected (e.g., the pending code is erased through self-
clearing or through a scan tool command), incrementing of all
corresponding numerators and denominators shall resume within 10
seconds.

(4. 5 2) Within 10 seconds of the start of a PTO (see section (c)) operation that
disables a monitor required to meet the monitoring conditions in section

(d)(3.2), the OBD system shall disable further incrementing of the
corresponding numerator and denominator for each monitor that is
disabled. When the PTO operation ends, incrementing of all
corresponding numerators and denominators shall resume within 10
seconds.

(4.5.3) The OBD system shall disable further mcrementmg of all numerators and
denominators within 10 seconds if a malfunction of any component used
to determine if the criteria in-of sections (d)(4.3.2)(B) threugh«G} are
satisfied (i.e., vehicle speed/calculated load, ambient temperature,
elevation, idie operation, engine-eold-start or time of operation) has been
detected (i.e., a pending, confirmed, or MiL-on fault code has been
stored). Incrementing of all numerators and denominators shall resume
within 10 seconds from when the malfunction is no longer present (e.g.,
pending code erased through self-clearing or by a scan tool command).

(5)  Standardized tracking and reporting of monitor performance.

(5.1) For monitors required to track and report in-use monitor performance in
section (d)(3.2), the performance data shall be tracked and reported in
accordance with the specifications in sections (d)(4), (d)(5), and (h)(5.1). The
OBD system shall separately report an in-use monitor performance
numerator and denominator for each of the following components:

(5.1.1) For diesel engines, fuel system, NMHC catalyst-bark--NMHC-catalyst
bark-2-NOx-catalyst-bank—1, NOx catalyst-bank-2, exhaust gas sensor
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bank—‘l—e*haust—gas—senser—bank—z EGRMVT system, PM filter, boost

pressure control system, and NOx adsorber. The OBD system shall also
report a general denominator and an ignition cycle counter in the
standardized format specified in sections (d)(5.5), (d){5.6), and (h)}(5.1).
(5.1.2) For gasoline engines, catalyst bank 1, catalyst bank 2, primary oxygen

“sensor bank 1, primary oxygen sensor bank 2, secondary oxygen sensor,
evaporative leak detection system, EGR/NVVT system, and secondary air
system. The OBD system shall also report a general denominator and an
ignition cycle counter in the standardized format specified in sections
(d)(5.5), (d)(5.6), and (h)(5.1).

(5.2) Numerator

(5.2.1) The OBD system shall report a separate numerator for each of the
components listed in section (d)(5.1).

(5.2.2) For specific components or systems that have multiple monitors that are
required to be reported under section (e) (e.9., exhaust gas sensor bank 1
may have multiple monitors for sensor response or other sensor
characteristics), the OBD system shall separately track numerators and
denominators for each of the specific monitors and report only the
corresponding numerator and denominator for the specific monitor that
has the lowest numerical ratio. |If two or more specific monitors have
identical ratios, the corresponding numerator and denominator for the
specific monitor that has the highest denominator shall be reported for the
specific component.

(5.2.3) The numerator(s) shall be reported in accordance with the specifications
in section (h)(5.1.2)(A).

(5.3) Denominator

(5.3.1) The OBD system shall report a separate denominator for each of the
components listed in section (d)(5.1).

(5.3.2) The denominator(s) shall be reported in accordance with the -
specifications in section (h)(5.1.2)(A).

(5.4) Ratio

(5.4.1) For purposes of determining which corresponding numerator and
denominator to report as required in section {(d)(5.2.2), the ratio shall be
calculated in accordance with the specifications in section (h)(5.1.2)(B).

(5.5) lIgnition cycle counter

(5.5.1) Definition:

(A) The ignition cycle counter is defined as a counter that indicates the
number of igniticn cycles a vehicle has experienced as defined in section
(d)(5.5.2)(B).

(B) The ignition cycle counter shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).

(5.5.2) Specifications for incrementing:

{A) The ignition cycle counter, when incremented, shall be incremented by an
integer of one. The ignition cycle counter may not be incremented more
than once per ignition cycle.

(B) The ignition cycle counter shall be incremented within 10 seconds if and
only if the following criteria are met:

(i) Except as required in section (d)(5.5.2)(B)(ii) below, the engine
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exceeds an engine speed of 50 to 150 rpm below the normal, warmed-
up idle speed (as determined in the drive position for vehicles
equipped with an automatic transmission) for at least two seconds plus
or minus one second. »

(ii)_For hybrid vehicles, the vehicle meets the propulsion system active
definition (see section (c)) for at least two seconds plus or minus one
second.

(C) The OBD system shall disable further incrementing of the ignition cycle
counter within 10 seconds if a malfunction of any component used to
determine if the criteria in section (d)(5.5.2)(B) are satisfied (i.e., engine
speed or time of operation) has been detected and the corresponding
pending fault code has been stored. The ignition cycle counter may not
be disabled from incrementing for any other condition. Incrementing of
the ignition cycle counter shall resume within 10 seconds when the
malfunction is no longer present (e.g., pending code erased through self-
clearing or by a scan tool command).

(5.6) General Denominator

(5.6.1) Definition:

(A) The general denominator is defined as a measure of the number of times
a vehicle has been operated as defined in section (d)(5.6.2)(B).

(B) The general denominator shall be reported in accordance with the
specifications in section (h)(5.1.2)(A).

(5.6.2) Specifications for incrementing:

(A) The general denominator, when incremented, shall be incremented by an
integer of one. The general denominator may not be incremented more
than once per driving cycle. ,

(B) The general denominator shall be incremented within 10 seconds if and
only if the criteria identified in section (d)(4.3.2)(B) are satisfied on a single
driving cycle.

(C) The OBD system shall disable further incrementing of the general
denominator within 10 seconds if a malfunction of any component used to
determine if the criteria in section (d)(4.3.2)(B) are satisfied (i.e., vehicle
speedfioad, ambient temperature, elevation, idle operation, or time of
operation) has been detected and the corresponding pending fault code
has been stored. The general denominator may not be disabled from
incrementing for any other condition (e.g., the disablement criteria in
sections (d)(4.5.1) and (d)(4.5.2) may not disable the general
denominator). Incrementing of the general denominator shall resume
within 10 seconds when the malfunction is no longer present (e.g.,
pending code erased through self-clearing or by a scan tool command).

(6)  Maifunction Criteria Determination. -

(6.1) In determining the malfunction criteria for diesel engine monitors in sections
(e) and (g) that are required to indicate a malfunction before emissions
exceed an emission threshold based on any applicable standard (e.g., 2.0
times any of the applicable standards), the manufacturer shall:

(6.1.1) Use the emission test cycle and standard (i.e., FTP or SET) determined
by the manufacturer, through use of data and/or engineering analysis, to
be more stringent {i.e., to result in higher emissions with the same level of
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monitored component malfunction) as the “applicable standard”. The
manufacturer shall use data and/or engineering analysis to determine the
test cycle and standard that is more stringent.

(6.1.2) Identify in the certification documentation required under sectlon (j), the
test cycle and standard determined by the manufacturer to be more
stringent for each applicable monitor.

(6.1.3) If the Executive Officer reasonably believes that a manufacturer has
-incorrectly determined the test cycle and standard that is more stringent,
the Executive Officer shall require the manufacturer to provide emission
data and/or engineering analysis showing that the other test cycle and

‘ standard are less stringent.

(6.2) On engines equipped with emission controls that experience infrequent

regeneration events, a manufacturer shall adjust the emission test results that

- are used to determine the malfunction criterion for monitors that are reguired
to indicate a malfunction before emissions exceed a certain emission
threshold {(e.g., 2.0 times any of the applicable standards). Except as
provided in section (d){6.2.3), for each monitor, the manufacturer shall adjust
the emission result using the procedure described in CFR title 40, part
86.004-28(i) with the component for which the malfunction criteria is being
established deteriorated to the malfunction threshold. The adjusted emission
value shall be used for purposes of determining whether or not the specified
emission threshold is exceeded (e.g., a malfunction must be detected before
the adjusted emission value exceeds 2.0 times any applicable standard).

(6.2.1) For purposes of section (d)(6.2), “regeneration” means an event during
which emissions levels change while the emission control performance is
being restored by design. :

(6.2.2) For purposes of section (d)(6.2), “infrequent” means having an expected
frequency of less than once per FTP cycle.

{(6.2.3) In lieu of using the procedure described in CFR title 40, part 86. 004-28(|)
the manufacturer may submit an alternate plan to caiculate the
adjustment factors for determining the adjusted emission values to the
Executive Officer for review and approval. Executive Officer approval of-
the plan shall be conditioned upon the manufacturer providing data and/or
engineering evaluation demonstrating the procedure is consistent with
good engineering judgment in determining appropriate modifications to
the tailpipe certification adjustment factors.

(6.3) In lieu of meeting the malfunction criteria for gasoline engine maonitors in
sections (f) and (g), the manufacturer may request Executive Officer approval
to utilize OBD systems certified to the requirements of title 13, CCR section
1968.2 on medium-duty engines or vehicles. - The Executive Officer shall
approve the request upon finding that the manufacturer has used good
engineering judgment in determining equivalent malfunction detection criteria
on the heavy-duty engine. :

@) Implementation Schedule

(7.1) Except as specified in sections (d)(7.4) and (d)(7.5) for small volume
manufacturers and alternate-fueled engines, for the 2010 through 2012
model year engines:

(7.1.1) Full OBD. Except as specified in section (d)(7.1.3) below, a manufacturer
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shall implement an OBD system meeting the requirements of section .
1971.1 on one engine rating (i.e., the OBD parent rating) within one of the
manufacturer's engine families. The OBD parent rating shall be from the
manufacturer's heavy-duty engine family with the highest weighted sales
number for the 2010 model year and shall be the engine rating with the
highest weighted sales number within that engine family.

(7.1.2) Extrapolated OBD. For all other engine ratings within the engine family
selected according to section (d)(7.1.1) (i.e., the OBD child ratings),
except as specified in section (d)(7.1.3) below), a manufacturer shall
implement an OBD system meeting the requirements of section 1971.1
with the exception that the OBD system is not required to detect a
malfunction prior to exceeding the emission thresholds specified in the
malfunction criteria in sections (e) through (g). In lieu of detecting a
malfunction prior to exceeding the emission thresholds, a manufacturer
shall submit a plan for Executive Officer review and approval detailing the
engineering evaluation the manufacturer will use to establish the
malfunction criteria for the OBD child ratings. The Executive Officer shall
approve the plan upon determining that the manufacturer is using good
engineering judgment to establish the malfunction criteria for robust
detection of malfunctions, including consideration of differences of base
engine, calibration, emission control components, and emission control
strategies.

(7.1.3) For all engine ratings (i.e., OBD parent and OBD child ratings} within the
engine family selected according to (d)(7.1.1):

(A) The OBD system is exempt from having to comply with the
standardization requirements set forth in the incorporated documents to
this regulation (e.g., SAE J1939 defined format) within the following
sections:

(i) (d){(1.2) and (h)(2) (standardized connector)

(i) (d)(2.1.1) and (2.1.5) (dedicated standardized MIL)

(iii) (h)(3) (communication protocol)

(iv) (h)(4) (standardized communication functions with respect to the
requirements to make the data available in a standardized format or in
accordance with SAE J1979/1939 specifications)

(v} (h}(5.1.1) and (h)(5.2.1) with respect to the requirements to make the
data available in a standardized format or in accordance with SAE
J1979/1939 specifications.

(B) The OBD system shall meet the requirements of either sections (d)(2.2.1)
and (2.3.1) or (d)(2.2.2) and (2.3.2) regardless of the communication
protocol (e.g., standardized, proprietary) used by the OBD system.

(7.1.4) Engine Manufacturer Diagnostic (EMD) Systems. For all engine ratings in
the manufacturer's engine families not selected according to section
(d)(7.1.1), a manufacturer shall:

(A) Implement an EMD system meeting the requirements of title 13, CCR
section 1971 in lieu of meeting the requirements of section 1971.1; and

(B) Monitor the NOx aftertreatment (i.e., catalyst, adsorber} on engines so-
equipped. A malfunction shall be detected if: '
(i) The NOx aftertreatment system has no detectable amount of NOx
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aftertreatment capability (i.e., NOx catalyst conversion or NOx
adsorption);
(i) The NOx aftertreatment substrate is completely destroyed, removed,
or missing; or
(iiiy The NOx aftertreatment assembly is replaced with a straight pipe.
(7.2) Except as specified in section (d)(7.5) for alternate-fueled engines, for the
2013 through 2015 model year engines:

(7.2.1) A manufacturer shall be required to define one or more OBD groups to
cover all engine ratings in all engine families.

(7.2.2) Full OBD. A manufacturer shali implement an OBD system meeting the .
requirements of section 1971.1:

(A) On all engine ratings (i.e., OBD parent and OBD child ratings) W|th|n the
engine family selected accordlng to section (d)(7.1.1); and

(B) On one engine rating (i.e., OBD parent rating) within each of the
manufacturer's OBD groups. The OBD parent rating shall be the engine
rating with the highest weighted sales number for the 2013 model year
within each OBD group.

(7.2.3) Extrapolated OBD. For all engine ratings not subject to section (d)(7.2.2)
(i.e., OBD child ratings), a manufacturer shall implement an OBD system
meeting the requirements of section 1971.1 with the exception that the
OBD system is not required to detect a malfunction prior to exceeding the
emission thresholds specified in the malfunction criteria in sections (e)
through (g). In lieu of detecting a malfunction prior to exceeding the
emission thresholds, a manufacturer shall submit a plan for Executive
Officer review and approval detailing the engineering evaluation the
manufacturer will use to establish the malfunction criteria for the OBD
child ratings. The Executive Officer shall approve the plan upon
determining that the manufacturer is using good engineering judgment to
establish the malfunction criteria for robust detection of malfunctions,
including consideration of differences of base engine, calibration,
emission control components, and emission control strategies.

(7.3) Except as specified in section (d){(7.5) for alternate-fueled engines, for the
2016 and subsequent model year engines:
(7.3.1) A manufacturer shall implement an OBD system meeting the
requirements of section 1971.1 on all engine ratings in all engine families.
(7.4) Small volume manufacturers shall be exempt from the requirements of
section 1971.1 for 2010 through 2012 model year engines. For purposes of
this requirement, a small volume manufacturer is defined as a manufacturer
with projected engine sales for California heavy-duty vehicles of less than
1200 engines per year for the 2010 model year.
(7.5) For alternate-fueled engines:

(7.5.1) For 2010 through 2012 model year engines, a manufacturer shall be
exempt from the requirements of section 1971.1.

(7.5.2) For 2013 through 28482017 model year engines, the manufacturer shall:

(A) implement an EMD system meeting the requirements of title 13, CCR
section 1971 in lieu of meeting the requirements of section 1971.1; and

(B) Monitor the NOx aftertreatment (i.e., catalyst, adsorber) on engines so-
equipped. A malfunction shall be detected if:
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(i} The NOx aftertreatment system has no detectable amount of NOx
aftertreatment capability (i.e., NOx catalyst conversion or NOx
adsorption); ’

(i) The NOx aftertreatment substrate is completely destroyed, removed,
or missing; or

(i) The NOx aftertreatment assembly is replaced with a straight pipe.

(7.5.3) For 2020-2018 and subsequent model year engines, a manufacturer shall
implement an OBD system meeting the requirements of section 1971.1.
The manufacturer shall submit a plan to the Executive Officer for approval
of the monitoring requirements in sections (e) through (g) determined by
the manufacturer to be applicable to the engine. Executive Officer
approval shall be based on the appropriateness of the monitoring plan
with respect to the components and systems on the engine (e.9.. a spark-
ignited dedicated CNG engine with a particulate matter (PM) filter and a
selective catalvtic reduction (SCR) system would be monitored in .
accordance with the misfire monitoring requirements in section (f) for
spark-ignited engines and with the PM filter and SCR system monitoring
requirements in section (e) for diesel engines typically equipped with the
same components). _

(7.6) For 2013 model vear hybrid vehicles: In lieu of meeting all other requirements
of section 1971.1, a manufacturer may meet the alternative requirements set
forth in sections (d){(7.6.1) through (d)(7.6.5) below for 2013 model year
hybrid vehicles: _

{7.6.1) A Caiifornia-certified 2013 model year engine shall be used as the base
engine in the hybrid vehicle design.

(7.6.2) Any modifications made to the base engine’s certified OBD system shall
be solely for the purpose of preventing false malfunction determinations
that could otherwise occur as a result of the integration of the hybrid
system hardware and software, and such modifications shall only be
made to the extent necessary to achieve this purpose. All modifications
are subject to Executive Officer approval. The Executive Officer shall
grant approval upon determining that the modifications are necessary and
reasonable for the purposes of preventing false malfunction
determinations on in-use hybrid vehicles. .

(7.6.3) Notwithstanding section (d)(7.6.2) above. no modifications shall be made
that would render the certified base engine noncompliant with the EMD
plus NOx aftertreatment monitoring requirements set forth in section

(di(7.1.4). '

(7.6.4) For all hvbrid components, manufacturers shall be exempt from the
monitoring requirements of section (9)(3). '

(7.6.5) Manufacturers shall apply for certification to the requirements of this
section. The application for certification shall identify and describe the
certified base enqine, the hybrid system mated to it. all changes made to
the certified engine along with the rationale describing the need for each
change, and the vehicle applications into which the hybrid system will be
installed. ‘

(e) Monitoring Requirements for Diesel/Compression-ignition Engines.
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(1)

Fuel System Monitoring

(1.1) Requirement:
The OBD system shall monitor the fuel delivery system to determine its ability
to comply with emissien applicable standards. The individual electronic
components (e.g., actuators, valves, sensors, pumps) that are used in the
fuel system and not specifically addressed in this section shall be monitored
in accordance with the comprehensive component requirements in section
(@X3).

{1.2) Malfunction Criteria:

(1.2.1) Fuel system pressure control: The OBD system shall detect a malfunction
of the fuel system pressure control system (e.g., fuel, hydraulic fluid) when
the fuel system pressure control system is unable to maintain an engine’s
NMHC, NOx, or CO emissions at or below 2.0 times the applicable
standards or the engine’'s PM emissions at or below the applicable
standard plus 0.02 grams per brake horsepower-hour (g/bhp-hr). For
engines in which no failure or deterioration of the fuel system pressure
control could result in an engine’s emissions exceeding these emission
levels, the OBD system shall detect a malfunction when the system has
reached its control limits such that the commanded fuel system pressure
cannot be delivered. '

(1.2.2) Injection quantity: The OBD system shall detect a malfunction of the fuel
injection system when the system is unable to deliver the commanded
quantity of fuel necessary to maintain an engine’'s NMHC, CO, and NOx
emissions at or below 2.0 times the applicable standards or the engine’s
PM emissions at or below the applicable standard plus 0.02 g/bhp-hr. For
engines in which no failure or deterioration of the fuel injection quantity
could result in an engine’s emissions exceeding these emission levels, the
OBD system shall detect a malfunction when the system has reached its
control limits such that the commanded fuel quantity cannot be delivered.

(1.2.3) Injection Timing: The OBD system shall detect a malfunction of the fuel
injection system when the system is unable to deliver fuel at the proper
crank angle/timing (e.g., injection timing too advanced or too retarded)
necessary to maintain an engine’s NMHC, CO, and NOx emissions at or
below 2.0 times the applicable standards or the engine’s PM emissions at
or below the applicable standard plus 0.02 g/bhp-hr. For engines in which
no failure or deterioration of the fuel injection timing could result in an
engine’s emissions exceeding these emission levels, the OBD system
shall detect a malfunction when the system has reached its control fimits
such that the commanded fuel injection timing cannot be achieved.

(1.2.4) Feedback control: Except as provided for in section (e)(1.2.5), if the
engine is equipped with feedback or feed-forward control of the fuel
system (e.g., feedback contro! of pressure or pilot injection quantity), the
OBD system shall detect a malfunction: -

{A) If the system fails to begin control within a manufacturer specified time
interval; :
(B) If a failure or deterioration causes open loop or default operation; or
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(C) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve the
target. :

(1.2.5) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified.in section
(€)(1.2.4)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(1.2.6) In lieu of detecting the maifunctions specified in sections (e)(1.2.4)(A) and
(B) with a fuel system-specific monitor, the OBD system may monitor the
individual parameters or components that are used as inputs for fuel
system feedback control provided that the monitors detect all malfunctions
that meet the criteria in sections (e)(1.2.4)(A) and (B).

(1.2.7) For purposes of determining the fuel system malfunction criteria in
sections (€)(1.2.1) through (1.2.3):

(A) For 2010 through 2012 model year engines, the malfunction criteria shall
be established by using a fault that affects either a single injector or all
injectors equally. :

(B) For 2013 and subsequent model year engines, for section (e)(1.2.1), the

- malfunction criteria shall be established by using a fault that affects all
injectors equally. Additionally, for systems that have single component
failures which could affect a single injector (e.g., systems that build
injection pressure within the injector that could have a single component
pressure fault caused by the injector itself), the malfunction criteria shall
also be established by using a fault that affects a single injector.

(C) For 2013 and subsequent model year engines, for sections (€)(1.2.2)
through (1.2.3), the malfunction criteria shall be established by both (1) a
fault that affects all the injectors equally and (2) a fault that affects only
one injector.

(1.3) Monitoring Conditions: -

(1.3.1) Except as provided in sections (e)(1.3.2) and (e)(1.3.4), the OBD system
shall monitor continuously for malfunctions identified in sections (e)(1.2.1)
and (e)(1.2.4) (i.e., fuel pressure control and feedback operation).

(1.3.2) For fuel systems that achieve injection fuel pressure within the injector or

' increase pressure within the injector (e.g. in the injector of an amplified
common rail system), manufacturers may request Executive Officer
approval to define the monitoring conditions for malfunctions identified in
sections (e)(1.2.1) in accordance with sections (d)(3.1) and (d)(3.2) (i.e.,
minimum ratio requirements). The Executive Officer shall approve the

_monitoring conditions upon the manufacturer submitting data and/or
analysis identifying all possible failure modes and the effect each has
(e.g., failure modes and effects analysis) on fuel pressure across the
entire range of engine operating conditions, and upon the Executive
Officer determining based on the data and/or analysis that the monitoring
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conditions allow for robust detection of all causes of fuel pressure

malfunctions. , _

{1.3.3) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(1.2.2) and (e)(1.2.3) (i.e., injection quantity and

- timing). in accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum
ratio requirements). For all 2013 and subsequent model year engines, for
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in sections (e)(1.2.2) and

(e)(1.2.3) shall be tracked separately but reported as a single set of

values as specified in section (d)(5.2.2).

(1.3.4) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data

~ and/or an engineering evaluation which demonstrate that a properly
operating system cannot be distinguished from a malfunctioning system
and that the disablement interval is limited only to that which is technically
necessary.
(1.4) MIL lllumination and Fault Code Storage:

(1.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).

(1.4.2) Additionally, for maifunctions identified in section (e)(1.2.1) (i. e., fuel
pressure control) on all 2013 and subsequent model year veHeles
engines:

(A} A pending fault code shall be stored immediately upon the fuel system
exceeding the malfunction criteria established pursuant to section
(e)(1.2.1).

(B) Except as provided below, |f a pending fault code is stored, the OBD
system shall immediately illuminate the MIL and store a confirmed/MIL-on
fault code if a malfunction is again detected during either of the following
two events: (a) the driving cycle immediately following the storage of the
pending fault code, regardless of the conditions encountered during the
driving cycle; or (b) on the next driving cycle in which similar conditions
(see section (c)) to those that occurred when the pending fault code was
stored are encountered. ,

(C) The pending fault code may be erased at the end of the next driving cycle
tin which similar conditions have been encountered without an exceedance
of the specified fuel system malfunction criteria. The pending code may
also be erased if similar conditions are not encountered during the 80
driving cycles immediately after the initial detection of a malfunction for
which the pending code was set. :

(D) Storage of freeze frame conditions.

- (i) A manufacturer shall store and erase freeze frame conditions either in
conjunction with storing and erasing a pending fault code orin -
conjunction with storing and erasing a confirmed/MIL-con fault code.

(i) If freeze frame conditions are stored for a malfunction other than
misfire (see section (e)(2)) or fuel system malfunction when a fault
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code is stored as specified in section (e)(1.4.2) above, the stored
freeze frame information shall be replaced with freeze frame
information regarding the fuel system maltfunction.
(E) Storage of fuel system conditions for determmmg similar condmons of
operation.

(i) Upon detection of a fuel system malfunction under section (€)(1.4.2),
the OBD system shall store the engine speed, load, and warm-up
status of the first fuel system malfunction that resulted in the storage of
the pending fault code.

(i) The manufacturer may request Executive Officer approval to use an
alternate definition of similar conditions in lieu of the definition
specified in section (¢). The Executive Officer shall approve the
alternate definition upon the manufacturer providing data or analysis
demonstrating that the alternate definition provides for equivalent
robustness in detection of fuel system faults that vary in severity
depending on engine speed, load, and/or warm-up status.

(F) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without a malfunction of the fuel system.

(2) Misfire Monitoring
(2.1) Requirement:

(2 1.1) The OBD system shall monitor the engine for misfire-sausing-excess
emissions. The OBD system shall be capable of detecting misfire
occurring in one or more cylinders. To the extent possible without adding
hardware for this specific purpose, the OBD system shall also identify the
specific misfiring cylinder.

(2.1.2) if more than one cylinder is continuously misfiring, a separate fault code
shali-be stored indicating that multiple cylinders are misfiring. When
identifying multiple cylinder misfire, the manufasturer OBD system is not
required to also identify each of the continuously misfiring cylinders
individually through separate fault codes.

(2.2) Malfunction Criteria:

(2.2.1) The OBD system shall detect a misfire maifunction when one or more
cylinders are continuously misfiring. ‘

(2.2.2) Additionally, for 2013 and-subsequentthrough 2015 model year engines
equipped with sensors that can detect combustion or combustion quality
(e.g., for use in homogeneous charge compression ignition (HCCI) control
systems) and for 20 percent of 2016 model year diesel engines. 50
percent of 2017 model year diesel engines, and 100 percent of 2018
model year diesel engines {percentage based on the manufacturer's

projected California sales volume of ali diesel engines subject to this

requlation), the OBD system shall detect a misfire malfunction when the
percentaqe of misfire is equal to or exceeds five percent-eausmg—the
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"~ {A) Manufacturers shall determine evaluate the percentage of misfire
evaluafeed in 1000 revolutlon mcrements%ha%weuld—eause—NMHG—-G@—eF

(B) Subject to Executive Officer approval, a manufacturer may employ other
revolution increments. The Executive Officer shall grant approval upon
determining that the manufacturer has demonstrated that the strategy
would be equally effective and timely in detecting misfire.

(2.2.3) A malfunction shall be detected if the percentage of misfire established
specified in section (e)(2.2.2)tA} is exceeded regardiess of the pattern of
misfire events (e.g., random, equally spaced, continuous).

(2.2.4) For multiple cylinder misfire situations that result in a misfire rate greater
than or equal to 50 percent of all engine firings, the OBD system shall only
be required to detect a misfire malfunction for situations that are caused
by a single component failure.

(2.2.5) Upon request by the manufacturer and upon determining that the
manufacturer has submitted data and/or engineering evaluation that
support the request, the Executive Officer shall revise the percentage of
misfire malfunction criteria in section (e)(2.2.2) upward to exclude
detection of misfire that cannot cause the engine’s NMHC, CO, and NOx
emissions to exceed 2.0 times the applicable standards and the engine’s
PM emissions to exceed the applicable standard plus 0.02 g/bhp-hr.

(2.3) Monitoring Conditions:

(2.3.1) Except as provided in section (e)(2.3.2), Fthe OBD system shall monitor

for misfires identified in section (e)(2.2.1) during engine idle conditions at

- least once per driving cycle in which the monitoring conditions for misfire
are met. A manufacturer shall submit monitoring conditions to the
Executive Officer for approval. The Executive Officer shall approve
manufacturer-defined monitoring conditions that are determined (based
on manufacturer-submitted data and/or other engineering documentation)
to: (i) be technically necessary to ensure robust detection of malfunctions
(e.g., avoid false passes and false detection of malfunctions), (ii) require

no more than 1000 cumulative engine revolutions, and (iii) do not require

any single continuous idle operation of more than 15 seconds to make a
determination that a malfunction is present (e.g., a decision can be made
with data gathered during several idle operations of 15 seconds or less);
or satisfy the requirements of (d)(3.1) with alternative engine operating
conditions. _

(2.3.2) Manufacturers may request Executive Officer approval to use alternate
monitoring conditions (e.g., off-idle)_in lieu of the monitoring conditions

specified in section (e)(2.3.1). The Executive Officer shall approve
36 '
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alternate monitoring conditions that are determined (based on
manufacturer-submitted data and/or other engineering documentation) to
ensure equivalent robust detection of malfunctions and equivalent
timeliness in detection of malfunctions.

(2 3.3) Add%enaHy—fFor misfires |dent|f edi in sectlon (e)(2 2. 2{—2943-and

. I |- l i. I-i :
(A) The OBD system shall continuously monitor for misfire under the following
conditions:

(i) For 2013 through 2018 model year engines and 2019 and subsequent
model year engines that are not included in the phase-in specified in
section ()(2.3.3)(A)(ii), allunder positive torque conditions with engine
speeds up to 75 percent of the maximum-rated engine speed and
engine load up to 75 percent maximum-rated and load-cenditions
except within the following range-:_the engine operating.region bound
by the positive torgue line {i.e., engine load with transmission in
neutral) and the two following engine-operating points: engine speed
of 50 percent of maximum-rated engine speed with the engine load at
the positive torque line, and 75 percent of the maximum-rated engine
speed with the engine load 5 percent above the positive torque line.

(i) For 20 percent of 2019 model year diesel engines. 50 percent of 2020
model year diesel engines. and 100 percent of 2021 model year diesel
engines (percentage based on the manufacturer's projected California
sales volume of all diesel engines subject to this regulation), under all
positive torque engine speed and load conditions.

(B) If a monitoring system cannot detect all misfire patterns under all required
engine speed and load conditions as required in section (€)(2.3.3)(A), the
manufacturer may request Executive Officer approval to accept the
monitoring system. In evaluating the manufacturer’s request, the
Executive Officer shall consider the following factors: the magnitude of the
region(s) in which misfire detection is limited, the degree to which misfire
detection is limited in the region(s) (i.e., the probability of detection of
misfire events), the frequency with WhICh said region(s) are expected to be
encountered in-use, the type of misfire patterns for which misfire detection
is troublesome, ard demonstration that the monitoring technology
employed is not inherently incapable of detecting misfire under required
conditions (i.e., compliance can be achieved on other engines), and the
extent to which the most reliable monitoring method developed is unable
to ensure robust detection of misfire in the region(s). The evaluation shall
be based on the following misfire patterns: equally spaced misfire
occurring on randomly selected cylinders, single cylinder continuous
misfire, and paired cylinder (cylinders firing at the same crank angle)
continuous misfire.

(2.4) MLL lllumination and Fault Code Storage: '
(2.4.1) General requirements for MIL illumination and fault code storage are set

forth in section (d)(2).
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(2.4.2) Additionally, for 2843-and-subsequentmedelyearengines-misfires
identified in section (€)(2.2.2)equipped-with-sensors-that-can-detect
combustion-or-combustion-gualify:

(A) Upon detection of the percentage of misfire specified in section
(e)(2.2.2){A}, the following criteria shall apply for MIL illumination and fault
code storage:

(i) A pending fault code shall be stored no later than after the fourth
exceedance of the percentage of misfire specified in section (€)(2.2.2)
during a single driving cycle.

(i) If a pending fault code is stored, the OBD system shall illuminate the
MIL and store a confirmed/MIL-on fault code within 10 seconds if the
percentage of misfire specified in section (e)(2.2.2) is again exceeded
four times during: (a) the driving cycle immediately following the
storage of the pending fault code, regardless of the conditions
encountered during the driving cycle; or (b) on the next driving cycle in
which similar conditions (see section (c)) to the engine conditions that
occurred when the pending fault code was stored are encountered.

(ii) The pending fault code may be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
when the pending fault code was stored have been encountered
without an exceedance of the specified percentage of misfire. The
pending code may also be erased if similar conditions are not
encountered during the next 80 driving cycles immediately following
initial detection of the malfunction.

(B) Storage of freeze frame conditions.

(i) The OBD system shall store and erase freeze frame conditions either in
conjunction with storing and erasing a pending fault code or in
conjunction with storing a confirmed/MIL-on fault code and erasing a
confirmed/previously MIL-on fault code.

(ii) If freeze frame conditions are stored for a malfunction other than a
misfire malfunction when a fault code is stored as specified in section
(e)(2.4.2), the stored freeze frame information shall be replaced with
freeze frame information regarding the misfire malfunction.

(C) Storage of misfire conditions for similar conditions determination. Upon
detection of misfire under section (g)(2.4.2), the OBD system shall store
the following engine conditions: engine speed, load, and warm-up status
of the first misfire event that resulted in the storage of the pending fault
code. :

(D) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without an exceedance of the specified percentage of
misfire.

(3 Exhaust Gas Recirculation (EGR) System Monitoring
(3.1) Requirement: '
(3.1.1) The OBD system shall monitor the EGR system on engines so—equped
for low flow rate, high flow rate, and slow response malfunctions. For
engines equipped with EGR coolers (e.g., heat exchangers), the OBD
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system shall monitor the cooler system for insufficient cooling
malfunctions. The individual electronic components (e.g., actuators,
valves, sensors) that are used in the EGR system shall be monitored in
accordance with the comprehensive component requirements in section

(9)3). |

(3.1.2) For engines with other charge control strategies that affect EGR flow (e.g.,

systems that modify EGR flow to achieve a desired fresh air-flow rate
instead of a desired EGR flow rate), the manufacturer shall submit a
monitoring plan to the Executive Officer for approval. The Executive
Officer shall approve the request upon determining that the manufacturer
has submitted data and an engineering evaluation that demonstrate that
the monitoring plan is as reliable and effective as the monitoring plan
required for EGR systems under section (e)(3).

(3.2)  Malfunction Criteria:
(3.2.1) Low Flow: The OBD system shall detect a malfunction of the EGR system

prior to a decrease from the manufacturer's specified EGR flow rate that
would cause an engine’s NMHC, CO, or NOx emissions to exceed 2.0
times any of the applicable standards or the engine’s PM emissions to
exceed the applicable standard plus 0.02 g/bhp-hr. For engines in which
no failure or deterioration of the EGR system that causes a decrease in
flow could result in an engine's emissions exceeding these levels, the
OBD system shall detect a malfunction when either the EGR system has
reached its control limits such that it cannot increase EGR flow to achieve
the commanded flow rate or, for non-feedback controlied EGR systems,
the EGR system has no detectable amount of EGR flow when EGR flow is
expected.

(3.2.2) High Flow: The OBD system shall detect a malfunction of the EGR

system, including a leaking EGR valve (i.e., exhaust gas flowing through
the valve when the valve is commanded closed), prior to an increase from
the manufacturer's specified EGR flow rate that would cause an engine’s
NMHC, CO, or NOx emissions to exceed 2.0 times any of the applicable
standards or the engine’s PM emissions to exceed the applicable
standard plus 0.02 g/bhp-hr. For engines in which no failure or
deterioration of the EGR system that causes an increase in flow could
result in an engine’s emissions exceeding these levels, the OBD system
shall detect a malfunction when either the EGR system has reached its
control limits such that it cannot reduce EGR flow to achieve the
commanded flow rate or, for non-feedback controlled EGR systems, the
EGR system has maximum detectable EGR flow when little or no EGR
flow is expected.

(3.2.3) Slow Response: The OBD system shall detect a malfunction of the EGR

system prior to any failure or deterioration in the EGR system response
(e.g., capability to achieve the specified flow rate within a manufacturer-
specified time) that would cause an engine’s NMHC, CO, or NOx
emissions to exceed 2.0 times any of the applicable standards or the
engine's PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. The OBD system shall monitor the EGR system response
under both increasing and decreasing EGR flow rates. For engines in
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which no failure or deterioration of the EGR system response could result
in an engine’s emissions exceeding these levels, the OBD system shall
detect a malfunction of the EGR system when no detectable response to
a change in commanded or expected flow rate occurs.

(3.2.4) Feedback control: Except as provided for in section (e)(3.2.7), if the
engine is equipped with feedback or feed-forward control of the EGR
system (e.g., feedback control of flow, valve position, pressure differential
across the valve via.intake throttle or exhaust backpressure) the OBD
system shall detect a malfunction:

(A) If the system fails to begin control W|th|n a manufacturer specified time
interval;

(B} If a failure or deterioration causes open loop or defauit operation; or

(C) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authorlty and cannot achieve the
target.

(3.2.5) EGR Cooler Performance: The OBD system shall detect a malfunction of
the EGR cooler system prior to a reduction from the manufacturer's
specified cooling performance that would cause an engine’s NMHC, CO,
or NOx emissions to exceed 2.0 times any of the -applicable standards or
the engine’s PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. For engines in which no failure or deterioration of the EGR
cooler system could result in an engine’s emissions exceeding these
levels, the OBD system shall detect a malfunction when the system has
no detectable amount of EGR cooling.

(3.2.6) EGR Catalyst Performance: For catalysts located in the EGR system on
2013 and subsequent model year engines and used to convert
constituents to reduce emissions or protect or extend the durability of
other emission-related components (e.g., to reduce fouling of an EGR
cooler or vaive);:

(A) Except as provided for in section (e)(3.2.6)(B) below, {The OBD system
shall detect a malfunction when the catalyst has no detectable amount of
constituent (e.g., hydrocarbons, soluble organic fractions) oxidation.

(B) Monitoring of the catalyst is not required if there is ho measurable
emission impact on the criteria pollutants (i.e.. NMHC, CO, NOx, and PM)
during any reasonable driving condition in which the catalyst is most iikely
to affect criteria pollutants.

(3.2.7) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(€)(3.2.4)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(3.2.8) In lieu of detecting the malfunctions specified in sections (e)(3.2.4)(A) and
(B) with an EGR system-specific monitor, the OBD system may monitor
the individual parameters or components that are used as inputs for EGR
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system feedback controt provided fhat the monitors detect all malfunctions
that meet the criteria in sections (e)(3.2.4)(A) and (B).

(3.2.9) For purposes of determining the EGR cooler performance malfunction

ctiteria in section (e)(3.2.5) for EGR cooler systems that consist of more

than one cooler (e.g., a pre-cooler and a main cooler, two or more coolers

in series), the manufacturer shall submit an EGR cooler system aging and
monitoring plan to the Executive Officer for review and approval. The plan
shall include the description and location of each component, the
monitoring strategy for each component and combination of components,

-and the method for determining the malfunction criteria of section

(e)(3.2.5) including the deterioration/aging process. Executive Officer
approval of the plan shall be based on the representativeness of the aging
to real world EGR cooler-system component deterioration under normal
and malfunctioning engine operating conditions and the effectiveness of
the method used to determine the malfunction criteria of section
(e)(3.2.5).

(3.3) Monitoring Conditions: . ,
(3.3.1) Except as provided in section (€)(3.3.4), the OBD system shall monitor

continuously for malfunctions identified in sections (e)(3.2.1), (3.2.2), and
(e)(3.2.4) (i.e., EGR low and high flow, feedback control). :

(3.3.2) Manufacturers shall define the monitoring conditions for malfunctions

identified in section (g)(3.2.3) (i.e., slow response) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions
are met during the driving cycle in lieu of once per driving cycle as
required in section (d)(3.1.2). For purposes of tracking and reporting as
required in section (d)(3.2.1), all monitors used to detect malfunctions
identified in section (€)(3.2.3) shall be tracked separately but reported as
a single set of values as specified in section (d)(5.2.2). ‘

(3.3.3) Manufacturers shall define the monitoring conditions for malfunctions

identified in sections (e)(3.2.5) and (€)(3.2.6) (i.e., cooler performance and
EGR catalyst performance) in accordance with sections (d)(3.1) and
(d)(3.2) (i.e., minimum ratio requirements). For purposes of tracking and
reporting as required in section (d)(3.2.1), all monitors used to detect
malfunctions identified in section (e)(3.2.5) shall be tracked separately but
reported as a single set of values as specified in section (d)(5.2.2).

(3.3.4) Manufacturers may request Executive Officer approval to temporarily

disable continuous monitoring under specific conditions technically
necessary to ensure robust detection of malfunctions and to avoid false
passes and false indications of malfunctions (e.g., disable EGR low flow
monitoring when no or very littte flow is commanded, disable EGR high
and low flow monitoring when freezing may affect performance of the
system). The Executive Officer shall approve the request upon
determining that the manufacturer has submitted data and/or an
engineering evaluation which demonstrate that a properly operating EGR

-system cannot be distinguished from a malfunctioning EGR system and

that the disablement interval is limited only to that which is technically
necessary.
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(3.4) MIL lllumination and Fault Code Storage: General requirements for MIL
iflumination and fault code storage are set forth in section (d)(2).

(4)  Boost Pressure Control System Monltormg
(4.1) Requirement:

(4.1.1) The OBD system shall monitor the boost pressure control system (e.g.,
turbocharger) on engines so-equipped for under and over boost
malfunctions and slow response malfunctions. For engines equipped with
charge air cooler systems, the OBD system shall monitor the charge air
cooler system for cooling system performance malfunctions. The
individual electronic components (e.g., actuators, valves, sensors) that are
used in the boost pressure control system shall be monitored in
accordance with the comprehensive component requirements in section
(9)(3).

(4.1.2) For engines with other charge control strategies that affect boost pressure
(e.g., systems that modify boost pressure to achieve a desired air-fuel
ratio instead of a desired boost pressure), the manufacturer shall submit a
monitoring plan to the Executive Officer for approval. The Executive
Officer shalt approve the request upon determining that the manufacturer
has submitted data and an engineering evaluation that demonstrate that
the monitoring plan is as reliable and effective as the monitoring plan
required for boost pressure control systems under section (e)(4)

(4.2) Malfunction Criteria:

(4.2.1) Underboost: The OBD system shall detect a malfunction of the boost
pressure control system prior to a decrease from the manufacturer's
commanded or expected boost pressure that would cause an engine’s
NMHC, CO, or NOx emissions to exceed 2.0 times any of the applicable
standards or the engine’'s PM emissions to exceed the applicable
standard plus 0.02 g/bhp-hr. For engines in which no failure or
deterioration of the boost pressure control system that causes a decrease
in boost could result in an engine’s emissions exceeding these levels, the
OBD system shall detect a malfunction when either the boost system has
reached its control limits such that it cannot increase boost to achieve the
commanded boost pressure or, for non-feedback controlied boost
systems, the boost system has no detectable amount of boost when boost
is expected.

(4.2.2) Overboost: The OBD system shall detect a malfunction of the boost
pressure control system prior to an increase from the manufacturer's
commanded or expected boost pressure that would cause an engine's
NMHC, CO, or NOx emissions to exceed 2.0 times any of the applicable
standards or the engine’s PM emissions to exceed the applicable
standard plus 0.02 g/bhp-hr. For engines in which no failure or
deterioration of the boost pressure control system that causes an increase
in boost could result in an engine’s emissions exceeding these leveis, the
OBD system shall detect a malfunction when either the boost system has
reached its control limits such that it cannot decrease boost to achieve the

- commanded boost pressure or, for non-feedback controtled boost
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systems, the boost system has maximum detectable boost when little or
no boost is expected.

(4.2.3) Slow response:
(A) For 2010 through 2012 model year engines equped with variable

geometry turbochargers (VGT), the OBD system shall detect a
malfunction prior to any failure or deterioration in the capability of the VGT
system to achieve the commanded turbocharger geometry within a
manufacturer-specified time that would cause an engine's NMHC, CO, or
NOx emissions to exceed 2.0 times any of the applicable standards or the
engine’s PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. For engines in which no failure or deterioration of the VGT
system response could result in an engine’s emissions exceeding these
levels, the OBD system shall detect a malfunction of the VGT system
when no detectable response to a change in commanded turbocharger
geometry occurs.

(B) For 2013 and subsequent model year engines, the OBD system shall

detect a malfunction prior to any failure or deterioration in the boost
pressure control system response (e.g., capability to achieve the
commanded or expected boost pressure within a manufacturer-specified
time) that wouid cause an engine's NMHC, CO, or NOx emissions to
exceed 2.0 times any of the applicable standards or the engine’s PM
emissions to exceed the applicable standard plus 0.02 g/bhp-hr. For
engines in which no failure or deterioration of the boost system response
could result in an engine’s emissions exceeding these levels, the OBD
system shall detect a malfunction of the boost system when no detectable
response to a commanded or expected change in boost pressure occurs.

(4.2.4) Charge Air Undercooling: The OBD system shall detect a malfunction of

the charge air cooling system prior to a decrease from the manufacturer's
specified cooling rate that would cause an engine’s NMHC, CO, or NOx
emissions to exceed 2.0 times any of the applicable standards or the
engine’s PM emissions to exceed the applicable standard plus 0.02
g/bhp-hr. For engines in which no failure or deterioration of the charge air
cooling system that causes a decrease in cooling performance could
result in an engine’s emissions exceeding these levels, the OBD system
shall detect a malfunction when the system has no detectable amount of
charge air cooling.

(4 2.5) Feedback control: Except as provided for in section (e)(4.2.6), if the

engine is equipped with feedback or feed-forward control of the boost
pressure system (e.g., control of variable geometry turbocharger position,
turbine speed, manifold pressure) the OBD system shall detect a
malfunction:

(A) If the system fails to begm control within a manufacturer spemf ied time

interval:

(B) If a fallure or deterioration causes open loop or default operation; or
(C) If the control system has used up all of the adjustment allowed by the

manufacturer or reached its maximum authority and cannot achieve the
target.
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(4.2.6) A manufacturer may request Executive Officer approval to temporarily
disable monitoring for the malfunction criteria specified in section
(e)(4.2.5)(C) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment aliowed by the manufacturer used up.

(4.2.7) In lieu of detecting the malfunctions specified in sections (e}(4.2.5)(A) and
(B) with a boost pressure system-specific monitor, the OBD system may
monitor the individual parameters or components that are used as inputs
for boost pressure system feedback control provided that the monitors
detect all malfunctions that meet the criteria in sections (e)(4.2.5)(A) and
(B).

(4.2.8) For purposes of determining the charge air cooling performance
malfunction criteria in section (e)(4.2.4) for charge air cooling systems that
consist of more than one cooler (e.g., a pre-cooler and a main cooler, two
or more coolers in series), the manufacturer shall submit a charge air
cooling system aging and monitoring plan to the Executive Officer for
review and approval. The plan shall include the description and location
of each component, the monitoring strategy for each component and
combination of components, and the method for determining the
malfunction criteria of section (e)(4.2.4) including the deterioration/aging
process. Executive Officer approval of the plan shall be based on the
representativeness of the aging to real world charge air cooling system
component deterioration under normal and malfunctioning engine
operating conditions and the effectiveness of the method used to
determine the malfunction criteria of sectnon (e)(4.2.4).

(4.3) Monitoring Conditions:

(4.3.1) Except as provided in section (e)(4.3.4), the OBD system shall monitor

continuously for malfunctions identified in sections (e)(4.2.1), (4.2.2), and
- {4.2.5) (i.e., over and under boost, feedback control). _

(4.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (e)(4.2.3) (i.e., slow response) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the.
exception that monitoring shall occur every time the monitoring conditions
are met during the driving cycle in lieu of once per driving cycle as
required in section (d)(3.1.2). For purposes of tracking and reporting as
required in section (d)(3.2.1), all monitors used to detect malfunctions
identified in section {e)(4.2.3) shall be tracked separately but reported as
a single set of values as specified in section (d)(5.2.2).

(4.3.3) Manufacturers shall define the monitoring conditions for maifunctions
identified in section (e)(4.2.4) (i.e., charge air cooler performance) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
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section (e){4.2.4) shall be fracked separately but reported as a single set
of values as specified in section (d)(5.2.2).

(4.3.4) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions (e.g., disable monitoring of underboost
when commanded or expected boost pressure is very low). The ,
Executive Officer shall approve the request upon determining that the
manufacturer has submitted data and/or an engineering evaluation which
demonstrate that a properly operating system cannot be distinguished
from a malfunctioning system and that the disablement interval is limited
only to that which is technically necessary.

(4.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(5) . Non-Methane Hydrocarbon (NMHC) Converting Catalyst Monitoring
(5.1) Requirement: The OBD system shall monitor the NMHC converting
catalyst(s) for proper NMHC conversion capability. For engines equipped
with catalyzed PM filters that convert NMHC emissions, the catalyst function
of the PM filter shall be monitored in accordance with the PM filter
requirements in section (e)(8).
(5.2) Malfunction Criteria: _

(5.2.1) For purposes of section (e)(5), each catalyst in a series configuration that
converts NMHC shall be monitored either individually or in combination
with others. ‘

(5.2.2) Conversion Efficiency:

(A) For 2010 through 2012 model year engines, the OBD system shall detect
an NMHC catalyst malfunction when the catalyst conversion capability
decreases to the point that NMHC emissions exceed 2.0 times any of the

~ applicable standards. ,

(B) For 2013 and subsequent model year engines, the OBD system shall
detect an NMHC catalyst malfunction when the catalyst conversion
capability decreases to the point that NMHC emissions exceed 2.0 times
any of the applicable standards or NOx emissions exceed any of the
applicable standards by more than 0.2 g/bhp-hr (e.g., cause emissions to
exceed 0.4 g/bhp-hr if the exhaust emission standard is 0.2 g/bhp-hr).

(C) If no failure or deterioration of the catalyst conversion capability could
result in an engine’s NMHC or NOx emissions exceeding the applicable
malfunction criteria of section (e)(5.2.2), the OBD system shall detect a
malfunction when the catalyst has no detectable amount of NMHC or NOx
conversion capability.

(5.2.3) Other Aftertreatment Assistance Functions:

(A) For catalysts used to generate an exotherm to assist PM filter
regeneration, the OBD system shall detect a malfunction when the
catalyst is unable to generate a sufficient exotherm to achieve
regeneration of the PM filter.
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~(B) For 2043 2015 and subsequent model year engines, for catalysts used to
generate a feedgas constituency to assist SCR systems (e.g., to increase
NO2 concentration upstream of an SCR system), the OBD system shall
detect a malfunction when the catalyst is unable to generate the .
necessary feedgas constituents for proper SCR system operation.
Catalysts are exempt from feedgas generation monitoring if no
malfunction of the catalyst’s feedgas generation ability can cause
emissions to (1) increase by 15 percent or more of the applicable full
useful life standard as measured from an applicable emission test cycle;
or (2) exceed the applicable full useful life standard as measured from an
applicable emission test cycle.

(C) For catalysts located downstream of a PM filter and used to convert
NMHC emissions during PM filter regeneration, the OBD system shall
detect a malfunction when the catalyst has no detectable amount of
NMHC conversion capability.

(D) For catalysts located downstream of an SCR system (e.g., to prevent
ammonia slip), the OBD system shall detect a malfunction when the
catalyst has no detectable amount of NMHC, CO, NOx, or PM conversion
capability. Monitoring of the catalyst is not required if there is no
measurable emission impact on the criteria pollutants (i.e., NMHC, CO,
NOx, and PM) during any reasonable driving condition where in which the
catalyst is most likely to affect criteria pollutants (e.g., during conditions
most likely to result in ammonia generation or excessive reductant
delivery).

(5.2.4) Catalyst System Aging and Monitoring

(A) For purposes of determining the catalyst malfunction criteria in sections
(e)(5.2.2) and (5.2.3) for individually monitored catalysts, the manufacturer
shall use a catalyst deteriorated to the malfunction criteria using methods
established by the manufacturer to represent real world catalyst
deterioration under normal and malfunctioning engine operating
conditions. If the catalyst system contains catalysts in parallel (e.g., a two
bank exhaust system where each bank has its own catalyst), the
malfunction criteria shall be determined with the “parallel” catalysts equally
deteriorated. :

(B) For purposes of determining the catalyst malfunction criteria in sections
(e)(5.2.2) and (5.2.3) for catalysts monitored in combination with others,
the manufacturer shall submit a catalyst system aging and monitoring plan
to the Executive Officer for review and approval. The plan shall include
the description, emission control purpose, and location of each
component, the monitoring strategy for each component and/or
combination of components, and the method for determining the
malfunction criteria of sections (e)(5.2.2) and (5.2.3) including the
deterioration/aging process. If the catalyst system contains catalysts in
parallel (e.g., a two bank exhaust system where each bank has its own
catalyst), the malfunction criteria shall be determined with the “parallel”
catalysts equally deteriorated. Executive Officer approval of the plan shall
be based on the representativeness of the aging to real world catalyst
system component deterioration under normal and malfunctioning engine
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operating conditions, the effectiveness of the method used to determine

the malfunction criteria of section (€)(5.2), the ability of the component

monitor(s) to pinpoint the likely area of malfunction and ensure the correct

components are repaired/replaced in-use, and the ability of the

component monitor(s) to accurately verify that each catalyst component is

functioning as designed and as required in sections (g)(5.2.2) and (5.2.3).
(5.3) Monitoring Conditions:

(5.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (€)(5.2.2) and (5.2.3) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For purposes of
tracking and reporting as required in section (d)(3.2.1), all monitors used
to detect malfunctions identified in sections (e)(5.2.2) and (5.2.3) shall be
tracked separately but reported as a single set of values as specified in
section (d)(5.2.2). :

(5.4) MIL lllumination and Fault Code Storage:

(5.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d){(2).

(5.4.2) The monitoring method for the catalyst(s) shall be capable of detecting all

" instances, except diagnostic self-clearing, when a catalyst fault code has
been cleared but the catalyst has not been replaced (e.g., catalyst
overtemperature histogram approaches are not acceptable).

(6)  Oxides of Nitrogen (NOx) Converting Catalyst Monitoring

(6.1) Reguirement: The OBD system shall monitor the NOx converting catalyst(s)

for proper conversion capability.. For engines equipped with selective
. catalytic reduction (SCR) systems or other catalyst systems that utilize an

active/intrusive reductant injection (e.g., active lean NOXx catalysts utilizing
diesel fuel injection), the OBD system shall monitor the SCR or
activefintrusive reductant injection system for proper performance. The
individual electronic components (e.g., actuators, valves, sensors, heaters,
pumps) in the SCR or active/intrusive reductant injection system shall be
monitored in accordance with the comprehensive component requirements in
section (g)(3). » ‘ '

(6.2) Malfunction Criteria: For purposes of section (e)(6), each catalyst in a series
configuration that converts NOx shall be monitored either individually or in
combination with others.

- (6.2.1) Conversion Efficiency:

(A) For 2010 through 2012 model year engines:

(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's NOx emissions fo exceed any of the applicable standards by
more than 0.4 g/bhp-hr (e.g., cause emissions to exceed 0.6 g/bhp-hr
if the exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test (i.e., FTP or SET).

(ii) If no failure or deterioration of the catalyst NOx conversion capability
could result in an engine's NOx emissions exceeding any of the
applicable standards by more than 0.4 g/bhp-hr, the OBD system shall
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detect a malfunction when the catalyst has no detectable amount of
NOx conversion capability.
(B) For all 2013 model year engines and 2014 and 2015 model year engines
that are not included in the phase-in specified in section (€)(6.2.1)(C):

(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's emissions to exceed the applicable NOx standard by more
than 0.4 g/bhp-hr (e.g., cause emissions to exceed 0.6 g/bhp-br if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an

~ applicable cycle emission test or 2.0 times the applicable NMHC
standard. :

(ii) If no failure or deterioration of the cataiyst system NOx conversion
capability could result in an engine’s NOx or NMHC emissions
exceeding the applicable malfunction criteria of section (e)(6.2.1)(B}(i),

the OBD system shall detect a malfunction when the catalyst has no
detectable amount of NOx or NMHC conversion capability.

(C) For at least 20 percent of 2014 model year diesel engines and at least 50
percent of 2015 model year diesel engines (percentage based on the
manufacturer's projected California sales volume of all diesel engines
subject to this regulation): ,

(i) The OBD system shall detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that wouid cause an
engine's emissions to exceed the applicable NOx standard by more
than 0.3 a/bhp-hr (e.g., cause emissions to exceed 0.5 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an

applicable cycle emission test or 2.0 times the applicable NMHC
standard.

(i) If no failure or deterioration of the catalyst system NOx conversion
capability could result in an engine's NOx or NMHC emissions
exceeding the applicable malfunction criteria of section (€)(6.2. 1)(C)(i),

the OBD system shall detect a malfunction when the catalyst has no
detectable amount of NOx or NMHC conversion capability.

-B)(D) Except as provided for below in section (e)(6.2.1)(E), Ffor 26432016

and subsequent model year engines:

() The OBD system shali detect a catalyst malfunction when the catalyst
conversion capability decreases to the point that would cause an
engine's emissions to exceed the applicable NOx standard by more
than 0.2 g/bhp-hr (e.g., cause emissions to exceed 0.4 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

(i1) If no failure or deterioration of the catalyst system NOx conversion
capability could result in an engine’s NOx or NMHC emissions
exceeding the applicable malfunction criteria of section
(e)(6.2.1)(BD)(i), the OBD system shall detect a malfunction when the
catalyst has no detectable amount of NOx or NMHC conversion
capability.
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(E) In lieu of using the malfunction criteria in section (€)(6.2.1}(D), a

manufacturer may continue to use the malfunction criteria in section

(e)(6.2.1)(C) for any 2016 model year engine that was previously certified

in the 2014 or 2015 model year to the malfunction criteria in section

{e}(6.2.1)(C) and carried over to the 2016 model vear.

(6.2.2) Selective Catalytic Reduction (SCR) or Other Active/intrusive Reductant
Injection System Performance:
(A) Reductant Delivery Performance:
(i) For 2010 through 2012 model year engines, the OBD system shall

detect a malfunction prior to any failure or deterioration of the system
to properly regulate reductant delivery (e.g., urea injection, separate
injector fuel injection, post injection of fuel, air assisted
injection/mixing) that would cause an engine's NOx emissions to
exceed any of the applicable standards by more than 0.4 g/bhp-hr
(e.g., cause emissions to exceed 0.6 g/bhp-hr if the exhaust emission
standard is 0.2 g/bhp-hr) as measured from an applicable cycle
emission test (i.e., FTP or SET). If no failure or deterioration of the
SCR system could result in an engine’s NOx emissions exceeding any
of the applicable standards by more than 0.4 g/bhp-hr, the OBD
system shall detect a malfunction when the system has reached its
control limits such that it is no longer able to deliver the desired
quantity of reductant.

(i) For all 2013 model year engines and 2014 and 2015 model year

engines that are not included in the phase-in specified in section

(eX6.2.2)(A)iii):

a. The OBD system shall detect a malfunction prior to any failure or
deterioration of the system to properly regulate reductant delivery
(e.g., urea injection. separate injector fuel injection, post injection of
fuel, air assisted injection/mixing) that would cause an engine's
emissions to exceed the appiicable NOx standard by more than 0.4
g/bhp-hr (e.g., cause emissions to exceed 0.6 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test or 2.0 times the applicable NMHC
standard.

b. If no failure or deterioration of the SCR system could result in an
engine’s NOx or NMHC emissions exceeding the applicable
‘malfunction criteria of section (e)(6.2.2){A)(i)a., the OBD system
shall detect a malfunction when the system has reached its control
limits such that it is no longer able to deliver the desired quantity of
reductant. |

(i) For at least 20 percent of all 2014 model year diesel engines and at

least 50 percent of all 2015 model year diesel engines (percentage
based on the manufacturer's projected California sales volume of all

diesel engines subject to this regulation):

a. The OBD system shall detect a malfunction prior to any failure or
deterioration of the system to properly regulate reductant delivery
(e.q.. urea injection, separate injector fuel injection, post injection of
fuel, air assisted injection/mixing) that would cause an engine's
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emissions to exceed the applicable NOx standard by more than 0.3
a/bhp-hr (e.g., cause emissions to exceed 0.5 a/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an

applicable cycle emission test or 2.0 times the applicable NMHC
standard. '

b. If no failure or deterioration of the SCR system could result in an
engine’'s NOx or NMHC emissions exceeding the applicable
malfunction criteria of section (e)(6.2.2)(A)(iii)a., the OBD system
shall detect a malfunction when the system has reached its controi
limits such that it is no longer able to deliver the desired quantity of
reductant.

+i)(iv) Except as provided for below in sectlon (e)(6.2.2)(A)V), Efor 2043
2016 and subsequent model year engines; the OBD system shall
detect a system malfunction prior to any failure or deterioration of the
system to properly regulate reductant delivery (e.g., urea injection,
separate injector fuel injection, post injection of fuel, air assisted
injection/mixing) that would cause an engine's emissions to exceed the
applicable NOx standard by more than 0.2 g/bhp-hr (e.g., cause
emissions to exceed 0.4 g/bhp-hr if the exhaust emission standard is
0.2 g/bhp-hr) as measured from an applicable cycle emission test or
2.0 times the applicable NMHC standard. If no failure or deterioration
of the SCR system could result in an engine’s NOx or NMHC
emissions exceeding the applicable malfunction criteria above, the
OBD system shall detect a malfunction when the system has reached
its control limits such that it is no longer able to deliver the desired
quantity of reductant.

(V) In lieu of using the malfunction criteria in section (€){6.2.2)(A)iv). a
manufacturer may continue to use the malfunction criteria in section
(e)(6.2.2)(A)iii) for any 2016 model year engine that was previously
certified in the 2014 or 2015 model year to the malfunction criteria in
section (e)(6.2.2)(A)(iii} and carried over to the 2016 mode! vear.

-(B) If the catalyst system uses a reductant other than the fuel used for the
engine or uses a reservoirtank for the reductant that is separate from the
fuel tank used for the engine, the OBD system shall detect a malfunction
when there is no longer sufficient reductant available to properly operate
the reductant system (e.g., the reductant tank is empty).

(C) If the catalyst system uses a reservoir/tank for the reductant that is
separate from the fuel tank used for the engine, the OBD system shall
detect a malfunction when an improper reductant is used in the reductant
reservoir/tank (e.g., the reductant tank is filled with something other than
the reductant).

(D) Feedback control: Except as provided for in section (e)(6.2.2)(E), if the
engine is equipped with feedback or feed-forward control of the reductant
injection_(e.g.. pressure control), the OBD system shall detect a
malfunction:

(i) If the system fails to begzn control W|th|n a manufacturer specified time
interval,

(i) If a failure or deterioration causes open loop or default operation; or
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(iii) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve
the target.

(E) A manufacturer rﬁay request Executive Officer approval to temporarily

disable monitoring for the malfunction criteria specified in section
(€)(6.2.2)(D)(iii) during conditions that a manufacturer cannot robustly
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(F) In lieu of detecting the malfunctions specified in sections (e)(6.2.2)(D)(i)

and (i) with a reductant injection system-specific monitor, the OBD system
may monitor the individual parameters or components that are used as
inputs for reductant injection feedback control provided that the monitors
detect all malfunctions that meet the criteria in sections (€)(6.2.2)(D)(i)

and (ii).

(6.2.3) Catalyst System Aging and Monitoring
(A) For purposes of determining the catalyst malfunction criteria in section

(e)(6.2.1) for individually monitored catalysts, the manufacturer shall use a
catalyst deteriorated to the malfunction criteria using methods established
by the manufacturer to represent real world catalyst deterioration under
normal and malfunctioning engine operating conditions. If the catalyst
system contains catalysts in parallel (e.g., a two bank exhaust system
where each bank has its own catalyst), the malfunction criteria shall be
determined with the “parallel” catalysts equally deteriorated.

(B) For purposes of determining the catalyst malfunction criteria in section

(€)(6.2.1) for catalysts monitored in combination with others, the
manufacturer shall submit a catalyst system aging and monitoring plan to
the Executive Officer for review and approval. The plan shall include the
description, emission control purpose, and location of each component,
the monitoring strategy for each component and/or combination of
components, and the method for determining the malfunction criteria of
section (€)(8.2.1) including the deterioration/aging process. If the catalyst
system contains catalysts in parallel (e.g., a two bank exhaust system
where each bank has its own catalyst), the malfunction criteria shall be
determined with the “paraliel” catalysts equally deteriorated. Executive
Officer approval of the plan shali be based on the representativeness of
the aging to real world catalyst system component deterioration under
normal and malfunctioning engine operating conditions, the effectiveness
of the method used to determine the malfunction criteria of section
()(6.2.1), the ability of the component monitor(s) to pinpoint the likely
area of malfunction and ensure the correct components are
repaired/replaced in-use, and the ability of the component monitor(s) to
accurately verify that each catalyst component is functioning as designed
and as required in section (e)(6.2.1).

(6.3) Monitaring Conditions:
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(6.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified. in sections (e)(6.2.1),(e)(6.2.2)(A), and (e)(6.2.2)(C) (i.e.,
catalyst efficiency, reductant delivery performance, and improper
reductant) in accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum
ratio requirements). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
section (e)(6.2.1) shall be tracked separately but reported as a single set
of values as specified in section (d)(5.2.2). '

(6.3.2) Except as provided in section (g)(6.3.3), the OBD system shall monitor
continuously for malfunctions identified in sections (e}(6.2.24A)-(B); and
(D) (e-g-i.e., SCR-peremmance-insufficient reductant, feedback control).

(6.3.3) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation which demonstrate that a properly
operating system cannot be distinguished from a malfunctioning system
and that the disablement interval is limited only to that WhICh is technically
necessary.

(6.4) MIL lilumination and Fault Code Storage:

(6.4.1) Except as provided below for reductant faults, general requirements for
MIL illumination and fault code storage are set forth in section (d)(2).

(6.4.2) If the OBD system is capabie of discerning that a system fault is being
caused by a empty reduciant tank: :

(A) The manufacturer may request Executlve Officer approval to delay
ilumination of the MIL if the vehicle is equipped with an alternative
indicator for notifying the vehicle operator of the malfunction. The
Executive Officer shall approve the request upon determining the
alternative indicator is of sufficient illumination and location to be readily
visible under all lighting conditions and provides equivalent assurance that
a vehicle operator will be promptly notified and that corrective action will
be undertaken. ‘

(B) If the vehicle is not equipped with an alternative indicator and the MIL
illuminates, the MIL may be immediately extinguished and the
corresponding fault codes erased once the OBD system has verified that
the reductant tank has been properly refilled and the MIL has not been
illuminated for any other type of malfunction.

(C) The Executive Officer may approve other strategies that provide
equivalent assurance that a vehicle operator will be promptly notified and
that corrective action will be undertaken.

(6.4.3) The monitoring method for the catalyst(s) shall be capable of detectlng all
instances, except diagnostic self-clearing, when a catalyst fault code has
been cleared but the catalyst has not been replaced (e.g., catalyst
overtemperature histogram approaches are not acceptable).
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(7 NOx Adsorber Monitoring
(7.1) Requirement: The OBD system shall monltor the NOx adsorber(s) on engines
: so-equipped for proper performance. For engines equipped with
activefintrusive injection (e.g., in-exhaust fuel and/or air injection) to achieve
desorption of the NOx adsorber(s), the OBD system shall monitor the
activefintrusive injection system for proper performance. The individual
electronic components (e.g., injectors, valves, sensors) that are used in the
active/intrusive injection system shall be monitored in accordance with the
comprehensive component requirements in section (g)(3).
(7.2) Malfunction Criteria:

(7.2.1) NOx adsorber capability:

(A) For 2010 through 2012 model year engines, the OBD system shall detect
a NOx adsorber system malfunction when the NOx adsorber system
capability decreases to the point that would cause an engine's NOx
emissions to exceed any of the applicable standards by more than 0.3
g/bhp-hr (e.g., cause emissions to exceed 0.5 g/bhp-hr if the exhaust
emission standard is 0.2 g/bhp-hr) as measured from an applicable cycle
emission test (i.e., FTP or SET). If no failure or deterioration of the NOx
adsorber system capability could result in an engine’s NOx emissions
exceeding any of the applicable standards by more than 0.3 g/bhp-hr, the
OBD system shall detect a malfunction when the system has no
detectable amount of NOx adsorber capability.

(B) For 2013 and subsequent model year engines, the OBD system shall
detect a NOx adsorber system maifunction when the NOx adsorber
capability decreases to the point that would cause an engine's emissions
to exceed the applicable NOx standards by more than 0.2 g/bhp-hr (e.g.,
cause emissions to exceed 0.4 g/bhp-hr if the exhaust emission standard
is 0.2 g/bhp-hr) as measured from an applicable cycle emission test (i.e.,
FTP or SET) or 2.0 times the applicable NMHC standard. If no failure or
deterioration of the NOx adsorber capability could result in an engine’s
NOx or NMHC emissions exceeding the applicable malfunction criteria
above, the OBD system shall detect a malfunction when the system has
no detectable amount of NOx adsorber capability.

(7.2.2) For systems that utilize active/intrusive injection (e.g., in-cylinder post fuel
injection, in-exhaust air-assisted fuel injection) to achieve desorption of
the NOx adsorber, the OBD system shall detect a malfunction if any
failure or deterioration of the injection system’s ability to properly regulate
injection causes the system to be unable to achieve desorption of the NOx
adsorber.

(7.2.3) Feedback control: Except as provided for in section (e)(7.2.4), if the
engine is equipped with feedback or feed-forward control of the NOx
adsorber or activefintrusive injection system (e.g., feedback control of
injection quantity, time), the OBD system shall detect a malfunction:

(A) If the system fails to begin control within a manufacturer specified time
interval;

(B) If a failure or deterioration causes open loop or default operation; or
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(C) If the controf system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve the
target.

(7.2.4) A manufacturer may request Executive Officer approval to temporarlly
disable monitoring for the malfunction criteria specified in section
(e)(7.2.3)(C) during conditions that a manufacturer cannot robustly
distinguish between a maifunctioning system and a properly operating.
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment allowed by the manufacturer used up.

(7.2.5) In lieu of detecting the malfunctions specified in sections (e)(7.2.3)(A) and
(B) with a NOx adsorber-specific monitor, the OBD system may monitor

“the individual parameters or components that are used as inputs for NOx
adsorber or active/intrusive injection system feedback control provided
that the monitors detect all malfunctions that meet the criteria in sections
(e)(7.2.3)(A) and (B).

(7 2.6) For purposes of determining the NOx adsorber system malfunction criteria
in section (e)(7.2.1) for NOx adsorber systems that consist of more than
one NOx adsorber (e.g., two or more adsorbers in series}), the
manufacturer shall submit a system aging and monitoring plan to the
Executive Officer for review and approval. The plan shall include the
description and location of each component, the monitoring strategy for
each component and/or combination of components, and the method for
determining the malfunction criteria of section (e)}(7.2.1} including the
deterioration/aging process. Executive Officer approval of the plan shall
be based on the representativeness of the aging to real world NOx
adsorber system component deterioration under normal and
malfunctioning engine operating conditions, the effectiveness of the
method used to determine the malfunction criteria of section (€)(7.2.1),
the ability of the component monitor(s) to pinpoint the likely area of
malfunction and ensure the correct components are repaired/replaced in-
use, and the ability of the component monitor(s) to accurately verify that
each NOx adsorber system component is functioning as designed and as
required in section (e)(7.2.1).

(7.3) Monitoring Conditions:

(7.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e)(7.2.1) (i.e., adsorber capability} in accordance
with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in sections (e)(7.2.1) shall
be tracked separately but reported as a single set of values as specified in
section (d}(5.2.2).

(7.3.2) Except as provided in section ()}(7.3.3), the OBD system shail monitor
continucusly for malfunctions identified in sections (e)(7.2.2) and {(7.2.3)
(e.g., injection function, feedback control).
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(7.3.3) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation which demonstrate that a properly

~operating system cannot be distinguished from a malfunctioning system
and that the disablement interval is limited only to that which is technically
necessary.
(7.4) MIL lllumination and Fauit Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(8)  Particulate Matter (PM) Filter Monitoring

(8.1) Requirement: The OBD system shall monitor the PM filter on englnes SO-
equipped for proper performance. For engines equipped with active
regeneration systems that utilize an active/intrusive injection (e.g., in-exhaust
fuel injection, in-exhaust fuel/air burner), the OBD system shall monitor the
activefintrusive injection system for proper performance. The individual
electronic components (e.g., injectors, valves, sensors) that are used in the
active/intrusive injection system shall be monitored in accordance with the
comprehensive component reqmrements in section (g)(3). ’

(8.2) Malfunction Criteria:

(8.2.1) Filtering Performance:

(A) For 2010 through 2012 model year engines, the OBD system shall detect
a malfunction prior to a decrease in the filtering capability of the PM filter
(e.g., cracking) that would cause an engine's PM emissions to exceed
either of the following thresholds, whichever is higher: 0.07 g/bhp-hr as
measured from an applicable emission test cycle (i.e., FTP or SET); or the
applicable standard plus 0.06 g/bhp-hr (e.g., 0.07 glbhp-hr if the exhaust
emission standard is 0.01 g/bhp-hr). If no failure or deterioration of the
PM filtering performance could result in an engine’s PM emissions
exceeding these levels, the OBD system shall detect a malfunction when

~ no detectable amount of PM filtering occurs.

(B) Exceptas-specified-in-section{e}(8-2-1}{Cr-below—fFor all 2013 model
year engines and 2014 and through-2015 model year engines that are not
included in the phase-in specified in section (€)(8.2.1}(C); the OBD

~ system shall detect a malfunction prior to a decrease in the filtering
capability of the PM filter {e-g—eracking)-that would cause an engine's PM
emissions to exceed either of the following thresholds, whichever is
higher: 0.05 g/bhp-hr as measured from an applicable emission test cycle
(i.e., FTP or SET); or the apphcable standard plus 0.04 g/bhp-hr (e.g.,
0. 05 g/bhp-hr if the exhaust emission standard is 0.01 g/bhp-hr). If no
failure or deterioration of the PM filtering performance could result in an
engine’'s PM emissions exceeding these levels, the OBD system shall
detect a malfunction when no detectable amount of PM filtering occurs.

(C)For 2014 through 2015 model vear engines, the manufacturer shall meet
one of the following two options below:
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(i) For atleast 20 percent of 2014 modei year diesel engines and at least
20 percent of 2015 model vear diesel engines (percentage based on

the manufacturer’s projected California sales volume of all diesel
engines subject to this requlation), the OBD system shall use the

“malfunction criteria of section (e)(8.2.1)(B) without using the provisions
of section (g)(5.1) to exclude specific failure modes.

(ii) For at least 50 percent of 2015 model year diese! engines (percentage
based on the manufacturer's projected California sales volume of all
diesel engines subject to this regulation). the OBD system shall detect
a malfunction prior to a decrease in the filtering capability of the PM
filter that would cause an engine's PM emissions to exceed either of
the following thresholds, whichever is higher, without using the _
provisions of section (9)(5.1) to exclude specific failure modes: 0.03
g/bhp-hr as measured from an applicable emission test cycle (i.e., FTP
or SET); or the applicable standard plus 0.02 g/bhp-hr (e.g.. 0.03
g/bhp-hr if the exhaust emission standard is 0.01 g/bhp-hr). If no
failure or deterioration of the PM filtering performance could result in
an engine's PM emissions exceeding these levels, the OBD system
shall detect a malfunction when no detectable amount of PM filtering
occurs,

aﬂdExcept as provided in section (€)(8.2. 1)(E), for all 2016 and
subsequent model year engines, the OBD system shall detect a .
malfunction prior to a decrease in the filtering capability of the PM filter
that would cause an engine's PM emissions to exceed either of the
following threshoids, whichever is higher: 0.03 g/bhp-hr as measured from

-an applicable emission test cycle (i.e., FTP or SET); or the applicable
standard plus 0.02 g/bhp-hr (e.g., 0.03 g/bhp-hr if the exhaust emission

~ standard is 0.01 g/bhp-hr). If no failure or deterioration of the PM filtering
performance could result in an engine’s PM emissions exceeding these
levels, the OBD system shall detect a malfunction when no detectable
amount of PM filtering occurs.

(E) In lieu of the malfunction criteria in section (€)(8.2.1)(D). a manufacturer
may continue to use the malfunction_criteria in section (e)(8.2.1)(C)(i) for
any 2016 model year engine that was previously certified in the 2014 or
2015 model year to the malfunction criteria in section (e)(8.2.1)(C)(i) and
carried over to the 2016 model year.

(F) For the phase-in schedules described in section (e)(8.2.1)(C) above, the
manufacturer may not use an alternate phase-in schedule as defined in
section (¢) in lieu of the required phase-in schedules.

(8.2.2) Frequent Regeneration: The OBD system shall detect a malfunction when
the PM filter regeneration occurs more frequently than (i.e., occurs more
often than) the manufacturer’s specified regeneration frequency to a level
such that it would cause an engine's emissions to exceed the following:

(A) For 2010 through 2012 model year engines, 2.0.times the applicable
NMHC standards.

(B) For 2013 and subsequent model year engines, 2.0 times the applicable
NMHC standards or the applicable NOx standard by more than 0.2 g/bhp-
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hr (e.g., cause NOx emissions to exceed 0.4 g/bhp-hr if the exhaust

emission standard is 0.2 g/bhp-hr).

(C) If no failure or deterioration causes an increase in the PM filter
regeneration frequency that could result in an engine’s emissions
exceeding the emission levels specified above, the OBD system shalll
detect a malfunction when the PM filter regeneration frequency exceeds
the manufacturer's specified design limits for allowable regeneration
frequency. '

(8.2.3) Incomplete regeneration: The OBD system shall detect a regeneration

' malfunction when the PM filter does not properly regenerate under
manufacturer-defined conditions where regeneration is designed to occur.

(8.2.4) Catalyzed PM Filter:

(A) NMHC conversion: For 2043 2015 and subsequent model year engines;
forwith catalyzed PM filters that convert NMHC emissions;:

(i) £The OBD system shall monitor the catalyst function of the PM filter
and detect a malfunction when the NMHC conversion capability
decreases to the point that NMHC emissions exceed 2.0 times the
applicable standards. '

(ii) If no failure or deterioration of the NMHC conversion capability could
result in an engine’s NMHC emissions exceeding 2.0 times the
applicable standards, the OBD system shall detect a malfunction when
the system has no detectable amount of NMHC conversion capability.

(iii) Catalyzed PM fitters are exempt from NMHC conversion capability
monitoring if no malfunction of the catalyzed PM filter's NMHC
conversion capability can cause emissions to (1) increase by 15
percent or more of the applicable full useful life standard as measured
from_an applicable emission test cycle; or (2) exceed the applicable full

useful life standard as measured from an applicable emission test

cycle. :
(B) Feedgas generation: For 2016 and subsequent model year engines with

catalyzed PM filters used to generate a feedgas constituency to assist

SCR systems (e.q.. to increase NO» concentration upstream of an SCR
system), the OBD system shall detect a malfunction when the system is
unable to aenerate the necessary feedgas constituents for proper SCR

system ogefation. Catalyzed PM filters are exempt from feedgas

generation monitoring if no malfunction of the catalyzed PM filter's
feedgas generation ability can cause emissions to (1) increase by 15
percent or more of the applicable full useful life standard as measured
- from an applicable emission test cycle; or (2) exceed the applicable full
" useful life standard as measured from an applicable emission test cycle.
(8.2.5) Missing substrate: The OBD system shall detect a malfunction if either the
PM filter substrate is completely destroyed, removed, or missing, or if the
PM filter assembly is replaced with a muffler or straight pipe.
(8.2.6) Active/Intrusive Injection: For systems that utilize active/intrusive injection
(e.g., in-cylinder post fuel injection, in-exhaust air-assisted fuel injection)
to achieve regeneration of the PM filter, the OBD system shall detect a
malfunction if any failure or deterioration of the injection system's ability to
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properly regulate injection causes the system to be unable to achieve

: regeneration of the PM filter,

(8.2.7) Feedback Control: Except as provided for in section (e)(8.2.8), if the
engine is equipped with feedback or feed-forward control of the PM filter
regeneration (e.g., feedback control of oxidation catalyst inlet
temperature, PM filter iniet or outlet temperature, in-cylinder or in-exhaust
fuel injection), the OBD system shall detect a malfunction:

(A) If the system fails to begin control within a manufacturer specified time -
interval;

(B) If a failure or deterioration causes open loop or default operation; or

(C) If the control system has used up all of the adjustment allowed by the
manufacturer or reached its maximum authority and cannot achieve the
target. , ’

~ (8.2.8) A manufacturer may request Executive Officer approval to temporarily

disable monitoring for the malfunction criteria specified in section
(e)(8.2.7)(C) during conditions that a manufacturer cannot robustly .
distinguish between a malfunctioning system and a properly operating
system. The Executive Officer shall approve the disablement upon the
manufacturer submitting data and/or analysis demonstrating that the
control system, when operating as designed on an engine with all
emission controls working properly, routinely operates during these
conditions with all of the adjustment aliowed by the manufacturer used up.

(8.2.9) In lieu of detecting the malfunctions specified in sections (e)(8.2.7)(A) and
(B) with a PM filter-specific monitor, the OBD system may monitor the
Jindividual parameters or components that are used as inputs for PM filter
regeneration feedback control provided that the monitors detect all
malfunctions that meet the criteria in sections (€)(8.2.7)(A) and (B).

(8.3) Monitoring Conditions:

(8.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections {e)(8.2.1) through (8.2.6) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio.requirements), with the exception
that monitoring-shall occur every time the monitoring conditions are met
during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
sections (€)(8.2.1) shall be tracked separately but reported as a single set
of values as specified in section (d)(5.2.2). _

(8.3.2) Except as provided in section (e)(8.3.3), the OBD-H system shall monitor
continuously for malfunctions identified in section (€)(8.2.7) (i.e., PM filter
feedback control).

(8.3.3) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation which demonstrate that a properly
operating system cannot be distinguished from a malfunctioning system
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and that the disablement interval is limited only to that which is technically
necessary. | |
(8.4) MIL llumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

9 Exhaust Gas Sensor Monitoring
(9.1) Requirement: .

(9.1.1) The OBD system shall monitor all exhaust gas sensors (e.g., oxygen air-
fuel ratio, NOx) used for emission control system feedback (e.g., EGR
control/feedback, SCR controlffeedback, NOx adsorber control/feedback)
or as a monitoring device for proper output signal, activity, response rate,
and any other parameter that can affect emissions.

(9.1.2) For engines equipped with heated exhaust gas sensors, the OBD system
shall monitor the heater for proper performance.

(9.2) Malfunction Criteria:

(9.2.1) Air-Fuel Ratio Sensors:

(A) For sensors located upstream of the exhaust aftertreatment:

(i) Sensor performance faults: The OBD system shall detect a malfunction
prior to any failure or deterioration of the sensor voltage, resistance,
impedance, current, response rate, amplitude, offset, or other
characteristic(s) that would cause an engine's NMHC, CO, or NOx
emissions to exceed 2.0 times any of the applicable standards or the
engine's PM emissions to exceed any of the apphcable standards plus
0.02 g/bhp-hr.

(i1) Circuit faults: The OBD system shall detect malfunctlons of the sensor
caused by either a lack of circuit continuity or out-of-range values.

(ili) Feedback faults: The OBD system shall detect a malfunction of the
sensor when a sensor failure or deterioration causes an emission
control system (e.g., EGR, SCR, or NOx adsorber) to stop using that
sensor as a feedback or feed-forward mput (e.g., causes default or
open-loop operation).

(iv) Monitoring capability: To the extent feasible, the OBD system shall
detect a malfunction of the sensor when the sensor output voltage,
resistance, impedance, current, amplitude, activity, offset, or other
characteristics are no longer sufficient for use as an OBD system
monitoring device (e.g., for catalyst, EGR, SCR, or NOx adsorber
monitoring). '

(B) For sensors located downstream of the exhaust aftertreatment:

(i) Sensor performance faults:

a. For 2010 through 2012 model year englnes the OBD system shall
detect a malfunction prior to any failure or deterioration of the
sensor voltage, resistance, impedance, current, response rate,
amplltude offset, or other characteristic(s) that would cause an
engine's NMHC emissions to exceed 2.5 times any of the
applicable standards, cause an engine's NOx emissions to exceed
any of the applicable standards by more than 0.3 g/bhp-hr (e.g.,
cause emissions to exceed 0.5 g/bhp-hr if the exhaust emission

. standard is 0.2 g/bhp-hr) as measured from an applicable cycle -
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emission test (i.e., FTP or SET), or cause an engine’'s PM
emissions to exceed (whichever is higher): 0.05 g/bhp-hr as
measured from an applicable cycle emission test (i.e., FTP or
SET), or any of the applicabie standards by more than 0.04 g/bhp-
hr (e.g., cause emissions to exceed 0.05 g/bhp-hr if the exhaust
emission standard is 0.01 g/bhp-hr).

b. For 2013 and subsequent model year engines, the OBD system
shall detect a malfunction prior to any failure or deterioration of the
sensor voltage, resistance, impedance, current, response rate,
amplitude, offset, or other characteristic(s) that would cause an
engine's NMHC emissions to exceed 2.0 times any of the
‘applicable standards, cause an engine's NOx emissions to exceed
any of the applicable standards by more than 0.2 g/bhp-hr (e.g.,
cause emissions to exceed 0.4 g/bhp-hr if the exhaust emission
standard is 0.2 g/bhp-hr) as-measured from an applicable cycle
emission test (i.e., FTP or SET), or cause an engine's PM
emissions to exceed (whichever is higher): 0.03 g/bhp-hr as
measured from an applicable cycle emission test (i.e., FTP or
SET); or any of the applicable standards by mare than 0.02 g/bhp-
hr (e.g., cause emissions to exceed 0.03 g/bhp-hr if the exhaust

emission standard is 0.01 g/bhp-hr).

(i} Circuit faults: The OBD system shall detect malfunctions of the sensor
caused by either a lack of circuit continuity or out-of-range values.

(iii) Feedback faults: The OBD system shall detect a malfunction of the
sensor when a sensor failure or deterioration causes an emission
control system (e.g., EGR, SCR, or NOx adsorber) to stop using that
sensor as a feedback or feed-forward input (e.g., causes default or
open-loop operation).

(iv) Monitoring capability: To the extent feasible, the OBD system shall
detect a malfunction of the sensor when the sensor output voltage,
resistance, impedance, current, amplitude, activity, offset, or other
characteristics are no longer sufficient for use as an OBD system
monitoring device {(e.g., for catalyst, EGR, SCR, or NOx adsorber
monitoring).

{9.2.2) NOx and PM sensors:
(A) Sensor performance faults:

(i) For 2010 through 2012 model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration of the sensor
voltage, resistance, impedance, current, response rate, amplitude,
offset, or other characteristic(s) that would cause an engine's NOx
emissions to exceed any of the applicable standards by more than 0.4
g/bhp-hr (e.g., cause emissions to exceed 0.6 g/bhp-hr if the exhaust
emission standard is 0.2 g/bhp-hr) as measured from an applicable
cycle emission test (i.e., FTP or SET), or cause an engine's PM
emissions to exceed (whichever is higher): 0.05 g/bhp-hr as measured
from an applicable cycle emission test (i.e., FTP or SET); or any of the
applicable standards by more than 0.04 g/bhp-hr (e.g., cause
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emissions to exceed 0.05 g/bhp-hr if the exhaust emission standard is
0.01 g/bhp-hr).

(i) For all 2013 model year engines and 2014 and 2015 model year

engines that are not included in the phase-in specified in section
(€)(9.2.2)(A)iiD), the OBD system shall detect a malfunction prior to

‘any failure or deterioration of the sensor voltage, resistance,

impedance, current, response rate, amplitude., offset, or other

characteristic(s) that would cause an engine's NOx emissions to
exceed the applicable NOx standard by more than 0.4 g/bhp-hr (e.g.,

cause emissions to exceed 0.6 g/bhp-hr if the exhaust emission
standard is 0.2 g/bhp-hr) as measured from an applicabie cycle
emission test or cause an engine’s PM emissions to exceed
(whichever is higher): 0.03 g/bhp-hr as measured from an applicable
cvcle emission test (i.e., FTP or SET); or any of the applicable
standards by more than 0.02 ga/bhp-hr (e.g., cause emissions to
exceed 0.03 g/bhp-hr if the exhaust emission standard is 0.01 g/bhp-

hr).

(i) For at least 20 percent of 2014 model year diesel engines and at least

50 percent of 2015 model vear diesel engines (percentage based on
the manufacturer's projected California sales volume of all diese!
engines subiect to this requlation), the OBD system shall detect a
malfunction prior to any failure or deterioration of the sensor voltage.,
resistance, impedance, current, response rate, amplitude, offset, or

other characteristic(s) that would cause an engine's NOx emissions to
exceed the applicable NOx standard by more than 0.3 g/bhp-hr (e.g.,

cause emissions to exceed 0.5 g/bhp-hr if the exhaust emission
standard is 0.2 g/bhp-hr) as measured from an applicable cycle
emission test or cause an engine's PM emissions to exceed
{whichever is higher): 0.03 g/bhp-hr ag measured from an applicable
cycle emission test (i.e., FIP or SET): or any of the applicable
standards by more than 0.02 g/bhp-hr (.9., cause emissions to
exceed 0.03 g/bhp-hr if the exhaust emission standard is 0.01 g/bhp-

hr).
§iiy(iv) Except as provided for below in section ()(9.2.2)(A)(v), Ffor 2643

2016 and subsequent model year engines, the OBD system shall
detect a malfunction prior to any failure or deterioration of the sensor
voltage, resistance, impedance, current, response rate, amplitude,
offset, or other characteristic(s) that would cause an engine's NOx
emissions to exceed any-ef the applicable NOx standards by more
than 0.2 g/bhp-hr (e.g., cause emissions to exceed 0.4 g/bhp-hr if the
exhaust emission standard is 0.2 g/bhp-hr) as measured from an
applicable cycle emission test (i.e., FTP or SET), cause an engine’s
NMHC emissions to exceed 2.0 tlmes the applicable NMHC standard,
or cause an engine's PM emissions to exceed (whichever is higher):.
0.03 g/bhp-hr as measured from an applicable cycle emission test (i.e.,
FTP or SET); or any of the applicable standards by more than 0.02
g/bhp-hr (e.g., cause emissions to exceed 0.03 g/bhp-hr if the exhaust
emission standard is 0.01 g/bhp-hr). '
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(v} In lieu of using the malfunction criteria in section (e}(9.2.2)(A)(iv), a
manufacturer may continue to use the malfunction criteria in section
(e)(9.2.2)(A)iii) for any 2016 model year engine that was previously
certified in the 2014 or 2015 mode! vear to the malfunction criteria in
section (e)(9.2.2)(A)iii) and carried over to the 2016 model year.

(B) Circuit faults: The OBD system shall detect malfunctions of the sensor
caused hy either a lack of circuit continuity or out-of-range values.

(C) Feedback faults: The OBD system shall detect a malfunction of the
sensor when a sensor failure or deterioration causes an emission control
system (e.g., EGR, SCR, or NOx adsorber) to stop using that sensor as a
feedback or feed-forward input (e. g causes default or open-loop
operation).

(D) Monitoring capability: To the extent feasible, the OBD system shall detect

- a malfunction of the sensor when the sensor output voltage, resistance,
impedance, current, amplitude, activity, offset, or other characteristics are
no longer sufficient for use as an OBD system monitoring device (e.g., for
catalyst, EGR, PM filter, SCR, or NOx adsorber monitoring).

(9.2.3) Other exhaust gas sensors:

(A) For other exhaust gas sensors, the manufacturer shall submit.a
monitoring plan to the Executlve Officer for approval. The Executive
Officer shall approve the request upon determining that the manufacturer
has submitted data and an engineering evaluation that demonstrate that
the monitoring plan is as reliable and effective as the monitoring plan
required for air-fuel ratio sensors, NOx sensors, and PM sensors under
sections (e)(9.2.1) and (e)(9.2.2).

(9.2.4) Sensor Heaters:

(A) The OBD system shall detect a malfunction of the heater performance
when the current or voltage drop in the heater circuit is no longer within
the manufacturer's specified limits for normal operation (i.e., within the
criteria required to be met by the component vendor for heater circuit
performance at high mileage). Subject to Executive Officer approval,
other malfunction criteria for heater performance malfunctions may be
used upon the Executive Officer determining that the manufacturer has
submitted data and/or an engineering evaluation that demonstrate the
monitoring reliability and timeliness to be equivalent to the stated criteria
in section ()(9.2.4)(A).

(B) The OBD system shall detect maltfunctions of the heater circuit including
open or short circuits that conflict with the commanded state of the heater
(e.g., shorted to 12 Voits when commanded to 0 Volts (ground)).

(9.3) Monitoring Conditions: '
(9.3.1) Exhaust Gas Sensors

(A) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (e}(9.2.1)(AX(i), (9.2.1)(B)(i), ard (2.2.2)(A),_and
(9.2.2)(D} (e.g., sensor performance faults) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For purposes of
tracking and reporting as required in section {d}(3.2.1), all monitors used
to detect malfunctions identified in sections (e)(9.2.1}(A)i), (2.2.1)(B)(i),
and-(9.2.2)(A),_and for 2016 and subsequent model year endines, section
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ge)(g 2.2)(D), shall be tracked separately but reported as a smgle set of
values as specified in section (d)(5.2.2).

(B) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (€)(9.2.1)(A)(iv); and (9.2.1)(B)iv), and{8-22XD}
(e.g., monitoring capability) in accordance with sections (d)(3.1) and

(d)(3 2) (l e., minimum rat|o reqwrements) wnth—the—e*eepﬂen—tha’e

. {C) Except as provided in section (€)(9.3.1)(D), monitoring for maifunctions
identified in sections (e)(9.2.1)(A)ii), (9.2.1)(A)(ii), (2.2.1)(B)(ii),
(9.2.1)(B)(iii}, (9.2.2)(B), and (9.2.2)(C) (i.e., circuit continuity and open- .
loop malfunctions) shall be conducted continuously.

(D) A manufacturer may request Executive Officer approval to disable
continuous exhaust gas sensor monitoring when an exhaust gas sensor
malfunction cannot be distinguished from other effects (e.g., disable out-
of-range low monitoring during fuel cut conditions). The Executive Officer
shall approve the disablement upon determining that the manufacturer
has submitied test data and/or documentation that demonstrate a properly
functioning sensor cannot be distinguished from a malfunctioning sensor
and that the disablement interval is limited only to that necessary for
avoiding false detection.

(9.3.2) Sensor Heaters

~ (A) Manufacturers shall define monitoring conditions for malfunctions
identified in section (€}(9.2.4)(A) (i.e., sensor heater performance) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements).

(B) Monitoring for malfunctions identified in section (e)(9.2.4)(B) (i.e., cwcunt
malfunctions) shall be conducted continuously.

(9.4) MIL lllumination and Fault Code Storage: General requirements for MIL
ilumination and fault code storage are set forth in section (d)(2). To the

extent feasible, the OBD system shall separately detect lack of circuit
continuity and out-of-range faults as required under sections ()(9.2. N (Aii).

(e){9.2.1)(B)(ii), and (€)(9.2.2)(B) and store different fault codes for each

distinct malfunction (e.g.. out-of-range low, out-of-range high, open circuit).

Manufacturers are not required to store separate fault codes for lack of circuit
continuity faults that cannot be distinguished from other out-of-range circuit

faults.

(10) Variable Valve Timing and/or Control (VVT) System Monitoring
(10.1) Requirement: The OBD system shall monitor the VVT system on engines
so-equipped for target error and slow response malfunctions. The individual
electronic components (e.g., actuators, valves, sensors) that are used in the
VVT system shall be monitored in accordance with the comprehensive
components requirements in section (g)(3).
(10.2) Malfunction Criteria:
(10.2.1) Target Error: The OBD system shall detect a malfunction prior to any
failure or deterioration in the capablllty of the VVT system to achieve the
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commanded vaive timing and/or control within a crank angle and/or lift
tolerance that would cause an engine's NHMC, NOx, or CO emissions to
exceed 2.0 times any of the applicable standards or an engine’s PM

- emissions to exceed a threshold of the applicable standard plus 0.02
g/bhp-hr.

(10.2.2) Slow Response: The OBD system shall detect a malfunction prior to any
failure or deterioration in the capability of the VVT system to achieve the
commanded valve timing and/or control within a manufacturer—specuﬁed
time that would cause an engine's NHMC, NOx, or CO emissions to
exceed 2.0 times any of the applicable standards or an engine’'s PM
emissions to exceed a threshold of the apphcable standard plus 0.02
g/bhp-hr.

(10.2.3) For engines in which no failure or deterioration of the VVT system could
result in an engine’s emissions exceeding the thresholds of sections
()(10.2.1) or (10.2.2), the OBD system shall detect a malfunction of the
VVT system when proper functional response of the system to computer
commands does not occur. _

(10.3) Menitoring Conditions: Manufacturers shali define the monitoring conditions
for VVT system malfunctions identified in section (€)(10.2) in accordance with
sections (d}(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the .
exception that monitoring shall occur every time the monitoring conditions are
met during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2). For purposes of tracking and reporting as required in
section (d}(3.2.1), all monitors used to detect malfunctions identified in
section (e)(10.2) shall be tracked separately but reported as a single set of
values as specified in section (d)}(5.2.2). -

(10.4) MIL Nlumination and Fault Code Sterage: General requirements for MIL
Hlumination and fault code storage are set forth in section (d)(2).

(11) Cold Start Emission Reduction Strategy Monitoring
(11.1) Requirement:

(11.1.1) For all 2013 and subseqguent model year engines_that-H#-anengine
incorporates a specific engine control strategy to reduce cold start
emissions, the OBD system shall monitor the system-strategy to verify the
strategythat it achieves the desired effect (e.g., to achieve accelerated
catalyst light-off temperature) and monitor the commanded
elements/components for proper function (e.g., injection timing, increased
engine idle speed, increased engine load via intake or exhaust throttle
activation) while the control strategy is active to ensure proper operation
of the control strategy.

(11.1.2) For an element/component associated with the cold start emission
reduction control strategy under section (e)(11) that is also required to be
monitored elsewhere in section (e} or (g) (e.q., fuel injection timing), the
manufacturer shall use different diagnostics to distinguish faults detected
‘under section (e)(11) (i.e., faults associated with the cold start strateqgy)
from faults detected under sections other than section (e)(11) {i.e., faults
not associated with the cold start strategy).
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(11.2) Malfunction Criteria: The OBD system shall, to the extent feasible, detect a
malfunction if either of the following occurs:

(11.2.1) Any single commanded element/component does not properly respond
to the commanded action while the cold start strategy is active. For
purposes of this section, “properly respond” is defined as when the
element responds:

(A) by a robustly detectable amount by the monitor; and

(B) in the direction of the desired command; and

(C) above and beyond what the element/component would achieve on start-
up without the cold start strategy active (e.g., if the cold start strategy
commands a higher idle engine speed, a fault must be detected if there is
no detectable amount of engine speed increase above what the system
would achieve without the cold start strategy active);

(11.2.2) Any failure or deterioration of the cold start emission reduction control
strategy that would cause an engine’s NMHC, NOx, or CO emissions to
exceed 2.0 times the applicable standards or the engine’s PM emissions
to exceed the applicable standard plus 0.02 g/bhp-hr.

(11.2.3) For section (e)(11.2.2), to the extent feasible (without adding hardware
for this purpose), the OBD system shall monitor the ability of the system to
achieve the desired effect (e.g., strategies used to accelerate catalyst
light-off by increasing catalyst inlet temperature shall verify the catalyst
inlet temperature actually achieves the desired temperatures within an
Executive Officer approved time interval after starting the engine) for
failures that cause emissions to exceed the applicable emission levels
specified in section (e)(11.2.2). For strategies where it is not feasible to
be monitored as a system, the OBD system shall monitor the individual
elements/components (e.g., increased engine speed, increased engine
load from restricting an exhaust throttle) for failures that cause emissions
to exceed the applicable emission levels specified in section (€)(11.2.2).

(11.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
for malfunctions identified in section {(e)(11.2) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements).

(11.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(f) Monitoring Requirements for Gasoline/Spark-Ignited Engines.
(D Fuel System Monitoring . ,
(1.1) Requirement: The OBD system shall monitor the fuel delivery system to
determine its ability to provide compliance with emissien applicable
standards.
(1.2) . Malfunction Criteria:
(1.2.1) The OBD system shall detect a malfunction of the fuel delivery system
when: ‘
(A) The fuel delivery system is unable to maintain an engine's emissions at or
below 1.5 times the applicable standards; or
(B) If equipped, the feedback control based on a secondary oxygen or
exhaust gas sensor is unable to maintain an vehislegngine's emissions
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(except as a result of a malfunction specified in section (f}(1.2.1)(C)) at or
below 1.5 times any of the applicable standards; or
(C) For 2014 and subsequent model year vehicles engines, an air-fuel ratio.

cylinder imbalance (e.g., the air-fuel ratio in one or more cylinders is
different than the other cylinders due to a cylinder specific malfunction
such as an intake manifold leak at a particular cylinder, fuel injector
problem, an individual cylinder EGR runner flow delivery problem, an
individual variable cam lift malfunction such that an individual cylinder is
operating on the wrong cam lift profile, or other similar problems) occurs in
one or more cylinders such that the fuel delivery system is unable to
maintain an vehieleengine’s emissions at or below: 3.0 times the
applicable standards for the 2014 through 2016 model years; and 1.5
times the applicable FTP standards for all 2017 and subsequent model
year vehicles engines.

(1.2.2) Except as provided for in section (f)(1.2.3) below, if the engine is equipped

with adaptive feedback control, the OBD system shall detect a malfunction

. when the adaptive feedback control has used up all of the adjustment
allowed by the manufacturer. |

(1.2.3) If the engine is equipped with feedback control that is based on a
secondary oxygen (or equivalent) sensor, the OBD system is not required
to detect a malfunction of the fuel system solely when the feedback
control based on a secondary oxygen sensor has used up all of the
adjustment allowed by the manufacturer. However, if a failure or
deterioration results in engine emissions that exceed the malfunction
criteria in section (f)(1.2.1)(B), the OBD system is required to detect a
malfunction. .

(1.2.4) The OBD system shall detect a matfunction whenever the fuel control
system fails to enter closed-loop operation within an Executive Officer-
approved time interval after engine start. Executive Officer approval of
the time interval shall be granted upon determining that the data and/or
engineering evaluation submitted by the manufacturer supports the
specified times.

(1.2.5) For engines that employ engme shutoff strategles that do not require the

- vehicle operator to restart the engine to continue driving (e.g., hybrid bus
with engine shutoff at idle), the OBD system shall detect whenever the
fuel control system fails to enter closed-loop operation within an Executive
Officer-approved time interval after an engine restart. Executive Officer
approval of the time interval shall be granted upon determining that the
data and/or engineering evaluation submitted by the manufacturer
supports the specified times.

(1.3) Monitoring Conditions:

(1.3.1) Except as provided in section {f)(1.3.5), the OBD system shall monitor
continuously for malfunctions identified in sections (f)(1.2.1){4),
(H(1.2.1)(B), and (f)(1.2.2) (i.e., fuel delivery system, secondary feedback
control, adaptive feedback control)

(1.3.2) Manufacturers shall define monitoring conditions for malfunctions
identified in section (f}(1.2.1)(C) (i.e., air-fuel ratio cylinder imbalance
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. malfunctions) in accordance with sections (d)(3.1) and (d)(3.2) (i.e.,
minimum ratio requirements).
(1.3.3) Manufacturers shall define monitoring conditions for malfunctions
identified in section (f)(1.2.4) in accordance with sections (d)(3.1).

~(1.3.4) Manufacturers shall define monitoring conditions for matfunctions

identified in section (f)(1.2.5) in accordance with sections (d)(3.1) with the
exception that monitoring shall occur every time the monitoring conditions
are met during the driving cycle in lieu of once per dnvmg cycle as
required in section (d}(3.1.2).

(1.3.5) Manufacturers may request Executive Officer approval to temporarily
disable continuous monitoring under conditions technically necessary to
ensure robust detection of malfunctions and to avoid false passes and
false indications of malfunctions (e.g., for temporary introduction of large
amounts of purge vapor). The Executive Officer shall approve the request
upon determining that the manufacturer has submitted data and/or an
engineering evaluation which demonstrate that a properly operating
system cannot be distinguished from a malfunctioning system and that the
disablement interval is limited only to that which is technically necessary.

(1.4) MIL Biumination and Fault Code Storage: For maifunctions described under

section (f)(1.2.1)(C) (i.e., air-fuel ratio cylinder imbalance malfunctions),

general requirements for MIL illumination and fault code storage are set forth

in section (d)(2). For all other fuel system malfunctions, the MIL illumination
and fault code storage requirements are set forth in sections (f)(1.4.1)
through (1.4.6) below.

(1.4.1) A pending fault code shall be stored immediately upon the fuel system
exceeding the malfunction criteria established pursuant to section (f)(1.2).

(1.4.2) Except as provided below, if a pending fault code is stored, the OBD
system shall immediately illuminate the MIL and store a confirmed fault
code if a malfunction is again detected during either of the following two
events: (a) the driving cycle immediately following the storage of the
pending fault code, regardiess of the conditions encountered during the
driving cycle; or (b) on the next driving cycle in which similar conditions
(see section (c)) to those that occurred when the pending fault code was
stored are encountered.

(1.4.3) The pending fault code may be erased at the end of the next driving cycle
in which similar conditions have been encountered without an exceedance
of the specified fuel system malfunction criteria. The pending code may
also be erased if similar conditions are not encountered during the 80
driving cycles immediately after the initial detection of a malfunction for
which the pending code was set.

(1.4.4) Storage of freeze frame conditions.

(A) The OBD system shall store and erase freeze frame conditions either in
conjunction with storing and erasing a pending fault code or in conjunction
with storing and erasing a confirmed fault code.

(B) If freeze frame conditions are stored for a malfunction other than a misfire

~ (see section (f)(2)) or fuel system malfunction when a fault code is stored
as specified in section (f)(1.4.1) or (f)(1.4.2) above, the stored freeze
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frame information shall be replaced with freeze frame information
regarding the fuel system malfunction.

(1.4.5) Storage of fuei system conditions for determining similar conditions of
operation.

(A) Upon detection of a fuel system malfunction under section (f)(1.2), the
OBD system shall store the engine speed, load, and warm-up status of
the first fuel system malfunction that resulted in the storage of the pendlng
fault code.

(B) For fuel system faults detected using feedback control that is based on a
secondary oxygen (or equivalent) sensor, the manufacturer may request
Executive Officer approval to use an alternate definition of similar
conditions in lieu of the definition specified in section (c). The Executive .
Officer shall approve the alternate definition upon the manufacturer
providing data or analysis demonstrating that the alternate definition
provides for equivalent robustness in detection of fuel system faults that
vary in severity depending on engine speed, load, and/or warm-up status.

(1.4.6) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without a malfunction of the fuel system.

(2) Misfire Monitoring
(2.1) Requirement:

(2.1.1) The OBD system shall monitor the engine for misfire causing catalyst
damage and misfire causing excess emissions.

(2.1.2) The OBD system shall identify the specific cylinder that is experiencing
misfire. Manufacturers may request Executive Officer approval to store a
general misfire fault code instead of a cylinder specific fault code under
certain operating conditions. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation that demonstrate that the misfiring
cylinder cannot be reliably identified when the conditions occur.

(2.1.3) If more than one cylinder is misfiring, a2 separate fault code shall be stored
indicating that multiple cylinders are misfiring except as allowed below.
When identifying multiple cylinder misfire, the OBD system is not required
to also identify each of the misfiring cylinders individually through separate
fault codes. If more than 90 percent of the detected misfires occur in a
single cylinder, the OBD system may elect to store the appropriate fault
code indicating the specific misfiring cyiinder in lieu of the multiple cylinder
misfire fault code. If, however, two or more cylinders individually have
more than 10 percent of the total number of detected misfires, a multiple
cylinder fault code must be stored.

(2.2) 'Malfunction Criteria: The OBD system shall detect a misfire malfunction
pursuant to the following: :

(2.2.1) Misfire causing catalyst damage:

(A) Manufacturers shall determine the percentage of misfire evaluated in 200
revolution increments for each engine speed and ioad condition that
would result in a temperature that causes catalyst damage. The
manufacturer shall submit documentation to support this percentage of
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misfire as required in section (j)(2.5). For every engine speed and load
condition that this percentage of misfire is determined to be lower than
five percent, the manufacturer may set the malfunction criteria at five
percent.

(B) Subject to Executive Officer approval, a manufacturer may employ a
longer interval than 200 revolutions but only for determining, on a given
driving cycle, the first misfire exceedance as provided in section
(f}(2.4.1)(A) below. Executive Officer approval shall be granted upon
determining that the manufacturer has submitted data and/or an
engineering evaluation that demonstrate that catalyst damage would not
occur due to unacceptably high catalyst temperatures before the interval
has elapsed.

(C) A misfire malfunction shall be detected if the percentage of mlsflre
established in section (f){2.2.1)(A) is exceeded. For multiple cylinder
misfire situations that result in a misfire rate greater than or equal to 50
percent, the OBD system shall only be required to detect a misfire
malfunction for situations that are caused by a single component failure.

(D) For purposes of establishing the temperature at which catalyst damage
occurs as required in section (f)(2.2.1)(A), manufacturers may not define
catalyst damage at a temperature more severe than what the catalyst
system could be operated at for 10 consecutive hours and still meet the
applicable standards.

(2.2.2) Misfire causing emissions to exceed 1.5 times the appllcable standards:

(A) Manufacturers shail determine the percentage of misfire evaluated in.
1000 revolution increments that would cause emissions from an emission
durability demonstration engine to exceed 1.5 times any of the applicable
standards if the percentage of misfire were present from the beginning of
the test. To establish this percentage of misfire, the manufacturer shall
utilize misfire events occurring at equally spaced, complete engine cycle
intervals, across randomly selected cytinders throughout each 1000-
revolution increment. If this percentage of misfire is determined to be
lower than one percent, the manufacturer may set the malfunction criteria
at one percent.

(B) Subject to Executive Officer approval, a manufacturer may employ other
revolution increments. The Executive Officer shall grant approval upon
determining that the manufacturer has demonstrated that the strategy

, would be equally effective and timely in detecting misfire.

(C) A malfunction shall be detected if the percentage of misfire established in
section (f)(2.2.2)(A) is exceeded regardless of the pattern of misfire
events {e.g., random, equally spaced, continuous).

(2.3) Monitoring Conditions:
(2.3.1) The OBD system shall continuously monitor for misfire under the following
conditions:

(A) Except as provided for in section (f)(2.3.6) below, fErom no later than the
end of the second crankshaft revolution after engine start,

(B) While under positive torque conditions during the rise time and settling
time for engine speed to reach the desired idle engine speed at engine
start-up (i.e., “flare-up” and “flare-down”), and
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(C) Under all positive torque engine speeds and load conditions except within
the following range: the engine operating region bound by the positive
torque line (i.e., engine load with the transmission in neutral), and the two
following engine operating points: an engine speed of 3000 rpm with the
engine load at the positive torque line, and the redline engine speed
(defined in section (c)) with the engine's manifold vacuum at four inches of
mercury lower than that at the positive torque line.

(2.3.2) If a monitoring system cannot detect alt misfire patterns under all required
engine speed and load conditions as required in section (f)(2.3.1) above,
the manufacturer may request Executive Officer approval to accept the
monitoring system. in evaluating the manufacturer's request, the
Executive Officer shall consider the following factors: the magnitude of the
region(s) in which misfire detection is limited, the degree to which misfire
detection is limited in the region(s) {i.e., the probability of detection of
misfire events), the frequency with which said region(s) are expected to be

- encountered in-use, the type of misfire patterns for which misfire detection
is troublesome, and demonstration that the monitoring technology
employed is not inherently incapable of detecting misfire under required
conditions (i.e., compliance can be achieved on other engines). The
evaluation shall be based on the following misfire patterns: equally spaced
misfire occurring on randomly selected cylinders, single cylinder
continuous misfire, and paired cylinder (cylinders firing at the same crank
angle) continuous misfire. '

(2.3.3) A manufacturer may request Executive Officer approval of a monitoring
system that has reduced misfire detection capability during the portion of
the first 1000 revolutions after engine start that a cold start emission
reduction strategy that reduces engine torque (e.g., spark retard
strategies) is active. The Executive Officer shall approve the request
upon determining that the manufacturer has demonstrated that the
probability of detection is greater than or equal to 75 percent during the

‘worst case condition (i.e., lowest generated torque) for a vehicle operated
continuously at idle (park/neutral idle) on a cold start between 50 and 86
degrees Fahrenheit and that the technology cannot reliably detect a
higher percentage of the misfire events during the conditions.

(2.3.4) A manufacturer may request Executive Officer approval to disable misfire
monitoring or employ an alternate malfunction criterion when misfire
cannot be distinguished from other effects.

(A) Upon determining that the manufacturer has presented documentation
that demonstrates the disablement interval or period of use of an alternate -
malfunction criterion is limited only to that necessary for avoiding false
detection, the Executive Officer shall approve the disablement or use of
the alternate malfunction criterion for conditions involving:

(i) rough road,

(i) fuel cut,

(iii) gear changes for manual fransmission vehicles,

(iv) traction control or other vehicle stability control activation such as anti-

 lock braking or other engine torque modifications to enhance vehicle
stability,

.70
171



172

(v) off-board control or intrusive activation of vehicle components or
diagnostics during service or assembly plant testing,

(vi) portions of intrusive evaporative system or EGR diagnostics that can
significantly affect engine stability (i.e., while the purge valve is open
during the vacuum puli-down of a evaporative system leak check but
not while the purge valve is closed and the evaporative system is
sealed or while an EGR diagnostic causes the EGR valve to be
intrusively cycled on and off during positive torque conditions), or

(vii) engine speed, load, or torque transients due to throttle movements
more rapid than occurs over the FTP cycle for the worst case engine
within each engine family.

(B) Additionally, the Executive Officer will approve a manufacturer's request

in accordance with sections (g}(5.3), (g)(5.4), and (g)(5.6) to disable
misfire monitoring when the fuel level is 15 percent or less of the nominal
capacity of the fuel tank, when PTO units are active, or while engine
coolant temperature is below 20 degrees Fahrenheit. The Executive
Officer will approve a request to continue disablement on engine starts
when engine coolant temperature is below 20 degrees Fahrenheit at
engine start until engine coolant temperature exceeds 70 degrees
Fahrenheit.

(C) In general, the Executive Officer shall not approve disablement for

conditions involving normal air conditioning compressor cycling from on-
to-off or off-to-on, automatic transmission gear shifts (except for shifts
occurring during wide open throttle operation), transitions from idle to off-

. idle, normal engine speed or load changes that occur during the engine

speed rise time and settling time (i.e., “flare-up” and “flare-down")
immediately after engine starting without any vehicle operator-induced
actions (e.g., throttle stabs), or excess acceleration (except for
acceleration rates that exceed the maximum acceleration rate obtainable
at wide open throttle while the vehicle is in gear due to abnormal
conditions such as slipping of a clutch).

(D) The Executive Officer may approve misfi ire monitoring disablement or use

of an alternate malfunction criterion for any other condition on a case by
case basis upon determining that the manufacturer has demonstrated that
the request is based on an unusual or unforeseen circumstance and that
it is applying the best available computer and monitoring technology.

(2.3.5) For engines with more than eight cylinders that cannot meet the

requirements of section (f)(2.3.1), a manufacturer may request Executive
Officer approval to use alternative misfire monitoring conditions. The
Executive Officer shall approve the request upon determining that the

 manufacturer has submitted data and/or an engineering evaluation that

demonstrate that misfire detection throughout the required operating
region cannot be achieved when employing proven monitoring technology
(i.e., a technology that provides for compliance with these requirements
on other engines) and provided misfire is detected to the fullest extent
permitted by the technology. However, the Executive Officer may not
grant the request if the lTIISfII'e detection system is unable to monitor
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during all positive torque operating conditions encountered during an FTP

cycle.

(2.3.6) For engines that employ engine shutoff strategies that do not require the
vehicle operator to restart the engine to continue driving (e.g., hybrid bus
with engine shutoff at idle), the OBD system shall monitor for misfire from
no later than the end of the second crankshaft revolution after each

 engine-restart engine fueling begins for the initial start and after each tlme
fueling resumes.

(2.4) MIL lllumination and Fault Code Storage:

(2.4.1) Misfire causing catalyst damage. Upon detection of the percentage of misfire
specified in section (f)(2.2.1) above, the following criteria shall apply for MIL
illumination and fault code storage: .
(A) Pending fault codes

(i) A pending fault code shall be stored |mmed|ately if, during a smgle
driving cycle, the specified percentage of misfire is exceeded three
times when operating in the positive torque region encountered during
an FTP cycle or is exceeded on a single occasion when operating at
any other engine speed and load condition in the positive torque
region defined in section ()(2.3.1).

(il Immediately after a pending fault code is stored as specified in section
((2.4.1){A)(i) above, the MIL shall blink once per secend at all times
while misfire is occurring during the driving cycle.

a. The MIL may be extinguished during those times when misfire is not
occurring during the driving cycle.

b. If, at the time a misfire malfunetion occurs, the MIL is already
illuminated for a malfunction other than misfire, the MIL shall blink

. as previously specified in section (f)(2.4.1)(A)(ii) while misfire is
occurring. If misfiring ceases, the MIL shall stop blinking but
remain illuminated as required by the other malfunction.
(B) Confirmed fault codes

(i) If a pending fault code for exceeding the percentage of misfire set forth
in section (f)(2.2.1) is stored, the OBD system shall immediately store
a confirmed-fault code if the percentage of misfire specified in section
(H(2.2.1) is again exceeded one or more times during either: (a) the
driving cycle immediately following the storage of the pending fault .
code, regardless of the conditions encountered during the driving
cycle; or (b) on the next driving cycle in which similar conditions (see
section (c)) to the engine conditions that occurred when the pendmg
fault code was stored are encountered.

(ii) If a pending fault code for exceeding the percentage of misfire set forth
in section (f)(2.2.2) is stored from a previous driving cycle, the OBD
system shall immediately store a confirmed fault code if the
percentage of misfire specified in section (f)(2.2.1) is exceeded one or
more times regardiess of the conditions encountered.

{iii) Upon storage of a confirmed fault code, the MIL shal! blink as
specified in subparagraph (f)(2.4.1){(A)(ii) above as long as misfire is
occurring and the MIL shall remain continuously illuminated if the
misfiring ceases.
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(C) Erasure of pending fault codes

Pending fauit codes shall be erased at the end of the next driving cycle in
which similar conditions to the engine conditions that occurred when the
pending fault code was stored have been encountered without any
exceedance of the specified percentage of misfire. The pending code
may also be erased if similar driving conditions are not encountered
during the next 80 driving cycles subsequent to the initial detection of a
malfunction.

(D) Exemptions for engines with fuel shutoff and default fuel control.

Notwithstanding sections (f}(2.4.1)(A) and (B) above, in engines that
provide for fuel shutoff and default fuel control to prevent over fueling
during catalyst damage misfire conditions, the MIL is not required to blink.
Instead, the MIL may illuminate continuously in accordance with the
requirements for continuous MIL illumination in sections (f)(2.4.1)(B)iii)
above upon detection of misfire, provided that the fuel shutoff and default
control are activated as soon as misfire is detected. Fuel shutoff and
default fuel control may be deactivated only to permit fueling outside of

‘the misfire range. Manufacturers may also pericdically, but not more than -

once every 30 seconds, deactivate fuel shutoff and default fuel control to
determine if the specified catalyst damage percentage of misfire is still
being exceeded. Normal fueling and fuel control may be resumed if the
specified catalyst damage percentage of misfire is no longer being
exceeded.

(E) Manufacturers may request Executive Ofﬁcér approval of strategies that

continuously illuminate the MIL in lieu of blinking the MIL during extreme
catalyst damage misfire conditions (i.e., catalyst damage misfire occurring
at all engine speeds and loads). Executive Officer approval shall be
granted upon determining that the manufacturer employs the strategy only
when catalyst damage misfire levels cannot be avoided during reasonable
driving conditions and the manufacturer has demonstrated that the
strategy will encourage operation of the vehicle in conditions that will
minimize catalyst damage (e.g., at low engine speeds and loads).

(2.4.2) Misfire causing emissions to exceed 1.5 times the FTP standards. Upon

detection of the percentage of misfire specified in section (f)(2.2.2), the
following criteria shall apply for MIL illumination and fault code storage:

(A) Misfire within the first 1000 revolutions after engine start.

(i) A pending fault code shall be stored no later than after the first
exceedance of the specified percentage of misfire during a single
driving cycle if the exceedance occurs within the first 1000 revolutions
after engine start (defined in section (c)} during which misfire detection
is active.

(ii) If a pending fault code is stored, the OBD system shall illuminate the
MIL and store a confirmed fault code within 10 seconds if an
exceedance of the specified percentage of misfire is again detected in
the first 1000 revolutions during any subsequent driving cycle,
regardless of the conditions encountered during the driving cycle.

(iii) The pending fault code shall be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
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when the pending fault code was stored have been encountered
without an exceedance of the specified percentage of misfire. The
pending code may also be erased if similar conditions are not
encountered during the next 80 driving cycles immediately following
the initial detection of the malfunction. ;

(B) Exceedances after the first 1000 revolutions after engine start.

(i) A pending fault code shall be stored no later than after the fourth
exceedance of the percentage of misfire specified in section (f)(2.2.2)
during a single driving cycle. _

(ii) If a pending fault code is stored, the OBD system shall illuminate the
MIL and store a confirmed fault code within 10 seconds if the
percentage of misfire specified in section (f)(2.2.2) is again exceeded
four times during: (a) the driving cycle immediately following the
storage of the pending fault code, regardless of the conditions
encountered during the driving cycle; or (b) on the next driving cycle in
which similar conditions (see section (c)) to the engine conditions that
occurred when the pending fault code was stored are encountered.

(iii) The pending fault code may be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
when the pending fault code was stored have been encountered
without an exceedance of the specified percentage of misfire. The
pending code may also be erased if similar conditions are not
encountered during the next 80 driving cycles immediately following
tnitial detection of the malfunction.

(2.4.3) Storage of freeze frame conditions.

" (A) The OBD system shall store and erase freeze frame conditions either in
conjunction with storing and erasing a pending fault code or in conjunction
with storing and erasing a confired fault code.

(B) If freeze frame conditions are stored for a malfunction other than a misfire
or fuel system malfunction (see section (f)(1)) when a fault code is stored
as specified in section (f}(2.4) above, the stored freeze frame information
shall be replaced with freeze frame information regarding the misfire
malfunction.

(2.4.4) Storage of misfire conditions for similar conditions determination. Upon
detection of misfire under sections (f)(2.4.1) or (2.4.2), the OBD system
shall store the following engine conditions: engine speed, load, and
warm-up status of the first misfire event that resulted in the storage of the
pending fault code.

- (2.4.5) Extinguishing the MIL. The MIL may be extinguished after three
sequential driving cycles in which similar conditions have been
encountered without an exceedance of the specified percentage of
misfire.

3) Exhaust Gas Recirculation (EGR) System Monitoring
(3.1) Requirement: The OBD system shall monitor the EGR system on engines
so-equipped for low and high flow rate malfunctions. The individual electronic
components (e.g., actuators, valves, sensors) that are used in the EGR
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system shall be monitored in accordance with the comprehensive component
requirements in section (g)(3).
(3.2) Malfunction Criteria: .

(3.2.1) The OBD system shall detect a malfunction of the EGR system priorto a
decrease from the manufacturer's specified EGR flow rate that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards. For engines in which no failure or deterioration of the EGR
system that causes a decrease in flow could result in an engine’s
emissions exceeding 1.5 times any of the applicable standards, the OBD
system shall detect a malfunction when the system has no detectable
amount of EGR flow.

(3.2.2) The OBD system shall detect a malfunction of the EGR system prior to an

' increase from the manufacturer's specified EGR flow rate that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards. For engines in which no failure or deterioration of the EGR
system that causes an increase in flow could resultin an engine’s
emissions exceeding 1.5 times any of the applicable standards, the OBD
system shall detect a malfunction when the system has reached its control
limits such that it cannot reduce EGR flow.

(3.3) Monitoring Conditions:

(3.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (f)(3.2) (i.e., flow rate) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For purposes of
tracking and reporting as required in section (d)(3.2.1), all monitors used
to detect malfunctions identified in section (f)(3.2) shall be tracked
separately but reported as a single set of values as specified in section
(d)(5.2.2).

(3.3.2) Manufacturers may request Executive Officer approval to temporarily
disable the EGR system check under conditions when monitoring may not
be reliable (e.g., when freezing may affect performance of the system).
The Executive Officer shall approve the request upon determining that the
manufacturer has submitted data and/or an engineering evaluation which
demonstrate that a reliable check cannot be made when these conditions
exist.

(3.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(4)  Cold Start Emission Reduction Strategy Monitoring.
(4.1) Requirement:

(4.1.1) f an engine incorporates a specific engine control strategy to reduce cold
start emissions, the OBD system shall monitor the commanded
elements/components for proper function (e.g., increased engine idle
speed, mass air flow, commanded ignition timing retard}, other than
secondary air, while the control strategy is active to ensure proper
operation of the control strategy. Secondary air systems shall be
monitored under the provisions of section (f)(3).

(4.1.2) For an element/component associated with the cold start emission
reduction conirol strateqy under section (f)(4) that is also required to be

75

176



“monitored elsewhere in séction (f) or (g) (e.g.. fuel injection timing), the
manufacturer shall use different diagnostics to distinguish faults detected
under section (f)(4) (i.e., faults associated with the cold start strate
from faults detected under sections other than section (f)(4) (i.e.. faults not
associated with the cold start strategy).

(4.2) Malfunction Criteria:
(4.2.1) For 2010 through 2012 model year engines:

(A) The OBD system shall detect a malfunction prior to any failure or
deterioration of the individual elements/components associated with the
cold start emission reduction control strategy that would cause an
engine’s emissions to exceed 1.5 times the applicable standards.
Manufacturers shall:

(i) Establish the malfunction criteria based on data from one or more
representative engine(s).

(i) Provide an engineering evaluation for establishing the malfunction
criteria for the remainder of the manufacturer’'s product line. The
Executive Officer shall waive the evaluation requirement each year if,
in the judgment of the Executive Officer, technological changes do not
affect the previously determined malfunction criteria.

(B) For components where no failure or deterioration of the
element/component used for the cold start emission reduction strategy . -
could result in an engine’s emissions exceeding 1.5 times the applicable
standards, the individual element/component shall be monitored for
proper functional response in accordance with the malfunction criteria in

-section (g)(3.2) while the control strategy is active.

(4.2.2) For 2013 and subsequent model year engines, the OBD system shall, to

- the extent feasible, detect a malfunction if either of the following occurs:

(A} Any single commanded element/component does not properly respond to
the commanded action while the cold start strategy is active. For
elements/components involving spark timing (e.g., retarded spark timing},
the monitor may verify final commanded spark timing in lieu of verifying
actual delivered spark timing. For purposes of this section, “properly
respond” is defined as when the element responds:

(i) by a robustly detectable amount; and

(i) in the direction of the desired command; and

(iif) above and beyond what the element/component would achieve on
start-up without the cold start strategy active (e.g., if the cold start
strategy commands a higher idle engine speed, a fault must be
detected if there is no detectabie amount of engine speed increase
above what the system would achieve without the cold start strategy
active);

(B) Any failure or deterioration of the cold start emission reduction control
strategy that would cause an engine’s emissions to be equal to or above
1.5 times the applicable standards. For this requirement, the OBD
system shali either monitor the combined effect of the
elements/components of the system as a whole (e.g., measuring air flow
and modeling overall heat into the exhaust) or the individual
elements/components (e.g., increased engine speed, commanded final
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spark timing) for failures that cause engine emissions to exceed 1.5 times
~ the applicable standards. ‘

(4.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
for malfunctions identified in section (f)(4.2) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements).

(4.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(5)  Secondary Air System Monitoring
(5.1) Requirement:

(5.1.1) The OBD system on engines equipped with any form of secondary air
delivery system shall monitor the proper functioning of the secondary air
delivery system including all air switching valve(s). The individual
electronic components (e.g., actuators, valves, sensors) in the secondary
air system shall be monitored in accordance with the comprehensive
‘component requirements in section (g)(3).

(5.1.2) For purposes of section (f)(5), “air flow” is defined as the air flow delivered
by the secondary air system to the exhaust system. For engines using
secondary air systems with multiple air flow paths/distribution points, the -
air flow to each bank (i.e., a group of cylinders that share a common
exhaust manifold, catalyst, and control sensor) shall be monitored in
accordance with the malfunction criteria in section (f)(5.2) uniess complete
blocking of air delivery to one bank does not cause a measurable increase
in emissions. ' :

(5.1.3) For purposes of section (f(5), “normal operation” is defined as the
condition when the secondary air system is activated during catalyst
and/or engine warm-up following engine start. “Normal operation” does
not include the condition when the secondary air system is infrusively
turned on solely for the purpose of monitoring.

(5.2) Malfunction Criteria: :

" (5.2.1) Except as provided in section (f)(5.2.3), the OBD system shall detect a
secondary air system malfunction prior to a decrease from the
manufacturer's specified air flow during normal operation that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards.

(5.2.2) Except as provided in section (f)(5.2.34), the OBD system shall detect a
secondary air system malfunction prior to an increase from the
manufacturer's specified air flow during normal operation that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards.

(5.2.3) For engines in which no deterioration or failure of the secondary air
system that causes a decrease in air flow would result in an engine’s
emissions exceeding 1.5 times any of the applicable standards, the OBD

‘system shall detect a malfunction when no detectable amount of air flow
is delivered during normal operation-ef-the-secondary-ai-system.

(5.2.4) For 2016 and subsequent model year engines in which no deterioration or
failure of the secondary air system that causes an increase in air fiow
would result in an engine’s emissions exceeding 1.5 times any of the
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applicable standards. the OBD system shall detect a malfunction when
the secondary air system has reached its control limits such that it cannot
_ reduce air flow during normal operation.
(5.3) Monitoring Conditions: _

(5.3.1) Manufacturers shall define the monitoring conditions in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For
purposes of tracking and reporting as required in section (d)(3.2.1), all
monitors used to detect malfunctions identified in section (f)(5.2) during
normal operation of the secondary air system shall be tracked separately
but reported as a single set of values as specified in section (d)(5.2.2).

(5.4) MIL lllumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

- (6) Catalyst Monitoring ‘

(6.1) Requirement: The OBD system shall monitor the catalyst system for proper
conversion capability.

(6.2) Malfunction Criteria:

(6.2.1) The OBD system shall detect a catalyst system malfunction when the
catalyst system'’s conversmn capability decreases to the point that any of
the following occurs:

(A) Non-Methane Hydrocarbon (NMHC) emissions exceed 1.75 times the
applicable standards to which the engine has been certified. -

(B) The average FTP test NMHC conversion efficiency of the monitored
portion of the catalyst system falls below 50 percent (i.e., the cumulative
NMHC emissions measured at the outlet of the monitored catalyst(s) are
more than 50 percent of the cumulative engine-out emissions measured
at the inlet of the catalyst(s)). With Executive Officer approval,
manufacturers may use a conversion efficiency malfunction criteria of less
than 50 percent if the catalyst system is designed such that the monitored
portion of the catalyst system must be replaced along with an adjacent
portion of the catalyst system sufficient to ensure that the total portion
replaced will meet the 50 percent conversion efficiency criteria. Executive
Officer approval shall be based on data and/or engineering evaluation
demonstrating the conversion efficiency of the monitored portion and the
total portion designed to be replaced, and the likelihood of the catalyst
system design to ensure replacement of the monitored and adjacent
portions of the catalyst system.

(C) Oxides of nitrogen {NOx) emissions exceed 1.75 times the applicable
NOx standard to which the engine has been certified.

(6.2.2) For purposes of determining the catalyst system malfunction criteria in
section (f)(6.2.1):

(A) The manufacturer shall use a catalyst system deteriorated to the
malfunction criteria using methods established by the manufacturer to
represent real world catalyst deterioration under normal and
malfunctioning operating conditions.

(B) Except as provided below in section (f)(6.2.2)(C), the malfunction criteria
shall be established by using a catalyst system with all monitored and
unmonitored (downstream of the sensor utilized for catalyst monitoring)
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catalysts simultaneously deteriorated to the malfunction criteria.

(C) For engines using fuel shutoff to prevent over-fueling during misfire
conditions (see section (f)(2.4.1)(D)), the malfunction criteria shall be
established by using a catalyst system with all monitored catalysts
simultaneously deteriorated to the malfunction criteria while unmonitored
catalysts shall be deteriorated to the end of the engine's useful life.

(6.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
' for malfunctions identified in section (f)(6.2) in accordance with sections

(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For purposes of

tracking and reporting as required in section (d}(3.2.1), all monitors used to

detect malfunctions identified in section (f)(8.2) shall be tracked separately
but reported as a single set of values as specified in section (d)}(5.2.2).
(6.4 MIL Hlumination and Fault Code Storage:

(6.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2).

(6.4.2) The monitoring method for the catalyst(s) shall be capable of detecting
when a catalyst fault code has been cleared (except OBD system
self-ciearing), but the catalyst has not been replaced (e.g., catalyst
overtemperature histogram approaches are not acceptable).

(7)  Evaporative System Monitoring _
(7.1) Requirement: The OBD system shall verify purge flow from the evaporative
system and shail monitor the complete evaporative system, excluding the
tubing and connections between the purge vaive and the intake manifold, for
vapor leaks to the atmosphere. Individual components of the evaporative
system (e.g. valves, sensors) shall be monitored in accordance with the
comprehensive components requirements in section (g)(3) (e.g., for circuit
continuity, out of range values, rationality, proper functional response).
Vehicles not required-to-be-equipped-with-subject to evaporative emission
standards systers shall be exempt from monitoring of the evaporative
system. For alternate-fueled engines subject to evaporative emission
standards, manufacturers shall submit a monitoring pian to the Executive
Officer for approval. The Executive Officer shall approve the request upon
determining_that the manufacturer has submitted data and an engineering
evaluation that demonstrate that the monitoring plan is as reliable and
effective as the monitoring plan required for gasoline engines under section
(7). |
(7.2) Malfunction Criteria:
(7.2.1) For purposes of section (f)(7), an “orifice” is defined as an O'Keefe
Controis Co. precision metal “Type B orifice with NPT connections with a
diameter of the specified dimension (e.g., part number B-31-SS for a
stainless steel 0.031 inch diameter orifice).
(7.2.2) The OBD system shall detect an evaporative system malfunction when
any of the following conditions exist.
(A) No purge flow from the evaporative system to the engine can be detected
by the OBD system; or '
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(B) The complete evaporative system contains a leak or leaks that
cumulatively are greater than or equal to a leak caused by a 0.150 inch
diameter orifice.

(7.2.3) A manufacturer may request the Executive Officer to revise the orifice size
in section (f)(7.2.2)(B) if the most reliable monitoring method available
cannot reliably detect a system leak of the magnitudes specified. The
Executive Officer shall approve the request upon determining that the
manufacturer has provided data and/or engineering analysis that
demonstrate the need for the request.

(7.2.4) Upon request by the manufacturer and upon determining that the
manufacturer has submitted data and/or engineering evaluation which
support the request, the Executive Officer shall revise the orifice size in
section (f)(7.2.2)(B) upward to exclude detection of leaks that cannot
cause evaporative or running loss emissions to exceed 1.5 times the
. applicable evaporative emission standards.

(7.2. 5) For vehisles engines that utilize more than one purge flow path {e.g., a
turbo-charged engine with a low pressure purge line and a high pressure
purge line), the OBD system shall verify the criteria of (f}(7.2.2)(A) (i.e.,
purge flow to the engine) for beth all purge flow paths. If a manufacturer
demonstrates that blockage, leakage, or disconnection of one of the
purge flow paths cannot cause a measurable emission increase during
any reasonable in-use driving conditions, monitoring of that flow path is
not required.

(7.3) Monitoring Conditions:

(7.3.1) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (f)(7.2.2)(A) (i.e., purge flow) in accordance with
sections (d)(3.1) and (d)(3.2} (i.e., minimum ratio requirements).

(7.3.2) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (f)(7.2.2)(B) (i.e., 0.150 inch leak detection) in
accordance with sections (d)(3.1} and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d}(3.2.1), all monitors used to detect malfunctions identified in
section (f)(7.2.2)(B) shall be tracked separately but reported as a single
set of values as specified in section (d)(5.2.2).

(7.3.3) Manufacturers may disable or abort an evaporative system monitor when
the fuel tank level is over 85 percent of nominal tank capacity or during a
refueling event.

(7.3.4) Manufacturers may request Executive Officer approval to execute the
evaporative system monitor only on driving cycles determined by the
manufacturer to be cold starts if the condition is needed to ensure reliable
monitoring. The Executive Officer shall approve the request upon
determining that data and/or an engineering evaluation submitted by the
manufacturer demonstrate that a reliable check can only be made on °
driving cycles when the cold start criteria are satisfied. However, in
making a decision, the Executive Officer will not approve conditions that
exclude engine starts from being considered as cold starts solely on the
basis that ambient temperature exceeds (i.e., indicates a higher
temperature than) engine coolant temperature at engine start.
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(7.3.5) Manufacturers may temporarily disable the evaporative purge system to
perform an evaporative system leak check.
(7.4) MIL lllumination and Fault Code Storage:
(7.4.1) Except as provided below for fuel cap leaks, general requirements for MiL
illumination and fault code storage are set forth in section (d)(2).
(7.4.2) If the OBD system is capable of discerning that a system leak is being
caused by a missing or improperly secured fuel cap:

(A) The manufacturer is not required to illuminate the Mil or store a fault
code if the vehicle is equipped with an alternative indicator for notifying
the vehicle operator of the malfunction. The alternative indicator shall be
of sufficient illumination and location to be readily visible under all lighting
conditions. |

(B) If the vehicle is not equipped with an alternative indicator and the MIL
illuminates, the MIL may be extinguished and the corresponding fault -
codes erased once the OBD system has verified that the fuel cap has
been securely fastened and the MIL has not been-illuminated for any
other type of malfunction.

(C) The Executive Officer may approve other strategies that provide
equivalent assurance that a vehicle operator will be promptly notified of a
missing or improperly secured fuel cap and that corrective action will be
undertaken.

(8) Exhaust Gas Sensor Monitoring
(8.1) Requirement:

(8.1.1) The OBD system shall monitor the output signal, response rate, and any
other parameter which can affect emissions of all primary (fuel control}
oxygen sensors (conventional switching sensors-and wide range or
universal sensors) for malfunction.

(8.1.2) The OBD system shall also monitor all secondary oxygen sensors (those
used for fuel trim control or as a monitoring device) for proper output
signal, activity, and response rate. -

(8.1.3) For engines equipped with heated oxygen sensors, the OBD system shalll
monitor the heater for proper performance. '

(8.1.4) For other types of sensors (e.g., hydrocarbon sensors, NOx sensors), the
manufacturer shall submit a monitoring plan to the Executive Officer for
approval. The Executive Officer shall approve the request upon
determining that the manufacturer has submitted data and an engineering
evaluation that demonstrate that the monitoring plan is as reliable and
effective as the monitoring plan required for conventional sensors under
section (f)(8). )

(8.2) Malfunction Criteria:

(8.2.1) Primary Sensors:

(A) The OBD system shall detect a malfunction prior to any failure or
deterioration of the oxygen sensor output voltage, resistance, impedance,
current, response rate, amplitude, offset, or other characteristic(s)
(including drift or bias corrected for by secondary sensors) that would
cause an engine's emissions to exceed 1.5 times any of the applicable
standards. For response rate (see section (c)), the OBD system shall
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detect asymmetric malfunctions (i.e., malfunctions that primarily affect
only the lean-to-rich response rate or only the rich-to-lean response rate)
and symmetric malfunctions (i.e., malfunctions that affect both the lean-to-
rich and rich-to-lean response rates). As defined in section (c), response
rate includes delays in the sensor to initially react to a change in exhaust
gas composition as well as delays during the transition from a rich-to-lean

(or lean-to-rich) sensor output. For 2013 and subsequent model year

engines, the manufacturer shall submit data and/or engineering analysis

to demonstrate that the calibration method used ensures proper detection
of ali symmetric and asymmetric response rate malfunctions as part of the
certification application.

(B) The OBD system shall detect malfunctions of the oxygen sensor caused
by either a lack of circuit continuity or out-of-range values.

(C) The OBD system shall detect a malfunction of the oxygen sensor when a
sensor failure or deterioration causes the fuel system to stop using that
sensor as a feedback input (e.g., causes default or open-loop operation)
or causes the fuel system to fail to enter closed-loop operation within a
manufacturer-specified time interval.

(D) The OBD system shall detect a malfunction of the oxygen sensor when
the sensor output voltage, resistance, impedance, current, amplitude,
activity, or other characteristics are no longer sufficient for use as an OBD
system monitoring device (e.g., for catalyst monitoring).

(8.2.2) Secondary Sensors:

{A) The OBD system shall detect a malfunction pnorto any failure or
deterioration of the oxygen sensor voltage, resistance, impedance,
current, response rate, amplitude, offset, or other, characteristic(s) that
would cause an engine's emissions to exceed 1.5 times any of the
applicable standards.

(B) The OBD system shall detect malfunctions of the oxygen sensor caused
by a lack of circuit continuity.

(C) Sufficient sensor performance for other monitors.

(i) The OBD system shall detect a malfunction of the oxygen sensor when
the sensor output voltage, resistance, impedance, current, amplitude,
activity, offset, or other characteristics are no longer sufficient for use
as an OBD system monitoring device (e.g., for catalyst monitoring).
For this requirement, “sufficient” is defined as the capability of the
worst performing acceptable sensor to detect the best performing
unacceptable other monitored system or component (e.g., catalyst).

(i) For systems where it is not technically feasible to satisfy the criteria of
section (f)(8.2.2)(C)(i) completely, the OBD system shall, at a
minimum, detect a slow rich-to-lean response malfunction during a fuel
shut-off event (e.g., deceleration fuel cut event) on all 2013 and
subsequent model year engines. The rich-to-lean response check
shall monitor both the sensor response time from a rich condition (e.g.,
‘0.7 Volts) prior to the start of fuel shut-off to a lean condition (e.g., 0.1
Volts) expected during fuel shut-off conditions and the sensor
transition time in the intermediate sensor range (e.g., from 0.55 Volts
to 0.3 Volts).
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(iii) Additionally, for systems where it is not technically feasible to satisfy
the criteria in section (f)(8.2.2)(C)(i), prior to certification of 2013 model
year engines, the manufacturer must submit a comprehensive plan to
the Executive Officer demonstrating the manufacturer’s efiorts to
minimize any gap remaining between the worst performing acceptable
sensor and a sufficient sensor. The plan should include quantification
of the gap and supporting documentation for efforts to close the gap
including sensor monitoring improvements, other system component
monitor improvements (e.g., changes to make the catalyst monitor less
sensitive to oxygen sensor response), and sensor specification
changes, if any. The Executive Officer shall approve the plan upon
determining the submitted information supports the necessity of the
gap and the plan demonstrates that the manufacturer is taking
reasonable efforts to minimize or eliminate the gap in a timely manner.

(D) The OBD system shall detect malfunctions of the oxygen sensor caused
by out-of-range values. -

(E) The OBD system shall détect a malfunction of the oxygen sensor when a
sensor failure or deterioration causes the fuel system (e.g., fuel control) to
stop using that sensor as a feedback input (e.g., causes default or open-
loop operation).

(8.2.3) Sensor Heaters: ‘

(A) The OBD system shall detect a malfunction of the heater performance
when the current or-voltage drop in the heater circuit is no longer within
the manufacturer's specified limits for normal operation (i.e., within the
criteria required to be met by the component vendor for heater circuit
performance at high mileage). Subject to Executive Officer approval,
other malfunction criteria for heater performance malfunctions may be
used upon the Executive Officer determining that the manufacturer has
submitted data and/or an engineering evaluation that demonstrate the
monitoring reliabiiity and timeliness to be equivalent to the stated criteria
in section (f)(8.2.3)(A). ' , |

(B) The OBD system shall detect malfunctions of the heater circuit including
open or shart circuits that conflict with the commanded state of the heater
(e.g., shorted to 12 Volts when commanded to 0 Volts (ground)).

(8.3) Monitoring Conditions: -
(8.3.1) Primary Sensors

(A) Manufacturers shall define the monitoring conditions for maifunctions
identified in sections (f)(8.2.1)(A) and (D) (e.g., proper response rate) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For purposes of tracking and reporting as required in
section (d){3.2.1), all monitors used to detect malfunctions identified in
sections (f)(8.2.1)(A) and (D) shall be tracked separately but reported as a
single set of values as specified in section (d)(5.2.2).

(B) Except as provided in section (f)(8.3.1)(C), monitoring for malfunctions
identified in sections (f)(8.2.1)(B) and (C) (i.e., circuit continuity, out-of-
range, and open-loop malfunctions) shall be conducted continuously.

(C) A manufacturer may request Executive Officer approval to disable

continuous exhaust gas sensor monitoring when an exhaust gas sensor
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malfunction cannot be distinguished from other effects (e.g., disable out-
of-range low monitoring during fuel cut conditions). The Executive Officer
shall approve the disablement upon determining that the manufacturer
has submitted test data and/or documentation that demonstrate a properly
functioning sensor cannot be distinguished from a malfunctioning sensor
and that the disablement interval is limited only to that necessary for
avoiding false detection.

(8.3.2) Secondary Sensors

(A) Manufacturers shall define monitoring conditions for malfunctions
identified in sections (f)(8.2.2)(A) and (C) (e.g., proper sensor activity) in
accordance with sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio
requirements). For all 2013 and subsequent model year engines meeting
the monitoring requirements of section (f)(8.2.2)(C)(i) or (ii), for purposes
of tracking and reporting as required in section (d)(3.2.1), all monitors
used to detect malfunctions identified in sections (f)(8.2.2)(A) and (C) shall
be tracked separately but reported as a single set of values as specnﬂed in
section (d)(5.2.2).

(B) Except as provided in section (f)(8.3.2)(C), monitoring for malfunctions
identified in sections (f)(8.2.2)(B), (D), and (E) (i.e., open circuit, out-of-
range malfunctions, open-ioop malfunctions) shall be conducted
continuously. '

(C) A manufacturer may request Executive Officer approval to disable
continuous exhaust gas sensor monitoring when an oxygen sensor
malfunction cannot be distinguished from other effects (e.g., disable out-
of-range low monitoring during fuel cut conditions). The Executive Officer
shall approve the disablement upon determining that the manufacturer
has submitted test data and/or documentation that demonstrate a properly
functioning sensor cannot be distinguished from a malfunctioning sensor
and that the disablement interval is limited only to that necessary for
avoiding false detection.

(8.3.3) Sensor Heaters

(A) Manufacturers shall define monitoring conditions for malfunctions

identified in section (f)(8.2.3)(A) (i.e., sensor heater performance) in
“accordance with sections (d)(3.1) and (d){3.2) (i.e., minimum ratio
requirements).

(B) Monitoring for malfunctions identified in section (f}(8.2.3)( B) (| e., circuit
malfunctions) shall be conducted continuously.

(8.4) MIL lllumination and Fault Code Storage: General requirements for MIL
ilumination and fauit code storage are set forth in section (d)(2). To the
extent feasible, the OBD system shall separately detect lack of circuit

continuity and out-of-range faults as required under sections (f)(8.2.1)(B),
(H(8.2.2)(B). and (f)(8.2.2)(D) and store different fault codes for each distinct

malfunction (e.q., out-of-range low, out-of-range high, open circuit).
Manufacturers are not required to store separate fault codes for lack_of circuit
continuity faults that cannot be distinquished from other out-of-range circuit
faults.

(9  Variable Valve Timing and/or Control (VVT) System Monitoring
' _'_ 84
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(9.1) Requirement: The OBD system shall monitor the VVT system on engines
so-equipped for target error and siow response malfunctions. The individual.
electronic components (e.g., actuators, valves, sensors) that are used in the
VVT system shall be monitored in accordance with the comprehensive
components requirements in section (g)(3).

(9.2) Malfunction Criteria:

(9.2.1) Target Error: The OBD system shall detect a malfunction prior to any
failure or deterioration in the capability of the VVT system to achieve the
commanded valve timing and/or control within a crank angle and/or lift
tolerance that would cause an engine’s emissions to exceed 1.5 times any
of the applicable standards.

(9.2.2) Slow Response: The OBD system shall detect a malfunction prior to any
failure or deterioration in the capability of the VVT system to achieve the
commanded valve timing and/or control within a manufacturer-specified
time that would cause an engine’s emissions to exceed 1.5 times any of
the applicable standards for gasoline engines.

(9.2.3) For engines in which no failure or deterioration of the VVT system could
result in an engine’s emissions exceeding 1.5 times any of the applicable
standards, the OBD system shall detect a malfunction of the VVT system
when proper functional response of the system to computer commands
does not occur.

(9.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions
for VT system malfunctions identified in section (f)(9.2) in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that monitoring shall occur every time the monitoring conditions are
met during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2). For purposes of tracking and reporting as required in
section (d)(3.2.1), all monitors used to detect malfunctions identified in
‘section (f)(9.2) shall be tracked separately but reported as a single set of
values as specified in section (d)(5.2.2).

(9.4) MIL Hlumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2).

(9) Monitoring Requirements For All Engines.
(1) Engine Cooling System Monitoring
(1.1) Regquirement:
(1.1.1) The OBD system shall monitor the thermostat on engines so-equ1pped for
proper operation. .
(1.1.2) The OBD system shall monitor the engine coolant temperature (ECT)
sensor for circuit continuity, out-of-range values, and rationality faults.
(1.1.3) For engines that use a system other than the cooling system and ECT
sensor (e.g., oil temperature, cylinder head temperature) for an indication
of engine operating temperature for emission control purposes (e.g., to
modify spark or fuel injection timing or quantity), the manufacturer shall
submit a monitoring plan to the Executive Officer for approval. The
Executive Officer shall approve the request upon determining that the
manufacturer has submitted data and an engineering evaluation that
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demonstrate that the monitoring plan is as reliable and effective as the
monitoring required for the engine cooling system under section (g)(1).
(1.2) Malfunction Criteria:
(1.2.1) Thermostat 7

(A) The OBD system shall detect a thermostat malfunction if, within an
Executive Officer-approved time interval after engine start, any of the
following conditions occur: ]

(i) The coolant temperature does not reach the highest temperature
required by the OBD system {o enable other diagnostics;

(i} The coolant temperature does not reach a warmed-up temperature
within 20 degrees Fahrenheit of the manufacturer's nominal thermostat
regulating temperature. Subject to Executive Officer approval, a

~ manufacturer may utilize lower temperatures for this criterion upon the

- Executive Officer determining that the manufacturer has demonstrated
that the fuel, spark timing, and/or other coolant temperature-based
modifications to the engine control strategies would not cause an
emission increase of 50 or more percent of any of the applicable
standards (e.g., 50 degree Fahrenheit emission test).

(B) For 2016 and subsequent model year engines, the OBD system shall
detect a thermostat fault if, after the coolant temperature has reached the
temperatures indicated in sections (g)(1.2.1)(A)(i) and (ji), the coolant
temperature drops below the temperature indicated in section
(@)(1.2.1HA)().

(C) Executive Officer approval of the time interval after engine start under
section (g)(1.2.1)(A) above shall be granted upon determining that the
data and/or engineering evaluation submitted by the manufacturer
supports the specified times.

(D) For monitoring of malfunctions under section (g)(1.2.1}(A), with Executive -
Officer approval, a manufacturer may use alternate malfunction criteria
and/or monitoring conditions (see section (g)(1.3)) that are a function of
temperature at engine start on engines that do not reach the temperatures
specified in the malfunction criteria when the thermostat is functioning
properly. Executive Officer approval shall be granted upon determining
that the manufacturer has submitted data that demonstrate that a properly
operating system does not reach the specified temperatures, that the
monitor is capable of meeting the specified malfunction criteria at engine
start temperatures greater than 50 degrees Fahrenheit, and that the -
possibility for cooling system malfunctions to go undetected and disable
other OBD monitors is minimized to the extent technically feasible.

(E) A manufacturer may request Executive Officer approval to be exempted
from the requirements of thermostat monitoring. Executive Officer
approval shall be granted upon determining that the manufacturer has
demonstrated that a malfunctioning thermostat cannot cause a
measurable increase in emissions during any reasonable driving condition
nor cause any disablement of other monitors.

(1.2.2) ECT Sensor

(A) Circuit Continuity. The OBD system shall detect a malfunction when a

lack of circuit continuity or out-of-range values occus.
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(B) Time to Reach Closed-Loop/Feedback Enable Temperature.

(i) The OBD system shall detect a matfunction if the ECT sensor does not
achieve the highest stabilized minimum temperature which is needed
for closed-loop/feedback:control of all emission contral systems (e.g.,
fuel system, EGR system) within an Executive Officer-approved time
interval after engine start.

(i} The time interval shall be a function of starting ECT and/or a function
of intake air temperature. Executive Officer approval of the time
interval shall be granted upon determining that the data and/or
engineering evaluation submitted by the manufacturer supports the
specified times.

(iii) Manufacturers are exempted from the requirements of section
(9)(1.2.2)(B) if the manufacturer does not utilize ECT to enable closed-
loop/feedback control of any emission control system.

(C) Stuck in Range Below the Highest Minimum Enable Temperature. To the

extent feasible when using all available information, the OBD system shall
detect a malfunction if the ECT sensor inappropriately indicates a
temperature below the highest minimum enable temperature required by
the OBD system to enable other diagnostics (e.g., an OBD system that
requires ECT to be greater than 140 degrees Fahrenheit to enable a
diagnostic must detect malfunctions that cause the ECT sensor to
inappropriately indicate a temperature below 140 degrees Fahrenheit).
Manufacturers are exempted from this requirement for temperature
regions in which the monitors required under sections (9)(1.2.1) or
(9){(1.2.2)(B) will detect ECT sensor malfunctions as defined in section

(9)(1.2.2)(C).

(D) Stuck in Range Above the Lowest Maximum Enable Temperature.

(i) To the extent feasible when using all available information, the OBD
system shall detect a malfunction if the ECT sensor inappropriately
indicates a temperature above the lowest maximum enable
temperature required by the OBD system to enable other diagnostics
(e.g., an OBD system that requires ECT to be less than 90 degrees
Fahrenheit at engine start to enable a diagnostic must detect
malfunctions that cause the ECT sensor to. inappropriately indicate a
temperature above 90 degrees Fahrenheit). :

(i) Manufacturers are exempted from this requirement for temperature
regions in which the monitors required under sections (g)(1.2.1),
(9)(1.2.2)(B), or (9)(1.2.2)(C) (i.e., ECT sensor or thermostat
malfunctions) will detect ECT sensor malfunctions as defined in
section (g)(1.2.2)(D) or in which the MIL will be illuminated under the
requirements of sections (d)(2.2.1)(E) or (d){2.2.2)(E) for default mode
operation (e.g., overtemperature protection strategies). »

(iii) Manufacturers are exempted from the requirements of section
(9)(1.2.2)(D) for temperature regions where the temperature gauge
indicates a temperature in the red zone (engine overheating zone) for
vehicles that have a temperature gauge (not a warning light) on the
instrument panel and utilize the same ECT sensor for input to the OBD
system and the temperature gauge.
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(1.3) Monitoring Conditions:
(1.3.1) Thermostat

(A) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (g)(1.2.1)(A) in accordance with section (d)(3.1)
except as provided for in section (g)(1.3.1)(E). Additionally, except as
provided for in sections (g)(1.3.1)(B) ard through (SE), monitoring for
malfunctions identified in section (g}(1.2.1)(A) shall be conducted once
per driving cycle on every driving cycle in which the ECT sensor indicates,
at engine start, a temperature lower than the temperature established as
the malfunction criteria in section (g)(1.2.1)(A).

(B) Manufacturers shall define the monitoring conditions for malfunctlons
identified in section (g)(1.2.1)(B) in accordance with section (d)(3.1) with
the exception that monitoring shall occur every time the monitoring
conditions are met during the driving cycle in lieu of once per driving cycle.

(C) Manufacturers may disable thermostat monitoring at ambient engine
temperatures below 20 degrees Fahrenheit.

(D) Manufacturers may request Executive Officer approval to suspend or
disable thermostat monitoring if the vehicle is subjected to conditions
which could lead to false diagnosis (e.g., vehicle operation at idle for more
than 50 percent of the warm-up time, het—restan—eendmensrengme block

demensirate-the-need-fortherequest_With respect to disablement on

driving cycles solely due to warm ECT at enqine start conditions, the
manufacturer shall disable the monitor during driving cycles where the
ECT at engine start is within 35 degrees Fahrenheit of the thermostat.
malfunction threshold temperature determined under section (g)(1.2.1)}(A)
(e.q., if the malfunction threshold temperature is 160 degrees Fahrenheit,
the monitor shall be disabled if the ECT at engine start is between

125 and 160 degrees Fahrenheit).

( E) Notwithstanding section (g)(1.3.1)(D). manufacturers may request
Executive Officer approval to enable thermostat monitoring during a
porttion of the driving cycles where the ECT at engine start is warmer than
35 degrees Fahrenheit below the thermostat malfunction threshold
temperature determined under section (g)(1.2.1)(A) (e.q., if the
malfunction threshold temperature is 160 degrees Fahrenheit, the
manufacturer may request approval to have the monitor enabled for a
portion of the ECT at engine start region between 125 and 160 degrees
Fahrenheit). The Executive Officer shall approve the request upon
determining that the manufacturer has submitted test data and/or
engineering evaluation that demonstrate that the mopitor is able to
robustly detect thermostat malfunctions (e.q.. cannof resutt in false passes
or false indications of malfunctions) on driving cycles where it is enabled.
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(E)(F) With respect to defining enable conditions that are encountered during
the FTP cycle as required in (d)(3.1.1) for malfunctions identified in
section (g)(1.2.1)(A), the FTP cycle shall refer to on-road driving following
the FTP cycle in lieu of testing on an engine dynamometer.

(1.3.2) ECT Sensor

(A) Except as provided below in section (g)(1 .3.2)(E), monitoring for
malfunctions identified in section (g)(1.2.2){A) (i.e., circuit COhtIhUIty and
out-of-range) shall be conducted continuously.

(B) Manufacturers shall define the monitoring conditions for malfunctions
identified in section (g)(1.2.2)(B) in accordance with section (d)(3.1).
Additionally, except as provided for in section (g)(1.3.2)(D), monitoring for
malfunctions identified in section (g)(1.2.2)(B) shall be conducted once
per driving cycle on every driving cycle in which the ECT sensor indicates
a temperature lower than the closed-loop enable temperature at engine
start (i.€., all engine start temperatures greater than the ECT sensor out-
of-range low temperature and less than the closed-loop enable
temperature).

(C) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (g)(1.2.2)(C) and (D) in accordance with sections
(d)(3.1) and (d)(3.2) {i.e., minimum ratio requirements).

(D) Manufacturers may suspend or delay the time to reach closed-loop
enable temperature diagnostic if the vehicle is subjected to conditions
which could lead to false diagnosis (e.g., vehicle operation at idle for more
than 50 to 75 percent of the warm-up time).

(E) A manufacturer may request Executive Officer approval to disable
continuous ECT sensor monitoring when an ECT sensor malfunction
cannot be distinguished from other effects. The Executive Officer shall
approve the disablement upon determining that the manufacturer has
submitted test data and/or engineering evaluation that demonstrate a -
properly functioning sensor cannot be distinguished from a malfunctioning
sensor and that the disablement interval is Ilmlted only to that necessary
for avoiding false detection.

(1.4) MIL lllumination and Fault Code Storage: General requirements for MIL

illumination and fault code storage are set forth in section (d)(2).

(2) Crankcase Ventilation (CV) System Monitoring
(2.1) Reguirement: The OBD system shall monitor the CV system on engines
so-equipped for system integrity. Engines not subject to crankcase emission
control requirements shall be exempt from monltorlng of the CV system.
(2.2) Malfunction Criteria:

(2.2.1) For the purposes of section (g)(2), “CV system” is defined as any form of
crankcase ventilation system, regardless of whether it utilizes positive
pressure or whether it vents to the atmosphere, the intake, or the exhaust.
“CV valve” is defined as any form of valve orifice, and/or filter/separator
used to restrict, control, or alter the composition (e.g., remove oil vapor or
particulate matter) of the crankcase vapor flow. Further, any additional
external CV system tubing or hoses used to equalize crankcase pressure
or to provide a ventilation path between various areas of the engine (e. g ,
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crankcase and valve cover) are considered part of the CV system
“between the crankcase and the CV valve” and subject to the malfunction
criteria in section (g)(2.2.2) below. '

(2.2.2) Except as provided below, the OBD system shall detect a malfunction of
the CV system when a disconnection of the system occurs between either
the crankcase and the CV valve, or between the CV valve and the intake

. ducting.

(2.2.3) If disconnection in the system results in a rapid loss of oil or other overt
indication of a CV system malfunction such that the vehicle operator is
certain to respond and have the vehicle repaired, the Executive Officer
shall exempt the manufacturer from detection of that disconnection.

(2.2.4) The Executive Officer shall exempt a manufacturer from detecting a
disconnection between the crankcase and the CV valve upon determining
that the disconnection cannot be made without first disconnecting a
monitored portion of the system (e.g., the CV system is desighed such
that the CV valve is fastened directly to the crankcase in a manner which
makes it significantly more difficult o remove the vaive from the
crankcase rather than disconnect the line between the valve and the
intake manifold/ducting (taking aging effects into consideration)) and the
line between the valve and the intake ducting is monitored for
disconnection. The manufacturer shall file a request and submit data
and/or engineering evaluation in support of the exemption.

(2.2.5) Subject to Executive Officer approval, system designs that utilize tubing
between the valve and the crankcase shall be exempted from the
_monitoring requirement for detection of disconnection between the CV
valve and the crankcase. The manufacturer shall file a request and
submit data and/or engineering evaluation in support of the request. The
Executive Officer shall approve the request upon determining that the
connections between the valve and the crankcase are: (1) resistant to
deterioration or accidental disconnection, (2) significantty more difficult to
disconnect than the line between the valve and the intake

-manifold/ducting, and (3) not subject to disconnection per manufacturer's
maintenance, service, and/or repair procedures for non-CV system repair
work.

(2.2.6) The Executive Officer shall exempt a manufacturer from detecting a
disconnection between the CV valve and the intake manifold upon
determining that the disconnection (1) causes the vehicle to stall
immediately during idle operation; or (2) is unlikely to occur due to a CV
system design that is integral to the induction system (e.g., machined
passages rather than tubing or-hoses). The manufacturer shall file a

‘request and submit data and/or engineering evaluation in support of the
exemption.

(2.2.7) For engines certified on an engine dynamometer having an open CV

system (i.e., a system that releases crankcase emissions to the
atmosphere without routing them to the intake ducting or to the exhaust
upstream of the aftertreatment), the manufacturer shall submit a plan for
Executive Officer approval of the monitoring strategy, malfunction criteria,
and moniforing conditions prior to OBD certification. Executive Officer
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(3)

approval shall be based on the effectiveness of the monitoring strategy to '

(i) monitor the performance of the CV system to the extent feasible with

respect to the malfunction criteria in section (g)(2.2.1) through (g9)(2.2.4)
and the monitoring conditions required by the diagnostic, and (ii) monitor
the ability of the CV system to contro! crankcase vapor emitted to the
atmosphere relative to the manufacturer's design and performance
specifications for a properly functioning system (e.g., if the system is
equipped with a filter and/or separator to reduce crankcase emissions to
the atmosphere, the OBD system shall monitor the integrity of the filter
and/or function of the separator).

(2.3) Monitoring Conditions: Manufacturers shall define the monitoring conditions

(2.4)

for malfunctions identified in section (g)(2.2) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements).

MIL Hlumination and Fault Code Storage: General requirements for MIL
illumination and fault code storage are set forth in section (d)(2). The stored
fault code need not specifically identify the CV system (e.g., a fault code for
idle speed control or fuel system monitoring can be stored) if the )
manufacturer demonstrates that additional monitoring hardware would be
necessary to make this identification, and provided the manufacturer's
diagnostic and repair procedures for the detected malfunction include
directions to check the integrity of the CV system.

Comprehensive Component Monitoring

(3.1) Requirement:
(3.1.1) Except as provided in sections (g)}(3.1.4), (9)(3.1.5), (9}3.1.6), ar_ld (9)(4),

the OBD system shall monitor for matfunction any electronic engine
powertrain component/system not otherwise described in sections (e){1)
through (g)(2) that either provides input to (directly or indirectly) or
receives commands from the on-board computer(s), and: (1) can affect
emissions during any reasonable in-use driving condition, or (2) is used as
part of the diagnostic strategy for any other monitored system or
component.

(A) Input Components: Input components required to be monitored may

include the crank angle sensor, knock sensor, throttle position sensor,
cam position sensor, intake air temperature sensor, boost pressure
sensor, manifold pressure sensor, mass air flow sensor, exhaust
temperature sensor, exhaust pressure sensor, fuel pressure sensor, fuel -
composition sensor (e.g. flexible fuel vehicles), and electronic
components used to comply with any applicable engine idling
requirements of title 13, CCR section 1956.8.

(B) Output Components/Systems: Output components/systems required to be

monitored may include the idle speed control system, fuel injectors, glow
plug system, variable length intake manifold runner sysiems, .
supercharger or turbocharger electronic components, heated fuel
preparation systems, and the wait-to-start lamp on diese! applications.

(3.1.2) For purposes of criteria (1) in section (g)(3.1.1) above, the manufacturer

shall determine whether an engine input or output component/system can
affect emissions. If the Executive Officer reasonably believes that a
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manufacturer has incorrectly determined that a component/system cannot
affect emissions, the Executive Officer shall require the manufacturer to
provide emission data showing that the component/system, when
malfunctlomng and installed in a suitable test vehicle, does not have an
emission effect. The Executive Officer may request emission data for any
reasonable driving condition.

(3.1.3) Manufacturers shall monitor for malfunction electronic powertrain input or
output components/systems associated with an electronic transfer case,
electronic power steering system, transmission (except as provided below
in section (g)(3.1.6)), or other components that are driven by the engine
and not related to the control of fueling, air handling, or emissions only if
the component or system is used as part of the diagnostic strategy for any
other monitored system or component.

(3 1.4) Except as specified for hybrids_vehicles in sectlon (g)(3.1.5),
manufacturers shall monitor for malfunction electronic powertrain mput or
output components/systems associated with components that only affect
emissions by causing additional electrical load to the engine and are not
related to the control of fueling, air handling, or emissions only if the
component or system is used as part of the diagnostic strategy for any
other monitored system or component.

(3.1.5) Except as provided in section (d)(7.6), Ffor hybrids_vehicles,

' manufacturers shall submit a plan to the Executive Officer for approval of
the hybrid components determined by the manufacturer to be subject to
monitoring in section (g)(3.1.1). In general, the Executive Officer shall
approve the plan if it includes monitoring of all components/systems used
as part of the diagnostic strategy for any other monitored system or
component, monitoring of all energy input devices to the electrical
propulsion system, monitoring of battery and charging system
performance, monitoring of electric motor performance, and monitoring of
regenerative braking performance.

(3.1.6) For OBD systems that receive vehicle speed information from a
transmission control unit and use vehicle speed as part of the diagnostic
strategy for any other OBD monitored system or component:

(A) The OBD system shall monitor the vehicle speed information to the extent
feasible in accordance with the requirements of section (g)(3);

(B) The OBD system shall detect a fault and illuminate the MIL when the
OBD system is unable to properly receive the vehicle speed information;
and

(C) If the transmission control unit monitors the vehicle speed information and
indicates an error of the information to the OBD system (e.g., valid vehicle
speed data is no longer available), the OBD system shall handle the error
indication as a default mode of operation subject to the MIL illumination
requirements under section (d)(2.2).

(3.2) Malfunction Criteria:

(3.2.1) Input Components:

(A) The OBD system shall detect malfunctions of input components caused
by a lack of circuit continuity, out-of-range values, and, where feasible,
rationality faults. To the extent feasible, the rationality fault diagnostics
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shall verify that a sensor output is neither inappropriately high nor
inappropriately low (i.e., shall be “two-sided” diagnostics). '

(B) To the extent feasible, the OBD system shall separately detect and store

different fault codes that distinguish rationality faults from lack of circuit
continuity and out-of-range faults. For input component lack of circuit
continuity and out-of-range faults, the OBD system shall, to the extent
feasible, separately detect and store different fault codes for each distinct
malfunction (e.g., out-of-range low, out-of-range high, open circuit). The
OBD system is not required to store separate fault codes for lack of circuit
continuity faults that cannot be distinguished from other out-of-range
circuit faults. | :

(C) For input components that are used to activate alternate strategies that

can affect emissions (e.g., AECDs, engine shutdown systems or
strategies to meet NOx idling standards required by title 13, CCR section
1956.8), the OBD system shall detect rationality malfunctions that cause
the system to erroneously activate or deactivate the alternate strategy. To
the extent feasible when using all available information, the rationality fault
diagnostics shall detect a malfunction if the input component
inappropriately indicates a value that activates or deactivates the alternate
strategy. .For example, if an alternate strategy requires the intake air
temperature to be greater than 120 degrees Fahrenheit to activate, the
OBD system shall detect malfunctions that cause the intake air
temperature sensor to inappropriately indicate a temperature above 120
degrees Fahrenheit.

(D) For input components that are directly or indirectly used for any emission

control strategies that are not covered under sections (e), (f}, and (g)(1)
(e.g., exhaust temperature sensors used for a control strategy that
regulates SCR catalyst inlet temperature within a target window), the OBD
system shall detect rationality malfunctions that prevent the component
from correctly sensing any condition necessary for the strategy to operate
in its intended manner. These malfunctions include faults that
inappropriately prevent or delay the activation of the emission control
strategy, cause the system to erroneously exit the emission control
strategy, or where the control strategy has used up all of the adjustments
or authority aliowed by the manufacturer and is still unable to achieve the
desired condition. The Executive Officer may waive detection of specific-
malfunctions upon determining that the manufacturer has submitted data
and/or an engineering evaluation that demonstrate that reliable detection
of the malfunction is technically infeasible or would require additional
hardware.

(E) For engines that require precise alignment between the camshaft and the

crankshaft, the OBD system shall monitor the crankshaft position
sensor(s) and camshaft position sensor(s) to verify proper alignment
between the camshaft and crankshaft in addition to monitoring the
sensors for circuit continuity and rationality malfunctions. Proper
alignment monitoring between a camshaft and a crankshaft shall only be
reguired in cases where both are equipped with position sensors. For
engines equipped with VVT systems and a timing belt or chain, the OBD
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system shall detect a malfunction if the alignment between the camshaft

and crankshaft is off by one or more cam/crank sprocket cogs (e.g., the

timing belt/chain has slipped by one or more teeth/cogs). If a

manufacturer demonstrates that a single tooth/cog misalignment cannot

cause a measurable increase in emissions during any-reasonable driving
condition, the OBD system shall detect a malfunction when the minimum
number of teeth/cogs misalignment needed to cause a measurable
emission increase has occurred.

(3.2.2) Output Components/Systems:

(A) The OBD system shall detect a malfunctlon of an output
component/system when proper functional response of the component
and system to computer commands does not occur. If a functional check
is not feasible, the OBD system shall detect malfunctions of output
components/systems caused by a lack of circuit continuity or circuit fault
(e.g., short to ground or high voltage). For output component lack of
circuit continuity faults and circuit faults, the OBD system is not required to
store different fault codes for each distinct malfunction (e.g., open circuit,
shorted low). Manufacturers are not required to activate an output
component/system when it would not normally be active for the purposes
of performing functional monitoring of output components/systems as
required in section (g)(3).

(B) The idle control system shall be monitored for proper functional response
to computer commands. .

(i) For gasoline engines using monitoring strategies based on deviation
from target idle speed, a malfunction shall be detected when either of
the following conditions occur:

a. The idle speed control system cannot achieve the target idle speed
within 200 revolutions per minute (rpm) above the target speed or
100 rpm below the target speed. The Executive Officer shall allow
larger engine speed tolerances upon determining that a
manufacturer has submitted data and/or an engineering evaluation
which demonstrate that the tolerances can be exceeded without a
malfunction being present.

b. The idle speed control system cannot achieve the target idle speed
within the smallest engine speed tolerance range required by the
OBD system to enable any other monitors. |

(i) For diesel engines, a malfunction shall be detected when any of the
foliowing conditions occur:

a. The idle control system cannot achieve or maintain the idle speed
within +/-50 percent of the manufacturer-specified target or desired
engine speed.

b. The idle conirol system cannot achieve the target or desired idle
speed within the smallest engine speed tolerance range required
by the OBD system to enable any other monitors.

¢. For 2013 and subsequent mode! year engines, the idle control
system cannot achieve the fueling quantity within the smallest

fueling quantity tolerance range required by the OBD system to
enable any other monitors.
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d. For 2013 and subsequent model year engines, the idle control
system cannot achieve the target idle speed with a fuel injection
quantity within +/-50 percent of the fuel quantity necessary to
achieve the target idle speed for a properly functioning engine and
the given known operating conditions.

(C) Glow plugsfintake air heater systems shall be monitored for proper

functional response to computer commands and for circuit continuity
faults. The glow plugfintake air heater circuit(s) shall be monitored for
proper current and voltage drop. The Executive Officer shall approve
other monitoring strategies based on manufacturer’s data and/or
engineering analysis demonstrating equally reliable and timely detection
of malfunctions. Except as provided below, the OBD system shall detect
a malfunction when a single glow piug no longer operates within the
manufacturer's specified limits for normal operation. if a manufacturer

‘demonstrates that a single glow plug failure cannot cause a measurable

increase in emissions during any reasonable driving condition, the OBD
system shall detect a maifunction for the minimum number of glow plugs
needed to cause an emission increase. Further, to the extent feasible on
existing engine designs (without adding additional hardware for this
purpose) and on all 2013 and subsequent model year engines, the stored
fault code shall identify the specific malfunctioning glow plug(s).

(D) The wait-to-start lamp circuit shall be monitored for malfunctions that

cause the lamp to fail to illuminate when commanded on (e.g., burned out
bulb).

(E) For output components/systems that are directly or indirectly used for any

emission control strategies that are not covered under sections (e), (f),
and (g)(1) (e.g., an intake throttle used for a controi strategy that adjusts
intake throttle position to regulate SCR catalyst inlet temperature within a
target window), the OBD system shall detect functional malfunctions that
pravent the component/system from achieving the desired functional
response necessary for the strategy to operate in its intended manner.
These malfunctions include fauits that inappropriately prevent or deiay the
activation of the emission control strategy, cause the system to
erroneously exit the emission control strategy, or where the control
strategy has used up all of the adjustments or authority allowed by the
manufacturer and is still unable to achieve the desired condition. The

 Executive Officer may waive detection of specific malfunctions upon

determining that the manufacturer has submitted data and/or an
engineering evaluation that demonstrate that reliable detection of the
malfunction is technically infeasible or would require additional hardware.

(F) For 2043 2015 and subsequent model year engines that utilize fuel

control system components (e.g., injectors, fuel pump) that have tolerance
compensation features implemented in hardware or software during
production or repair procedures (e.g., individually coded injectors for flow
characteristics that are programmed into an electronic control unit to
compensate for injector to injector tolerances, fuel pumps that use in-line
resistors to correct for differences in fuel pump volume output), the
components shall be monitored to ensure the proper compensation is
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being used.

(i) Except as provided in section (9)(3.2.2)(F)(ii) below, Fthe system shall
detect a fault if the compensation being used by the control system
does not match the compensation designated for the instailed
component (e.d., the flow characteristic coding designated on a
specific injector does not match the compensation being used by the
fuel control system for that injector).  If a manufacturer demonstrates
that a single component (e.g., injector) using the wrong compensation
cannot cause a measurable increase in emissions during any
reasonable driving condition, the manufacturer shall detect a
malfunction for the minimum number of components using the wrong
compensation needed to cause an emission increase. Further, the
stored fault code shall identify the specific component that does not
match the compensation.

(i} Monitoring of the fuel control system components under section
(@)(3.2.2)(F)(i) is not required if the manufacturer demonstrates that no
fault of the components’ tolerance compensation features (e.g., wrong
compensation being used) could cause emissions fo (1) increase by
15 percent or maore of the applicable full useful life standard as
measured from an applicable emission test cycle; or (2) exceed the
applicable full useful life standard as measured from an applicable
emission test cycle. For purposes of determining if the emission
criteria above are met, the manufacturers shall request Executive
Officer approval of the test plan for which the emission impact will be
determined. The test plan shall include the combination of failed
components and the degree of mismatch (e.g.., wrong compensation)
used as well as the test procedure and emission test cycles used fo

demonstrate the emission impact, including the necessary
preconditioning cycles used by the system to correct or adapt for any

mismatch and mitigate the emission impact. Executive Officer ,
approval shall be granted upon determining that the manufacturer has
submitted data and/or engineering analysis that demonstrate that the
conditions necessary for the system to correct or adapt will readily
occur in a timely manner during in-use operation and that the test
- conditions represent worst case emissions from typical in-use service
actions when considering the distribution and variance of the
compensation_values and parts (e.d., replacement of one or more
plus-one-sigma injectors with_ minus-one-sigma injectors without
updating of the compensation value).
(3.3) Monitoring Conditions:
(3.3.1) Input Components:
(A) Except as provided in section (g)(3.3.1)(C), input components shall be
monitored continuously for proper range of values and circuit continuity.
{B) For rationality monitoring (where applicable) manufacturers shall define
the monitoring conditions for detecting malfunctions in accordance with
sections (d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements), with the
exception that rationality monitoring shali occur every time the monitoring
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conditions are met during the driving cycle in lieu of once per driving cycle
as required in section (d)(3.1.2). _

(C) A manufacturer may request Executive Officer approval to disable
continuous input component proper range of values or circuit continuity
monitoring when a malfunction cannot be distinguished from other effects.
The Executive Officer shall approve the disablement upon determining
that the manufacturer has submitted test data and/or documentation that
demonstrate a properly functioning input component cannot be
distinguished from a malfunctioning input component and that the
disablement interval is limited only to that necessary for avoiding false

- detection.

(3.3.2) QOutput Components/Systems:

(A) Except as provided in section (g)(3.3.2)(D), monitoring for circuit
continuity and circuit faults shall be conducted continuously.

(B) Except as provided in section (g)(3.3.2)(C), for functional monitoring,
manufacturers shall define the monitoring conditions for detecting
malfunctions in accordance with sections (d)(3.1) and (d)(3.2) (i.e.,
minimum ratio requirements).

(C) For the idle controi system, manufacturers shall define the monitoring
conditions for functional monitoring in accordance with sections (d)(3.1)
and (d)(3.2) (i.e., minimum ratio requirements), with the exception that
functional monitoring shall occur every time the monitoring conditions are
met during the driving cycle in lieu of once per driving cycle as required in
section (d)(3.1.2). :

(D) A manufacturer may request Executive Officer approval to disable
continuous output component circuit continuity or circuit fault monitoring
when a malfunction cannot be distinguished from other effects. The
Executive Officer shall approve the disablement upon determining that the
manufacturer has submitted test data and/or documentation that
demonstrate a properly functioning output component cannot be
distinguished from a malfunctioning output component and that the
disablement interval is limited only to that necessary for avoiding false
detection. :

(3.4) MIL lllumination and Fault Code Storage:

(3.4.1) Except as provided in sections (g)(3.4.2) and (3.4.4) below, general
requirements for MIL illumination and fault code storage are set forth in
section (d)(2). . ‘

(3.4.2) Exceptions to general requirements for MIL illumination. MIL illumination
is not required in conjunction with storing a confirmed or MiL-on fault code
for any comprehensive component if:

(A) the component or system, when malfunctioning, could not cause engine
emissions to increase by 15 percent or more of the FTP standard during
any reasonable driving condition; and

(B) the component or system is not used as part of the diagnostic strategy for
any other monitored system or component.

(3.4.3) For purposes of determining the emission increase in section
(9)(3.4.2)(A), the manufacturer shall request Executive Officer approval of
the test cycle/vehicle operating conditions for which the emission increase
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will be determined. Executive Officer approval shall be granted upon
determining that the manufacturer has submitted data and/or engineering
evaluation that demonstrate that the testing conditions represent in-use
driving conditions where emissions are likely to be most affected by the
malfunctioning component. For purposes of determining whether the
specified percentages in section (g)(3.4.2)(A) are exceeded, if the
approved testing conditions are comprised of an emission test cycle with
an exhaust emission standard, the measured increase shall be compared
to a percentage of the exhaust emission standard (e.g., if the increase is
equal to or more than 15 percent of the exhaust emission standard for
that test cycle). If the approved testing conditions are comprised of a test
cycle or vehicle operating condition that does not have an exhaust
emission standard, the measured increase shall be calculated as a
percentage of the baseline test {e.g., if the increase from a back-to-back
test sequence between normal and malfunctioning condition is equal to or
more than 15 percent of the baseline test results from the normal
condition).

(3.4.4) For malfunctions required to be detected by section (g)(3.2.2)(B)ii)d. (idle

control fuel injection quantity faults), the stored fault code is not required

to specifically identify the idle control system (e.g., a fauit code for cylinder

fuel injection quantity imbalance or combustion quality monitoring can be
stored).

4 Other Emission Control System Monitoring

(4.1) Requirement: For other emission control systems that are: (1) not identified or

(4.2)

addressed in sections (e)(1) through (g)(3) (e.g., hydrocarbon traps,
homogeneous charge compression ignition (HCCI) control systems), or (2)
identified or addressed in section (g)(3) but not corrected or compensated for
by an adaptive control system (e.g., swirl control valves), manufacturers shall
submit a plan for Executive Officer approval of the monitoring strategy,
malfunction criteria, and monitoring conditions prior to introduction on a
production engine. Executive Officer approval shall be based on the
effectiveness of the monitoring strategy, the malfunction criteria utilized, the
monitoring conditions required by the diagnostic, and, if applicable, the
determination that the requirements of section (g)(4.2) and (g)(4.3) below are
satisfied. : ‘ ' .
For engines that utilize emission control systems that alter intake air fiow or
cylinder charge characteristics by actuating valve(s), flap(s), etc. in the intake
air delivery system (e.g., swirl control valve systems), the manufacturers, in
addition to meeting the requirements of section (g)(4.1) above, may elect to
have the OBD system monitor the shaft to which all valves in one intake bank
are physically attached in lieu of monitoring the intake air fiow, cylinder
charge, or individual valve(s)/flap(s) for proper functional response. For non-
metal shafts or segmented shafts, the monitor shall verify all shaft segments
for proper functional response (e.g., by verifying the segment or portion of the
shaft furthest from the actuator properly functions). For systems that have
more than one shaft to operate valves in multiple intake banks,
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- (4.3)

manufacturers are not required to add more than one set of detection
hardware (e.g., sensor, switch) per intake bank to meet this requirement.

For emission control strategies that are not covered under sections (e}, (f),
and (g)(1) (e.g., a control strategy that regulates SCR catalyst inlet
temperatures within a target window), Executive Officer approval shall be
based on the effectiveness of the plan in detecting malfunctions that prevent
the strategy from operating in its intended manner. These malfunctions
include faults that inappropriately prevent or delay the activation of the
emission control strategy, faults that cause the system to erroneously exit the
emission control strategy, and faults where the control strategy has used up
all of the adjustments or authority allowed by the manufacturer and is still
unable to achieve the desired condition. The Executive Officer may waive
detection of specific malfunctions upon determining that the manufacturer
has submitted data and/or an engineering evaluation that demonstrate that
reliable detection of the malfunction is technically infeasible or would require
additional hardware.

(5)  Exceptions to Monitoring Requirements

(.1)

(3.2)

(5.3)

Upon request of a manufacturer or upon the best engineering judgment of
ARB, the Executive Officer may revise the emission threshold for any monitor
in sections (e) through (g) eif the most reliable monitoring method
developed requires a higher threshold to prevent false indications of a
malfunction. Additionally, except as specified in section (€)(8.2.1)(C), for
2010 through 2015 model vear engines, the Executive Officer may revise the
PM filter malfunction criteria of section ()(8.2.1) to exciude detection of
specific failure modes (e.g., partially melted substrates) if the most reliable

monitoring method developed requires a-higherthresheld-{or—in-the-case-of
section{e}8-2-Hthe exclusion of specific failure modes} to prevent

srgmﬂeani—e#ers—ef—eemmrssaen—m—deteeﬂng—false indications of a
malfunction.

For 2010 through 2012 model year diesel engines, in determining the
malfunction criteria for diesel engine monitors in sections (e)(1), (3), (4), (5),
(8.2.2), (9.2.1)(A), and (e)(10), the manufacturer shall use a threshold of 2.5
times any of the applicable NMHC, CO, or NOx standards in lieu of 2.0 times
any of the applicable standards. -

Manufacturers may request Executive Officer approval to disable an OBD
system monitor at ambient temperatures below 20 degrees Fahrenheit (low
ambient temperature conditions may be determined based on intake air or
engine coolant temperature at engine start) or at elevations above 8000 feet
above sea level. The Executive Officer shall approve the request upon
determining that the manufacturer has provided data and/or an engineering
evaluation that demonstrate that monitoring during the conditions would be
unreliable. A manufacturer may further request, and the Executive Officer
shall approve, that an OBD system monitor be disabled at other ambient
temperatures upon determining that the manufacturer has demonstrated with
data and/or an engineering evaluation that misdiagnosis would occur at the
ambient temperatures because of its effect on the component itself (e.qg.,
compaonent freezing).
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(5.4) Manufacturers may request Executive Officer approval to disable monitoring
systems that can be affected by low fuel level or running out of fuel (e.g.,
misfire detection) when the fuel level is 15 percent or less of the nominal
capacity of the fuel tank. The Executive Officer. shall approve the request
upon determining that the manufacturer has submitted data and/or an
engineering evaluation that demonstrate that monitoring at the fuel levels
would be unreliable and the OBD system is able to detect a malfunction if the
component(s) used to determine fuel level erroneously indicates a fuel level
that causes the disablement.

(5.5) Manufacturers may disable monitoring systems that can be affected by .
vehicle battery or system voltage levels.

(5.5.1) For monitoring systems affected by iow vehicle battery or system voltages,
manufacturers may disable monitoring systems when the battery or
system voltage is below 11.0 Volts. Manufacturers may request Executive
Officer approval to utilize a voltage threshold higher than 11.0 Volts to
disable system monitoring. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation that demonstrate that monitoring at the
voltages would be unreliable and that either operation of a vehicle below
the disablement criteria for extended periods of time is unlikely or the
OBD system monitors the battery or system voltage and will detect a
malfunction at the voltage used to disable other monitors.

(5.5.2) For monitoring systems affected by high vehicle battery or system
voltages, manufacturers may request Executive Officer approval to
disable monitoring systems when the battery or system voltage exceeds a
manufacturer-defined voltage. The Executive Officer shall approve the
request upon determining that the manufacturer has submitted data
and/or an engineering evaluation that demonstrate that monitoring above
the manufacturer-defined voltage would be unreliable and that either the
electrical charging system/alternator warning light is illuminated (or voltage
gauge is in the “red zone”) or the OBD system monitors the battery or
system voltage and will detect a malfunction at the voltage used to disable
other monitors.

(5.6) A manufacturer may request Executlve Officer approval to disable menitors
that can be affected by PTO activation on engines or vehicles designed to
accommodate the installation of PTO units (as defined in section (c)).

(5.6.1) Except as allowed in section (g)(5.6.2) below, a manufacturer may request
Executive Officer approval to disable an affected monitor provided
disablement occurs only while the PTO unit is active and the OBD
readiness status (specified under section (h)(4.1)) and PTO activation
time are appropriately tracked and erased as described in this section.
The Executive Officer shall approve the request for disablement based on
the manufacturer's demonstration that the affected monitor cannot
robustly detect malfunctions (e.g., cannot avoid false passes or false
indications of malfunctions) while the PTO unit is active. The OBD system
shall track the cumulative engine runtime with PTO active and clear OBD
readiness status (i.e., set all monitors to indicate “not complete”) no later
than the start of the next ignition cycle if 750 minutes of cumulative engine
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runtime with PTO active has occurred since the last time the affected
monitor has determined the component or system monitored by the
affected monitor is or is not malfunctioning (i.e., has completed). The
PTO timer shall pause whenever PTO changes from active to not active
and resume counting when PTO is re-activated. The timer shall be reset
to zero after the affected monitor has completed and no later than the
start of the next ignition cycle. Once the PTO timer has reached 750
minutes and the OBD readiness status has been cleared, the PTO timer
may not cause the OBD system to clear the readiness status again until -
after the PTO timer has reset to zero (after the monitor has completed)
and again reached 750 minutes.

(5.6.2) For 2010 through 2012 model year engines, in lieu of requesting

Executive Officer approval for disabling an affected monitor according to
section (g)(5.6.1) above, a manufacturer may disable affected monitors,
provided disablement occurs only while the PTO unit is active, and the
OBD readiness status is cleared by the on-board computer (i.e., all
monitors set to indicate “not compiete™) while the PTO unit is activated. If
the disablement occurs, the readiness status may be restored fo its state
prior to PTO activation when the disablement ends.

(5.7) A manufacturer may request Executive Officer approval to bé exempt from

monitoring a component if both of the following criteria are met when the
ambient temperature is above 20 degrees Fahrenheit: (1) a malfunction of
the component does not affect emissions during any reasonable driving
condition, and (2) a matfunction of the component does not affect the
diagnostic strateay for any other monitored component or system. The

ambient temperature shall be determined based on a temperature sensor
monitored by the OBD system (e.q., IAT sensor). The Executive Officer shall

approve the request upon determining that the manufacturer has submitted
data and/or engineering evaluation that support these criteria.

(5.8) Whenever the requirements in section (e) or (f) of this regulation require a

manufacturer to meet a specific Qhase-in schedule, manufacturers may use

an alternate phase-in schedule in lieu of the reauired phase-in schedule if the

alternate phase-in schedule provides for equivalent compliance volume as

defined in section (c) except as specifically noted for the phase-in for the PM
filter monitor in section (e)(8.2.1)

(5.8.1) Manufacturers may use an alternate phase-in schedule in lieu of the

required phase-in schedule if the alternate phase-in schedule provides for
equivalent compliance volume as defined in section (c) except as

specifically noted for the phase-in for the PM filter monitor in section
(e)(8.2.1). : :

(5.8.2) Small volume manufacturers may use an alternate phase-in schedule in

accordance with section (g)(5.8.1) in lieu of the required phase-in

schedule or may use a different schedule as follows:
(A) For the diesel misfire monitor phase-in schedule in section (e)(2.2.2). the

manufacturer may meet the requirement on all engines by the 2018 model

year in lieu of meeting the specific phase-in reguirements for the 2016
and 2017 model years.
(B) For the diesel misfire monitor phase-in schedule in section {e)(2.3.3), the
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manufacturer may meet the monitoring conditions requirements of section
(e)(2.3.3)(A)(i) on all engines subject to (e}(2.2.2) through the 2020 model
vear and the monitoring conditions requirements of section (e)}(2.3.3){(A)(ii)
on all 2021 and subsequent model year engines in lieu of the specific
phase-in requwements in_ section (e)(2.3.3)(A) for the 2019 and 2020

model years. :

(C)For the diesel NOx converting catalyst monitor phase-in schedules in
section (e)(6), the manufacturer may use the malfunction criteria in
sections (e)(6.2.1)(B) and (e)(6.2.2)(A)(ii) for al 2014 and 2015 model
year engines in licu of the malfunction criteria and required phase-in
schedule in sections (€)(6.2.1)(C) and (e)(6.2.2)(A)(iii). '

(D) For the diesel PM filter monitor phase-in schedule in section (e)(8). the
manufacturer may use the malfunction criteria in section (e)(8.2.1)(B) for
all 2014 and 2015 model year engines in lieu of the malfunction criteria
and required phase-in schedule in section (€)(8.2.1}(C).

(E) For the diesel NOx sensor phase-in schedules in section ()(9), the
manufacturer may use the maifunction criteria in section ()(9.2.2)(A)(ii)
for all 2014 and 2015 model year engines in lieu of the malfunction criteria
and required phase-in schedule in section (e)(9.2.2)(A)iii).

£55(5.9) Whenever the requirements in sections (e) through (g) of this regulation
require monitoring “to the extent feasible”, the manufacturer shall submit its
proposed monitor(s) for Executive Officer approval. The Executive Officer
shall approve the proposal upon determining that the proposed monitor(s)
meets the criteria of “to the extent feasible” by considering the best available
monitoring technology to the extent that it is known or should have been
known to the manufacturer and given the limitations of the manufacturer’s
existing hardware, the extent and degree to which the monitoring
requirements are met in full, the limitations of monitoring necessary to
prevent significant errors of commission and omission, and the extent to
which the manufacturer has considered and pursued alternative monitoring
concepts to meet the requirements in full. The manufacturer's consideration
and pursuit of alternative monitoring concepts shall include evaluation of
other modifications to the proposed monitor(s), the monitored components

themselves, and other monitors that use the monitored components (e.g.,

altering other monitors to lessen the sensitivity and reliance on the

component or characteristic of the component subject to the proposed
monitor(s)).

(h) Standardization Requirements.
(1)  Reference Documents:
The following Society of Automotive Engineers (SAE) and International
Organization of Standards (ISO) documents are incorporated by reference into
this regulation:
(1.1) SAE J1930 "Electrical/Electronic Systems Diagnostic Terms, Definitions,
Abbreviations, and Acronyms — Equivalent to ISO/TR 15031-2", October
2008 (SAE J1930).
(1.1.1) SAE J1930-DA “Electrical/Electronic Systems Diagnostic Terms

Definitions, Abbreviations, and Acronyms Web Tool Spreadsheet”, March
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2012.

(1.2) SAE J1962 "Diagnostic Connector — Equivalent to ISO/DIS 15031-3:
December 14, 2001", April 2002 (SAE J1962).

(1.3) SAE J1978 "OBD Il Scan Tool — Equivalent to ISO/DIS 15031-4: December
14, 2001", April 2002 (SAE J1978).

(1.4) SAE J1979 "E/E Diagnostic Test Modes" May—ZO@l February 2012 (SAE
J1979).

(1.4.1) SAE J1979-DA “Digital Annex of E/E Diagnostic Test Mades”, October

2011.

(1.5) SAE J2012 "Diagnostic Trouble Code Definitions", December 2007 (SAE
J2012). -

{1.5.1) SAE J2012-DA “Digital Annex of Diagnostic Trouble Code Deflnltlons and

Failure Type Byte Definitions”, July 2010.

(1.6) 1S0 15765-4:20856-"Road Vehicles-Diagnostics Communication er over
Controller Area Network (CAN) - Part 4: Requirements for emission-related
systems", January2005 February 2011 (ISO 15765-4).

(1.7) SAE J1939 consisting of:

(1.7.1) J1939 Recommended Practice for a Serial Control and Communications
Vehicle Network, March-2008April 2011;

(1.7.2) J1939/1 Recommended-Prastise-for On-Highway Equipment Control and
Communications Network for-On-Highway-Equiprent, September
2000May 2011,

(1.7.3) J1939/11 Physical Layer, 250K bits/s, Twisted Shielded Pair, September
20086;

(1.7.4) J1939/13 Off-Board Diagnostic Connector, March-2604October 2011,

(1.7.5) J1939/15 Reduced Physical Layer, 250K bits/sec, UN-Shielded Twisted
Pair (UTP), August 2008;

(1.7.6) J1939/21 Data Link Layer, December 20062010;

(1.7.7) J1939/31 Network Layer, April-2604May 2010;

(1.7.8) J1939/71 Vehicle Application Layer (Through February-2008May 2010),

March 2011;

(1.7.9) J1939/73 Application Layer—Dlagnostlcs September2006February
2010;

(1.7.10) J1939/81 Network Management May-2003June 2011; and

- (1.7.11) J1939/84 OBD Communications Compliance Test Cases For Heavy Duty
Components and Vehicles, December 20682010.

(1.8) SAE J2403 “Medium/Heavy-Duty E/E Systems Diagnosis Nomenclature,”
August-2007 February 2011 (SAE J2403).

(1.9) SAE J1699-3 —“Vehicle OBD Il Compliance Test Cases" May-2006
December 2009 (SAE J1699-3).

(1.10) SAE J2534-1 —“Recommended Practice for Pass-Thru Vehicle
Programming”, December 2004 (SAE J2534-1).

(2)  Diagnostic Connector:
A standard data link connector conforming to SAE J1962 or SAE J1939-13
specifications (except as specified in section (h)(2.3)) shall be incorporated in
each vehicle.
(2.1) For the 2010 through 2012 model year engines:
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(2.1.1) The connector shall be located in the driver's side foot-well region of the
vehicle interior in the area bound by the driver's side of the vehicle and
the driver's side edge of the center console (or the vehicle centerline if the
vehicle does not have a center console) and at a location no higher than
the bottom of the steering wheel when in the lowest adjustable position.
The connector may not be located on or in the center console (i.e., neither
on the horizontal faces near the floor-mounted gear selector, parking
brake lever, or cup-holders nor on the vertical faces near the car stereo,
climate system, or navigation system controls).

(2.1.2) If the connector is covered, the cover must be removable by hand without
the use of any tools and be labeled “OBD” to aid technicians in identifying
the location of the connector. Access to the diagnostic connector may not
require opening or the removal of any storage accessory (e.d., ashtray,
coinbox). The label shall be submitied to the Executive Officer for review
and approval, at or before the time the manufacturer submits its
certification application. The Executive Officer shall approve the label
upon determining that it clearly identifies that the connector is located
behind the cover and is consistent with language and/or symbols
commonly used in the automotive industry.

(2.2) For 2013 and subsequent model year engines: .

(2.2.1) The connector shall be located in the driver's side foot-well region of the
vehicle interior in the area bound by the driver’s side of the vehicle and
the foot pedal closest to the driver’s side of the vehicle (left most pedal in
a left hand drive vehicle) excluding a foot-activated emergency brake if
equipped (e.g., typically the brake pedal for an automatic transmission
equipped vehicle or the clutch pedal for a manual transmission equipped
vehicle) and at a location no higher than the bottom of the steering wheel
when in the lowest adjustable position.

(2.2.2) The connector shall be mounted in an uncovered location and may not be
covered with or located behind any form of panel, access door, or storage
device (e.g., fuse panel cover, hinged door, ashtray, coinbox) that requires
opening or removal to access the connector. The connector may be
equipped with a dust cap in the shape and size of the diagnostic
connector for environmental protection purpases but the dust cap must be
removable by hand without the use of any tools and be labeled “OBD” to
aid technicians in'identifying the connector.

(2.2.3) The connector shall be mounted in a manner that allows vehicle operation
and driving (e.g., does not interfere with use of driver controls such as the
clutch, brake, and accelerator pedal) whlle a scan tool is connected to the
vehicle.

(2.3) The location of the connecior shall be capable of being easily identified and
accessed (e.g., to connect an off-board tool). For vehicles equipped with a
driver’'s side door, the connector shall be capable of being easily identified
and accessed by a fechnician standing (or “crouched”) on the ground outside
the driver's side of the vehicle with the driver's side door open.

(2.4) Ifthe ISO 15765-4 protocol (see section (h)(3)) is used for the required OBD
standardized functions, the connector shali meet the “Type A” specifications
of SAE J1962. Any pins in the connector that provide electrical power shall
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be properly fused to protect the integrity and usefulness of the connector for
diagnostic purposes and may not exceed 20.0 Volts DC regardless of the
nominal vehicle system or battery voltage (e.g., 12V, 24V, 42V),

(2.5) If the SAE J1939 protocol (see section (h)(3)) is used for the required OBD
standardized functions, the connector shall meet the_“Type 1" or “Type 2"
specifications of SAE J1939-13_if the 250 kbps baud rate of J1939 is used
and the “Type 2” specifications of J1939-13 if the 500 kbps baud rate of
J1939 is used. Any pins in the connector that provide electrical power shall
be properly fused to protect the integrity and usefulness of the connector for
diagnostic purposes.

(2.6) Manufacturers may equip vehicles with additional diagnostic connectors for
manufacturer-specific purposes (i.e., purposes other than the required OBD
functions). However, if the additional connector conforms to the “Type A”
specifications of SAE J1962 or the specifications of SAE J1939-13;

(2.6.1) and-For 2010 through 2015 mode! year engines. if the additional
connector is located in the vehicle interior near the required connector of
section (h)(2), the connector(s) must be clearly labeled to identify which
connector is used to access the standardized OBD information required in
section (h).

(2.6.2) For 2016 and subseguent model year engines, the additional connector
may not be in the location specified in section (h)(2.2.1).

3) Communications to a Scan Tool:

- All OBD control modules (e.g., engine, auxiliary emission control module) on a
single vehicle shall use the same protocol for communication of required
emission-related messages from on-board to off-board network communications
to a scan tool meeting SAE J1978 specifications or designed to communicate
with an SAE J1939 network. Engine manufacturers shall not alter normal
operation of the engine emission control system due to the presence of off-board
test equipment accessing information required by section (h). The OBD system
shall use one of the following standardized protocols:

(3.1) 1SO 15765-4. All required emission-related messages using this protocol
shall use a 500 kbps baud rate.

(3.2) SAE J1939. This protocol may only be used on vehicles with diesel englnes
(including diesel engines converted to alternate-fueled engines). For 2010
through 2015 model year engines, all required emission-related messages
using this protocol on an individual vehicle shall use either the 250 kbps or
the 500 kbps baud rate. The 250 kbps baud rate may not be used on 2016
or subsequent model year engines.

(4)  Reqguired Emission Related Functlons .

The following standardized functions shall be implemented in accordance W|th

the specifications in SAE J1979 or SAE J1939 to allow for access to the required

information by a scan tool meeting SAE J1978 speclf ications or designed to

communicate with an SAE J1939 network:

(4.1) Readiness Status: In accordance with SAE J1979/J1939-73 specifications,

the OBD system shall indicate “complete” or “not complete” since the fault
memory was last cleared for each of the installed monitored components and
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systems identified i in sections (e)(1) through (H(9), and (g)(3) except (e)(1 1)

readiness status for the followmq component/system readiness bits shall

always indicate “complete”:
{A) Gasoline misfire (section (f)(2))

(B) Diesel and qasolme comprehenswe component (section (g)(3))

o tion{B(7.2.2)(B) e.6 D150 inch}-indi thot 41
eomplete—For 2010 through 2015 model year engines, for components

and systems not listed in section (h)(4.1.1) above, the readiness status

shal immediately indicate “‘complete” upon the respective monitor(s)
(except those monitors specified under section (h)(4.1.7) below)
determining that the component or system is not malfunctioning. The
readiness status for a component or system shall also indicate “complete”
if after the requisite number of decisions necessary for determining MIL
status has been fully executed. the monitor indicates a malfunction for the
. component or system.
(4.1.3) For 2016 and subseguent model year engines, for components and

systems not listed in section (h)(4.1.1) above, the readiness status for
each component/system readiness bit listed below shall immediately
indicate “complete” if any of the following conditions occur: (1) all the

respective supported monitors listed below for each component/system
have fully executed and determined that the component or system is not
malfunctioning, or (2) at least one of the monitors listed below for each
component/system has determined that the component or system is
malfunctioning after the requisite number of decisions necessary for
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determining the MIL status have been fully executed, regardless of
whether or not the other monitors listed have been fuily executed:

(A) Diesel Fuel System: sections (e}(1.2.1}, (e)(1.2.2). and (e)(1.2.3)

(B) Diesel Misfire; section (e)(2.2.1} '

(C) Diesel EGRAVVT: sections (€)(3.2.1), (e)(3.2.2), (€)(3.2.3). (e)(3.2.5),
(e)(3.2.6), and (e)(10.2)

(D) Diesel Boost Pressure Control System: sections (e)(4.2.1), (e)(4.2.2).
(e)(4.2.3), and (e)(4.2.4) :

(E) Diesel NMHC Converting Catalyst: sections (€)(5.2.2) and (e)(5.2.3)(A)

(F) Diesel NOx Converting Catalyst: section (e)(6.2.1)

(G) Diesel NOx Aftertreatment: sections (e)(7.2.1) and (e)(7.2.2) . :

H) Diesel PM Filter: sections (€)(8.2.1), (e)(8.2.2), {(e)(8.2.5), and (){8.2.6

(1) Diesel Exhaust Gas Sensor: sections (€){9.2. N(AX(D). (e}9.2. D(AXiv).
(2)(9.2. 1)(B)(i), (e)(9.2. N(B)(iv), (€)(9.2.2)(A), {€)(9.2.2)(D), and’
(€)(9.2.3){A)

| (J) Gasoline Fuel System: section (f)(1.2.1)(C) -

(K) Gasoline EGR/NVVT: sections ()(3.2.1). ()(3.2.2), ()(9.2.1), (N(9.2.2), and
(f)(9.2.3) : :
(L) Gasoline Secondary Air System: sections (f){5.2.1), {f(5.2.2), (1)(5.2.3),
- and (f}(5.2.4)
(M) Gasoline Catalyst: section ()(6.2.1) -
(N) Gasoline Evaporative System: sections (f)(7.2.2)(A) and (f)(7.2.2)(B)
(0) Gasoline Oxygen Sensor: sections (H(8.2.1)(A), ({}(8.2.14D), (H(8.2.2)(A),

and {)(8.2.2)(C)

(4.1.4) For 2016 and subseguent model year engines, for monitors that detect

faults of more than one major emission-related component (e.g., a single

monitor that is used to detect both oxygen sensor faults that are tied to

the oxygen sensor readiness bit and air-fuel ratio cvlinder imbalance faults
" that are tied to the fuel system readiness bit), the manufacturer shall

include the monitor only in the readiness status for the

component/system that the monitor is primarily calibrated, intended, or

expected in-use to detect faults of,

(4.1.5) Except for the readiness bits listed under section (h)(4.1.1) above, the

readiness status for each of the monitored components or systems shall
indicate “not complete” whenever fault memory has been cleared or
erased by a means other than that allowed in section (d)}(2). Normal
vehicle shut down (i.e.. key off, engine off) may not cause the readiness
status to indicate “not complete”.

(4-3-3y(4.1.6) If the manufacturer elects to additionally indicate readiness status

through the MIL in the key on, engine off position as provided forin
section (d)(2.1.3), the readiness status shall be indicated in the following
manner: If the readiness status for all monitored components or systems
is “complete”, the MIL shall remain continuously illuminated in the key on,
engine off position for at least 15-20 seconds_as required by section
(d)(2.1.2). !f the readiness status for one or more of the monitored
components or systems is “not complete”, after 15-20 seconds of
operation in the key on, engine off position with the MIL illuminated

continuously as required by section (d)(2.1.2), the MIL shall blink once per
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second for 5-10 seconds. The data stream value for MIL status (section
(h)(4.2)) shall indicate “commanded off” during this sequence unless the
MIL has also been “commanded on” for a detected fault.

4-14(4.1.7) Manufacturers are not required to use the following monitors in
determining the readiness status for the specific component or system:

{A) Circuit and out-of-range monitors that are required to be continuous;

(B) Gasoline and diesel exhaust gas sensor feedback monitors specified in
sections (€)(9.2.1)(A)(ii), (e)(9.2.1)(B)(iii), (€)(9.2.2)(C), (f)(8.2.1)(C), and
(TH8.2.2)(E);

(C) Diesel feedback control monitors specified in sections (e)(1.2.4),
(€)(3.2.4), (e)(4.2.5), {€)(6.2.2)(D), (e)(7.2.3), and (e)(8.2.7);

(D) Gasoline fuel system monitors specified in sections (f)(1.2.1)(A),
(H(1.2.1)%B), ()(1.2.2), (H(1.2.4), and (f(1.2.5).

(4.2) Data Stream: The following signals shall be made available on demand
through the standardized data fink connector in accordance with SAE
J1979/J1939 specifications. The actual signal value shall always be used
instead of a default or limp home value.

(4.2.1) For all gasoline engines:

(A) Calculated load value, engine coolant temperature, engine speed, vehlcle

speed, time elapsed since engine start; and

(B) Absolute load, fuel level (if used to enable or disable any other
diagnostics) barometric pressure (directly measured or estimated),
engine control module system voltage, commanded equnvalence ratio;
and

(C) Number of stored confirmed fault codes, catalyst temperature (if directly
measured or estimated for purposes of enabling the catalyst monitor(s)),

monitor status (i.e., disabled for the rest of this driving cycle, complete this

driving cycle, or not complete this driving cycle) since last engine shut-off
for each monitor used for readiness status, distance traveled (or engine
run time for engines not utilizing vehicle speed information) while MIL
activated, distance traveled (or engine run time for engines not utilizing

vehicle speed information) since fault memory last cleared, and number of

warm-up cycles since fault memory last cleared, OBD requirements to

which the engine is certified (e.g., California OBD, EPA OBD, European

OBD, non-0BD) and MIL status (i.e., commanded-on or commanded-off).
(4.2.2) For all diesel engines:
(A) Calculated load {(engine torque as a percentage of maximum torque

available at the current engine speed), driver's demand engine torque (as

a percentage of maximum engine torque), actual engine torque (as a
percentage of maximum engine torque), reference engine maximum
torque, reference maximum engine torque as a function of engine speed
{(suspect parameter numbers (SPN) 539 through 543 defined by SAE
J1939 within parameter group number (PGN) 65251 for engine

configuration), engine coolant temperature, engine oil temperature (if used
for emission control or any OBD diagnostics), engine speed, time elapsed

since engine start;
(B) Fuel level (if used to enable or disable any other diagnostics), vehicle
speed (if used for emission control or any OBD diagnostics), barometric
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pressure (directly measured or estimated), engine control module system
voltage;

(C) Number of stored confirmed/MIL-on fault codes, monitor status (i.e.,
disabled for the rest of this driving cycie, complete this driving cycle, or not
complete this driving cycle) since last engine shut-off for each monitor
used for readiness status, distance traveled (or engine run time for
engines not utilizing vehicle speed information) while MIL activated,
distance traveled (or engine run time for engines not utilizing vehicle
speed information) since fault memory iast cleared, number of warm-up
cycles since fault memory last cleared, OBD requirements to which the
engine is certified (e.g., California OBD, California OBD-child rating (i.e.,
for engines subject to (d)(7.1.2) or (d)(7.2.3)) EPA OBD, European OBD,
non-OBD), MIL status (i.e., commanded-on or commanded-off);

(D) NOx NTE control area status (i.e., inside control area, outside control
area, inside manufacturer—spemflc NOx NTE carve-out area, or deﬂcnency
active area), PM NTE control area status (i.e., inside control area, outside
control area, inside manufacturer-specific PM NTE carve-out area, or
deficiency active area);

(E) For 2013 and subsequent model year engines, normalized trigger for PM
filter regeneration (SPN 5456 defined by SAE J1939 for 2016 and
subseguent model year engines), PM filter regeneration status (SPN 3700
defined by SAE J1939 for 2016 and subsequent model year engines); and

(F) For 2013 and subsequent model year engines, average distance (or
engine run time for engines not utilizing vehicle speed information)
between PM filter regenerations.

' (G)For 2016 and subsequent model year enaines, fuel rate (mg/stroke).

engine torgque (including fan or accessory torque), and modeled exhaust
flow {(mass/time).

(GH) For purposes of the calculated load and torque parameters in section
(h)(4.2.2){A)_and the torgue, fuel rate, and modeled exhaust flow
parameters in section (h}(4.2.2)(G), manufacturers shall report the most
accurate values that are calculated within the applicable electronic control
unit (e.g., the engine control module). “Most accurate values®, in this
context, shall be of sufficient accuracy, resolution, and filtering to be used
for the purposes of in-use emission testing with the engine still in a vehicle
(e.g., using portable emission measurement equipment).

(4.2.3) For all engines so equipped:

(A) Absolute throttle position, relative throttle position, fuel control system
status (e.g., open loop, closed loop), fuet trim, fuel pressure, ignition
timing advance, fuel injection timing, intake air/manifold temperature,

- engine intercooler temperature, manifold absolute pressure, air flow rate
from mass air flow sensor, secondary air status (upstream, downstream,
ar atmosphere), ambient air temperature, commanded purge valve duty
cycle/position, commanded EGR valve duty cycle/position, actual EGR
valve duty cycle/position, EGR error between actual and commanded,
PTO status (active or not active), redundant absolute throttle position (for
electronic throttle or other systems that utilize two or more sensors},

. absolute pedal position, redundant absolute pedal position, commanded
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throttie motor position, fuel rate, boost pressure, commanded/target boost
pressure, turbo inlet air temperature, fuel rail pressure, commanded fuel
rail pressure, PM filter inlet pressure, PM filter inlet temperature, PM filter
outlet pressure, PM filter outlet temperature, PM filter delta pressure,
exhaust pressure sensor output, exhaust gas temperature sensor output,
injection control pressure, commanded injection control pressure,
turbocharger/turbine speed, variable geometry turbo position, commanded
variable geometry turbo position, turbocharger compressor inlet
temperature, turbocharger compressor inlet pressure, turbocharger
turbine inlet temperature, turbochargér turbine outlet temperature,
wastegate valve position, glow plug lamp status;

(B) For 2013 and subsequent model year engines, EGR temperature,
variable geometry turbo control status (e.g., open loop, closed loop),
reductant level (e.g., urea tank fill level), alcohol fuel percentage, type of
fuel currently being used, NOx adsorber regeneration status, NOx
adsorber deSOx status, hybrid battery pack remaining charge;

(C) Oxygen sensor output, air/fuel ratio sensor output; NOx sensor output,
evaporative system vapor'pressure; and '

(D) For 2013 and subsequent model year engines, PM sensor output and

~ distance traveled while low/empty SCR reductant driver
warning/inducement active.

(E) For 2016 and subsequent model year engines, reductant guality sensor
output and corrected NOx sensor output {e.g., raw sensor signal corrected
for estimated ammonia concentrations or auto-zero calculations and used
by the applicable electronic control unit).

(4.3) Freeze Frame:

(4.3.1) “Freeze frame” information required to be stored pursuant to sections
(d)(2.2.1)(D), (d)(2.2.2)(D), (e)(1.4.2)}(D), (e)(2.4.2)(B), (f)(1.4.4), and
(H(2.4.3) shall be made availabie on demand through the standardized
data link connector in accordance with SAE J1979/J1939-73
specifications.

(4.3.2) “Freeze frame” conditions must include the fault code which caused the
data to be stored and all of the signals required in sections (h)(4.2.1)(A)
and (4.2.2)}(A). Freeze frame conditions shall aiso include all of the
signals required on the engine in sections (h)(4.2.1)(B), (4.2.2)(B),
(4.2.2)(E), (4.2.3)(A), and (4.2.3)(B) that are used for diagnostic or control
purposes in the specific diagnostic or emission-critical powertrain control
unit that stored the fault code.

(4.3.3) Only one frame of data is required to be recorded. Manufacturers may
choose to store additional frames provided that at least the required frame
can be read by a scan tool meeting SAE J1978 specifications or designed
to communicate with an SAE J1939 network. \
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(4.4) Fault Codes:
(4.4.1) For vehicles using the ISO 15765-4 protocol for the standardized functions

required in section (h):

(A) For all monitored components and systems, stored pending, confirmed,

and permanent fault codes shall be made available through the diagnostic
connector in a standardized format in accordance with SAE J1979 '
specifications. Standardized fault codes conforming to SAE J2012 shalll
be employed. | ' '

(B) The stored fault code shall, to the fuilest extent possible, pinpoint the

likely cause of the malfunction. To the extent feasible, manufacturers
shall use separate fault codes for every diagnostic where the diagnostic
and repair procedure or likely cause of the failure is different. In general,
rationality and functional diagnostics shall use different fault codes than
the respective circuit continuity diagnostics. Additionalty, input component
circuit continuity diagnostics shall use different fault codes for distinct
malfunctions (e.g., out-of-range low, out-of-range high, open circuit).

(C) Manufacturers shall use appropriate SAE-defined fault codes of SAE

J2012 (e.g., POxxx, P2xxx) whenever possible. With Executive Officer
approval, manufacturers may use manufacturer-defined fault codes in
accordance with SAE J2012 specifications (e.g., P1xxx). Factors to be
considered by the Executive Officer for approval shall include the lack of
available SAE-defined fault codes, uniqueness of the diagnostic or
monitored component, expected future usage of the diagnostic or
component, and estimated usefulhess in providing additional diagnostic
and repair information to service technicians. Manufacturer-defined fault
codes shall be used consistently (i.e., the same fault code may not be
used to represent two different failure modes) across a manufacturer's
entire product line.

(D) A pending or confirmed fault code (as required in sections (d) and (e)

through (g)) shall be stored and-available to an SAE J1878 scan tool
within 10 seconds after a diagnostic has determined that a malfunction
has occurred. A permanent fault code shall be stored and available to an
SAE J1978 scan tool no later than the end of an ignition cycle (including
electronic control unit shutdown) in which the corresponding confirmed
fault code causing the MIL to be illuminated has been stored.

(E) Pending fault codes:

(i).Pending fault codes for all components and systems (including
continuously and non-continuously monitored components) shall be
made available through the diagnostic connector in accordance with
SAE J1979 specifications (e.g., Mode/Service $07).

(i) A pending fault code(s) shall be stored and available through the -
diagnostic connector for all currently malfunctioning monitored
component(s) or system(s), regardless of the MIL illumination status or
confirmed fault code status (e.g., even after a pending fault has
matured to a confirmed fault code and the MIL is illuminated, a
pending fault code shall be stored and available if the most recent
monitoring event indicates the component is malfunctioning).
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(iif) Manufacturers using alternate statistical protocols for MIL illumination
as allowed in section (d)(2.2.1)(C) shall submit to the Executive Officer
a protocol for setting pending fault codes. The Executive Officer shall
approve the proposed protocol upon determining that, overall, itis
equivalent to the requirements in sections (h)(4.4.1)(E)(i) and (ii) and
that it effectively provides service technicians with a quick and
accurate indication of a pending failure.

(F)} Permanent fault codes:

(i) Permanent fault codes for all components and systems shall be made
available through the diagnostic connector in a standardized format
that distinguishes permanent fault codes from both pending fault
codes and confirmed fault codes. '

(i) A confirmed fault code shall be stored as a permanent fault code no
later than the end of the ignition cycle and subsequently at all times
that the confirmed fault code is commanding the MIL on (e.g., for
currently failing systems but not during the 40 warm-up cycle self-
healing process described in section (d)(2.3.1)(B)).

(iii) Permanent fauit codes shall be stored in NVRAM and may not be
erasable by any scan tool command (generic or enhanced) or by
disconnecting power to the on-board computer.

(IV) Permanent fault codes may not be erased when the control module
containing the permanent fault code is reprogrammed unless the
readiness status bits (refer to section (h)(4.1)) for all monitored
components and systems_in all modules that reported supported
readiness for a readiness bit other than the comprehensive
components readiness bit are set to “not complete” in conjunction with
the reprogramming event.

(v) The OBD system shall have the ability to store a minimum of four
current confirmed fault codes as permanent fault codes in NVRAM. If
the number of confirmed fault codes currently commanding the MIL on
exceeds the maximum number of permanent fault codes that can be
stored, the OBD system shall store the earliest detected confirmed

- fault codes as permanent fault codes. If additional confirmed fault
codes are stored when the maximum number of permanent fault
codes is already stored in NVRAM, the OBD system may not replace
any existing permanent fault code with the additional confirmed fault
codes.

(4.4.2) For vehicles using the SAE J1939 protocol for the standardized functions

required in section (h):

(A) For all monitored components and systems, stored pending, MIL-on, and
previously MIL-on fault codes shall be made available through the
diagnostic connector in a standardized format in accordance with SAE
J1939 specifications (i.e., Diagnostic Message (DM) 6, DM12, and DM23).
Standardized fault codes conforming to SAE J1939 shall be employed.

(B) The stored fault code shall, to the fullest extent possible, pinpoint the
likely cause of the malfunction. - To the extent feasible, manufacturers
shall use separate fault codes for every diagnostic where the diagnostic
and repair procedure or likely cause of the failure is different. in general,
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rationality and functional diagnostics shall use different fault codes than

the respective circuit continuity diagnostics. Additionally, input component

circuit continuity diagnostics shall use different fault codes for distinct
malfunctions (e.g., out-of-range low, out-of-range high, open circuit).

(C) Manufacturers shall use appropriate SAE-defined fault codes of SAE
J939 whenever possible. With Executive Officer approval, manufacturers
may use manufacturer-defined fault codes in accordance with SAE J1939
specifications. Factors to be considered by the Executive Officer for
approval shall include the lack of available SAE-defined fault codes,
uniqueness of the diagnostic or monitored component, expected future
usage of the diagnostic or component, and estimated usefulness in
providing additional diagnostic and repair information to service
technicians. Manufacturer-defined fault codes shall be used consistently
(i.e., the same fault code may not be used to represent two different
failure modes) across a manufacturer’s entire product line.

(D) A pending or MiL-on fault code (as required in sections (d), (), and (g))
shall be stored and available to an SAE J1939 scan tool within 10
seconds after a diagnostic-has determined that a malfunction has
occurred. A permanent fault code shall be stored and available to an SAE
J1930 scan tool no later than the end of an ignition cycle (including
electronic control unit shutdown) in which the corresponding MIL-on fault
code causing the MIL to be illuminated has been stored.

(E) Pending fault codes:

(i) Pending fauit codes for all components and systems (inciuding
continuously and non-continuously monitored components) shall be
made available through the diagnostic connector in accordance with
SAE J1939 specifications (i.e., DM6).

(il Manufacturers using alternate statlstlcal protocols for MIL illumination
as allowed in section (d)(2.2.2)(C) shall submit to the Executive Officer
a protocol for setting pending fault codes. The Executive Officer shali
approve the proposed protocol upon determining that, overall, it is
equivalent to the requirements in sections (h)(4.4.2)(E)(i) and that it
effectively provides service technicians with a quick and accurate
indication of a pending failure.

(F) Permanent fault codes:

(i) Permanent fault codes for all components and systems shall be made
available through the diagnostic connector in a standardized format
that distinguishes permanent fault codes from pending fault codes,
MiL-on fault codes, and previously MIL-on fault codes.

(i) A MiL-on fault code shall be stored as a permanent fault code no fater
than the end of the ignition cycle and subsequently at all times that the .
MIL-on fault code is commanding the MIL on (e.g., for currently failing
systems).

(iii) Permanent fault codes shall be stored in NVRAM and may not be
erasable by any scan tool command (generic or enhanced) or by
disconnecting power to the on-board computer.

(iv) Permanent fault codes may not be erased when the control module
containing the permanent fault codes is reprogrammed uniess the
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readiness status bits (refer to section (h)(4.1)) for all monitored
components and systems in all moduies that reported supported
readiness for a readiness bit other than the comprehensive
components readiness bit are set to “not complete” in conjunction with
the reprogramming event.

(v) The OBD system shall have the ability to store a minimum of four
current MIL-on fault codes as permanent fault codes in NVRAM. If the
number of MiL-on fault codes currently commanding the MIL on
exceeds the maximum number of permanent fault codes that can be
stored, the OBD system shall store the earliest detected MIL-on fault
codes as permanent fault codes. If additional MIL-on fault codes are
stored when the maximum number of permanent fault codes is already
stored in NVRAM, the OBD system may not replace any existing
permanent fault code with the additional MIL-on fault codes.

(4.5) Test Results:

(4.5.1) Except as provided in section (h){4.5.7), for all monitored components and
systems identified in sections (e)(1) through (f)(9), results of the most '
recent monitoring of the components and systems and the test limits
éstablished for monitoring the respective components and systems shall
be stored and available through the data link in accordance with the
standardized format specified in SAE J1979 for the ISO 15765-4 protocol
or SAE J1939. .

(4.5.2) The test results shall be reported such that properly functioning
components and systems (e.g., “passing” systems) do not store test
values outside of the established test limits. Test limits shall include both
minimum and maximum acceptable values and shall be defined so that a
test result equal to either test limit is a “passing” value, not a “failing”
value.

(4.5.3) The test results shall be standardized such that the name of the monitored
component (e.g., catalyst bank 1) can be identified by a generic scan tool
and the test results and limits can be scaled and reported with the
appropriate engineering units by a generic scan tool.

(4.5.4) The test results shall be stored until updated by a more recent valid test
result or the fault memory of the OBD system computer is cleared.

(4.5.5) If the OBD system fault memory is cleared, all test results shall report
values of zero for the test result and test limits. The test results shall be
updated once the applicable monitor has run and has valid test results
and limits to report.

(4.5.6) All test resuits and test limits shall always be reported. The OBD system
shall store and report unique test results for each separate diagnostic.

(4.5.7) The requirements of section (h)(4.5) do not apply o gasoline fuel system
monitors specified under sections (f){1.2.1)(A), (N(1.2.1){B), {f)(1.2.2),
(f)(1.2.4), and (f)(1.2.5), exhaust gas sensor monitors specified under
sections.(e)(8.2.1)(A)(iii}, (€)(9.2.1)(BXiii), ()(2.2.2)(C), ()(8.2.1)(C), and
(f)(8.2.2)(E), cold start emission reduction strategy monitors, circuit and
out-of-range monitors that are required to be continuous, and diesel
feedback control monitors specified under sections (e)(1.2.4), (€)(3.2.4),
(e){4.2.5), (e)(6.2.2)(D), (e)(7.2.3), and (e)(8.2.7). -

114

215



216

(4.6) Software Calibration ldentification:

(4.6.1) Except as provided for in section (h)(4.6.3), on all vehicles, a single
software calibration identification number (CAL ID) for each diagnostic or
emission critical control unit(s) shall be made available through the
standardized data link connector in accordance with the SAE
J1979/J1939 specifications.

(4.6.2) A unique CAL 1D shall be used for every emission-related calibration
and/or software set having at least one bit of different data from any other
emission-related calibration and/or software set. Control units coded with
multiple emission or diagnostic calibrations and/or software sets shall

~ indicate a unique CAL ID for each variant in a manner that enables an off-
board device to determine which variant is being used by the vehicle. .
Control units that utilize a strategy that will result in MIL illumination if the
incorrect variant is used (e.g., controf units that contain variants for
manual and automatic transmissions but will iluminate the MIL if the
variant selected does not match the type of transmission on the vehicle)
are not required to use unique CAL IDs.

(4.6.3) Manufacturers may request Executive Officer approval to respond with
more than one CAL D per diagnostic or emission critical powertrain
control unit. Executive Officer approval of the request shall be based on
the method used by the manufacturer to ensure each control unit will
respond to a generic scan tool with the CAL IDs in order of highest to
lowest priority with regards to areas of the software most critical to
emission and OBD system performance.

(4.7) Software Calibration Verification Number:

(4.7.1) All vehicles shall use an algorithm to calculate a single calibration
verification number (CVN) that verifies the on-board computer software
integrity for each diagnostic or emission critical electronic control unit.
The CVN shall be made available through the standardized data link
connector in accordance with the SAE J1979/J1939 specifications. The
CVN shall be capable of being used to determine if the emission-related
software and/or calibration data are valid and applicable for that vehicle
and CAL ID.

(4.7.2) One CVN shall be made available for each CAL ID made available. For
diagnostic or emission critical powertrain control units with more than one
CAL ID, each CVN shall be output to a generic scan tool in the same
order as the CAL IDs are output to the generic scan tool to allow the scan
too!l to match each CVN to the corresponding CAL ID.

(4.7.3) Manufacturers shall submit information for Executive Officer approval of
the algorithm used to calculate the CVN. Executive Officer approval of
the algorithm shall be based on the complexity of the algorithm and the
determination that the same CVN is difficult to achieve with modified
calibration values.

(4.7.4) The CVN shali be calculated at least once per ignition cycle and stored

until the CVN is subsequently updated E*eept—ﬁepmmedlately—aﬁer—a
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spee#-"leatlens— The stored CVN value may not be erased when fault
memory is erased by a generic scan tool in accordance with SAE

J1979/J1939 specifications or during normal vehicle shut down (i.e., key
off, engine off).

(4.7.5) When a CVN request message is received by the on-board computer, the

stored CVN value shall be made available through the data link connector
to a generic scan tool. Except as provided for below, the on-board
computer may not use delayed timing in sending the CVN and may not
respond with a message indicating that the CVN value is not currently
available. If the CVN reguest message is received immediately following
‘erasure of the stored CVN value (i.e.. within the first 120 seconds of
engine operation after a reprogramming event or a non-volatile memory
clear or within the first 120 seconds of engine operation after a volatile
memory clear or battery disconnect), the on-board computer may respond
with one or more messages directing the scan tool to wait or resend the
request message after the delay. Such messages and delays shall
conform to the specifications for transmitting CVN data contained in SAE
J1979 or J1939, whichever applies.

4-7-5)(4.7.6) For purposes of Inspection and Maintenance (I/M) testing,

manufacturers shall make the CVN and CAL ID combination information
available for all vehicles in a standardized electronic format that allows for
off-board verification that the CVN is valid and appropriate for a specific
vehicle and CAL ID. The standardized electronic format is detailed in
Attachment F of ARB Mail-Out #MSC 09-22, July 7, 2009, incorporated by
reference. Manufacturers shall submit the CVN and CAL ID information
to the Executive Officer not more than 25 days after the close of a
calendar quarter. '

(4.8) Vehicle and Engine Identification Numbers:
(4.8.1) All vehicles shall have the vehicle identification number (ViN) available in

a standardized format through the standardized data link connector in
accordance with SAE J1979/J1939 specifications. Only one electronic

. control unit per vehicle shall report the VIN to an SAE J1978/J1939 scan
tool.

(4.8.2) All 2013 and subsequent model year engines shall have the engine serial

number (ESN) available in a standardized format through the
standardized data link connector. Only one electronic control unit per
vehicle shall report the ESN to an SAE J1978/J1939 scan {ool.

(4.8.3) If the VIN or ESN is reprogrammable, in_conjunction with reprogramming

of the VIN or the ESN, the OBD system shall erase all emission-related
diagnostic information identified in section (h)(4.10.1} in all control

modules that reported supported readiness for a readiness bit other than
the comprehensive components readiness bit shali-be-erased in

(4.9) ECU Name: For 2013 and subsequent model year engineé‘, the name of each
electronic control unit that responds to an SAE J1978/J1939 scan tool with a

unique address or identifier shall be communicated in a standardized format
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in accordance W|th SAE J1979/J1939 (e.g., ECUNAME in Service/Mode $09
InfoType $0A in SAE J1979).
(4.10) Erasure of Emission-Related Diagnostic Information:

(4.10.1) For purposes of section (h)(4.10), “emission-related diagnostic
information” includes all the foliowing:

- (A) Readiness status (section (h)(4.1))

(B) Data stream information (section (h)(4.2)) including number of stored
confirmed/MIL-on fault codes, distance traveled while MIL activated,
number of warm-up cycles since fault memory last cleared, and distance
traveled since fault memory last cleared.

(C) Freeze frame information (section (h)(4.3))

(D) Pending, confirmed, MIL-on, and previously MIL-on fault codes (section
(h)(4.4.))

(E) Test results (section (h)(4.5))

(4.10.2) For all vehicles, the emission-related diagnostic information shall be
erased if commanded by a scan tool (generic or enhanced) and may be
erased if the power to the on-board computer is disconnected. Except as
provided for in sections (h)(4.4. 1)(F)(iv), (h)(4.4.2)(F)(iv). and (h)(4.8.3), }f
any of the emission-related diagnostic information is commanded to be
erased by a scan tool (generic or enhanced), all emission-related
diagnostic information from all diagnostic or emission critical control units
shall be erased. The OBD system may not allow a scan tool to erase a
subset of the emission-related diagnostic information (e.g., the OBD
system may not allow a scan tool to erase only one of three stored fault
codes or only information from one control unit without erasing information
from the other control unit(s)).

(5)  Tracking Requirements:
(5.1) In-use Performance Ratio. Tracking Requirements:

(5.1.1) For each monitor required in sections () through (g) to separately report
an in-use performance ratio, manufacturers shall implement software
algorithms to report a numerator and denominator in the standardized
format specified below and in accordance with the SAE J1979/J1939
specifications.

(5.1.2) Numerical Value Specifications:

(A) For the numerator, denominator, general denominator, and ignition cycle

counter: ,

(i) Each number shall have a minimum value of zero and a maximum
value of 65,535 with a resolution of one.

(ii) Each number shall be reset to zero only when a non-volatile random
access memory (NVRAM) reset occurs (e.g., reprogramming event) or,
if the numbers are stored in keep-alive memory (KAM), when KAM is
lost due to an interruption in electrical power to the control module
(e.g., battery disconnect). Numbers may not be reset to zero under
any other circumstances including when a scan tool command to clear
fault codes or reset KAM is received.

(iii) If either the numerator or denominator for a specific component
reaches the maximum value of 65,535 +2, both numbers shall be
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divided by two before either is mcremented again to avoid overflow
problems.

(iv) If the ignition cycle counter reaches the maximum value of 65,535 2,
the ignition cycle counter shall rollover and increment to zero on the

" next ignition cycle to avoid overflow problems.

(v) If the general denominator reaches the maximum value of 65,535 +2,
the general denominator shall rollover and increment to zero on the
next driving cycle that meets the general denominator definition to
avoid overflow problems.

(vi) If a vehicle is not equped with a component (e.g., oxygen sensor
bank 2, secondary air system), the corresponding numerator and
denominator for that specific component shall always be reported as
Zero.

(B) For the ratio:

(i) The ratio shall have a minimum value of zero and a maximum vaiue of
7.99527 with a resolution of 0.000122.

(it) A ratio for a specific component shall be considered to be zero
whenever the corresponding numerator is equal to zero and the
corresponding denominator is not zero.

(i) A ratio for a specific component shall be considered to be the
maximum value of 7.99527 if the corresponding denominator is zero or
if the actual value of the numerator divided by the denomlnator
exceeds the maximum value of 7.99527.

(5.2) Engine Run Time Tracking Requirements:

(5.2.1) For all gasoline and diesel engines, manufacturers shall implement
software algorithms to individually track and report in a standardized
format the engine run time while being operated in the foliowing
conditions:

(A) Total engine run time;

(B) Total idle run time (with “idle” defined as accelerator pedal released by
driver, engine speed greater than or equal to 50 to 150 rpm below the
normal warmed-up idle speed (as determined in the drive position for
vehicles equipped with an automatic transmission), PTO not active, and’
either vehicle speed less than or equal to one mile per hour or engine
speed less than or equal to 200 rpm above normal warmed-up |dle) and;

(C) Total run time with PTO active;

(D) For 2013 and subsequent model year diesel engines only:

(i) total run time with EI-AECD #1active;

(i1} fotal run time with EI-AECD #2 active; and so on up to

(iii) total run time with EI-AECD #n active.

(5.2.2) Numerical Value Specifications: For each counter specified in section
(h)(5.2.1): »

(A) Each number shall conform to the standardized format specified in SAE
J1979/J1939.

(B) Each number shall be reset to zero only when a non-volatile memory

- reset occurs (e.g., reprogramming event). Numbers may not be reset to
zero under any other circumstances including when a scan tool (generic
or enhanced) command to clear fault codes or reset KAM is received.
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(C) If any of the individual counters reach the maximum value, all counters
shall be divided by two before any are incremented again to avoid
overflow problems.

- alallfa ™y - =tala - -

- (5.2.3) Specifications of EI-AECDs

{A) For purposes of section (h)(5:2.3), the following terms shall be defined as
follows: -

(i) “Purpose” is defined as the objective of the EI-AECD when it is
activated (e.g., EGR valve protection);

(i) “Action” is defined as a specific component/element act that is
commanded when the EI-AECD is activated (e.g., EGR system is
derated); :

(iii) “Parameter” is defined as a component/element (e.g., ECT, oil
temperature) used to determine when to activate the EI-AECD; and

(iv) “Condition” is defined as the specific characteristic/state exhibited by
the parameter (e.g., ECT above 100 degrees Celsius) that triggers
activation of the EI-AECD.

(B) Each unique combination of action, parameter, and condition within a
purpose shall be tracked as a separate EI-AECD and increment the
timer(s) at all times the condition necessary to activate the EI-AECD is
present. : _

(i) For EI-AECDs that implement an action of variable degree based on
the varying characteristics of a parameter (e.g., derate EGR more
aggressively as engine oil temperature continues to increase), the El-
AECD shall be tracked by incrementing two separate timers within a
single EI-AECD (e.g., EI-AECD #1 timer 1 and EI-AECD #1 timer 2) as
follows: o
a. The first of the two timers shall be incremented whenever the El-

AECD is commanding some amount of reduced emission control
effectiveness up to but not including 75 percent of the maximum
reduced emission control effectiveness that the EI-AECD is
capable of commanding during in-use vehicle or engine operation.
For example, an overheat protection strategy that progressively
derates EGR and eventually shuts off EGR as oil temperature
increases would accumulate time for the first timer from the time
derating of EGR begins up to the time that EGR is derated 75
percent. As a second example, an overheat protection strategy

. that advances fuel injection timing progressively up to a maximum
advance of 15 degrees crank angle as the engine coolant
temperature increases would accumulate time for the first timer
from the time advance is applied up to the time that advance
reaches 11.25 degrees (75 percent of the maximum 15 degrees).

b. The second of the two timers shall be incremented whenever the El-

AECD is commanding 75 percent or more of the maximum reduced

~ emission control effectiveness that the EI-AECD is capable of
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commanding during in-use vehicle or engine operation. For
example, the second timer for the first example EI-AECD identified
in section (h)(5.2.3)(B)(i) would accumulate time from the time that
EGR is derated 75 percent up to and including when EGR is
completely shut off. For the second example EI-AECD identified in
section (h)(5.2.3)(B)i), the second timer would accumulate time
from the time fuel injection timing advance is at 11.25 degrees up
to and including the maximum advance of 15 degrees.

(C) A manufacturer may request Executive Officer approval to combine
multiple unigue actions, parameters, and/or conditions to be tracked within
a single EI-AECD. The manufacturer shall submit a plan for combining,
tracking, and incrementing the EI-AECD to the Executive Officer for
approval. Executive Officer approval of the plan shall be based on the
effectiveness and the equivalence of the incrementing plan to determine
the amount of EI-AECD activity per condition relative to the measure of
EI-AECD activity under section (h)(5.2.3)(B).

(D) For EI-AECDs that are activated solely due to elevation, the timer shall be
incremented only for the portion of EI-AECD activation when the elevation
is below 8000 feet (e.g., the timer for an EI-AECD that is activated when
the elevation is above 5000 feet shall be incremented only when the El-
AECD is active and the elevation is below 8000 feet).

(E) For EI-AECDs that are initially activated due to engine warm-up and are
subsequently reactivated after the engine has warmed up, the timer shall
be incremented only when the EI-AECD is active after the initial engine
warm-up (e.g., an EI-AECD that turns off an emission control at low
engine coolant temperature would not increment the timer during initial
warm-up but would increment the timer if coolant temperature
subsequently dropped below the low temperature and reactivated the El-
AECD later in the drive cycle).

(F) If more than one EI-AECD is currently active, the timers for both El-
AECDs shall accumulate time, regardless if there is overlap or
redundancy in the commanded acticn (e.g., two different EI-AECDs
independently but simultaneously commanding EGR off shall both
accumulate time in their respective timers).

(6)  Service Information:

(6.1) Engine manufacturers shall provide the aftermarket service and repair
industry emission-related service information as set forth in sectlons (h)(6 3)
through (6.5).

(6.2) The Executive Officer shall waive the requirements of sections (h)(6.3)
through (6.5) upon determining that ARB or U.S. EPA has adopted a service
information regulation or rule that is in effect and operative and requires
engine manufacturers to provide emission-related service information:

(A) of comparable or greater scope than required under these provisions;
(B) in an easily accessible format and in a timeframe that is equivalent to or
exceeds the timeframes set forth below; and
(C) at fair and reasonable cost. _
(6.3) Manufacturers shall make readily available, at a fair and reasonable price to
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the automotive repair industry, vehicle repair procedures which allow effective
emission-related diagnosis and repairs to be performed using only the SAE
J1978/J1939 generic scan toot and commonly available, non-microprocessor
based tools.

(6.4) As an alternative to publishing repair procedures required under section
(h)(6.3), a manufacturer may publish repair procedures referencing the use of
manufacturer-specific or enhanced equipment provided the manufacturer
meets one of the following conditions:

(6.4.1) makes available to the aftermarket scan tool industry the mformatlon
needed to manufacture scan tools to perform the same emission-related
diagnosis and repair procedures (excluding any reprogramming) in a
comparable manner as the manufacturer-specific diagnostic scan tool, or

(6.4.2) makes available for purchase, at a fair and reasonable price to the
automotive repair industry, a manufacturer-specific or enhanced tool to
perform the emission-related diagnosis and repair procedures (excluding
any reprogramming).

(6.5) Manufacturers shall make available:

(6.5.1) Information to utilize the test results reported as required in section .
(h){4.5). The information must include a description of the test and test
result, typical passing and failing values, associated fault codes with the
test result, and scaling, units, and conversion factors necessary o convert
the results to engineering units.

(6.5.2) A generic description of each of the dlagnostlcs used to meet the .
requirements of this regulation. The generic description must include a
text description of how the diagnostic is performed, typical enable
conditions, typical malfunction thresholds, typical monitoring time, fault
codes associated with the diagnostic, and test results (section (h)(4.5))
assaciated with the diagnostic. Vehicles that have diagnostics not
adequately represented by the typical values identified above shall be
specifically identified along with the appropriate typical values.

(6.5.3) Information necessary to execute each of the diagnostics used to meet
the requirements of sections (e)(1) through (f)(9). The information must
include either a description of sample driving patterns designed to be
operated in-use or a written description of the conditions the vehicle
needs to operate in to execute each of the diagnostics necessary to
change the readiness status from “not complete” to “complete” for all
monitors. The information shall be able to be used to exercise all
necessary monitors in a single driving cycle as well as be able to be used
to exercise the monitors to individually change the readiness status for
each specific monitor from “not complete” to “complete”.

(i Monitoring System Demonstration Requirements for Certification.
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(D General.

(1. 1) Certification requires that manufacturers submit emission test data from one
or more durability demonstration test engines (test engines).

(1.2) The Executive Officer may approve other demonstration protocols if the
manufacturer can provide comparable assurance that the malfunction criteria
are chosen based on meeting the malfunction criteria requirements and that
the timeliness of malfunction detection is within the constralnts of the
applicable monitoring requirements.

(1.3) For flexible fuel engines capable of operating on more than one fuel or fuel
combinations, the manufacturer shall submit a plan for providing emission
test data to the Executive Officer for approval. The Executive Officer shall
approve the plan if it is determined to be representative of expected in-use
fuel or fuel combinations and provides accurate and timely evaluation of the
monitored systems.

(2) Selection of Test Engines:

(2.1) Prior to submitting any applications for certification for a model year, a
manufacturer shall notify the Executive Officer of the engine families and
engine ratings within each family planned for that modet year. The Executive
Officer will then select the engine family(ies) and the specific engine rating

~ within the engine family(ies) that the manufacturer shall use as demonstration
test engines to provide emission test data. The selection of test vehicles for
production vehicle evaluation, as specified in section ([)(2), may take place
during this selection process.

{2.2) Number of test engines:

(2.2.1) For the 2010 model year, a manufacturer shaII provide emission test data
of a test engine from the OBD parent rating.

(2.2.2) For the 2011 and 2012 model years, a manufacturer certifying one to
seven engine families in a model year shall provide emission test data of
a test engine from one OBD child rating. A manufacturer certifying eight

or mare engine families in a model year shall provide emission test data of

test engines from two OBD child ratings. The Executive Officer may
waive the requirement for submittal of data of ohe or more of the test
engines if data have been previously submitted for all of the OBD parent
and OBD child ratings.

(2.2.3) For the 2013 and subsequent model years a manufacturer certifying one
to five engine families in a model year shall provide emission test data of
a test engine from one engine rating. A manufacturer certifying six to ten

engine families in a model year shall provide emission test data from test

engines from two engine ratings. A manufacturer certifying eleven or
more engine families in a model year shall provide emission test data of
test engines from three engine ratings. The Executive Officer may waive
the requirement for submittal of data of one or more of the test engines if
data have been previously submitted for all of the engine ratings.

(2.2.4) For a given model year, a manufacturer may elect to provide emission
data of test engines from more engine ratings than required by section
(i){2.2.1) through (2.2.3). For each additional engine rating tested in that
given model year, the Executive Officer shall reduce the number of engine
ratings required for testing in one future model year under sections
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()(2.2.2) through (2.2.3) by one.
(2.3) Aging and data collection of diesel test engines:

(2.3.1) For 2010 through 2012 model year test engines, a manufacturer shall use
an engine aged for a minimum of 125 hours plus exhaust aftertreatment
emission controls aged by an accelerated aging process to be
representative of full useful life. Manufacturers are required to submit for
Executive Officer approval a description of the accelerated aging process
and/or supporting data. The Executive Officer shall approve the process
upon determining that the submitted description and/or data demonstrate
that the process ensures that deterioration of the exhaust afterfreatment
emission-controls is stabilized sufficiently such that it is representative of
the manufacturer’s best estimates for the performance of the emission ‘
control at the end of the useful life. The Executive Officer may not require
manufacturers to provide actual in-use or high mileage data to verify or
validate that the aging is equivalent to full useful life for purposes of
section (i)(2.3.1). '

(2.3.2) For 2013 through 2015 model year test engines: -

(A) A manufacturer shall collect emission and deterioration data from an
actual high mileage system(s) (consisting of the engine, engine emission
controls, and aftertreatment) to validate its accelerated aging process.
The manufacturer shall collect the data from a 2010 or newer model year
system that is the most representative of system designs planned for the
2013 model year and has a minimum actual mileage of full useful life or
185,000 miles, whichever is lowet. The manufacturer shall collect and
report the data to ARB prior to the end of 2011. The manufacturer shall
submit a plan for system selection, procurement, and data collection to
the Executive Officer for approval prior to proceeding with the data
collection. The Executive Officer shall approve the plan upon determining
that the submitted description will result in the manufacturer gathering
data necessary to quantify emission performance and deterioration of the
system elements in a manner that will allow comparison to deterioration
and performance levels achieved with the manufacturer's accelerated
aging process.

(B) For testing of 2013 through 2015 model year engines, a manufacturer
shall use a system (engine, engine emission controls, and aftertreatment)
aged by an accelerated aging process to be representative of full useful
life. Manufacturers are required to submit for Executive Officer approval a
description of the accelerated aging process and supporting data. The
Executive Officer shall approve the process upon determining that the
submitted description and data demonstrate that the aging process will
result in a system representative of the manufacturer’s best estimates of
the system performance at full useful life and that the manufacturer has
utilized the data collected under section (i}(2.3.2)(A) to validate the
correlation of the aging process to actual high mileage systems up fo a
minimum of fult useful life or 185,000 miles. :

(2.3.3) For 2016 and subsequent model year test engines:

(A) A manufacturer shall collect emission and deterioration data from an
actual high mileage system(s) (consisting of the engine, engine emission
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controls, and aftertreatment) to validate its accelerated aging process.
The manufacturer shall collect the data from a 2010 or newer model year
system that is the most representative of system designs planned for the
2016 model year and has a minimum actuai mileage of full useful life.
The manufacturer shall collect and report the data to ARB prior to the end
of 2014. The manufacturer shall submit a plan for system selection,
procurement, and data collection to the Executive Officer for approval
prior to proceeding with the data collection. The Executive Officer shall
approve the plan upon determining that the submitted description will
result in the manufacturer gathering data necessary to quantify emission
performance and deterioration of the system elements in a manner that
will allow comparison to deterioration and performance levels achieved
with the manufacturer's accelerated aging process.

(B) For testing of 2016 and subsequent model year engines, a manufacturer
shall use a system (engine, engine emission controls, and aftertreatment)
aged by an accelerated aging process to be representative of full useful
life. Manufacturers are required to submit for Executive Officer approval a
description of the accelerated aging process and supporting data. The
Executive Officer shall approve the process upon determining that the
submitted description and data demonstrate that the aging process will
result in a system representative of the manufacturer's best estimates of
the system performance at full useful life and that the manufacturer has
utilized the data collected under section (i)(2.3.3){A) to validate the
correlation of the aging process to actual high mileage systems up to a
minimum of full useful life.

(2.4) Aging of gasoline engines: For the test englne(s) a manufacturer shall use a
certification emission durability test engine(s) system (i.e., consisting of the
engine, engine emission controls, and aftertreatment), a representative high
mileage engine(s) system, or an engine(s) system aged to the end of the full
useful life using an ARB- approved alternative durability procedure (ADP).

(3) Required Testing:
Except as provided below, the manufacturer shall perform single-fault testlng
. based on the applicable test with the following components/systems set at their
malfunction criteria limits as determined by the manufacturer for meeting the
requirements of sections (), (f), and (g) or sections (d)(7.1.2) and (d)(7.2.3) for
extrapolated OBD systems.

(3.1) Required testing for Diesel/Compression Ignition Engines:

(3.1.1) Fuel System: The manufacturer shall perform a separate test for each
malfunction limit established by the manufacturer for the fuel system
parameters (e.g., fuel pressure, injection timing) and calibrated to the
emission threshold malfunction criteria (e.g., 2.0 times the standard)
speeified-in sections (e)(1.2.1) through (e)(1.2.3). When performing a test
for a specific parameter, the fuet system shalt be operating at the
malfunction criteria limit for the applicable parameter orily. All other
parameters shall be with normal characteristics. In conducting the fuel
system demonstration tests, the manufacturer may use computer
modifications to cause the fuel system to operate at the malfunction limit if
the manufacturer can demonstrate to the Executive Officer that the
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(3.12)

(3.1.3)

computer modifications produce test results equivalent to an induced
hardware malfunction. ,

Misfire Monitoring: Eer-2010-through-2842-model-year-enrgines—aA misfire
demonstration test is not required for diesel engines.- For2043-and

EGR System: The manufacturer shall perform a test at each fiow, slow
response, and cooling limit calibrated to the emission threshold
malfunction criteria (e.g., 2.0 times the standard) in sections (€)(3.2.1)
through (3.2.3) and (€)(3.2.5). In conducting the EGR cooler performance
demonstration test, the EGR cooler(s) being evaluated shall be
deteriorated to the applicable malfunction criteria using methods
established by the manufacturer in accordance with section (e)(3.2.9). In
conducting the EGR system slow response demonstration tests, the
manufacturer may use computer modifications to cause the EGR system
to operate at the malfunction limit if the manufacturer can demonstrate to
the Executive Officer that the computer modifications produce test resuits
equivalent to an induced hardware malfunction or that there is no

" reasonably feasible method to induce a hardware malfunction.

(3.1.4)

(3.1.5)

(3.1.6)

Boost Pressure Control System: The manufacturer shall perform a test at
each boost, response, and cooling limit calibrated to the emission
threshold malfunction criteria (e.g., 2.0 times the £ standard) in
sections (€)(4.2.1) through (4.2.3) and (e)(4.2.4). In conducting the
charge air undercooling demonstration test, the charge air cooler(s) being
evaluated shall be deteriorated to the applicable malfunction erteria limit
established by the manufacturer in section (e)(4.2.4) using methods
established by the manufacturer in accordance with section (e)(4.2.8).
NMHC Catalyst: The manufacturer shall perform a separate test for each
monitored NMHC catalyst(s) that is used for a different purpose (e.g.,
oxidation catalyst upstream of a PM filter, NMHC catalyst used
downstream of an SCR catalyst). The catalyst(s) being evaluated shall be
deteriorated to the applicable malfunction-eriteria limit(s) established by
the manufacturer and calibrated to the emission threshold malfunction
criteria (e.g., 2.0 times the standard) in section (e)(5.2.2)(A) and
(e)(5.2.2)(B) using methods established by the manufacturer in
accordance with section (e)(5.2.4). For each monitored NMHC
catalyst(s), the manufacturer shall also demonstrate that the OBD system
will detect a catalyst malfunction with the catalyst at its maximum level of
deterioration (i.e., the substrate(s) compleiely removed from the catalyst
container or “empty” can). Emission data are not required for the empty
can demonstration. '

NOx Catalyst: The manufacturer shali perform a separate test for each
monitored NOx catalyst(s) that is used for a different purpose (e.g.,

‘passive lean NOx catalyst, SCR catalyst). The catalyst(s) being evaluated

shall be deteriorated to the applicable malfunction-eriteria_limit(s)
established by the manufacturer and calibrated to the emission threshold
malfunction criteria (e.q., 2.0 times the standard) in sections -

(€)(6.2. T HAHI-eHE-2-D(B}i); and (e)(6.2.2)(A) using methods
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established by the manufacturer in accordance with section (e)(6.2.3).
For each monitored NOx catalyst(s), the manufacturer shall also
demonstrate that the OBD system will detect a catalyst maifunction with
the catalyst at its maximum level of deterioration (i.e., the substrate(s)
completely removed from the catalyst container or “empty” can).
Emission data are not required for the empty can demonstration.

(3.1.7) NOx Adsorber: The manufacturer shall perform a test using a NOx

adsorber(s) deteriorated to the malfunction limit calibrated to the emission
threshold malfunction criteria (e.q.. 2.0 times the standard) in section
(e)(7.2.1). The manufacturer shall also demonstrate that the OBD system
will detect a NOx adsorber malfunction with the NOx adsorber at its
maximum level of deterioration (i.e., the substrate(s) completely removed
from the container or “empty” can). Emission data are not required for the
empty can demonstration. ‘

(3.1.8) PM Filter: The manufacturer shall perform a test using a PM ﬁl_tér(s)

deteriorated to each applicable malfunction limit calibrated to the emission
threshold malfunction criteria (e.g., 2.0 times the standard) in sections -
(e)(8.2.1), (2)(8.2.2), and (e)(8.2.4)(A). The manufacturer shall also
demonstrate that the OBD system will detect a PM filter malfunction with
the filter at its maximum leve! of deterioration (i.e., the filter(s) completely
removed from the filter container or “empty” can). Emission data are not
required for the empty can demonstration.

(3.1.9) Exhaust Gas Sensor: The manufacturer shall perform a test for each

exhaust gas sensor parameter at the each malfunction limit calibrated to
the emission threshold malfunction criteria (e.g., 2.0 times the P
standard) in sections (8)(9.2.1)(A)(i), (€)(9.2.1)(B)(i)a. through b., and
(€)(9.2.2)(A)(i) through (ii). When performing a test, all exhaust gas
sensors used for the same purpose (e.g., for the same feedback control
loop, for the same control feature on parallel exhaust banks) shall be
operating at the malfunction criteria limit for the applicable parameter only.
All other exhaust gas sensor parameters shall be with normal
characteristics. '

(3.1.10) VVT System: The manufacturer shall perform a test at each target error

limit and slow response limit calibrated to the emission threshold

- malfunction criteria (e.g., 2.0 times the ETR standard) in sections .
(€)(10.2.1) and (¢)(10.2.2). In conducting the VVT system demonstration
tests, the manufacturer may use computer modifications to cause the VVT
system to operate at the malfunction iimit if the manufacturer can
demonstrate to the Executive Officer that the computer madifications
produce test results equivalent to an induced hardware malfunction.

(3.1.11) Cold Start Emission Reduction Strategy: The manufacturer shall perform

a test at the malfunction limit calibrated to the emission threshold
malfunction criteria (e.g., 2.0 times the standard) for the system or for
each component monitored according to section (e){(11.2.2).

' (3.1.12) For each of the testing requirements of section (i)(3.1), if the

manufacturer has established that only a functional check is required
because no failure or deterioration of the specific tested system could
result in an engine’s emissions exceeding the emission_threshold
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malfunction criteria (e.g., 2.0 times any of the applicable standards), the
manufacturer is not required to perform a demonstration test; however the
manufacturer is required to provide the data and/or engineering analysis
used to determine that only a functional test of the system(s) is required.
(3.2) Required testing for Gasoline/Spark-Ignited Engines:
(3.2.1) Fuel System:

(A) For engines with adaptive feedback based on the primary fuel control
sensor(s), the manufacturer shall perform a test with the adaptive
feedback based on the primary fuel control sensor(s) at the rich limit(s)
and a test at the lean limit(s) established by the manufacturer and
calibrated to the emission threshold malfunction criteria (e.g., 1.5 times
the standard) in section (f)(1.2.1)(A) to-detect-a-malfunction-before
emisaens—e*eeed—'l—é—tbmes—theappheable—staﬂdams For purposes of
fuel system testing, the fault(s) induced may resulit in a uniform distribution
of fuel and air among the cylinders. Non-uniform distribution of fuel and
air used to induce a fault may not cause misfire.

(B) For engines with feedback based on a secondary fuel control sensor(s)
and subject to the malfunction criteria in section (f)(1.2.1)(B), the
manufacturer shall perform a test with the feedback based on the
secondary fuel control sensor(s) at the rich limit(s) and a test at the lean
limit(s) established by the manufacturer and calibrated to the emission
threshold malfunction criteria (e.g.. 1.5 times the standard) in section
(H(1.2.1)(B) B) to-detect a-malfunction-before-emissions-exceed-1-5-times
the-applisable stardards.

(C) For engines subject to the malfunction criteria in section (f}(1.2.1)(C)
(monitoring of air-fuel ratio cylinder imbalance faults), the manufacturer
shall perform a test at the malfunction limit(s) calibrated to the emission
threshold malfunction criteria (e.g.. 1.5 times the standard) in section
(A(1.2.1)(C). The manufacturer shall perform the test at the rich limit and
another test at the lean limit with a fault induced on the worst case
cylinder for each limit. The manufacturer shall submit data and/or
analysis demonstrating that a fault of the cylinder(s) will result in the worst
case emissions for each malfunction limit.

{C)(D) For other fuel metering or control systems, the manufacturer shall
perform a test at the criteria limit(s).

conducting the fuel system demonstration tests, the manufacturer may
" use computer modifications to cause the fuel system to operate at the

malfunction limit if the manufacturer can demonstrate to the Executive
Officer that the computer modifications produce test results equivaient to
an induced hardware malfunction. '

(3.2.2) Misfire: The manufacturer shall perform a test at the malfunction eriteria
limit calibrated to the emission threshold malfunction criteria {(e.9.. 1.5

times the standard) specified in section (f)(2.2.2).

/(3.2.3) EGR System: The manufacturer shall perform a test at each flow limit

calibrated to the emission threshold malfunction crltena (e.g., 1.5times
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the standard) in sections (f)(3.2.1) and (f)(3.2.2).

(3.2.4) Cold Start Emission Reduction Strategy: The manufacturer shall perform a
test at the malfunction limit calibrated to the emission threshold
malfunction criteria (e.g., 1.5 times the standard) for each component
monitored according to section (f)(4.2.1)(A) or (f)(4.2.2)(B).

(3.2.5) Secondary Air System: The manufacturer shall perform a test at each flow
limit calibrated to the emission threshold malfunction criteria in sections
()(5.2.1) and (f}(5.2.2).

(3.2.6) Catalyst: The manufacturer shall perform a test using a catalyst system
deteriorated to the emission threshold malfunction criteria (e.g., 1.5 times
the standard) in section (f)(6.2.1) using methods established by the
manufacturer in accordance with section (f)(6.2.2). The manufacturer
shall also demonstrate that the OBD system will detect a catalyst system
malfunction with the catalyst system at its maximum level of deterioration
(i.e., the substrate(s) completely removed from the catalyst container or
“empty” can). Emission data are not required for the empty can
demonstration.

(3.2.7) Exhaust Gas Sensor: '

{(A) The manufacturer shall perform a test with all primary oxygen sensors
(conventional switching sensors and wide range or universal sensors)
used for fuel control simultaneously possessing a response rate
deteriorated to the malfunction eriteria limit calibrated to the emission
threshold malfunction criteria (e.g., 1.5 times the standard) in section
(f)(8.2.1)(A)._For conventional switching sensors, the manufacturer shall
perform a test for each of the following malfunctions (1) the single worst
case response rate malfunction among all symmetric and asymmetric
patterns required by section (f)(8.2.1)(A), and (2) the worst case
asymmetric response rate malfunction that results in delays during
transitions from rich-to-lean or lean-to-rich sensor output. For wide range
ar universal sensors, the manufacturer shall perform a test for each of the
following malfunctions: (1) the single worst case response rate
malfunction among all symmetric and asymmetric patterns required by
section ()(8.2.1)(A). and (2) the symmetric response rate malfunction that
results in delays during transitions from rich-to-lean and iean-to-rich
sensor_output. For systems where the same response rate pattern meets
the criteria of (1) and (2) above, only one demanstration fest is required.
For the response rate patterns not tested, the manufacturer is reqguired to
provide the data and/or engineering analysis used to determine that the
tested response pattern for criterion (1) will result in the worst case
emissions compared to all the other response rate malfunctions.
Manufacturers shall also perform a test for any other oxygen sensor
parameter under sections (f)(8.2.1)(A) and (f)(8.2.2)(A) that can cause
engine emissions to exceed the emission threshold malfunction thresheld
criteria (e.g., 1.5 times the applicable standards due to a shiit in air/fuel
ratio at which oxygen sensor switches, decreased amplitude). When
performing additional tesi(s), all primary and secondary (if applicable)
oxygen sensors used for fuel control shall be operating at the malfunction
criteria limit for the applicable parameter only. All other primary and
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secondary oxygen sensor parameters shall be with normal characteristics.

(B) For engines utilizing sensors other than oxygen sensors for primary fuel

control (e.g., hydrocarbon sensors), the manufacturer shall submit, for
Executive Officer approval, a demonstration test pian for performing
testing of all of the sensor parameters that can cause engine emissions to
exceed the emission threshold malfunction thresheld criteria (e.g., 1.5
times the applicable standards). The Exécutive Officer shall approve the
plan if it is determined that it will provide data that will assure proper
performance of the diagnostics of the sensors, consistent with the intent
of section (i).

(3.2.8) VT System: The manufacturer shall perform a test at each target error

limit and slow response limit calibrated to the emission threshold
malfunction criteria (e.g., 1.5 times the FFR standard) in sections (f)(9.2.1)
and (f)(9.2.2). In conducting the VVT system demonstration tests, the
manufacturer may use computer modifications to cause the VVT system
to operate at the malfunction limit if the manufacturer can demonstrate to
the Executive Officer that the computer modifications produce test results
equivalent to an induced hardware malfunction. :

(3.2.9) For each of the testing requirements of section (i)(3.2), if the manufacturer

has established that only a functional check is required because no failure
or deterioration of the specific tested system could result in an engine's
emissions exceeding the emission threshold malfunction criteria (e.g., 1.5
times any of the applicable standards), the manufacturer is not required to
perform a demonstration test; however the manufacturer is required to
provide the data and/or engineering analysis used to determine that only a
functional test of the system(s) is required.

(3.3) Required Testing for All Engines:
(3.3.1) Other Emission Control Systems: The manufacturer shall conduct

demonstration tests for all other emission control components (e.g.,
hydrocarbon traps, adsorbers) designed and calibrated to an emission
threshold malfunction criteria (e.g., 1.5 times the applicable emission
standards) under the provisions of section (g)}(4).

(3.3.2) For each of the testing requirements of section (i)(3.3), if the manufacturer

has established that only a functional check is required because no failure
or deterioration of the specific tested system could result in an engine’s

“emissions exceeding the emission threshold malfunction criteria (e.g., 1.5

times any of the applicable standards), the manufacturer is not required to
perform a demonstration test; however the manufacturer is required to
provide the data and/or engineering analysis used to determine that only a
functional test of the system(s) is required.

(3.4) The manufacturer may electronically simulate deteriorated components if the
manufacturer can demonstrate to the Executive Officer that the computer
modifications produce test results equivalent to an induced hardware
malfunction but may not make any engine control unit modifications (unless
otherwise provided above or exempted pursuant to this section) when
performing demonstration tests. All equipment necessary to duplicate the
demonstration test must be made available to ARB upon request. A
manufacturer may request Executive Officer approval to electronically
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simulate a deteriorated component with engine control unit modifications.

The Executive Officer shall approve the request upon determining the
manufacturer has submitted data and/or engineering analysis demonstrating
that is technically infeasible, very difficult, and/or resource intensive to implant
the fault with modifications external to the engine control unit. '

(3.5) For each of the testing requirements of (i)(3), when performing a test, all
components or systems used in parallel for the same purpose (e.g., separate
VVT actuators on the intake valves for Bank 1 and Bank 2, separate NOx .
converting catalysts on parallel exhaust banks) shall be simultaneously
deteriorated to the malfunction criteria limit. Components or systems in
series or used for different purposes (e.g., upstream and downstream
exhaust gas sensors in a single exhaust bank, separate high pressure and
low pressure EGR systems) may not be simuitaneously deteriorated to the
malfunction criteria limit.

(3.6) For each of the testing requirements under section (i)(3). if the manufacturer -

has established that only a functional check is required because no failure or
deterioration of the specific tested system could result in an engine’s
emissions exceeding the emission threshold malfunction criteria (e.g., 1.5
times the standards), the manufacturer is not required to performa

. demonstration test; however the manufacturer is required to provide the data
and/or engineering analysis used to determine that only a functional test of
the system(s) is required.

(4)  Testing Protocol:

(4.1) Preconditioning:. The manufacturer may request Executive Officer approval to
use a preconditioning cycle prior to conducting each of the above emission
tests. The Executive Officer shall approve the request upon determining that
a manufacturer has provided data and/or engineering evaluation that
demonstrate that the preconditioning is necessary to stabilize the emission
control system. The manufacturer may also request Executive Officer
approval to use an additional identical preconditioning cycle following a 20
minute hot soak after the initial preconditioning cycle. The Executive Officer
shall approve the request upon determining that a manufacturer has provided
data and/or engineering evaluation that demonstrate that the additional
preconditioning is necessary to stabilize the emission control system. The
manufacturer may not require the test engine to be cold soaked prior to
conducting preconditioning cycles in order for the monitoring system testing
to be successful. If a second preconditioning cycle is permitted, the
manufacturer may adjust the system or component to be tested before
conducting the second preconditioning cycle. The manufacturer may not
replace, modify, or adjust the system or component after the last
preconditioning cycle has taken place.

(4.2) Test Sequence: _

(4.2.1) The manufacturer shall set the system or component on the test engine
for which detection is to be tested at the malfunction criteria limit(s) prior
to conducting the applicable emission test (or preconditioning, if
approved).

(4.2.2) The test engine shali be operated over the first engine start of the FTP
emission test (i.e., the cold start) or a SET cycle to allow for the initial
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detection of the tested system or component malfunction. If required by
the designated monitoring strategy, an additional cold soak and first
engine start of the FTP cycle (i.e., the cold start) may be performed prior
to conducting this test cycle (e.g., for two-trip monitors that only run during
cold starts).

(4.2.3) The test engine shall then be operated over the second engine start of the
FTP emission test (i.e., the hot start) or an SET emission test.- The
second SET cycle may be omitted from the testing protocol if itis -

_ unnecessary (e.g., one-trip fault detection strategies that run on the SET).

(4.3) Test Data Collection: ' ‘

(4.3.1) During the test sequence of section (i)(4.2), the manufacturer shall collect -
data immediately prior to each engine shut-down (e.g., the end of each
preconditioning cycle in section (i)(4.2.1), the end of the cold start FTP
cycle in section (i)(4.2.3), the end of the warm start FTP cycle in section
(i)(4.2.3)). If the data cannot be collected immediately prior to engine
shut-down, the data shall be collected immediately after engine shut-
down.

(4.3.2) The manufacturer shall be-frequired-te collect the following data:

(A) Approximate time on the test cycle (in seconds after engine start) when
the MIL illuminates (e.g., MIL illuminated at 402 seconds into the cold start
FTP cycle), |

(B) All data required by sections (h)(4.1) through (h)(4.9) and (h)(5) including
readiness status, current data stream values, fault code(s), freeze frame
data, test results, CAL ID, CVN, VIN, ESN, ECU Name, in-use
performance ratios, and engine run time tracking data.

(4.4) A manufacturer required to test more than one test engine (section (i)(2.2))
may utilize internal calibration sign-off test procedures (e.g., forced cool
downs, less frequently calibrated emission analyzers) instead of official test
procedures to obtain the emission test data required in section (i) for all but
one of the required test engines. The manufacturer may elect this option if
the data from the alternative test procedure are representative of official
emission test results. Manufacturers using this option are still responsible for
meeting the malfunction criteria specified in sections (e) through (g) when
emission tests are performed in accordance with official test procedures.

(4.5) A manufacturer may request Executive Officer approval to utilize an alternate
testing protocol for demonstration of MIL illumination if the engine
dynamometer emission test cycle does not allow all of a monitor's enable
conditions to be satisfied. A manufacturer may request the use of an
alternate engine dynamometer test cycle or the use of chassis testing to
demonstrate proper MIL illumination. In evaluating the manufacturer's
request, the Executive Officer shall consider the technical necessity for using
an alternate test cycle and the degree to which the alternate test cycle
demonstrates that in-use operation with the malfunctioning component will
properly result in MIL illumination. o

(5)  Evaluation Protocol:

(5.1) Full OBD engine ratings subject to sections (d)(7.1.1), (d)(7.2.2), or (d)(7.3)
shall be evaluated according to the following protocol.

(5.1.1) For all tests conducted under section (i), the MIL shall be illuminated upon
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detection of the tested system or component malfunction before the end
of the emission test specified in (i){(4.2.3) in accordance W|th the
requirements of sections (e) through (g).

(5.1.2) If the MIL illuminates prior to emissions exceeding the applicable emission
threshold malfunction criteria specified in sections (e) through (g), no
further demonstration is required. With respect to the misfire monitor
demonstration test, if a manufacturer has elected to use the minimum
misfire malfunction criteria of one percent as allowed in sections
(e)(2.2.24A) and (f)(2.2.2)(A), no further demonstration is required if the
MIL illuminates with misfire implanted at the malfunction criteria fimit.

(5.1.3) If the MIL does not illuminate when the system or component is set at its
_limit(s), the crltena I|m|t or the OBD system is not acceptable

(—l—e—ée)(8—2—1-)—aﬁd—(e}(8—2—4))—|lf the MIL first lllummates after emissions

exceed the applicable emission threshold malfunction criteria specified in
sections (e) through (g), the test engine shall be retested with the tested
system or component adjusted so that the MIL will illuminate before
without emissions exceeding the applicable emission threshold

- malfunction criteria specified in sections (e) through (g). If the system or
component cannot be adjusted to meet this criterion because a default
fuel or emission control strategy is used when a malfunction is detected
(e.g., open loop fuel control used after an oxygen sensor malfunction is
determined), the test engine shall be retested with the system or
component adjusted to the worst acceptable limit (i.e., the applicable
monitor indicates the system or component’s is performanceing_is passing
but at the closest possible value relative to the monitor threshold value at
which a fault would be detected that would invoke the default strategy and
iluminate the MiLerslightly-betterthan-the-malfunction-criteria). The
manufacturer may request the Executive Officer to accept test data when
the system or component's performance is_at the worst acceptable limit

within a margin of error necessary to accommeodate testing variability
and/or other practical limitations in setting the performance at the absolute
worst acceptable limit. The Executive Officer shall accept the test data

upon determining that the test data adequately demonstrate that
emissions do not exceed the applicable malfunction criteria at the tested

worst acceptable limit and that emissions will not exceed the appticable
emission threshold malfunction criteria before performance exceeds the

momtor thresho|d for fault detectron —When—tested—wﬁh—the—eempenent

ma#unetlen—eﬂwta—speeiﬁed—uﬁeetxens{e)—threagh@ These provisions

shall only apply to testing of the catalyst (i.e.. components monitored
under sections (€)(5.2.2). (e)(6.2.1). (e)(7.2.1). and (f)(6.2.1)) or PM filter
system (i.e.. (€)(8.2.1) and (e)(8.2.4)) if the on-board computer invokes a
default fuel or emission control strateqy upon detection of the relevant
catalyst malfunction. Otherwise, the provisions of section (i)(5.1.3)(B)

. shall apply to testing of the catalyst or PM filter system.
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(B) Except as provided for in section (i)(5.1.3)(A), iln testing the catalyst (i.e.,

components monitored under sections (e)(5.2.2), (e)(6.2.1), (e)(7.2.1),
and (f)(6.2.1)) or PM filter system (i.e., (€)(8.2.1) and (e)(8.2.4)), if the MIL
first illuminates after emissions exceed the applicable emission
threshold¢s)}-malfunction criteria specified in sections (e) and (f), the tested
engine shall be retested with a less deteriorated catalyst/PM filter system

(i.e., more of the applicable engine out pollutants are converted or

trapped)._Adjustment and testing of the catalyst or PM filter system’s

performance may be repeated until successful results are obtained. For

the OBD system to be approved, testing-shall-be-continued-until either of

the following conditions are must be satisfied by the test results:

(i) The MIL is illuminated and emissions do not exceed the emission
thresholds malfunction criteria specified in sections (e) or (f); or

(i) The manufacturer demonstrates that the MIL illuminates within the
upper and lower limits of the thresheold malfunction criteria identified
below. i

it The demonstration shall be deemed

appropriate when the test results show:

a. The MIL is illuminated and emissions exceed the emission
thresholds malfunction criteria specified in sections (e) or (f) by 48
20 percent or.less of the applicable standard (e.g., emissions are
less than 4-85 2.2 times the applicable standard for an emission
threshold malfunction criterion of 4-£56 2.0 times the standard), and

b. The MIL is not illuminated and emissions are below the emission
thresholds malfunction criteria specified in sections (e) or (f) by no
more than 20 percent of the standard (e.g., emissions are between
4.55 1.8 and 425 2.0 times the applicable standard for an emission
threshold malfunction criterion of 375 2.0 times the standard).

(5.1.4) If an OBD system is determined unacceptable by the above criteria, the
. manufacturer may recalibrate and retest the system on the same test

engine. In such a case, the manufacturer must confirm, by retesting, that
all systems and components that were tested prior to recalibration and are
affected by the recalibration function properly under the OBD system as
recalibrated.

(5.2) OBD child ratings subject to sections (d)(7.1.2) or (d)(7.2.3) (i.e., extrapolated
OBD) shali be evaluated according to the following protocol.
(5.2.1) For all tests conducted under section (i), the MIL shall be illuminated upon

detection of the tested system or component malfunction before the end
of the emission test specified in (i)(4.2.3) in accordance with the
malfunction criteria established by the manufacturer under sections
(d)(7.1.2) and (d)(7.2.3).

(5.2.2) Except for testing of the catalyst or PM filter system, if the MIL first

illuminates after the tested component or system significantly exceeds the
applicable malfunction criteria established by the manufacturer, the test
engine shall be retested with the tested system or component adjusted so
that the MIL will illuminate at the applicable malfunction criteria
established by the manufacturer.

(5.2.3) In testing the catalyst or PM filter system, if the MIL first illuminates after
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the tested component or system significantly exceeds the applicable

malfunction criteria established by the manufacturer, the tested engine

shall be retested with a iess deteriorated catalyst/PM filter system (i.e.,

more of the applicable engine out pollutants are converted or trapped).

For the OBD system to be approved, testing shall be continued until either

of the following conditions are satisfied:

(A) The MIL is illuminated and the tested component or system is at the
applicable malfunction criteria established by the manufacturer; or

(B) The manufacturer demonstrates that the MIL illuminates within the upper
and lower limits of the threshold identified below. The manufacturer shall
demonstrate acceptable limits by continuing testing until the test results

- show:

(i) The MiL. is |llum|nated and monitoring results indicate the tested
component or system exceeds the malfunction criteria established by
the manufacturer by 10 percent or less of the monitored parameter;
and

(if) The MIL is not illuminated and monitoring results indicate the tested
component or system is below the malfunction criteria established by
the manufacturer by 10 percent or less of the monitored parameter

(6)  Confirmatory Testing:

(6.1) ARB may perform confirmatory testing to verify the emission test data
submitted by the manufacturer under the requirements of section (i) comply
with the requirements of section (i) and the malfunction criteria identified in
sections (e) through (g). This confirmatory testing is limited to the engine
rating represented by the demonstration engine(s).

(6.2) ARB orits designee may install appropriately detenorated or malfunctioning
components (or simulate a deteriorated or malfunctioning component) in an
otherwise properly functioning test engine of an engine rating represented by
the demonstration test engine(s) in order to test any of the components or
systems required to be tested in section (i}. Upon request by the Executive
Officer, the manufacturer shall make available an engine and all test
equipment {(e.g., malfunction simulators, deteriorated components) necessary
to duplicate the manufacturer's testing. The Executive Officer shall make the
request within six months of reviewing and approving the demonstration test
engine data submitted by the manufacturer for the specific engine rating.

() Certification Documentation.

(1)  When submitting an application for certification of an engine, the manufacturer
shall submit the following documentation.” If any of the items listed below are
standardized for all of a manufacturer's engines, the manufacturer may, for each
model year, submit one set of documents covering the standardized items for all
of its engines.

(1 1) For the required documentation not standardized across all engines, the
manufacturer may propose to the Executive Officer that it be allowed to
submit documentation for certification from one engine that is representative
of other engines. The Executive Officer shall approve the engine as
representative if the engine possesses the most stringent exhaust emission
standards and OBD monitoring requirements and covers all of the emission
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(1.2)

(1.3)

control devices for the engines covered by the submitted documentation.
Upon approval, this grouping shall be known as an “OBD certification
documentation group”. '

With Executive Officer approval, one or more of the documentation
requirements of section (j) may be waived or modified if the information
required would be redundant or unnecessarily burdensome to generate.

To thie extent possible, the certification documentation shall use SAE J1930
or J2403 terms, abbreviations, and acronyms. '

(2)  The following information shall be submitted as part of the certification
application. Except as provided below for demonstration data, the Executive
Officer will not issue an Executive Order certifying the covered engines without
the information having been provided. The information must include:

(2.1) A description of the functional operation of the OBD system including a

(2.2)

complete written description for each monitoring strategy that outlines every
step in the decision-making process of the monitor. Algorithms, diagrams,
samples of data, and/or other graphical representations of the monitoring
strategy shall be included where necessary to adequately describe the
information.

A table, in the standardized format detailed in Attachment C of ARB Mait-Out

#MSC 09 22-July 72009 incorperated-byreference.

(2.2.1) The table must include the following information for each monitored

component or system (either computer-sensed or —controlled) of the
emission control system:
(A) Corresponding fault code
(B) Monitoring method or procedure for malfunction detection
(C) Primary malfunction detection parameter and its type of output signal
(D) Fault criteria limits used to evaluate output signal of primary parameter

(E) Other monitored secondary parameters and conditions (in engineering

units) necessary for malfunction detection

(F) Monitoring time length and frequency of checks

(G) Criteria for storing fault code

(H) Criteria for illuminating malfunction indicator light

(1) Criteria used for determining out-of-range values and input component
rationality checks

(2.2.2) Wherever possible, the table shall use the foIIowmg engmeenng umts

(A) Degrees Celsius (°C) for all temperature criteria

(B) KiloPascals (KPa) for all pressure criteria related to manifold or
atmospheric pressure

(C) Grams (g) for all intake air mass criteria :

(D) Pascals (Pa) for all pressure criteria related to evaporative system vapor
pressure

(E) Miles per hour {mph) for all veh|cle speed criteria

(F) Relative percent (%) for all relative throttle position criteria (as defined in
SAE J1979/J1939)

(G) Voltage (V) for all absolute throttle position criteria (as defined in SAE
J1979/J1939)

(H) Milligrams per stroke (mg/stroke) for all fuel quantity-based per ignition
event criteria for diesel engines. and Pper crankshaft revolution (/rev) for
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all other changes per ignition event based criteria (e.g., airflow in g/rev

instead of g/stroke or gffiring) for gasoline and diesel engines _
(I) Per second (/sec) for all changes per time based criteria (e.g., g/sec)
(J) Percent of nominal tank volume (%) for all fuel tank level criteria

(2.3) Alogic flowchart describing the step-by-step evaluation of the enable criteria
and malfunction criteria for each monitored emission-related component or
system.

(2.4) Emission test data, a descrlptlon of the testlng sequence (e.g., the number
and types of preconditioning cycles), the data required to be collected in
section (i){(4.3), and a description of the modified or deteriorated components
used for fault simulation with respect to the demonstration tests specified in
section (i). The Executive Officer may approve conditional certification of an
engine prior to the submittal of this data for ARB review and approval.
Factors to be considered by the Executive Officer in approving the late
submission of information identified in section (j)(2.4) shall include the reason
for the delay in the data collection, the length of time until data will be
available, and the demonstrated previous success of the manufacturer in
submitting the data prior to certification.

(2.5) For gasoline engines, data supparting the misfire monitor, including:

(2.5.1) The established percentage of misfire that can be tolerated without
damaging the catalyst over the full range of engine speed and load
conditions.

(2.5.2) Data demonstrating the probability of detection of misfire events of the
misfire monitoring system over the full engine speed and load operating
range as detailed in ARB Mail-Out #MSC 09-22 for the following misfire
patterns: random cylinders misfiring at the malfunction criteria established
in section (f)(2.2.2), one cylinder continuously misfiring, and paired
cylinders continuously misfiring. ‘

(2.5.3) Data identifying all disablement of misfire monitoring that occurs during
the FTP. For every disablement that occurs during the cycles, the data
sheuldshall identify: when the disablement occurred relative to the driver's
trace, the number of engine revolutions that each disablement was
present for, and which disable condition documented in the certification

- application caused the disablement. The humber of 1000-revolution
intervals completed and the number of 1000-revoluation intervals in which
the FTP misfire threshold was exceeded shall also be identified. The data
shall be submitted in the standardized format detailed in Attachment A:
Misfire Disablement and Detection Chart of ARB Mail-Out #MSC 09-22.

(2.5.4) Manufacturers are not required to use the durability demonstration engine
to collect the mlsflre data for sectlons (x2.5. 1) through (2 5. 3)

systems-For diesel engines subject to the monitoring requirements of section
(e}(2.2.2), data supporting the misfire monitor, including:

(2.6.1) Data demonstrating the probability of detection of misfire events of the
misfire monitoring system as detailed in ARB Mail-Out #MSC 09-22 over the
required engine speed and load operating range for the following misfire
patterns: random cylinders misfiring at the malfunction criteria specified in
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section (e)(2.2.2). one cylinder continuousty misfiring, and paired cylinders

continuously misfiring.

(2.6.2) Data identifying all disablement of misfire monitoring that occurs during

the EPA Urban Dynamometer Driving Schedule for Heavy-Duty Vehicles

specified in 40 CFR Part 86, Appendix | (d). For every disablement that

oceurs during the cycle, the data shall identify: when the disablement

occurred relative to the driver's trace, the number of engine revolutions that
each disablement was present for, and which disable condition documented

in the certification application caused the disablement. The number of 1000-
revolution intervals completed and the number of 1000-revoluation intervats

*in which the misfire threshold was exceeded shall also be identified. The

Q.7)

(2.8)

2.9)

data shall be submitted in the standardized format detailed in Attachment A:

Misfire Disablement and Detection Chart of ARB Mail-Out #MSC 09-22.

Data supporting the criteria used to detect a malfunction of the fuel system,
EGR system, boost pressure control system, catalyst, NOx adsorber, PM
filter, cold start emission reduction strategy, secondary air, evaporative
system, VVT system, exhaust gas sensors, and other emission controls
which causes emissions to exceed the applicable malfunction criteria
specified in sections (e), (f), and (g). For diesel engine monitors in sections
(e) and (g) that are required to indicate a malfunction before emissions
exceed an emission threshold based on any applicable standard (e.g., 1.5
times any of the applicable standards), the test cycle and standard
determined by the manufacturer to be the most stringent for each applicable
monitor in accordance with section (d)(6.1) and the adjustment factors
determined by the manufacturer for each applicabie monitor in accordance

with section (d)(6.2).
A listing of all electronic powertrain input and output signals (including those

not monitored by the OBD system) that identifies which signals are monitored
by the OBD system. For input and output signals that are monitored as
comprehensive components, the listing shall also identify the specific fault
code for each malfunction criteria (e.g., out of range low, out of range high,
open circuit, rationality low, rationality high). '
A written description of all parameters and conditions necessary to begin
closed-loop/feedback control of emission control systems (e.g., fuel system,
boost pressure, EGR flow, SCR reductant delivery, PM filter regeneration,
fuel system pressure).

(2.10) - A written identification of the communication protocol utilized by each engine

2.11)

(2.12)

(2.13)

for communication with an SAE J1978/J1939 scan tool.

A pictorial representation or written description of the diagnostic connector
and its location including any covers or labels.

A written description of the method used by the manufacturer to meet the
requirements of section {g)(2) for CV system monitoring including diagrams or
pictures of valve and/or hose connections.

A written description of each AECD utilized by the manufacturer including the
sensor signals and/or calculated values used to invoke each AECD, the
engineering data and/or analysis demonstrating the need for such an AECD,

the actions taken when each AECD is activated, the expected in-use

frequency of operation of each AECD, the expected emission impact from
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each AECD activation, and , for diesel engines, the identification of each
AECD that has been determined by the manufacturer to be an EI-AECD and
the assignment by the manufacturer to the data required to be tracked and
reported in the standardized format specified in section (h)(6) (e.g., the AECD
of "engine overheat protection as determined by coolant temperature greater
than...” is an EI-AECD and is reported as EI-AECD #1 to a generic scan
tool).

(2.14) A written description of each NOx and PM NTE deficiency and emission

~ carve-out utilized by the manufacturer including the sensor signals and/or
calculated values used to invoke each NTE deficiency or carve-out, the
engineering data and/or analysis demonstrating the need for such an NTE
deficiency or carve-out, the actions taken when each NTE deficiency or
carve-out is activated, the expected in-use frequency of operation of each
NTE deficiency or carve-out, and the expected emission impact from each
- NTE deficiency or carve-out activation.

(2.15) Build specifications provided to engine purchasers or chassis manufacturers

detailing all specifications or limitations imposed on the engine purchaser

* relevant to OBD requirements or emission compliance (e.g., allowable MIL
locations, connector location specifications, cooling system heat rejection
rates). A description of the method or copies of agreements used to ensure
engine purchasers or chassis manufacturers will comply with the OBD and
emission relevant build specifications (e.g., signed agreements, required
audit/evaluation procedures).

(2.16) A cover letter identifying all concerns and deficiencies applicable to the
equivalent previous model year engine, and the changes and/or resolution of
each concern or deficiency for the current model year engine, and all other
known issues that apply to the current model year engine (e.g., concerns or
deficiencies of another engine that also apply to this engine).

(2.17) A checklist of all the malfunction criteria in sections (e), (f), and (g) and the
corresponding diagnostic noted by fault code for each malfunction criterion.
The formats of the checklists are detailed in Attachments G and H of ARB
Mail- Out #IVISC 09 22, July 7 2009 mcorporated by reference

components/systems regt.ured to track and report in-use gerform.ance under
section (d)(3.2.1), the corresponding diagnostic(s) noted by fault code used to

increment the numerator for each component/system, and a description of
the incrementing specifications for the in-use monitor performance numerator

and denominator for each diagnostic.
(2.19) A list of the test results required to be made available under section {q)(4.5)
and the corresponding diagnostic(s) noted by fault code for each test resuit.
(2.20y A timeline showing the start of engine production and the start of vehicie
production for the engine family, and the required deadlines for production
vehicle evaluation testing of the standardized requirements {according to

section (I)(1.2)) and the monltormg requirements (according to
section (1)(2.1)).
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£2:18)(2.201) Any other information determined by the Executive Officer to be

necessary to demonstrate compliance with the requirements of this
regulation. :

(k) Deficiencies.

(1)

2)

3

4

&)

The Executive Officer, upon receipt of an application from the manufacturer, may
certify OBD systems installed on engines even though the systems do not
comply with one or more of the requirements of title 13, CCR section 1971.1. In

granting the certification, the Executive Officer shail consider the following

factors: the extent to which the requirements of section 1971.1 are satisfied
overall based on a review of the engine applications in question, the relative
performance of the resultant OBD system compared to systems fully compliant
with the requirements of section 1971.1, and a demonstrated good-faith effort on
the part of the manufacturer to: {1) meet the requirements in full by evaluating
and considering the best available monitoring technology; and (2) come into
compliance as expeditiously as possible. The Executive Officer may not arant
certification to an engine in which the reported noncompliance for which a

deficiency is sought would be subject to ordered recall pursuant to section

1971.5(d)(BHA). |

For 2013 and subsequent model year engines, manufacturers of OBD systems
for which deficiencies have been granted are subject to fines pursuant to section
43016 of the California Heaith and Safety Code. The specified fines apply to: (1)
the third and subsequently identified deficiency(ies), ordered according to section
(k)(3), and (2) a monitoring system deficiency where a required monitoring
strategy is completely absernt from the OBD system.

The fines for engines specified in section (k)(2) above are in the amount of $50
per deficiency per engine for non-compliance with any of the monitoring
requirements specified in sections (e), (f), and (g)(4), and $25 per deficiency per
engine for non-compliance with any other requirement of section 1971,1. In
determining the identified order of deficiencies, deficiencies subject to a $50 fine
are identified first. Total fines per engine under section (k) may not exceed $500
per engine and are payable to the State Treasurer for deposit in the Air Pollution

" Control Fund.

Manufacturers must re-apply for Executive Officer approval of a deficiency each
model year. In considering the request to carry-over a deficiency, the Executive
Officer shall consider the factors identified in section (k)(1) including the
manufacturer's progress towards correcting the deficiency. The Executive
Officer may not allow manufacturers to carry over monitoring system deficiencies
for more than two model years unless it can be demonstrated that substantial -
engine hardware modifications and additional lead time beyond two years would
be necessary to correct the deficiency, in which case the Executive Officer shall
allow the deficiency to be carried over for three model years.

Except as allowed in section (k)(6), deficiencies may not be retroactively granted
after certification.
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(6) Request for retroactive deficiencies

(6.1) During either the first 8 months after commencement of the start of engine
production or the first 36 months after commencement of the start of vehicle
production, whichever is later, manufacturers may request that the Executive
Officer grant a deficiency and amend an engine’s certification to conform to
the granting of the deficiencies for each aspect of the monitoring system: (a)
identified by the manufacturer (during testing required by section (1)(2) or any
other testing) to be functioning different than the certified system or otherwise
not meeting the requirements of any aspect of section 1971.1; and (b)
reported to the Executive Officer. If the Executive Officer grants the
deficiency(ies) and amends the certification, the approval would be
retroactive to all affected engines within the engine family.

(6.2) Executive Officer approval of the request for a retroactive deficiency shall be
granted provided that the conditions necessary for a pre-certification
deficiency determination are satisfied (see section (k)(1)) and the
manufacturer could not have reasonably antncnpated the identified problem
before commencement of production.

(6.3) In granting the amended certification, the Executive Officer shall include any
approved post-production deficiencies together with all previously approved
deficiencies in computing fines in accordance with section (k)(2).

(1) For 2013 through 2015 model year engines that utilize PM sensors for PM filter
filtering performance monitoring (section (e)(8.2.1)), in cases where the
deficiency is for a monitor required to detect malfunctions of the PM filter filtering
performance (section (e}(8.2.1)). the PM sensor (section (e)(9.2.2)), or the PM

. sensor heater (section (€)(9.2.4)), the deficiency shall be exempt from the

specified fines of section (k)(3) and the deficiency shall not be included in the
count of deficiencies used in (k)(2) to determine the number of deficiencies

subject to fines.
(8) For hybrid vehicles:

(8.1) For 2014 model year hybrid vehicles previously certified with def:cnenmes for .
the 2013 model year, the 2014 model year shall be considered the first model
year for the deficiency with regards to the carry-over Qrovisions in section ‘
(k}{4).

(8.2) For deficiencies related to issues with the |mplementatlon of the hybrid

system or of the hybrid system itself on 2013 through 2015 model vear

engines, two additional deficiencies shail be exempt from the specified fines
of section (k)(3) and the deficiencies shall not be included in the count of

deficiencies used in (k)(2) to determine the number of deficiencies subject to
fines,
A(9)_Any OBD system installed on a production engine/vehicle that fails to conform
with the certified OBD system for that engine/vehicle or otherwise fails to meet
the requirements of section 1971.1 and has not been granted a deficiency

pursuant to the provisions of section (k)(1) through (k}(6) are considered non-

compliant. The engines/vehicles are subject to enforcement pursuant to
applicable provisions of the Health and Safety Code and title 13, CCR section

1971.5.

() Production Engine/Vehicle Evaluation Testing.
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(1)  Verification of Standardized Requirements.

(1.1) Regquirement: Manufacturers shall perform testing to verify that 2013 and
subsequent model year production engines installed in vehicles meet the
requirements of section (h)(3) and (h)(4) relevant to proper communication of
required emission-related messages to an SAE J1978/J1939 scan tool.

(1.2) Selection of Test Vehicles:

(1.2.1) Engine manufacturets shall perform this testing every model year on ten
unique production vehicles (i.e., engine rating and chassis application
combination) per engine family. If there are less than ten unique
production vehicles for a certain engine family, the manufacturer shall test
each unique production vehicle in that engine family. Manufacturers shall
perform this testing no later than either three months after the start of
engine production or one month after the start of vehicle production,
whichever is later. Manufacturers may request Executive Officer approval
to group multiple production vehicles together and test one representative
vehicle per group. The Executive Officer shall approve the request upon
finding that the software and hardware designed to comply with the
standardization requirements of section (h) (e.g., communication protocol
message timing, number of supported data stream parameters, engine -
and vehicle communication network architecture} in the representative
vehicle are identical to all others in the group and that any differences in
the production vehicles are not relevant with respect to meeting the
criteria in section (I)(1.4).

(1.2.2) For 2016 and subsequent model year engines, the Executive Officer shall
reduce the maximum required number of vehicles to be tested from ten
per engine family to five per engine family for a manufacturer based on
the demonstrated previous success of the manufacturer to meet the
requirements of section (1)(1). For purposes of this requirement, a
manufacturer shall be determined to be successful in meeting the
requirements of section (I)(1) if zere vehicles fail the testing required by
section (1)(1) for two consecutive years.

(1.2.3) For 2019 and subsequent model year engines, the Executive Officer shall
further reduce the maximum required number of vehicles to be tested to
three per engine family for a manufacturer based on the demonstrated
previous success of the manufacturer to meet the requirements of section
(D(1). For purposes of this requirement, a manufacturer shall be
determined to be successful in meeting the requirements of section (I)(1) if
zero vehicles fail the testing required by section (1)(1) for three
consecutive years. '

(1.2.4) The Executive Officer may waive the requirement for submittal of data
from one or more of the production vehicles if data have been previously
submitted for all of the production vehicles. Manufacturers may request
Executive Officer approval to carry over data collected in previous model
years. The Executive Officer shall approve the request upon finding that
the software and hardware designed to comply with the standardization
requirements of section (h). are identical to the previous model year and
no other hardware or software changes that affect compliance with the
standardization requirements have been made.
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(1.3) Test Equipment: For the testing required in section (1)(1), manufacturers shall
utilize an off-board device to conduct the testing. Prior to conducting testing,
manufacturers are required to request and receive Executive Officer approval
of the off-board device that the manufacturer will use to perform the testing.

(1.3.1) For vehicles using the ISO 15765-4 protocol for the standardized functions
required in section (h), the Executive Officer shall approve the request
upon determining that the manufacturer has submitted data,
specifications, and/or engineering analysis that demonstrate that the off-
board device meets the minimum requirements to conduct testing
according to SAE J1699-3 using the software developed and maintained
for the SAE J1699-3 committee and available through
www.sourceforge.net and SAE J2534 compliant hardware configured
specifically for SAE J1699-3 testing.

(13 2) For vehicles using the SAE J1939 protocol for the standardized functions-
required in section (h), the Executive Officer shall approve the request
upon determining that the manufacturer has submitted data,
specifications, and/or engineering analysis that demonstrate that the off-
board device is able to verify that vehicles tested are able to perform all of
the required functions in section ([)(1.4) with any other off-board device
designed and built in accordance with the SAE J1978/J1939 generic scan
tool specifications.

(1.4) Required Testing:

(1.4.1) The testing shall verify that communication can be properly established
between all emission-related on-board computers and any SAE

-J1978/J1939 scan tool designed to adhere strictly to the communication
protocols allowed in section (h)(3);

(1.4.2) The testing shall verify that all emission-related information is properly
communicated between all emission-related on-board computers and any
SAE J1978/41939 scan tool in accordance with the requirements of
section (h) and the applicable 1ISO and SAE specifications including
specifications for physical layer, network layer, message structure, and
message content.

(1.4.3) The testing shall further verify that the following information can be
properly communicated to any SAE J1978/J1939 scan tool:

(A) The current readiness status from all on-board computers required to
support readiness status in accordance with SAE J1979/J1939-73 and
section (h){4.1) in the key on, engine off position and while the engine is
running;

(B) The MIL command status while the MIL is commanded off and while the
MIL is commanded on in accordance with SAE J1979/J1939 and section
{(h)}(4.2) in the key on, engine off position and while the engine is running,
and in accordance with SAE J1979/J1939 and sections (d)(2.1.2) during
the MIL functional check and, if applicable, (h)(4.1.36) during the MIL
readiness status check while the engine is off;

(C) All data stream parameters required in section (h)(4.2) in accordance with
SAE J1979/J1939 including, if applicable, the proper identification of each
data stream parameter as supported in SAE J1979 (e.g., Mode/Service
$01, PID $00);
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(D) The CAL ID, CVN, ESN, and VIN in accordance with SAE J1979/J1939
and sections (h)(4.6) through (4.8); '

(E) An emission-related fauit code (permanent, confirmed, pending, MIL-on,
and previously MiL-on) in accordance with SAE J1979/J1938-73
(including correctly indicating the number of stored fault codes and MIL
command status (e.g., Mode/Service $01, PID $01, Data A for SAE
J1979)) and section (h)(4.4) for each diagnostic and emission critical

“electronic powertrain control unit; '
(1.4.4) The testing shall also verify that the on-board computer(s) can properly -
respond to any SAE J1978/J1939 scan tool request to clear emission-
related fault codes and reset readiness status in accordance with section

(h)(4.10).

(1.5) Reporting of Results:

(1.5.1) The manufacturer shall submit to the Executive Officer the following,
based on the results of testing:

(A) If a variant meets all the requirements of section (I)(1.4), the test results
(i.e., the test log file) and a statement specifying that the variant passed all
the tests, or

(B) If any variant does not meet the requirements of section (I)(1.4), a written
report to the Executive Officer for approval within one month of testing the
specific variant. The written report shall include the problem(s) identified
and the manufacturer's proposed corrective action (if any) to remedy the
problem(s) Factors to be considered by the Executive Officer in
approving the proposed corrective action shall include the severity of the
problem(s), the ability of the vehicle to be tested in a California inspection
program (e.g., roadside inspection, fleet self-inspection program), the
ability of service technicians to access the required diagnostic information,
the impact on equipment and tool manufacturers, and the amount of time
prior to implementation of the proposed corrective action.

(1.5.2) Upon request of the Executive Officer, a manufacturer shall submit a
report of the results of any testing conducted pursuant to section (I)(1) to
the Executive Officer for review.

(1.5.3) In accordance with section (k)(6), manufacturers may request Executive.
Officer approval for a retroactive deficiency to be granted for items
identified during this testing.

(1.6) Alternative Testing Protocois. Manufacturers may request Executive Officer
approval to use other testing protocols. The Executive Officer shall approve
the protocol if the manufacturer can demonstrate that the alternate testing
methods and equipment provide an equivalent level of verification of
compliance with the standardized requirements to the requirements of section

(1.

Verification of Monitoring Requirements.

(2.1) No later than either six months after the start of engine production or three six
months after the start of vehicle production, whichever is later, manufacturers
shall conduct a complete evaluation of the OBD system of one or more
production vehicles (test vehicies) and submit the results of the evaluation to
the Executive Officer. ‘
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{2.2) Selection of test vehicles:

(2.2.1) For each engine selected for monitoring system demonstration in section
(), the manufacturer shall evaluate one production vehicle equipped with
an engine from the same engine family and rating as the demonstration
engine. The Executive Officer shall select the specific production
vehicle(s) to be tested.

(2.2.2) A manufacturer required to test more than one test vehicle may test an

“engine in lieu of a vehicle for all but one of the required test vehicles.

(2.2.3) The Executive Officer may waive the requirements for submittal of
evaluation results from one or more of the test vehicles if data have been
previously submitted for all of the engine ratings and variants.

(2.3) Evaluation requirements:

(2.3.1) The evaluation shall demonstrate the ability of the OBD system on the
selected production vehicle to detect a malfunction, illuminate the MIL,
and, where applicable, store an appropriate fault code readable by a scan
tool conforming to SAE J1978/J1239 when a malfunction is present and
the monitoring conditions have been satisfied for each individual
diagnostic required by title 13, CCR section 1971.1.

(2.3.2) The evaluation shall verify that malfunctions detected by non-MIL
Hluminating diagnostics of components used to enable any other OBD
system diagnostic (e.qg., fuel level sensor) will not inhibit the ability of other
OBD system diagnostics to properly detect malfunctions.

(2 3.3) The evaluation shall verify that the software used to track the numerator
and denominator for purposes of determining in-use monitoring frequency
correctly increments as required in section (d)(4).

(2 3.4) Malfunctions may be mechanically implanted or electronically simulated
but internal on-board computer hardware or software changes may not be
used to simulate malfunctions. For monitors that are required to indicate
a malfunction before emissions exceed an emission threshold based on
any applicable standard {e.g., 2.0 times any of the applicable standards),
manufacturers are not required to use malfunctioning
components/systems set exactly at their malfunction criteria limits.
Emission testing to confirm that the malfunction is detected before the
appropriate emissien-standards-emission threshold malfunction criteria

: (e.g., 2.0 times the standard) are exceeded is not required. -

(2.3.5) Manufacturers shall submit a proposed test plan for Executive Officer
approval prior to evaluation testing being performed. The test plan shall
identify the method used to induce a malfunction for each diagnostic. If
the Executive Officer determines that the requirements of section (1)(2) are
satisfied, the proposed test plan shall be approved.

(2.3.6) Subject to Executive Officer approval, manufacturers may omit
demonstration of specific diagnostics. The Executive Officer shall
approve a manufacturer's request if the demonstration cannot be
reasonably performed without causing physical damage to the vehicle
(e.g., on-board computer internal circuit faults) or jeopardizing the safety
of personnel performing the demonstration.
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(2.3.7) For evaluation of test vehicles selected in accordance with section (I)(2.2),

2.4)

. @2.5)

()

manufacturers are not required to demonstrate diagnostics that were

previously demonstrated prior to certification as required in section (j).
Manufacturers shall submit a report of the results of all testing conducted
pursuant to section (I)(2) to the Executive Officer for review. This report shall
identify the method used to induce a malfunction in each diagnostic, the MiL
illumination status, and the fault code(s) stored.
In accordance with section (k)(6), manufacturers may request Executive
Officer approval for a retroactive deficiency to be granted for items identified -
during this testing.

Verification and Reporting of In-use Monitoring Performance.

(3.1

(3.2)

Manufacturers are required to collect and report in-use monitoring
performance data representative of production vehicles (i.e., engine rating
and chassis application combination). Manufacturers shall collect and report

the data to ARB within twelve months after the production vehicles were first

introduced into commerce.

Manufacturers shall separate production vehicles into monitoring
performance groups, as defined by sections (1)(3.2.1) and (3.2.2) below, and
submit data representative of each group: :

(3.2.1) Emission architecture. Engines shall be separated by emission

architecture. All engines that use the same or similar emission control
architecture and monitoring system shall be in the same emission
architecture category.

(3.2.2) Monitoring performance group. Within an emission architecture category,

(3.3)

(3.4)

engines shall be separated by vehicle application. The separate
monitoring performance groups shall be based on three classifications:
engines intended primarily for line-haul chassis applications, engines
intended primarily for urban delivery chassis applications, and all other
engines. ‘
Manufacturers may request Executive Officer approval to use an alternate
grouping method to collect representative data. Executive Officer approval
shall be granted upon determining that the proposed groupings include
production vehicles using similar emission controls, OBD strategies,
monitoring condition calibrations, and vehicle application driving/usage
patterns such that they are expected to have similar in-use monitoring
performance. If approved by the Executive Officer, the manufacturer may
submit one set of data for each of the approved groupings.
For-each group, the data must include all of the in-use performance tracking

-data reported through SAE J1979/J1939 (i.e., all numerators, denominators,

the general denominator, and the ignition cycle counter), the engine model
year, the engine manufacturer, the engine family, the engine serial number,
the engine HP rating (for diesels). the engine torgue rating (for diesels), the
date the data were collected, the odometer reading, the vehicle/chassis VIN,
the monitoring performance group. and the ECM software calibration
identification number and be in the standardized format detailed in
Attachments D and E of ARB Mail-Out #MSC 09-22.
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(3.5) Manufacturers shall submit a plan to the Executive Officer for review and
approval that details the types of production vehicles in each group, the
number of vehicles per group to be sampled, the sampling method, the time
line to collect the data, and the reporting format. The Executive Officer shall
approve the plan upon determining that it provides for effective collection of
data from a sample of vehicles that, at a minimum, is fifteen vehicles per
group, will likely result in the collection and submittal of data within the
required time frame, will generate data that are representative of California
drivers and temperatures, and does not, by design, exclude or include
specific vehicles in an attempt to collect data only from vehicles with the
highest in-use performance ratios.

(3.6) Upon request of the manufacturer, the Executive Officer may for good cause
extend the twelve month time requirement set forth in section (I)(3.1) up to a
maximum of eighteen months. In granting additional time, the Executive
Officer shall consider, among other things, information submitted by the
manufacturer to justify the delay, sales volume of the group(s), and the
sampling mechanism utilized by the manufacturer to procure vehicles for data
collection. If an extension beyond twelve months is granted, the
manufacturer shall additionally be required to submit an interim report within
twelve months for data collected up to the time of the interim report.

(4)  Verification of In-Use Compliance
(4.1) As a condition for certification, manufacturers are required to perform
compliance testing on in-use engines as specified in California Code of
Regulations, title 13, section 1971.5(c).

NOTE: Authority cited: Sections 39010, 39600, 39601, 43000.5, 43013, 43016, 43018, 43100, 43101,
43104, 43105, 43105.5, and-43106, 43154, 43211, and 43212, Health and Safety Code. Reference:
Sections 39002, 39003, 39010,.39018, 39021.5, 39024. 39024.5, 39027, 39027.3, 39028, 39029
39031, 39032, 39032.5, 39033, 39035, 39037.05, 39037.5, 39038. 39039, 38040, 39042

39042.5, 39046,39047, 39053, 39054, 39058, 38059,-39060, 39515, 39600, ~-39601, 43000, 43000.5,
43004, 43006, 43013, 43016, 43018, 43100, 43101, 43102, 43104, 43105, 43105.5, 43108, 43150,
43151, 43152, 43153, 43154, 43155, -43156, 43204, 43211, and 43212, Health and Safety Code.
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- Appendix B
PROPOSED REGULATION ORDER
Amend section 1968.2, title 13, California Code of Regulations, to read as follows:

Note: The amendments that were approved by the Board at the January 23, 2012 board
hearing are shown in single underline to indicate additions and single-strikeout to
indicate deletions from the existing regulatory text, while the amendments proposed
during this rulemaking are shown in double underline to indicate additions and deuble
strikeout to indicate deletions from the existing regulatory text. Various portions of the
regulations that are not modified by the proposed amendments are omitted from the text
shown and indicated by “ * ** * *.

§1968.2. Malfunction and Diagnostic System Requirements -- 2004 and
Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and Medium-Duty
Vehicles and Engines

(a) Purpose.

The purpose of this regulation is to re motor vehicle and motor vehicle engine
emissions by establishing emission standards and other requirements for onboard
diagnostic systems (OBD Il systems) that are installed on 2004 and subsequent
model-year passenger cars, light-duty trucks, and medium-duty vehicles and
engines certified for sale in California. The OBD Il systems, through the use of an

- onboard computer(s), shall monitor emission systems in-use for the actual life of the
vehicle and shall be capable of detecting malfunctions of the monitored emission
systems, itluminating a malfunction indicator light (MIL) to notify the vehicle operator
of detected malfunctions, and storing fault codes identifying the detected
malfunctions._The use and operation of OBD s will ensure reductions in in-

use motor vehicle and motor vehicle enaine emissions through improvements of
emission system durability and performance.

(c) Definitions.

“Alternate phase-in” is a phase-in schedule that achieves equivalent compliance
volume by the end of the last year of a scheduled phase-in provided in this |
regulation. The compliance volume is the number calculated by multiplying the
percent of vehicles (based on the manufacturer's projected sales volume of all
vehicles_unless specifically st rwise in section r (f)) meeting the new
requirements per year by the number of years implemented prior to and including
the last year of the scheduled phase-in and then summing these yearly results to
determine a cumulative total (e.g., a three year, 30/60/100 percent scheduled phase-
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in would be calculated as (30*3 years) + (60*2 years) + (100*1 year) = 310). On
phase-ins scheduled to begin prior to the 2004 model year, manufacturers are
allowed to include vehicles introduced before the first year of the scheduled phase-in
(e.g., in the previous example, 10 percent introduced one year before the scheduled
phase-in begins would be calculated as (10*4 years) and added to the cumulative
total). However, on phase-ins scheduled to begin in 2004 or subsequent model
years, manufacturers are only allowed to include vehicles introduced up to one
model year before the first year of the scheduled phase-in. The Executive Officer
shall consider acceptable any alternate phase-in that results in an equal or larger
cumulative total by the end of the last year of the scheduled phase-in and ensures
that all vehicles subject to the phase-in will comply with the respective requirements
no later than two model years following the last year of the scheduled phase-in.

‘ * * * *
‘Emission standard,” as it applies to OBD compliance, relates to the emission
haragtenstlcs of a motor vehicle and engme and means:
1 imit on the amount of a given pollutant that a motor vehicle or

motor vehicle engine may emit into the atmosphere: or

2) a requirement that a motor vehicle or motor vehicle engine be equipped with

a certain type of pollution-control device or some other design feature related
fo the control of emissions,

* * x® & .
“Evaporalive emission standards” are a subset of emission standards ;I;i at refer

to the specific motor vehicle fuel evaporative emission standards ggg test

procedures incorporated by reference in title 13, CCR section 1976 to which a
vehicle is certified.

“Exhaust emission standards” or “failpipe emission standards” are a subset of

emissi that collectively refer to the specific ETP standards and SET
standards to which a vehicle is ceriified. :

(d) General Requirements.

€)

Section (d) sets forth the general reqmrements of the OBD Il system. Specific
performance requirements for components and systems that shall be monitored are
set forth in sections (e) and (f) below.
Monitoring Conditions.
Section (d)(3) sets forth the general monitoring requirements while sections (e)
and (f) set forth the specific monitoring requirements as well as identify which of
the following general monitoring requirements in section (d)(3) are applicable for
each monitored component or system identified in sections (e) and (f). - ‘
(3.2) As specifically provided for in sections (e) and (f), manufacturers shall define
monitoring conditions in accordance with the criteria in sections (d)(3.2.1)

2
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“through (3.2.3). The requirements of section (d)(3.2) shall be phased in as
follows: 30 percent of all 2005 model year vehicles, 60 percent of all 2006
model year vehicles, and 100 percent of all 2007 and subsequent model year
vehicles. Manufacturers may use an aiternate phase-in schedule in lieu of
the required phase-in schedule if the alternate phase-in schedule provides for
equivalent compliance volume as defined in section (c) with the exception that
100 percent of 2007 and subsequent model year vehicles shall comply with
the requirements. Small volume manufacturers shall meet the requirements
on 100 percent of 2007 and subsequent model year vehicles but shali not be
required to meet the specific phase-in requirements for the 2005 and 2006
model years.

(3.2.1) Manufacturers shall define monitoring conditions that, in addition to
meeting the criteria in section (d)(3.1), ensure that the monitor yields an
in-use performance ratio (as defined in section (d)(4)) that meets or
exceeds the minimum acceptable in-use monitor performance ratio on in-
use vehicles. For purposes of this regulation, except as provided below in
section (d)(3.2.1)(D), the minimum acceptable in-use monitor performance
ratio is:

(A) 0.260 for secondary air system monitors and other cold start related
* monitors utilizing a denominator incremented in accordance with section
(d)(4.3.2)(E);
(B) For evaporative system monitors:

(i) 0.260 for monitors designed to detect malfunctlons identified in section
(€)(4.2.2)(C) (i.e., 0.020 inch leak detection); and

(i} 0.520 for momtors designed to detect malfunctions identified in section
(e)(4.2.2)(A) and (B) (i.e., purge flow and 0.040 inch leak detection);

(C)0.336 for catalyst, oxygen sensor, EGR, VVT system, and all other
monitors specifically required in sections (e) and (f) to meet the monitoring

condition requirements of section (d)(3.2),

(D)YFor intredustery interim years:

(i) through the 2007 model year, for the first three years a vehicle is
certified to the in-use performance ratio monitoring requirements of
section (d)(3.2), 0.100 for all monitors specified in section (d)(3.2.1)(A)
through (C) above. For example, the 0.100 ratio shall apply to the
2004, 2005, and 2006 mode! years for vehicles first certified in the
2004 model year and to the 2007, 2008, and 2009 model years for
vehicles first certified in the 2007 model year-;

(if) through the 2014 model year, for fuel system air-fuel ratio cylinder
imbalance monitors, 0.100;

(iii) through the 2011 model year, for secondary exhaust gas sensor
monitors specified in (e)(7.2.2)(C}, 0.100;

(ivithrough the 2012 model year, for vehicles subject to the momtonng
requirements of section (f), 0.100 for all monitors specified in section
(d)(3.2.1)(C) above:;

(v) through the 2016 model year for plug-in hybrid electric vehicles, 0.100

3
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for all monitors specifically reguired in sections (e) and (f) to meet the
monitoring condition requirements of section (d)(3.2) and that are for
systems or components that require engine operations:

{vi)for 2016 through 2018 model year medium-duty vehicles cerified to an

engine dynamometer {ailpipe emission standard, 0.100 for diesel PM
filter filtering performance monitors (secti .2 issin

substrate monitors (section (f)(9.2.5)) not using the denominator
criteria in section(d)(4.3.2)(G).

* * * *

(4) In-Use Monitor Performance Ratio Definition.

* * * *x -

(4.3) Denominator Specifications

* * * *

(4.3.2) Specifications for incrementing:

(F) In addition to the requirements of section (d)(4.3.2)(B) above, the
denominator(s) for the following monitors of eutpst components (except
those operated only at engine start-up and subject to the requirements of
the previous section (d){(4.3.2)(E)) shall be incremented if and only if the
component is commanded to function (e.g., commanded “on”, “open”,

“closed”, “locked”, etc.) on two or more occasions for greater than two
seconds during the driving cycle or for a cumulative time greater than or
equal to ten seconds, whichever occurs first:

(i) Air conditioning system (section {e)(12))
(ii) Variable valve timing and/or control system (sections {e)(13) and
(N(13))
(iii) “Other emission control or source device” (sections (€)(16) and (f)(16))
(iv) Comprehensive component output component (sections (e)(15) and
(H(15)) (e.g., turbocharger waste-gates, variable length manifold -
runners, torque converter clutch lock-up solenoids, etc.)
(v) PM sensor heater (section (f)(5.2.4)(A))
' filter active/intrusive iniection (section (f}(9.2.6
For the PM s ter monitor, as an alt '
model vear vehicles, the manufacturer may use the criteria in section
d)(4.3.2)(B) in lieu of the criteria cified in_section (d)(4.3.2)(F) above.
For the PM filter active/intrusive injection monitor, as an alternative for
2013 ;hrough 2015 model year vggmlgg, the manufacturer may use the

(d)(4.3.2)(F) above.

(G)For the following monitors, the denominator(s) shall be incremented by
one during a driving cycle in which the following two criteria are met: (1)
the requirements of section (d)(4.3.2)(B) have been met on at least one
driving cycle since the denominator was last incremented, and (2) the
number of cumulative miles of vehicle operation since the denominator -
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was last incremented is greater than or equal to 500 miles:

(i) Diesel NMHC converting catalyst (section (f){1.2.2))

(i) Diesel NMHC converting catalyst other aftertreatment assistance
functions (sections (f)(1.2.3)(B) and (f)(1.2.3)(D))

(iii) Diesel PM fitter NMHC conversion (sections. ¢88-2-5-(f)(9.2 4)-are

(iv) Diesel PM filter filtering performance and missing substrate (sections
((9.2.1) and (f}(9.2.5)) for passenger cars, light-duty trucks, and

MDPVs certified to a chassis dynamometer tailpipe emission standard

iesel PM filter filtering performa nd missing substrate (sections
(1)(9.2.1) and (f)(9.2.5)) for 2004 through 2015 model year medium-
duty vehicles certified to an engine dynamometer tailpipe emission
st rd

(1) For 2013 and subsequent model year vehicles, in addition to the
requirements of section (d)(4.3.2)(B) above, the denominator(s) for the
following monitors shall be incremented if and only if a regeneration event
is commanded for a time greater than or equal to ten seconds:

(i) Diesel NMHC converting catalyst other aftertreatment assistance
functions (sections (f)(1.2.3)(A) and (f)(1.2.3)(C))

(i} PM filter incomplete regeneration (section (f)(8.2.3))

R El s ertha frnteL el bl PP

(6)  Fuel System Monitoring

(6.1} - Requirement: -
(6.1.1) The OBD Il system shall monitor the fuel delivery system to determine its
ability to provide compliance with ersiesien applicable standards.
(f) Monitoring Requirements for Diesel/Compression-Ignition Engines.
(1) Non-Methane Hydrocarbon (NMHC) Converting Catalyst Monitoring

L]

(1.2) Malfunction Criteria:

* * * x

(1.2.3) Other Aftertreatment Assistance Functions. Additionally, for 2010 and
subsequent model year vehicles, the catalyst(s) shall be monitored for
other aftertreatment assistance functions:

* * * *



(B) For 20185 and subsequent model year passenger cars, light-duty trucks,
and MDPVs certified to a chassis dynamometer tailpipe emission standard
and 20135 and subsequent model year medium-duty vehicles (including
MDPVs) certified to an engine dynamometer tailpipe emission standard,
for catalysts used to generate a feedgas constituency to assist SCR
systems (e.g., to increase NO: concentration upstream of an SCR
system}, the OBD |l system shall detect a malfunction when the catalyst is

~ unable to generate the necessary feedgas constituents for proper SCR

system operation. Catalysts are exempt from feedgas generation
monitoring if no malfunction of the catalyst's feedgas generation ability can

cause emissions to (1) increase by 15 percent or more of the licable
full useful life standard as measured from an applicable emission test
cycle; or (2) exceed the applicable full ful life standard as measured
from an applicable emission test cycle, ‘

* * * *

(2)  Oxides of Nitrogen (NOx)} Converting Catalyst Monitoring
(2.2) Malfunction Criteria;

(2.2.2) Conversion Efficiency:
(A) The OBD Il system shall detect a NOx catalyst malfunction when the
catalyst conversion capability decreases to the point that NOx or NMHC
emissions exceed:

* * % *

(i) For medium-duty vehicles (including MDPVs) cértified to an engine
dynamometer tailpipe emission standard: _
a. the applicable NOx standard by more than 0.5 g/bhp-hr (e.g., cause

NOx emissions to exceed 0.7 g/bhp-hr if the emission standard is
0.2 g/bhp-hr) as measured-from an applicable cycle emission test
~or 3.5 times the applicable NMHC standard for 2007 through 2009

model year vehicles; -

b. the applicable NOx standard by more than 0.4 g/bhp-hr (e.g., cause
NCx emissions to exceed 0.6 g/bhp-hr if the emission standard is
0.2 g/bhp-hr) as measured from an applicable cycle emission test
or 2.5 times the applicable NMHC standard for 2010 through 2012
model year vehicles; ard
the applicable standard by more than 0.3 g/bhp-hr cause
&M@w

bhp-hr) as measured from an applicable cycle emission test
- or 2.0 times the applicable NMHC standard for 2013 through 2015
model vear vehicles; and

B
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&d. the applicable NOx standard by more than 0.2 glbhp -hr (e.g., cause
NOx emissions to exceed 0.4 g/bhp-hr if the emission standard is
0.2 g/bhp-hr) as measured from an applicable cycle emission test
or 2.0 times the applicable NMHC standard for %9% 2016 and
subsequent model year vehicles.

* * *

(3) Misfire Monitoring

- (3.1) Requirement:
(3.1.1) The OBD Il system shall monitor the engine for misfire eausing-exeess
emissiens. The OBD Il system shall be capable of detecting misfire
occurring in one or more cylinders. To the extent possible without adding
hardware for this specific purpose, the OBD [l system shall also identify
the specific misfiring cylinder.

*® %

(3.2) Malfunction Criteria:
(3.2.1) The OBD Il system shall detect a misfire maifunction when one or more
cylinders are continuously misfiring. '
(3.2.2) Additionally, for 2010 and subsequent model year vehieles passenger

cars. light-duty trucks, and MDPVs certified to a chassis dynamometer
tailpipe emission stand nd 2010 through 2 model year medium-

duty vehicles equipped with sensors that can detect combustion or
combustion quality (e.g., for use in homogeneous charge compression
ignition (HCCI) control systems),_and fo ercent of 2016 mo ear
50 percent of 2017 model vear, and 100 percent of 2018 model vear
medium-du’gg vehicles (percentage based on the manufac;urer’g projected
California sales volume for all medium-duty diesel vehicl
(A) The OBD I system shall detec’t a mlsftre malfunction %hast-wee%see%
d-as follows:
(|) For passenger cars Ilght-duty trucks and MDPVs certlfled to a chassis
dynamometer tailpipe emission standard, the OBD I system shg[!
te a misfire malfunction that would cause a vehicle's NMH
r PM emissions xceed 1.5 times any of the applicable FTP
Standards
(ii) For medium-duty vehicles (including MDPVs) certified to an engine

dynamometer tailpipe emission standard, the OBD Il system shall
detect a @;gflre malfunction when the gercentage of mlsgrg is equal to

(B) I he manufactgrers shgll evg[ggte the percentage of misfire as follows:

7



(i) For passenger cars, light-duty trucks, and MDPVs certified to a chassis
dynamometer tailpipe emission standard, Mmanufacturers shall

determine the percentage of misfire evaluated in 1000 revolution
increments that would cause NMHC, CO, NOx, or PM emissions from
an emission durability demonstration vehicle to exceed the levels
specified in section (f)(3.2.2)(A) if the percentage of misfire were
present from the beginning of the test. To establish this percentage of
misfire, the manufacturer shall utilize misfire events occurring at
equally spaced, complete engine cycle intervals, across randomly
selected cylinders throughout each 1000-revolution increment. If this
percentage of misfire is determined to be lower than one percent, the
manufacturer may set the malfunction criteria at one percent.

i) For vehicles (including MD certifi i

dynam meter tailpipe emission standard, the manufacturer shall
evaluate the percentage of misfire in 1000 revolution increments.
(C) Subject to Executive Officer approval, a manufacturer may employ other
revolution increments. The Executive Officer shall grant approval upon
determining that the manufacturer has demonstrated that the strategy
would be equally effective and timely in detecting misfire.

(3.2.3) A malfunction shall be detected if the percentage of misfire established in
section (f)(3.2.2)&8} is exceeded regardless of the pattern of misfire events
(e.g., random, equally spaced, continuous).

(3.2.4) For multiple cylinder misfire situations that result in a misfire rate greater
than or equal to 50 percent of all engine firings, the OBD Il system shall
only be required to detect a misfire malfunction for situations that are
caused by a single component failure.

(3.2.5) Upon request by the manufacturer and upon determining that the

rer has submitt and/or engineering evaluation which
support the request, the Executive Officer shall revise the percentage of
misfire malfunction criteria in section (f)(3.2.2)(A)(ii) upward to exclude

echi isfire that canno e the vehlcle s NMHC nd NO

PM emissions to exceed ” 03 glbhg—hr as @easuredfrgman gg gllcab
-gvcle emission test.
(3.3) Monitoring‘Conditions:

(3-3.1) Except as provided in section (f)(3.3.2), Fthe OBD Il system shall monitor
for misfireg jdentified in section (f)(3.2.1) during engine idle conditions at

least once per driving cycle in which the monitoring conditions for misfire

are met. A manufacturer shall submit menitoring conditions to the

Executive Officer for approval. The Executive Officer shall approve

manufacturer-defined monitoring conditions that are determined (based on
8 .
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manufacturer-submitted data and/or other engineering documentation) to:
(i) be technically necessary to ensure robust detection of malfunctions
(e.g., avoid false passes and false detection of malfunctions), (ii) require
no more than 1000 cumulative engine revolutions, and (iii) do not require
any single continuous idle operation of more than 15 seconds to make a
determination that a malfunction is present (e.g., a decision can be made
with data gathered during several idle operations of 15 seconds or less);
or satisfy the requirements of (d)(3.1) with alternative engine operating
conditions. :

(3.3.2) Manufacturers may request Executive Officer approval to use alternate
monitoring conditions (e.g., off-idle) in lieu of the monitoring conditions
specified_in section (H(3.3.1). The Executive Officer shall approve
alternate monitoring-conditions that are determined (based on
manufacturer-submitted data and/or other engineering documentation) to
ensure equivalent robust detection of malfunctions and equivalent
timeliness in detection of malfunctions.

(3.3.3) Additienally—fFor misfires identified in section (f)(3.2.2) 2840-anrd

2 RS ieles =X B=tHS=3, thg QBD ] s!stem

(A) Eor passenger cars, light-duty trucks, and MDPVs certified to a chassis
dynamometer tailpipe emission standard, Fthe OBD Il system shall
continuously monitor for misfire under all positive torque engine speeds
and load conditions. : '

(B) For medium-duty vehicles (including MDPVs) certified to an engine

dvnamometer tailpipe emission standard, the OBD i system shall

continuously monitor for misfire under the following conditions:

(i)_For 2010 through 2018 model vear vehicles and 2019 and subseauent
model year vehicles that are not included in the phase-in specified in

ectio 3.3.3)(BXii der positive torqu nditions with engi

speed up to 75 percent of the maximum-rated engine speed and
engine load up to 75 percent maximum-rated load except within the
following range: the engine operating region bound by the itive

torque line (i.e., engine load with transmission in neutral) and the two

following engine-operating points: engine speed of 50 percent of

maxi -rated engine speed with engine lpad at t sitive
torgue line, and 75 percent of the maximum-rated engin eed wi
the engine load 5 percent above the posifive torque line.

(i) For 20 percent of 2019 model vear, 50 percent of 2020 model vear,
and 100 percent of 2021 model veai medium-duty vehicles '
(percentage based on the manufacturer's projected California sales
volume for all medium-d iesel vehicles). under all positive torque
engine speed and load conditions. '

£3)(C) If a monitoring system cannot detect all misfire patterns under all
required engine speed and load conditions as required in sections
(N(3.3.3)(A).and (B), the manufacturer may request Executive Officer

9
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approval to accept the monitoring system. In evaluating the
manufacturer’s request, the Executive Officer shall consider the following
factors: the magnitude of the region(s) in which misfire detection is limited,
the degree to which misfire detection is limited in the region(s) (i.e., the -
probability of detection of misfire events), the frequency with which said
region(s) are expected to be encountered in-use, the type of misfire
patterns for which misfire detection is troublesome, ard demonstration
that the monitoring technology employed is not inherently incapable of
detecting misfire under required conditions (i.e., compliance can be
achieved on other engines), and the extent to which the most reliable

monitoring method developed is unable to ensure robust detection of
misfire in the region(s). The evaluation shall be based on the following

misfire patterns: equally spaced misfire occurring on randomly selected
cylinders, single cylinder continuous misfire, and paired cylinder (cylinders
firing at the same crank angle) continuous misfire.
(3.4) MIL lllumination and Fault Code Storage: -
(3.4.1) General requirements for MIL illumination and fault code storage are set
forth in section (d)(2). _
(3.4.2) Additionally, for 2010 and subsequent model year vehicles subject to-

(1)(3.2.2):

(A) Upon detection of the percentage of misfire specified in section
((3.2.2)¢83, the following criteria shall apply for MIL iflumination and fault
code storage:

() A pending fault code shall be stored no later than after the fourth
exceedance of the percentage of misfire specified in section
(f)(3.2.2)¢B} during a single driving cycle.

(i) 'f a pending fault code is stored, the OBD 1l system shalll illuminate the
MIL and store a confirmed fault code within 10 seconds if the
percentage of misfire specified in section (f)(3.2.2){B3} is again
exceeded four times during: (a) the driving cycle immediately following
the storage of the pending fault code, regardless of the conditions
encountered during the driving cycle; or (b} on the next driving cycle in
which similar conditions (see section (c)) to the engine conditions that
occurred when the pending fault code was stored are encountered.

(iif) The pending fault code may be erased at the end of the next driving
cycle in which similar conditions to the engine conditions that occurred
when the pending fault code was stored have been encountered
without an exceedance of the specified percentage of misfire. The
pending code may also be erased if similar conditions are not
encountered during the next 80 driving cycles immediately following
initial detection of the malfunction.

* * % *

(4)  Fuel System Moniforing
4.1) Requir_ement:

10
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The OBD Il system shall monitor the fuel delivery system to determine its
ability to comply with emissien applicable standards. The individual electronic
components (e.g., actuators, valves, sensors, pumps) that are used in the fuel
. system and not specifically addressed in this section shall be monitored in
accordance with the comprehensive component requirements in section

(H(13). _
(5)  Exhaust Gas Sensor Monitoring
(5.2) Malfunction Criteria:

(5.2.2) NOx and PM sensors:

(A) Sensor performance fauits: The OBD Il system shall detect a malfunction
prior to any failure or deterioration of the sensor voltage, resistance,
impedance, current, response rate, amplitude, offset, or other
characteristic(s) that would cause a vehicle's emissions to exceed:

* * *

(i) For medium-duty vehicles (including MDPVs) certified to an engine
dynamometer tailpipe emission standard:

a. 2.5 times the applicabie NMHC standards, the applicable NOx
standard by more than 0.5 g/bhp-hr (e.g., cause NOx emissions to
exceed 0.7 g/bhp-hr if the emission standard is 0.2 g/bhp-hr) as
measured from an applicable cycle emission test or 0.05 g/bhp-hr
PM as measured from an applicable cycle emission test for 2007
through 2009 model year vehicles;

b. 2.5 times the applicable NMHC standards, the applicable NOx
standard by more than 0.4 g/bhp-hr (e.g., cause NOx emissions to
exceed 0.6 g/bhp-hr if the emission standard is 0.2 g/bhp-hr) as
measured from an applicable cycle emission test or 0.05 g/bhp-hr
PM as measured from an applicable cycle emission test for 2010
through 2012 model year vehicles; ané '

c. 2.0 times the applicable NMHC standard, the applicable NOx
standard by more than 0.3 g/bhp-hr {e.g., cause NOx emissions o
exceed 0.5 g/bhp-hr if the emission standard is 0.2 g/bhp-hr) as
measured from an applicable cycle emission test, or 0.03 g/bhp-hr

PM as measured from an applicable cycle emission test for 2013

through 2015 model vear vehicles: and
ed. 2.0 times the applicable NMHC standards, the applicable NOx

standard by more than 0.2 g/bhp-hr (e.g., cause NOx emissions to
exceed 0.4 g/bhp-hr if the emission standard is 0.2 g/bhp-hr) as
measured from an applicable cycle emission test or 0.03 g/bhp-hr

11
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PM as measured from an applicable cycle emission test for 2043
2016 and subsequent model year vehicles.

* *

. (5.3) Monitoring Conditions:
' (5.3.1) Exhaust Gas Sensors

(A) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (f)(5.2.1)(A)(i), (5.2.1)(BXi), ard (5.2.2)(A)_and
(5,.2.2)(D) (e.g., sensor performance faults) in accordance with sections
(d)(3.1) and (d)(3.2) (i.e., minimum ratio requirements). For all 2010 and
subsequent model year vehicles, for purposes of tracking and reporting as
required in section (d)(3.2.2), all monitors used to detect malfunctions
identified in sections (f)(5.2.1)(A)(i), (5.2.1)(B)(i), ard (5.2.2)(A)_and for
2016 and subsequent model year medium-duty vehicles certified to an

engine dynamometer tailpipe emission standard, section (f)(5.2.2)(D) shall
be tracked separately but reported as a single set of values as specified in

section (d)(5.2.2).

(B) Manufacturers shall define the monitoring conditions for malfunctions
identified in sections (f)(5.2.1)(A)(iv);.and (5.2.1)(B)(iv)—are+622}DB}
(e.g., monitoring capabmty) in accordance with sections (d)(3.1) and
(d)(3 2) (i.e., minimum ratio requirements) with the exception that
monitoring shall occur every time the monitoring conditions are met during
the driving cycle in lieu of once per driving cycle as required in section
(d)(3.1.2).

* * * *

9 . Particulate Matter (PM) Filter Monitoring

*

(9.2) Malfunction Criteria:
(9.2.1) Filtering Performance:
(A) The OBD Il system shall detect a malfunction prior to a decrease in the

filtering capability of the PM filter that would cause a vehicle's PM
emissions to exceed:

* * * *

(i) For medium-duty vehicles (including MDPVs) certified to an engine
" dynamometer taiipipe emission standard:
a. 0.09 g/bhp-hr PM as measured from an applicable cycle emission
test for 2004 through 2009 model year vehicles;
b. 0.07 g/bhp-hr PM as measured from an applicable cycle emission
test for 2010 through 2012 model year vehicles; and
c. 0.03 g/bhp-hr PM as measured from an applicable cycle emission
test for 2013 and subsequent model year vehicles.
(iii) For 2014 through 2015 model vear medium-duty vehicies (including
MDPVs) certified to an engine dynamometer taiipipe emission

12
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(15) Comprehensive Component Monitoring

(15.2.2) Output Components/Systems:

standard, the manufacturer shall use the malfunction criteria in section

(f(9.2.1)(A)(ii)c, above without using the provisions of section (A(17.1)

to exclude specific failure modes on vehicles under one of the following

two options below:

a. At least 20 percent of 2014 model vear vehicles and at least 20
percent of 2015 model year vehicles (percentage based on the

manufacturer’s projected California sales volume for a ed_ium-

duty diesel vehicles), or

b. Atleast 50 percent of 2015 mo ear vehicles (percentage based
on the manufacturer's projected California sales volume for all
medium-duty diesel vehicles). '

iv) For the phase-in schedules descri in section (H(9.2.1)(AXiii) above

the manufacturer may nof use an a'lterngte phase-in schedule as

fined in section (c) in lieu of the required phase-in schedules. -

* * * *

(9.2.4) NMHC conversion: For 20185 and subsequent model year passenger

cars, light-duty trucks, and MDPVs certified to a chassis dynamometer
tailpipe emission standard and 20135 and subsequent model year
medium-duty vehicles (including MDPVs) certified to an engine
dynamometer tailpipe emission standard with catalyzed PM filters that
convert NMHC emissions, the OBD |1 system shall monitor the catalyst
function of the PM filter and detect a malfunction when the NMHC
conversion capability decreases to the point that NMHC emissions exceed
the applicable emission levels specified in section (f)(9.2.2)(A). Ifno
failure or deterioration of the NMHC conversion capability could result in a
vehicle’s NMHC emissions exceeding these emission levels, the OBD ||
system shall detect a malfunction when the system has no detectable
amount of NMHC conversion capability. PM filters are exempt from
NMHC conversion ¢ ili onitoring if no malf ion of the PM filter's
nversion capability can cause emissions to (1) increas 15
ercent or more of the applicab I useful life standa measured
fro _applicable emission test cycle; or (2) exceed the applicabl I

useful life standard as measured from an applicable emission test cycle.
*

* * *

* % *

(15.2) Malfunction Criteria:

* *  * *

* *

13



(F) For 26432015 and subsequent model year vehicles that utilize fuel control
system components (e.g., injectors, fuel pump) that have tolerance
compensation features implemented in hardware or software during
production or repair procedures (e.g., individually coded injectors for flow
characteristics that are programmed into an electronic control unit to
compensate for injector to injector tolerances, fuel pumps that use in-line
resistors to correct for differences in fuel pump volume output), the
components shall be monitored to ensure the proper compensation is
being used.

(i)_The system shali detect a fault if the compensation being used by the
control system does not match the compensation designated for the
installed component (e.g.; the flow characteristic coding desighated on
a specific injector does not match the compensation being used by the
fuel control system for that injector). If a manufacturer demonstrates
that a single component (e.g., injector) using the wrong compensation
cannot cause a measurable increase in emissions during any
reasonable driving condition, the manufacturer shall detect a
malfunction for the minimum number of components using the wrong
compensation needed to cause an emission increase. Further, the -
stored fault code shali identify the specific component that does not
match the compensation.

ii) Monitoring of the f ol system components under section
15.2.2)(F)(i) is not required if the manufacturer demonstrates that no
au the components’ tolerance compensation 0
compensation being us ause emissions to (1) increase by 15
ercent or more of the appli ble full useful life standard as measure
pplicable emission test cycle; or (2) e li |
useful life standard as me from an applicable emission tes

cycle. For purposes of detemmining if the emission criteria above are
met, the manufacturers shall reguesg Executive Officer approval of the

test plan for which issi ct will be determined. The test
plan shall include the combination of failed components and the
; f mismatch (e.qa., wrong compensation) use e
test grocedurg and em |§§!gg test cvcles used to demonstrate the
emissio act, including the necessary preconditioning cycles used
s stem to correct or adapt for any mismatch and miti the
emission impact. ive Office val shall be granted upon.

determining that the manufacturer has submitted data and/or
engineering analysis that demonstrate that the conditions necessary
for the system to correct or adapt will readily occur in a fimely manner

during in-use operation and nditions represent worst

case emissions from iypical in-use service actions when considering

the distribution and variance of the compensation values and parts
., replacem of one_or more -oNne-si injectors with mi

one-sigma injectors without updating of the compensation value).
| 14
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& * * %*

'Exceptions to Monitoring Requirements
(17.1) Except as provided in sections (f)(17.1.1) through (17.1.4) below, upon

request of a manufacturer or upon the best engineering judgment of ARB, the
Executive Officer may revise the emission threshold for a malfunction on any
diagnostic required in section (f) for medium-duty vehicles if the most reliable
momtormg method developed reqwres a hngher threshold to prevent

ag-false indications of a malfunction.

: Addltlonally xcegt as sgecn‘" ed in sec;gon (N(9.2. 1) (A)(iii), for 2007 through

20092013 model year light-duty vehicles and 2007 through' 20422042 2015
model year medium-duty vehicles, the Executive Officer may revise the PM
filter malfunction criteria of section (f)(9.2.1) to exclude detection of specific
failure modes (e.g., combined failure of partially melted and partlally cracked
substrates) if the most reliable monitoring method developed. reqwres the
exclusion of specific failure modes to prevent sigaifisant-errors-e+e SFRRRISSIeN
indetecting-false indications of a malfunction. '

*

(17.1.5) For 2004 through 2015 m | vear medium-duty diesel vehicles (except

MDPVs) certified to a chassis dynamometer tailpipe emission standard,
the monitoring requirements and malfunction criteria in section (f)
applicable to medium-duty diesel vehicles certified to an engine
dynamometer tailpipe emission standard shall apply. However, the
manufacturer shall request Executive Officer approval of manufacturer-
proposed medium-duty chassis dynamometer-based malfunction criteria
in lieu of the engine dynamometer-based malfunction criteria required for

- each monitor in section (f). The Executive Officer shall approve the
request upon finding that:

(A) the manufacturer has used good engineering Judgment in determining the
malfunction criteria,

(B) the malfunction criteria will provnde for similar timeliness in detection of
malfunctioning components with respect to detection of malfunctions on
medium-duty diesel vehicles certified to an engine dynamometer tailpipe
emission standard,

(C) the malfunction criteria are set as stringently as technolog ically feasible
with respect to indicating a malfunction at the lowest possible tailpipe
emission levels (but not lower than 1.5 times the chassis dynamometer
tailpipe emission standard the vehicle is certified to), considering the best
available monitoring technology to the extent that it is known or should
have been known to the manufacturer,

(D) the malfunction criteria will prevent detection of a maifunction when the
monitored component is within the performance specifications for
components aged to the end of the full useful life, and

15



(E) the manufacturer has provided emission data showing the emission levels
at which the malfunctions are detected.
17.1.6) For 2016 and subsequent model year medium-duty diesel vehicles -
(except MDPVs) certified to a chassis dynamometer tailpipe emission
ard, the following monitoring requirements and malfunction criteria
shall apply: '
A) Except as provided for in sections (f}(17.1.6)(B)} and (C) below, the
nitoring reguirements and malfunction criteria i ion (f) applicable
to passenger ight- d MDPVs certified to a chassis

dynamometer tailpipe emission standard shall apply,
(B) For NMHC catalyst conversion efficiency monitoring (section (f)(1.2.2)),
h f rer shall detect an NMHC function when th

catalyst conversion capability decreases to the point that emissions
exceed 1.75 times the applicable FTP NMHC or NOx standards.
or misfire monitoring {section (f)(3)), the manufacturer s h

monitoring reguiremen f ion criteria applicable to medium-

duty vehicles cerified to an engine dynamometer tailpipe emission
standard,

* *, * *

© (17.2) Whenever the requirements in section (f) of this regulation require a
manufacturer to meet a specific phase-in schedule:

(17.2.1) The phase-in percentages shall be based on the manufacturer’s
projected sales volume for all vehicles subject to the requirements of title
13, CCR section 1968.2 unless specifically stated otherwise in section (f).

(17.2.2) Manufacturers may use an alternate phase-in schedule in lieu of the
required phase-in scheduie if the alternate phase-in schedule provides for
equivalent compliance volume as defined in section (c) except as
specifically noted for the phase-in ef for in-use monitor performance ratio
monitoring conditions in section (d)(3.2)_and the PM filter monitor in
section (f)(9.2.1)(A). ,

- (17.2.3) Small volume manufacturers may use an alternate phase-in schedule in
accordance with section (f)(17.2.2) in lieu of the required phase-in
schedule or may use a different schedule as follows:

(A)For the diesel PM filter monitor phase-in schedule in section
- {(N(9.2. N (A)Xiii). the manufacturer may use the malfunction criteria in
section (f)(9.2. 1)(A)(ii)c. for all 2014 and 2015 model year medium-duty
vehicles in lieu of the malfunction criteria and required phase-in schedule

in section (£)(9.2.1)(A)(ii).
(B} For phase-in schedules not listed in section (H(17.2.3)(A) above, the

manufacturer may meet the requirement on all vehicles by the final year of
the phase-in in lieu of meeting the specific phase-in requirements for each
model year.

* & * *
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(R) Monitoring System Demonstration Requirements For Certification

* * * *

(4)  Required Testing for Diesel/Compression-ignition vehicles:
Except as provided below, the manufacturer shall perform single-fault testing
“based on the applicable test with the following components/systems set at their
malfunction criteria limits as determined by the manufacturer for meeting the
requirements of section (0.
(4.3) Misfire Monitoring: For 2010 and subsequent model year vehicles subject to
~ section (f)(3.2.2)(A)(0), the manufacturer shall perform a test at the
malfunction criteria limit specified in section (f)(3.2.2). A misfire monitor
demonstration test is not reqmred for vehicles not subject to section

(A)(3.2.2)(A)D.

(iy Certification Documentation
(1)  When submitting an application for certification of a test group, the manufacturer
shall submit the following documentation. If any of the items listed below are
standardized for all of a manufacturer’s test groups, the manufacturer may, for
- each model year, submit one set of documents covering the standardized items
for all of its test groups.

(1.1) For the required documentation not standardized across all test groups, the
manufacturer may propose to the Executive Officer that documentation
covering a specified combination of test groups be used. These combinations
shall be known as “OBD |l groups”. Executive Officer approval shali be
granted for those groupings that include test groups using the same OBD II
strategies and similar calibrations. If approved by the Executive Officer, the
manufacturer may submit one set of documentation from one or more
representative test group(s) that are a part of the OBD 1l group. The
Executive Officer shall determine whether a selected test group(s) is
representative of the OBD Il group as a whole. To be approved as
representative, the test group(s) must possess the most stringent exhaust

. emission standards and OBD |l monitoring requirements and cover all of the
emission control devices within the OBD I group.

* * *

(2)  The following information shall be submitted as “Part 1" of the certification
application. Except as provided below for demonstration data, the Executive
Officer will not issue an Executive Order certifying the covered vehicles without
the information having been provided. The information must include:

* * *

2.5 | ata su ing the misfire monij
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5(2.5.1) For gasoline vehicles, data supporting the misfire menitors_shall
includinge:

(A} The established percentage of misfire that can be tolerated without
damaging the catalyst over the full range of engine speed and load
conditions. _

(B) Data demonstrating the probability of detection of misfire events of the
misfire monitoring system over the fuil engine speed and load operating
range for the following misfire patterns: random cylinders misfiring at the
malfunction criteria established in section (€)(3.2.2), one cylinder
continuously misfiring, and paired cylinders continuously misfiring.

(C) Data identifying ali disablement of misfire monitoring that occurs during
the FTP and USO06 cycles. For every disablement that occurs during the
cycles, the data should identify: when the disablement occurred relative to
the driver's trace, the number of engine revolutions that each disablement
was present for, and which disable condition documented in the
certification application caused the disablement. The data shall be
submitted in the standardized format detailed in Attachment A: Misfire
Disablement and Detection Chart of ARB Mail-Out #06-23, December 21,
2006, incorporated by reference.

(D) Manufacturers are not required to use the durablllty demonstration vehicle
to collect the misfire data for sections (i)(2.5.1)(A) though (%E%C)

2.5.2) For diesel medium-duty v cl s subj ire
section (f)(3.2.2), data su misfire monitor shall mclude.

A 'Da nstrating the robabil' of detection of misfire events of the
misfire monitoring system over the required engine speed and load
operating range for the following misfir tterns: random cylinders
misfiring at the malfunction criteria established in section (f)(3.2.2), one
cviinder continuously misfiring, and paired cylinders continuously misfiring.

(B) Data identifying all disablement of misfire monitoring that occurs during
the chassis dvnamometer FTP and Unified cycles. For every disablement
that occurs during the cycles, the data shall identify. when the disablement
occurred relative to the driver's trace, the number of engine revolutions
hat each disablement was present for, and which disable condition
documented in the cerification application caused the disablement. The
number of 1000-revolution intervals completed and the number 6f 1000-
revoluation intervals in which the misfire threshold was exceeded shall
also be identified. The data shall be submitted in the standardized format
detailed in Attachment A: Misfire Disabl d Detectio f ARB
Mail-Out #06-23.

* * * *

* * *

() Production Vehicle Evaluation Testing.

(2) Verification of Monitoring Requirements.

* * *® *
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(2.3) Evaluation requirerhents:

(2.3.4) Malfunctions may be mechanically implanted or electronically simulated
but internai on-board computer hardware or software changes may not be
used to simulate malfunctions. Emission testing to conflrm that the
malfunction is detected before the appropriate emsissie s
malfunction threshold (e.g., 1.5 times the applic ble st nd
exceeded is not required.

* * *

NOTE:; Authority cited: Sections 39010, 39600, 39601, 43000.5, 43013, 43016, 43018, 43100, 43101,
43104, 43105, 43105.5, and 431086, Health and Safety Code. Reference: Sections 39002, 39003, 39010,
39018, 39021.5, 39024, 30024.5, 39027, 39027.3, 39028, 39029, 39031, 39032, 39032.5, 39033, 39035,
39037.05, 390375 39038, 39039, 39040, 39042, 39042.5, 39046, 39047, 39053, 39054, 39058, 39059,
39060, 39515, 39600,-39601, 43000, 43000.5, 43004, 43006, 43013, 43016, 43018, 43100, 43101,
43102, 43104, 43105, 43105.5, 43106, 43150, 43151, 43152, 43153, 43154, 43155, 43136, 43204,
43211, and 43212, Health and Safety Code.
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Appendix C
PROPOSED REGULATION ORDER
Amend section 1971.5, titie 13, California Code of Regulations, to read as follows:

Note: The proposed amendments are shown in underine to indicate additions and
sirikesut to indicate deletions from the existing regulatory text. Various portions of the

regulations that are not modified by the proposed amendments are omitted from the text
shown and indicated by “ ** **”

§ 1971.5. Enforcement of Malfunction and Diagnostic System Requirements for
2010 and Subsequent Model-Year Heavy-Duty Engines.

-(a) General.

(3) Definitions.

The definitions applicable to these rules include those set forth in Health and
Safety Code section 39010 et seq. and in Cal. Code Regs., title 13, section
1900(b) and section 1971.1(c), which are incorporated by reference herein. The
following definitions are specifically applicable to section 1971.5 and take
precedence over any contrary definitions.

“OBD Emission Testing” refers to testing conducted to determine compliance
with the malfunction criteria in Cal. Code Regs., title 13, section 1971.1(e)
through (g) that are based on'a multiple of, or an additive to, a tailpipe emission
standard or an absoiute measurement from an applicable emission test cycle
(e.g., 1.5 times the applicable federal test procedure (FTP) emission standards,

PM standard plus 0.02 g/bhp-hr, PM level of 0.03 g/bhp-hr as measured from an
~applicable emission test cycle).

(b) Tesfing Procedures for ARB-Conducted Testing.
* * * * !

(3) Engine Selection for ARB-Conducted Enforcement Testing.
(C) Protocol for Procuring Engines for Test Sample Group. 7
(i) For OBD emission and ratio testing, the Executive Officer shall determine

the appropriate manner for procuring engines. In making his or her
determination, the Executive Officer shall consider the nature of the .
nonconformance and the scope of the engine class. The method used
shall ensure that engines are recruited from more than one source.
Methods used may include obtaining lists of engine owners from specific
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sources (e.g., engine manufacturers, motor vehicle registration records)
and soliciting participation from owners, discussing with fleet or rental
operations to locate engines in the engine class, or using methods used
by the manufacturer to procure engines for the manufacturer-run heavy
duty diesel in-use testing program established pursuant to 70 Federal

Register 3459449Jp;ea+pe-engmes-eenenstem—mth—ﬂ%e—pweu¥emeﬂ%

newh SODFODHE nclude-in-sample-group-ete). |n
selecting engines for OBD emission testing, the Executive Officer shall
include only engines meeting the criteria set forth in section (b)(3)(D)(i)
below. For OBD ratio testing, the Executive Officer shall include only
engines meeting the criteria set forth in section (b)(3)(D)(ii} below.

* * k3 *

(D) Engines to be included in a Test Sample Group:.

* * * *

- {ii) In selecting engines to be included in a test sample group for enforcement

OBD ratio testing, the Executive Officer shall include only engines that:

a. Are certified to the requirements of Cal. Code Regs., titie 13, section
1971.1. ' :

b. Have collected sufficient engine operation data for the monitor to be
tested. For monitors required to meet the in-use monitor performance
ratio and to track and report ratio data pursuant to Cal. Code Regs., title
13, section 1971.1(d)(3.2), sufficient engine operation data shall mean
the denominator meets the criteria set forth in sections (b)(3)(D)(ii)1.
through 5. below. For monitors required to meet the in-use monitor
performance ratio but not required to track and report ratio data
pursuant to Cal. Code Regs., title 13, section 1971.1(d)(3.2), sufficient
engine operation data shall mean that engines that have a denominator
that meets the criteria set forth in sections (b)(3)(D)(ii)1. through 5.
below after undergoing testing as set forth in section (b)(4)(C)(ii) below.
Specifically, the denominator, as defined in Cal. Code Regs., title 13,
section 1971.1(d)(4.3), for the monitor to be tested must have a value
egual o or greater than: ‘ '

1. 150 for gasoline evaporative system and secondary air system
monitors, and gasoline monitors utilizing a denominator
incremented in accordance with Cal. Code Regs., title 13, section
1971.1(d)(4.3.2)(D), (E), and (F) (e.g., cold start monitors, variable
valve timing and/or control system monitors, etc.), or '

2. 300 for gasoiine catalyst, oxygen sensor, EGR, and all other
component monitors.



3. 50 for diesel PM filter monitors, and-NMHC converting catalyst
monitors, PM sensor monitors, and PM sensor heater monitors ard
otherdieselmeniters-using a denominator incremented in
accordance with Cal. Code Regs., title 13, section
1971.1(d)(4.3.2)(E). (F). (G) or (H), or

4. 150 for diesel monitors utilizing a denominator incremented in
accordance with Cal. Code Regs., title 13, section
1971.1(d)(4.3.2)(D), (E), or (F) (e.g., cold start monitors,
comprehensive component output component monitors, etc.) and
not covered in section (b)(3XD)(ii}3. above, or

5. 300 for all other diesel monitors not covered under sections
(b)(3)(D)(ii)3. and 4. above.

*

(6) Finding of Nonconformance after Enforcement Testing.
After conducting enforcement testing pursuant to section (b)(4) above, the
Executive Officer shall make a finding of nonconformance of the OBD system in
the identified engine class under the respective tests for the applicable model
year(s) as follows:
(A) OBD Emission Testing.
(1) For 2010 through 2012 model year engines:

a. Engines certified as an OBD parent rating (i.e., the engine rating subject
to the “full OBD” requirement under Cal. Code Regs., title 13, section
1971.1(d}(7.1.1)), shall be considered nonconforming if the emission
test results indicate that 50 percent or more of the engines in the test
sampie group do not properly illuminate the MIL when emissions
exceed 2.0 times the malfunction criteria (e.g., 5.0 times the standard if
the malfunction criterion is 2.5 times the standard) en-the-applicable

(if) For 2013 through 2015 model year engines:

a. All engines classified as OBD parent and child ratings subject to Cal.
Code Regs., title 13, section 1971.1(d)(7.2.2) shall be considered to be
nonconforming if the emission test results indicate that 50 percent or
more of the engines in the test sample group do not properly illuminate
the MIL when emissions exceed 2.0 times the malfunction criteria (e.g.,
4.0 times the standard if the malfunction criterion is 2.0 times the

standard)-en-the-applicable-standard-{i-e FFRP-orSEH.

* * * * -

(iii) For 2016 through 2018 model year engines:

a. PM filter monitors on engines subject to the malfunction criteria of Cal.
Code Regs., title 13, sections 1971.1(e)(8.2.1)(6D)_and (E) shall be.
considered to be nonconforming if the emission test results indicate that
50 percent or more of the engines in the test sample group do not
properly illuminate the MIL when emissions exceed 2.0 times the
malfunction criteria (e.g., PM emission level of 0.06 g/bhp-hr if the
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malfunction criterion is 0.03 g/bhp-hr) on elthep_Lof the appllcable
standards (i.e., FTP or SET).

b. Monitors on engines and engine ratings prewously certified to Cal.

Code Regs., title 13, section 1971.1(d)(7.2.3) for extrapolated OBD in
the 2013 through 2015 model years shall be considered nonconforming
if the emission test results indicate that 50 percent or more of the
engines in the test sample group do not properly illuminate the MIL
when emissions exceed 2.0 times the malfunction criteria (e.g., 4.0
“times the standard if the malfunction criterion is 2.0 times the standard)
on either-any of the applicable standards (i.e., FTP or SET).

c. Monitors on engines not covered under sections (b)(6)(A)(iii)a.-and b.
above shall be considered nonconforming if the emission test results
indicate that 50 percent or more of the engines in the test sample group
do not properly ifluminate the MIL when emissions exceed the
malfunction criteria on eitherany of the applicable standards (i.e., FTP
or SET). '

(iv) For 2019 and subsequent model year engines, any engine shall be

considered nonconforming if the results of the tests indicate that 50
percent or more of the engines in the test sample do not properly
iluminate the MIL when emissions exceed the malfunction criteria on
either-any of the applicable standards (i.e., FTP or SET).

(v) The Executive Officer may not consider an OBD system nonconforming

solely due to a failure or deterioration mode of a monitored component or
system that could not have been reasonably foreseen to occur by the
manufacturer.

(B) OBD Ratio Testing.
(i) 2013 through 2015 model year engines certified to a ratio of 0.100 in

accordance with Cal. Code Regs., title 13, section 1971.1(d)(3.2.2)_and
PM filter filtering perdformance monitors (section 1971.1(e)(8.2.1)) and
missing substrate monitors (section 1971.1(¢)(8.2.5)) on 2016 through
2018 model year engines shall be considered nonconforming if the data
collected from the engines in the test sample group indicate either that the
average in-use monitor-performance ratio for one or more of the monitors
in the test sample group is less than 0.050 or that 66.0 percent or more of
the engines in the test sample group have an in-use monitor performance
ratio of less than 0.050 for the same monitor. '

(i) Except as provided above in section (b)(6)(B)(i) above, 2016 and

subsequent model year engines certified to a ratio of 0.100 in accordance
with Cal. Code Regs., title 13, section 1971.1(d)(3.2.2) shall be considered
nonconforming if the data collected from the engines in the test sample
group indicate either that the average in-use monitor performance ratio for
one or more of the monitors in the test sample group is less than 0.088 or
that 66.0 percent or more of the engines in the test sample group have an
in-use monitor performance ratio of less than 0.100 for the same monitor.

(C) Al Other OBD Testing.



(i) Engines shall be considered nonconforming if the results of the testing
indicate that at least 30 percent of the engines in the test sample group do
not comply with one or more of the requirements of Cal. Code Regs., title
13, section 1971.1 while the engine is running and while in the key on,
engine off position such that off-board equipment designed to access the
following parameters via the standards referenced in Cal. Code Regs., title
13, section 1971.1 for 2013 and subsequent model year engines cannot
obtain valid and correct data for the following parameters:

b. The current MIL. command status while the MIL is commanded off and
while the MIL is commanded on in accordance with SAE J19794J1939
and Cal. Code Regs., title 13, section 1971.1(h)(4.2), and in accordance
with SAE J1979/J1939 and Cal. Code Regs., title 13, section
1971.1(d)(2.1.2) during the MIL functional check and, if applicable Cal.
Code Regs., title 13, section 1971.1(h)(4.1.36) during the MIL readiness
status check;

(d) Remedial Action.

(3) Ordered Remedial Action-Mandatory Recall. _

(A) Except as provided in sections (d)(3)(B) below, the Executive Officer shall
order the recall and repair of all engines in an engine class that have been
determined to be equipped with a nonconforming OBD system if enforcement
testing conducted pursuant to sections (b) or (c) above or information
received from the manufacturer indicates that:

(i) For major monitors required to meet the in-use performance ratio pursuant
to Cal. Code Regs., titie 13, section 1971.1(d)(3.2) and subject to the
nonconformance criteria of section (b)(6)(B)(ii) on 2016 and subsequent
model year engines, the average in-use monitor performance ratio for one
or more of the major monitors in the test sample group is less than or
equal to 33.0 percent of the applicable required minimum ratio established
in Cal. Code Regs., title 13, section 1971.1(d)(3.2.2) (e.g., if the required
ratio is 0.100, less than or equal to a ratio of 0.033) or 66.0 percent or
more of the vehicles in the test sample group have an in-use monitor
performance ratio of less than or equal to 33.0 percent of the applicable
required minimum ratio established in Cal. Code Regs., title 13, section
1971.1(d)(3.2.2) for the same major monitor.

(if) For major monitars required fo indicate a malfunction before emissions
exceed a certain emission threshold, when the engine is tested in a
vehicle and operated so as to reasonably encounter all monitoring
conditions disclosed in the manufacturer's certification application, the
OBD system is unable to detect and illuminate the MIL for a malfunction of
a component/system monitored by the major monltor prior to emissions

~ exceeding:
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a. For 2013 through 2015 model year OBD parent and child ratings
subject to the “fult OBD” requirement under Cal. Code Regs., title 13,
section 1971.1(d)(7.2.2), three times the applicable major monitor
malfunction criteria (e.g., if the malfunction criteria is 2.5 times the
applicable standard, recall would be required when emissions exceed
7.5 times the applicable standard, or if the malfunction criteria is the PM
standard plus 0.02 g/bhp-hr and the PM standard is 0.01 g/bhp-hr,
recall would be required when emissions exceeded 0.09 g-bhp-hr).

b. For 2016 through 2018 model year engines:

1. For engine ratings previously certified to Cal. Code Regs., title 13
section 1971.1(d)(7.2.3) for “extrapolated OBD” in the 2013 through

- 2015 model years, three times the applicable major monitor

malfunction criteria (e.g., if the malfunction criteria is 2.5 times the
applicable standard, recall would be required when emissions
exceed 7.5 times the applicable standard, or if the malfunction
criteria is the PM standard plus 0.02 g/bhp-hr and the PM standard
is 0.01 g/bhp-hr, recall would be required when emissions exceeded
0.09 g-bhp-hr), and

2. For all other engine ratings, three times the malfunction criteria for
PM filter monitors subject to Cal. Code Regs., title 13, sectiong
1971.1(e)(8.2.1)}(SD).and (E) (e.g., if the malfunction criteria is the
PM standard plus 0.02 g/bhp-hr and the PM standard is 0.01 g/bhp-
hr, recall would be required when emissions exceeded 0.09 g-bhp-
hr) and two times the malfunction criteria for all other applicable
major monitors.

c. For 2019 and subsequent model year engines, two times the applicable
major monitor malfunction criteria (e.g., if the maifunction criteria is 2.5
times the applicable standards, recall would be required when
emissions exceed 5.0 times the applicable standards).

(i) For misfire monitor:

a. Gasoline misfire monitor: For 2016 and subsequent model year
gasoline engines, the monitor for misfire causing catalyst damage is '
unable to properly detect and illuminate the MIL for misfire rates that
are more than 20 percentage points greater than the misfire rates
disclosed by the manufacturer in its certification application as causing
catalyst damage (e.g., if the disclosed misfire rate is 12 percent, recall
would be required if the misfire rate is greater than 32 percent without
proper detection).

b. Diesel misfire monitor: For 2019 and subsequent model year diesel
engines, the misfire monitor is unable to properly detect and illuminate
the MIL for misfire rates that are more than 10 percentage points
greater than the misfire malfunction criteria specified in section Cal.
Code Regs., title 13, section 1971.1(e)(2.2.2) (e.q., misfire rate more
than 15 percent if the misfire malfunction criteria is 5 percent).

(iv) For 2016 and subsequent model year gasoline engines, when the engine
is tested in a vehicle and operated so as to reasonably encounter all
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monitoring conditions disclosed in the manufacturer’s certification
application, the evaporative system monitor is unable to detect and
illuminate the MIL for a cumulative leak or leaks in the evaporative system
equivalent to that caused by an orifice with a diarneter of at least 1.5 times
the diameter of the required orifice in Cal. Code Regs title 13, section
1971.1(f)(7.2.2)(B).

(v) When the engine is tested in a vehicle and operated so as to reasonably
encounter all monitoring conditions disclosed in the manufacturer's
certification application, the OBD system cannot detect and illuminate the
MIL for a malfunction of a component that effectively disables a major
monitor and the major monitor, by being disabled, meets the criteria for
recall identified in sections (d)(3)(A)(ii) or (iv) above (e.g. is unable to
detect and illuminate the MIL for malfunctions that cause FTP emissions
to exceed two times the malfunction criteria).

{vi)For 2013 and sUbseguent model year diesel engines, when the engine is

tested in a vehicle and operated so as to reasonably encounter all

monitoring conditions disclosed in the manufacturer's certification

application, the PM filter monitor is unable to detect and illuminate the MIL

for any of the following:

a. a missing substrate fault in accordance with title 13, CCR section
1971.1(e)(8.2.5): or .

b. a malfunction of the PM filter that causes PM emissions to be equal to

or greater than the emission level of the engine, as measured from an
applicable emission test cycle (i.e., FTP or SET), with the PM filter

substrate completely removed.
f+}(vii) The engine class cannot be tested so as to obtain valid test results in
accordance with the criteria identified in section (b)(6)(C)(ii) due to the
- nonconforming OBD |1 system.

* * * *

NOTE: Authority cited: Sections 39010, 39600, 39601, 43000.5, 43013, 43016, 43018, 43100, 43101,
43104, 43105, 43105.5, 43106, 43154, 43211, and 43212, Health and Safety Code. Reference:
Sections 39002, 39003, 39010, 39018, 39021.5, 39024, 39024.5, 35027, 39027.3, 39028, 39029,
39031, 39032, 39032.5, 39033, 39035, 38037.05, 39037.5, 39038, 39039, 30040, 39042,

39042.5, 39046, 39047, 39053, 39054, 39058, 39059, 39060, 39515, 38600, 39601, 43000,
43000.5, 43004, 43006, 43013, 43016, 43018, 43100, 43101, 43102, 43104, 43105, 43105.5,

43106, 43150, 43151, 43152, 43153, 43154, 43155, 43156, 43204, 43211, and 43212, Health

and Safety Code.
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Appendix D
PROPOSED REGULATION ORDER
Amend section 1968.5, title 13, California Code of Regulations, to read as follows:

Note: The amendments that were approved by the Board at the January 23, 2012 board
hearing are shown in single underline to indicate additions and single-strkeeut to
indicate deletions from the existing regulatory text, while the amendments proposed
during this rulemaking are shown in double underline to indicate additions and deuble
strikesut to indicate deletions from the existing regulatory text. Various portions of the
regulations that are not modified by the proposed amendments are omitted from the text
shown and indicated by “ * * * * ”.

§ 1968.5. Enforcement of Malfunction and Diagnostic System Requirements for
2004 and Subsequent Model-Year Passenger Cars, Light-Duty Trucks, and
Medium-Duty Vehicles and Engines. :

(b) Testing Procedures
(3) Vehicle Selection for Enforcement Testing.

(D) Vehicles to be included in a Test Sample Group.

(i) In selecting vehicles to be included in a test sample group for enforcement
OBD | ratio testing, the Executive Officer shall include only vehicles that:
a. Are certified to the requirements of title 13, CCR section 1968.2.

b. Have collected sufficient vehicle operation data for the monitor to be
tested. For monitors required to meet the in-use monitor performance
ratio and to track and report ratio data pursuant to title 13, CCR section
1968.2(d)(3.2), sufficient vehicle operation data shall mean the
denominator meets the criteria set forth in sections (b)(3)(D)(ii1.
through 3. below. For monitors required to meet the in-use monitor
performance ratio but not required to track and report ratio data
pursuant to title 13, CCR section 1968.2(d)(3.2), sufficient vehicle
operation data shall mean that vehicles that have a denominator that
meets the criteria set forth in sections (b)(3)(D)(ii)1. through 3. below
after undergoing testing as set forth in section (b)(4)(C)(ii) below.
Specifically, the denominator, as defined in titie 13, CCR section
1968.2(d)(4.3), for the monitor to be tested must have a value equal to
or greater than:

1. 150 for evaporative system monitors, secondary air system
monitors, and monitors utifizing a denominator incremented in
accordance with title 13, CCR sections 1968.2(d)(4.3.2)(E) or {F)



(e.g., cold start monitors, air conditioning system monitors, etc)

and not covered in section (b}(3)(D)(ii)2. below, or
2. 50 for PM filter monitors, ard NMHC converting e:ddatien-catalyst

monitors, PM sensor mggi;t_gg, and PM sensor heater monitors

utilizing a denominator incremented in accordance with title 13,

CCR section 1968.2(d){4.3.2)(E), (G)_(H), or (I}, or
3. 300 for catalyst, oxygen sensor, EGR, VVT, and all other component

monitors_not covered in sections (b)(3)(DXii}1. and 2. above.

* * * *

(6) Finding of Nonconformance after Enforcement Testing.
After conducting enforcement testing pursuant to section (b){4) above, the
Executive Officer shall make a finding of nonconformance of the OBD Il system
in the identified motor vehicle class if:
{(A) OBD II Emission Tesfing.
(i) Intermediate In-Use Diesel Thresholds.

a. For 2007 through 2012 model year vehicles subject to
diesel/compression-ignition monitoring requirements in title 13, CCR
section 1968.2(f)-, the results of the OBD Il emission tests indicate that
50 percent or more of the vehicles in the test sample do not properly
ifluminate the MIL when emissions exceed:

* *) * *

d. For 2013 through 2015 model year medium-duty vehicles, with respect
fo the NOx makfunction criteria for the NOx converting catalyst
conversion efficiency monitor (title 13, CCR section 1968.2(f)(2.2.2)),
reductant delivery performance monitor (title 13, CCR section
1968.2(f)(2.2.3}(A)), and NOx sensar monitor (itle 13, CCR section
1968.2(1)(5.2.2 e Executive Officer shall ma in
nonconformance of the OBD |l system if the results of the OBD |l
emission tests indicate that 50 percent or more of the vehicles in the
test sampie do not properly illuminate the MIL when emissions exceed
an additional 0.2 a/bhp-hr above the NOx malfunction criteria defined
in title 13, CCR secfion 1968.2(f)(2.2. ZHAMIQC or
-1968.2(H(5.2. 2)(A)(ii)c.
e._For 2013 through 2015 model yvear medium-duty veh|cles, for the PM
filter filtering performance monitor (title 13, CCR section

1968.2(1)(9.2.1)), the Executive Officer shall make a finding of
nhonconforma e OBD I system if the resulis of the OBD il

emission tests indicate that 50 percent or more of the vehicles in the

t sampie do not properly illuminate the MIL when emissions exceed

0.05 g/bhp-hr.
(iif) Final In-Use Thresholds. For 2002 and subsequent model year vehicles

subject to the gasoline/spark-ignited requirements of title 13, CCR section
1968.2(e) and ept as provided in sections (b)(6)(AXii)d. and e. above
for 2013 and subsequent model year vehicles subject to the
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diesel/compression-ignition requirements of title 13, CCR section
1968.2(f), the results of the OBD 1l emission tests indicate that 50 percent
or more of the vehicles in the test sample do not properly illuminate the
MIL when the emission malfunction criteria defined in title 13; CCR
sections 1968.2(e) or (f) are exceeded.

(B) OBD Il Ratio Testing.

(i) For monitors specified in sections (b)(G)(B)(i)a through e. below, the data
collected from the vehicles in the test sample indicate either that the
average in-use monitor performance ratio for one or more of the monitors
in the test sample group is less than 0.100 or that 66.0 percent or more of
the vehicles in the test sample group have an in-use monitor performance
ratio of less than 0.100 for the same monitor:

a. monitors on 2004 through 20142048-2018 model year vehicles
certified to a ratio of 0.100 in accordance with title 13, CCR section
1968.2(d)(3.2.1)-(D),

* *

(c) Remedial Action
(3) Ordered Remedial Action-Mandatory Recall.

(A) Except as provided in sections {(c)(3)(B) below, the Executive Officer shall
order the recall and repair of all vehicles in a motor vehicle class that have
been determined to be equipped with a nonconforming OBD 11 system if
enforcement testing conducted pursuant to section (b) above or information
received from the manufacturer indicates that:

(i) For monitors on 2007 and subsequent model year vehicles certified to the
ratios in title 13, CCR sections 1968.2(d)(3.2.1)(A) through (C), the
average in-use monitor performance ratio for one or more of the major
monitors in the test sample group is less than or equal to 33.0 percent of

. the applicable required minimu