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MODULE A:

JUSTIFICATION AND TECHNICAL RATIONALE

1 INTRODUCTION

This globa technica regulation (gtr) establishes technical requirements for on-board diagnostic
systems(OBD) for road vehicles. Currently, thegtr isdirected only at OBD requirementsfor heavy-
duty engines/vehicles necessary to maintain emissons-related performance (i.e., emissions-OBD).
Nonetheless, as discussed in more detail below, the gtr has been structured in a manner that
fecilitates awider gpplication of OBD to other vehicle sysemsin the future.

In brief, the gtr sets forth OBD performance requirements to which engine manufacturers must
demonstrate compliance to certification authorities. The gtr dso sets forth a basic sat of
demondtration requirements for manufacturers so that compliance can be demondrated in a
consstent manner. Also included are requirements to standardise the communication of on-board
information to off- board devicesto ass st in maintenance of theincreasingly complex modern diesdl
engines, and to facilitate the future use of OBD as a roadworthiness indicator for heavy-duty
vehicles

Of particular importance with respect to the use of OBD as a roadworthiness indicator is the
introduction, with thisgtr, of afailure severity indication viathe dashboard mafunction warning sgna

(mdfunction indicator). The falure severity indication is achieved in two ways.  Firdly, the gtr
requires the use of a separate and dedicated mafunction indicator to indicate a mafunction in the
engine and emissions control system that results in an increase in emissons.  Other failures that
previoudy may have been communicated via a shared indicator must now use a separate and

discreet indicator. Secondly, the gir requires that the effect of malfunctions be assessed as part of

the design function and that their effect be designated to aspecific level within a3-tier classfication.
Upon mafunction detection, the malfunction indicator is required to communicate in a unique way
depending on which of the threetiersto which the detected mafunction has been designated. While
the requirements for the mafunction indicator provide for each of these falure levels to be

discernible, only the upper two failurelevels are automatically indicated to the driver. Thishasbeen
termed a "discriminatory display” Strategy as it discriminates between three possible severities of

mafunctionswhen indicating them viathe mafunctionindicator. Thisnew requirement isintended to
dlow vehicle operators, maintenance staff, ingpectors and enforcement authorities to make an

informed decision with regard the roadworthiness of the vehicle. Nevertheess, not al Contracting
Partiesmay wishto gpply thisapproach. Therefore, the gtr providesfor amafunction indicator that
would use a non-discriminatory display strategy (i.e., one that would communicate al mafunctions
regardless of their severity in the same manner viathe mafunction indicator) for regionsthat may find
it more suitable than this new discriminatory display model.

The gtr recognizes that it is not dways possble to know precisdy the impact of a falure or
deterioration of asystem or itscomponent partson the actua emissonsfrom thevehicle. Therefore,
the gtr minimizes the burden on the manufacturer in this regard by alowing the dassfication of
malfunctionsto be achieved, asfar asisreasonable, by engineering analyses. | nevitably, certification
authorities will require validation of the engineering analyses and, therefore, the gtr provides for
testing using deteriorated components to assess the OBD system performance. The gtr does not
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require testing to determine whether mafunctions should be placed in a lower leve in the
classfication than that proposed by the manufacturer at the time of certification or type approva.
However, the expectation is that manufacturers will apply best practice to achieve correct
cdasgfication of mafunctionsand evidence of thiseffort will be assessed, in part, from the engineering
analyses provided as part of the certification process. Where experience or testing in the market
indicatesasgnificant mafunction misclassfication, the gtr providesfor itsre-dassficaion (paragrgph
A.5., below, refersto the recommended administrative proceduresfor global technical regulationsin
such cases of reclassfication).

Recent years have seen argpid increase in the number of vehicle functionsthat depend upon the use
of dectrica/dectronic control. Thistrend is expected to continue. Further, the emissions control

systems on highway vehicles are not the only systems for which OBD cagpability is important.

Vehicle sysems provided to manage or deliver safety control are also equipped with diagnostic
cgpability. Recognising thisfact, and the negativeimplicationsthat non-standardised diagnosticscan
have on maintenance and inspection procedures, this gtr has been structured such that further OBD
functiondity — e.g. OBD for safety related systems — could be added in the future as and when
aoproprigte. This flexible Structure is represented in two ways within this gir.  Firdily, a generic
paragraph (Module B) is provided that sets out key definitions and functions to be gpplied to all

OBD systems consdered by thisgtr. In developing Module B, the current regul atory requirements
for falure identification and warning in both the fidd of emissons control and safety system

management have been considered. Secondly, the gtr refersto particular work of the International

Organization for Standardization (ISO) with respect to their work on a new standard "Road

Vehicles— On board diagnostics (WWH-OBD) implementation”, that cons ders the application of
OBD bheyond emissions control systems. By taking this approach, the intention is that future
regulatory activity concerning OBD systems for dl fields of road vehicle technology will deliver

compatible requirements that provide a common fed for the user, be they the vehicle operator, the
mai ntenance technician, the ingpector, or the enforcement authority.

Giventheflexible sructure of the gtr, any future OBD working group devel oping requirementsto add
anew OBD functiondity would smply need to add anew paragraph - termed modules- to the gtr
that would addressthe specific OBD requirements of interest. Such aworking group would also be
required to review Module B of the gtr and, perhaps, reviseit gppropriately to ensurethat there are
no conflicting requirementsor definitions. Further, Module C"Emission-Related Heavy- Duty Died
OBD" should not require revision by any such future working group. Also of note is the use of
pardld paragraph numbering between Modules B and C where possible. Future working groups
are encouraged to follow this precedent.

It is important to note that many of the eements that have been developed for emissons-related
OBD systems can be gpplicable to other types of OBD functiondities. For example, while the
provisons for indicating the severity of mafunctions via the mafunction indicator have been
developed as being specific to the emissions control system, the gpproach is fully consstent with
falure warning provided for some safety systems today and would be easily developed as
appropriate when additional OBD requirements might be considered.

OBD is likdy to become increasngly important in future roadworthinessingpection and
mai ntenance procedures and the gtr reflectsthisexpectation. It providesfor sandardized OBD data
to be accessible from a common OBD access port. Telematic functions are being offered
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increasngly to improvethe efficiency of working vehiclesand, whilst thisfunctiondity isnot included
in the current version of the gtr, it nonethel ess anticipates such apossible future need. Thework of
ISOissuch that, should there be afuture politica or commercia need for thistechnol ogy, theimpact
on the design of the OBD systems, and on manufacturing industry, will be minimized.

2. PROCEDURAL BACKGROUND

During the one-hundred-and-twenty-sixth sesson of WP.29 of March2002, the Executive
Committee (AC.3) of the 1998 Globa Agreement (1998 Agreement) adopted a programme of
work, which includes the development of a globa technica regulation (gtr) concerning onboard
diagnogtic systems for heavy-duty vehicles and engines.

An informa working group — the WWH-OBD working group — was actudly established in
September 2001, further to a proposal from the GRPE Chair in May 2001, to incorporate heavy-
duty OBD into the GRPE agenda. Japan volunteered to lead the group.

Theworking group wasingructed that the OBD system should detect failuresfrom the engineitsdlf,
as well as from the exhaudt after-treatment systems fitted downstream of the engine, and from the
package of information exchanged between the engine eectronic control unit(s) and the rest of
vehicle and/or powertrain.

Theworking group was aso ingtructed to base the OBD requirements on the technol ogies expected
to beindudtridly available at the time the gtr would be enforced, and to take into account both the
expected state of eectronics in the years 2005-2008 and the expected newest engine and after-
trestment technologies.

In November 2003, AC.3 further directed theworking group to structurethe gtr in such amanner as
to enable its future extension to other functions of the vehicle. In so doing, AC.3 did not revise the
scope of thetask given to theworking group (i.e., the scope remained emissions-rel ated heavy- duty
OBD). Hence the structure of the gtr as described above.

3. EXISTING REGULATIONS, DIRECTIVES, AND INTERNATIONAL
VOLUNTARY STANDARDS

3.1 Those partaining to emissons-related OBD

In the United States of America

40 CFR 86.005-17 and 40 CFR 86.1806-05 contain OBD requirementsfor vehiclesand engines
fitted in vehicleslessthan 14,000 pounds gross vehicleweight. 1/ These regulationswith respect to
heavy-duty engines and vehicles were implemented in the 2004 and 2005 modd years. Asof this
writing, the U.S. Environmenta Protection Agency isdeve oping proposed OBD reguirementsto be
implemented in the 2010 modd year for enginesfitted in vehiclesover 14,000 pounds gross vehicle
weight.

1  See58 FR 9468 and 65 FR 59896.
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Also, 13 CCR 1968.2, 13 CCR 1971 and 13 CCR 1971.1 contain OBD requirements for
Cdifornia vehicles up to 14,000 pounds gross vehicle weight and engines fitted in vehicles
over 14,000 pounds gross vehicle weight, respectively.

In Europe:

Directive 98/69/EC 2/ (amending Directive 70/220/EEC 3/) introduced, for thefirst time, emisson
related OBD requirements applicable to petrol and diesd passenger cars and light-commercid
vehicles (nomindly up to 3.5t gross vehicle mass). Table A.1 below gives the gpplication dates of
OBD to the vehicles covered by Directive 70/220/EEC.

Directive 1999/102/EC 4/ introduced, amongst other things, revised provisons for midfire
monitoring, adoption of the CAN protocol and provisions for deficiencies. These requirements
gpplied from the same dates as given in Directive 98/69/EC.

Directive 2001/1/EC 5/ introduced OBD requirementsfor vehicesrunning permanently or part-tme
on liquid petroleum gas (LPG) or naturd gas (NG) fudl. Table A.1. gives the gpplication dates of
OBD to vehicles equipped with spark-ignition engines running permanently or part-time on liquefied
petroleum gas (LPG) or natura gas (NG).

Directive 2002/80/EC 6/ introduced requirements for the type-approval of OBD-compatible
replacement catalytic converters and improved informetion to third Parties involved in the
manufecturer of Spare pats and diagnogtic tools — These requirements will  apply
from 1 January 2006 onwards.

See Officid Journd of the European Communities, L350, 28.12.1998, p.1.
See Officid Journd of the European Communities, L76, 6.4.1970, pl.

See Official Journd of the European Communities, L334, 28.12.1999, p.43.
See Officid Journal of the European Communities, L35, 6.2.2001, p.34.
See Officid Journa of the European Communities, L291, 28.10.2002, p.20.

I 107 18 1 I
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Table A.1.: Application dates of European OBD Directives

Dae from which dl new vehides shdl be
. Ui with an OBD system complying with
Venide category tef?e rF;euC: rements of Dirztive 70/22po>//EEgC (s
amended)
Spark-ignition (petrol) engines:
Category M1 (i.e. passenger cars) £ 2,500 kg:
Category N1 class 1 (i.e. goods vehicles £ 1 January 2001
1,305 kg):
Category M1 > 2,500 kg: 1 January 2002
Category N1 classes Il and Il (i.e. goods
vehicles> 1,305 kg and £ 3,500 kg):

Spark-ignition engines running permanently or part-time on LPG or NG:

Category M1£ 2,500 kg and Category N1

oo 1 January 2006
Category M1 > 2,500 kg and Category N1 1 January 2007
classes|l and II1:

Compressiorrignition (diesd) engines:

Category M1 £ 2,500 kg and those designed to 1 January 2004
cary £ 6 occupants:

Category M1 designed to carry > 6 occupants: 1 January 2006
Category N1 class 1

Category M1 > 2,500 kg: 1 January 2007

Category N1 classes |l and [11:

Directive 1999/96/EC 7/ (amending Directive 88/77/EEC 8/) laid down the Euro 3, Euro 4 and
Euro 5 pollutant emission limits. Article 4 of thet Directive required the European Commission to
bring forward a proposa to introduce OBD for heavy-duty vehidesand enginesin pardld with the
Euro 4 stage of emission limits. In responseto thisrequest, Directive 2005/55/EC 9/ laysdown the
fundamental dements relating to OBD for heavy-duty vehicles and engines, i.e. the formd
dructure of the requirements and the OBD threshold limits. This is complemented by
Directive 2005/yy/EC 10/ which provides the technicd requirements for implementing the
fundamenta requirements of Directive 2005/55/EC.

In Japan:

Safety Regulations for Road Vehicdes, Article 31 (Emisson Control Device), Attachment 48
Technical Standard for On-Board Diagnogtic (OBD) System for Exhaust Emission Control Devices
for Motor Vehicles.

7/ SeeOfficid Journal of the European Communities, L44, 16.2.2000, p.1.
8/  SeeOfficid Journd of the European Communities, L36, 9.2.1988, p.33.
9/ SeeOfficid Journd of the European Communities, L275, 20.10.2005, p.1.
10/ SeeOfficid Journd of the European Communities, [...].
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Amendments of the Technica Standard relating to the Safety Regulations for Road Vehicles (see
TableA.2):

- mandatory ingtalation of an OBD system that monitors ma functions caused by open circuits
for gasoline- or liquefied petroleum gas-fudled ordinary-szed motor vehicles, smdl-szed
moator vehicles and mini-sized motor vehicles (1998).

- mandatory ingtalation of an OBD system that monitors ma functions caused by open circuits
for diesal-fueled ordinary-sized motor vehicles and small-sized motor vehicles (2000).

Table A.2.: Application date of Japanese OBD Technica Standard

Category Date of application

Spark-ignition (gasoline- or liquefied petroleum gas)) engines:

GVW £ 3,500 kg 1 October 2000

3,500 kg < GVW:
Compressior-ignition (diesd- fuded ) engines:

GVW £ 3,500 kg 1 October 2003

3,500 kg < GVW:
4. TECHNICAL RATIONALE, ECONOMIC IMPACTS, AND ANTICIPATED

BENEFITS FOR THE EMISSIONS-RELATED OBD MODULE

4.1. Technicd rationde

On-board diagnostic (OBD) systems are of interest to regulatorsfor many reasons. The advent of
electronic controls in the 1990s made the diagnosis of improperly operating engine systems and
emissionscontrol sysemsvery difficult. Furthermore, the addition of exhaugt gasrecirculation (EGR)
systems and exhaugt after-treatment devices are expected to provide 50 to 99 per cent control of
pollutant emissons. Without some form of onboard system capable of monitoring the performance
of thesedevicesfor proper functioning, adriver could be completely unaware of agtuetion that might
cause emissons to far exceed the applicable regulatory requirements.

Because computer and electronic systems are difficult to diagnose and repair when not functioning
properly, most manufacturers of vehicles, trucks, and engines haveincorporated on-board diagnogic
(OBD) sygems into their products. These OBD systems are capable of identifying improper
functioning and help to pinpoint where the mafunction is occurring. This servesto inform both the
driver of the vehiclethat repair is needed, and the repairer of the vehicle what needsto be repaired.
In the heavy truck industry, these OBD systems have been geared traditionally toward detecting
problems that cause drivability and/or fuel economy related effects. Understandably, the primary
objective of these systems has been to protect againgt performance problems that might result in
customer dissatisfaction. The emissions-related OBD requirements in this gir would build on the
efforts dready undertaken by industry to ensure that key emisson related components will be
monitored and that the diagnosis and repair of those components will be as efficient and cost
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effective as possble. The requirements of this gtr will ensure that mafunctions that ae purdy
emissons-rdated (i.e, those types of mafunctions that could result in high emissons without a
corresponding adversedrivability or fud economy impact) will be detected and communicated to the
driver and the repair technician. The result being that the air quality benefits expected from the
regulatory programs of the Contracting Parties will be fully redized.

An OBD system meeting the emissions-OBD requirements of thisgtr would be expected to monitor
the engin€'s e ectronic sensors and actuators and to monitor the exhaust after treatment devicesfor
their proper operation. Upon detecting any problems, the driver would be notified of the need to
seek repair and pertinent information would be stored in the engine computer for retrieva by the
repar professona. As a result, emissons-related problems are identified, their presence is
communicated to the driver, repair is sought out, and proper repair is completed.

Further, the mafunction classfication of the gtr will provide roadworthinessingpectorswith the ability
to determine not only the presence of malfunctions but also the severity of their emissions impact.
Thiswill dlow for certain regions, depending ontheir air quaity needs, to impaose repair requirements
and/or fees for only those mafunctions meeting the appropriate severity. Thisis important snce
many mafunctionsthat will be detected by an OBD system meeting the requirements of this gtr will
result in only minor emissions increases and may not cause emissons to exceed the regulated
emissonslimits

4.2. Economic impacts

The requirements set forth in the emissons-related paragraph of the Regulation are believed to be
technologicdly feasble in the timeframe expected for their implementation. The WWH-OBD
working group conssts of both regulators and industry representetives. Generd Agreement hasbeen
reached on the content of the gtr which should equate to generd agreement on the feasibility of its
requirements. Nonetheless, authorities are encouraged to carefully consder the cogts, technologica
feadbility, and possible safety concernsthat may be uniqueto their region when cons dering adoption
of thisgtr.

Desgning and developing OBD systems that meet the emissions-OBD requirements of thisgtr will
cost industry considerable money. The cost of maintaining and repairing mafunctions identified by
the OBD systemwill impact on industry, operators of heavy-duty vehidesand thegenerd public. As
noted in paragraph 3. above, many Contracting Parties have or are developing OBD requirements
andogousto thosein thisgtr. Having one set of OBD requirements that would apply to al regions
represented by the Contracting Parties would save industry considerable money relative to the
Stuation they face currently with separate requirementsin each region.

4.3. Anticipated benefits

The specific air qudity benefits expected to arisein Contracting Partiesthat implement theemissons-
OBD paragraph of thisgtr will beuniqueto each region. However, in generd, the expectetionisthat
properly operating emissions control sysemswill result in cleaner air regardless of the region being
conddered. Any effort to ensure that emissions control systems will operate properly during their
red world lifetimeis of value.
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Specific cost effectivenessvauesfor thisgtr have not been caculated. The decision by the Executive
Committee of the 1998 Agreement to move forward with this gtr without specific emissonsthreshold
levels(i.e, theemissonslevd a which amafunction isindicated) isthe key reason why thisandyss
has not been completed. This agreement has been made knowing that specific cost effectiveness
vaues are not immediately available. However, it is fully expected that this information will be
developed, generdly inresponseto the adoption of thisgtr inthe nationa or regiond requirements of
the Contracting Partiesand aso in support of developing harmonized limit valuesfor the next tepin
this gtr's development. For example, each Contracting Party adopting this gtr into its nationd or
regiona regulations will be expected to determine the gppropriate emissons threshold levels
associated with these OBD requirements. Experiencewill be gained by industry asto any costsand
savings associated with these world harmonized requirements.  This cost and savings data and
emissions performance data can then be analysed as part of the next step in this Regulation

development to determine the cost effectiveness vaues of world harmonized OBD when matched
with new harmonized limit vaues. While cogts per tonne of pollutant reduced have not been

caculated, the belief of the technical group isthat there are clear benefits associated with this gtr.

5. ADMINISTRATIVE CONSIDERATIONS

There are some technica issues associated with this gtr that require provisonsto be set out in the
procedures for the genera operation of globa technica regulations.

Paragraph 4. of Module C of thisgtr establishesthe requirementsfor the case where amanufacturer
may request to the certification authority that a malfunction(s) be reclassfied from their origina
gpproved classfications, for example due to the discovery of an error in software coding or
cdibration.

For example, if an engine manufacturer determinesthroughin-servicetesting, servicing informetion or
other appropriate meansthat amalfunction or malfunctions should be re-classified, the manufacturer
should make a specific request to the Contracting Party who granted theinitia gpprova accordingto
the rules or regulations applying this gtr in that Contracting Party. The manufacturer would provide
detailsof themafunction(s) in question, atechnica judtification for there-dlassfication(s), alist of the
affected vehidelengine families or types and the actions it will undertake to correct the
classfication(s). According to such information and if in agreement with such information, the
Contracting Party would then smply extend the approva for the vehide/engine families or typesin
question. It isrecommended that, according to the genera procedures for the operation of globa

technica regulations, the Contracting Party would inform other Contracting Partiesto thisgtr of the
issue and any consequentid actionsiit plans or has completed.

As an additiondl example, acertification authority in aContracting Party may determinethrough in-
sarvice testing or any other regulatory measure gpplicable in the region in which that authority is
responsiblethat, in the case of avehice/enginetype or family which has been gpproved according to
this gtr, a mdfunction or madfunctions should be re-dasdsfied from ther initid gpproved
classfication. In such a case, the Contracting Party would, where applicable, inform the
manufacturer of the vehicleglenginetype or family in question and undertake any gpplicable measures
defined according to the rules or regulations gpplying this Regulation in that Contracting Party. If
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the Contracting Party undertakes any actions with the manufacturer in question, it isrecommended
that the Contracting Party would inform other Contracting Partiesto thisgloba technical regulation of
the issue and any consequentid actionsit plans or has completed. On that basis, other Contracting
Partiesmight decideto require amanufacturer of the samevehicle/enginetype or family to undertake
agmilar re-classfication for those same vehicles/engines within that Contracting Party.

While these examples spesk specifically to mafunction re-classfication, smilar examplescould be
given for other forms of post-approval fixes meant to correct elements of the OBD system that are
not working asdesigned or asintended, whether they beidentified by the certification authority or the
manufacturer. For example, an OBD monitor that never operates - whether dueto poor design, a
software glitch, or some other unforeseen circumstances — in one Contracting Party would,

presumably, not operate in other Contracting Parties. It is recommended that Contracting Parties
inform other Contracting Parties to this gtr of such issues and any consequentia actionsit plans or
has completed so that other Contracting Parties have the opportunity to consider the issue.
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MODULE B:

GENERIC OBD PROVISIONS

1 PURPOSE

This gtr prescribes the requirements for on-board diagnostic systems to detect, and, if
applicable, record and/or communicate failures of specific vehicle and engine systems that
affect the environmenta or safety 11/ performance of these systems, as described in the
specific modules of thisgr.

Inaddition, this gtr specifiesthe dements concerning the OBD system to facilitetethe diagnosis
and maintenance of specific vehicle and engine systemsand the possible enforcement of road-
worthiness measures.

2. SCOPE

The current gtr addresses emission reated failures from compression ignited engine systems
used in on-road heavy-duty vehicles.

The scope and application of the modules of this gtr are summarized in teble 1.

Vehicled
Engines On-road (Reserved for later

OBD Heavy-Duty Diesdl purposes)
Scope
Generic requirements Modules A and B
Exhaust emissions Module C
(Reserved for later
purposes)

Table 1.: OBD Scope and application

The requirements specified in specific modules are limited to the specific systemn to which that
modulerefers. Inthisgtr, any referenceto "specific module”’ shall refer to the specific module.

3. DEFINITIONS
3.1. "Alert system’ means a system on-board the vehiclewhichinformsthedriver of thevehicleor

any other interested party that the OBD system has detected a mafunction.

11/ The current gtr only establishes requirements for emisson-related OBD systems. Requirements
addressing safety-related OBD systemsmay be added at alater datein accordancewith future decisionsof
WP.29.
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3.2.

3.2.1.

3.2.2.

3.2.3.

3.3.

3.4.

34.1.

34.2.

3.5.

3.6.

3.7.

3.8.

"Component monitoring™ meansthe monitoring of input componentsfor dectricd arcuit failures
and rationdity failures and monitoring of output components for eectrica circuit fallures and
functiondlity failures.

"Electricd drcuit failuré' means amafunction (e.g. open circuit or short circuit) thet leadsto
themeasured signd (i.e. voltages, currents, frequencies, etc.) being outsdetherange wherethe
transfer function of the sensor is designed to operate.

"Functiondity failuré' means amalfunction where an output component does not respondto a
computer command in the expected way.

"Rationdity failure' means a mdfunction where the sgna from an individuad sensor or
component isat variance with that expected when assessed againgt Sgna savailablefrom other
sensors or componentswithin the control sysem. Rationdity failuresinclude mafunctionsthat
lead to the measured signd (i.e. voltages, currents, frequencies, etc.) being insde the range
where the transfer function of the sensor is designed to operate.

"Heavy-duty vehide" means a power driven vehicle of Category 12 or 2, as defined
in Specia Resolution No.1 (SR.1), which has a design speed exceeding 25 km/h and a
maximum mass exceeding 3,500 kg.

Involved authorities;

"Certification authority" meansthe authority that grantsthe compliance certification of an OBD
system consdered by thisgtr. Per extenson it means aso the technical service that hasbeen
accredited to evauate the technical compliance of the OBD system.

"Contracting Party" means the party signatory to the UNECE 1998 Agreement.

"Mdfunction" means a failure or deterioration of a vehicle or engine system or component,
including the OBD system, as defined in the specific modules of this gtr.

"Madfunctionindicator (MI)" isanindicator which clearly informsthedriver of thevehicleinthe
event of amdfunction. The Ml is part of the dert system.

"On-board diagnhodtic system (OBD)" meansasystem on-board avehicle or enginewhich has
the capability of detecting malfunctions, and, if gpplicable, of indicating their occurrence by
means of amafunction indicator, of identifying the likely area of the mafunctionsby meansof
information stored in computer memory, and/or communicating that information off-board.

"Qualified deteriorated component or system (QDC)" means a component or system that
has been intentionaly deteriorated (eg. accderated aging) and/or manipulated in a
controlled manner and which has been accepted by the authorities according to the
provisons st in the gpplicable specific module as a qudified component for the purpose
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of demongrating compliance of the OBD system with thisgtr. 12/
GENERAL REQUIREMENTS

Monitoring requirements

The monitoring requirements are prescribed in the specific modules of this gtr.

Requirements for mafunction classfication

A mafunction may be required to be classfied according to its possible effects, in accordance
with the requirements of a specific module,

Specific measuresmay be required depending on the class of this mafunction. Some measures
may be part of a gpecific module (e.g. the Ml activation scheme). 13/

Madfunction classification is determined by the manufacturer and the conformity of the
classfication shal be assessed at the time of certification of the OBD system.

Alert system

The dert system for pecific functionsis prescribed in each of the specific modulesof thisgtr
(seetable 1. OBD scope and application).

Thefallure of the mafunction indicator(s) or of acomponent of the alert system shdl not cause
the OBD system to stop functioning.

Mafunction indicator (MI)
Whererequired in aspecific module, vehides shall be equipped with amafunction indicator(s).
Schemes for activating/deactivating the MI are prescribed in the specific modules.

The mdfunction indicator shal be perceptible by the driver and its satisfactory condition shdl
be easly verifiable from the driver's seat, according to the provisions of the specific modules.

Diagnogtic information

When diagnodgtic information is required, it shdl, a a minimum, fulfil the requirements

12/ Specific modules may not require the use of such components or systems in their demongration

process.
Nationa or regiond authorities may prescribe the requirementsfor use of the vehicle with respect to

13/

the method of mafunction indication for roadworthiness or other purposes. Paragraph 0 of Module Cto
this regulation is an example of such a prescription.
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4.4.1.

44.1.1.

of the following sub-paragraphs. Specific modules may prescribe additiond requirements.

Diagnogtic information defined in aspecific module shal be made availablein responseto an
off-board request according to paragraph 4.4.1.

Accessto diagnogtic information

Diagnodtic information shal be provided only in accordance with the sandards mentioned in
Annex 1 of this module.

Annex 1 contains the complete list of sandards that are applicable within the gtr.

Access to the module- specific diagnogtic information shal not be dependent on any access
code or other device obtainable only from the manufacturer or its suppliers. Interpretation of
the diagnogtic information shal not reguire any unique decoding information, unless that
information is publidly available.

A sngle OBD access method (e.g. a Single access point/node) for communication shall be
supported to retrieve dl diagnostic information.

This method shdl permit access to the full diagnostic information required by each of the
specific modules. This method shdl dso permit access to specific smdler information
packages as defined in the specific modules of this gir (e.g. road worthiness information
packages in case of emission related OBD)

Wired communication

This paragraph applies to the case a data communication based on a wired connection is
required by any of the specific module. A standard data link connector shall then be
incorporated in the vehicle,

There shdl be only one wired communication data link for OBD off-board communication,
defined according to the specification of the standardsin Annex 1.

The communication speed on the wired datalink of the OBD system shdl be either 250 kbps
or 500 kbps.

It is the manufacturer's responsibility to sdect the baud-rate and to design the OBD system
according to the requirements specified in the stlandards mentioned in Annex 1, and referred to
in the specific modules. The OBD system shall be tolerant againgt the automatic detection
between these two baud-rates exercised by the external test equipment.

The connection interface between the vehicle and the diagnodtic tester shdl be
sandardised and shal meet dl of the requirements of 1SO 15031-3 Type A (12 VDC
power supply), Type B (24 VDC power supply) or SAE J1939-13 (12 or 24 VDC power
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supply).

The connector shall be located in the driver's sde foot-well region of the vehicleinterior inthe
area bound by the driver's sde of the vehicle and the driver's side edge of the centre console
(or the vehicle centreline if the vehicle does not have a centre console) and at alocation no
higher than the bottom of the steering whed when in the lowest adjustable position. The
connector may not be located on or in the centre console (i.e., neither on the horizontal faces
near the floor-mounted gear selector, parking brake lever, or cup holders nor on the vertical

facesnear the stereo/radio, climate system, or navigation system controls). Theloceation of the
connector shdl be capable of being easily identified and accessed (e.g., to connect an off-

board tool). For vehiclesequipped with adriver'sside door, the connector shal be capable of

being easly identified and accessed by someone standing (or "crouched") outside the driver's
Sde of the vehicle with the driver's Side door open.

Upon request of the manufacturer regiona authorities may approve an dternative location.

Indl cases, theingdlation position shdl bereadily accessible by aperson standing outsdethe
vehicle and protected from accidental damage during norma conditions of use.

If the connector is covered or located in a specific equipment box, the cover or the
compartment door must be removable by hand without the use of any tools and be clearly
labelled "OBD" to identify the location of the connector.

The manufacturer may equip vehicleswith additiona diagnostic connectors and datar links for
manufacturer-specific purposes other than the required OBD functions. If the additiond
connector conformsto one of the standard diagnostic connectorsalowed in Annex 1, only the
connector required by thisgtr shal be clearly labdled "OBD" to distinguishit from other Smilar
connectors.

Additional access to on+board diagnogtic information

In addition to providing OBD information through the standard diagnostic connector, the
manufacturer may use an on-board diagnostic display, such as a dashboard mounted video
display device, for providing access to OBD information.

Erasing diagnogtic information

The OBD system shdll clear recorded diagnostic information in accordance with the provisons
of the specific modules, when this request is provided via the externd repair test equipment
according to the standards of Annex 1 to this module.

Durahility of the OBD system

The OBD systemn shdl be designed and congtructed so as to enable it to identify types of
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malfunctions over the complete life of the vehicle or engine system.

Any additiond provisons addressing the durability of OBD systems are contained in the
specific modules.

An OBD system shdl not be programmed or otherwise designed to partidly or totaly
deectivate based on age and/or mileage of the vehicle during the actud life of the vehicle, nor
shall the system contain any agorithm or strategy designed to reduce the effectiveness of the
OBD system over time.

PERFORMANCE REQUIREMENTS

Detailed provisions concerning performance requirements of an OBD system arecontainedin
the specific modules.

Temporary disablement Strategies of the OBD system are defined in the pecific modulesand
shdl apply only to the specific module.

DEMONSTRATION REQUIREMENTS

Detailed provisons concerning the demonsration of an OBD system's conformity with the
requirements of the applicable modules of this gtr are contained in the specific modules.

TEST PROCEDURES

The detailled provisons concerning the gpplicable test procedure(s) for demongtrating
compliance of an OBD system are contained in the specific modules.

DOCUMENTATION REQUIREMENTS

If required by the regiona authority, and subject to supplementary specific provisonsgivenin
the specific modules, the following documentation requirements will, & a minimum, goply:

The manufacturer shal provide a documentation package to the authority that includes afull
description of the OBD system.

This package may, depending on the requirements of each specific module, be separated into
two parts:

- aprimary documentation package, which shal be retained by the authority.

- asecondary documentation package containing the pieces of information that will
reman drictly confidentid. Retention of this documentation package by the
certification authority will be dependent upon the requirements of the regiond
authorities applying this gtr.
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The complete documentation package shdl fully describe the functiond characteristics of the
OBD system as required in detail in the specific modules.

For the certification of an OBD system in respect of a vehicle sub-system, asprovided for in
one of the modules of this gtr, an additiona documentation package shdl be provided by the
ub- system manufacturer containing the specific ingructions and requirementsfor ingalation of
the sub-system (e.g. engine systlem) in avehicle,

ANNEXES

Annex 1: Reference sandard documents



ECE/TRANS/WP.29/GRPE/2006/8
page 18

Annex 1
Annex 1

REFERENCE STANDARD DOCUMENTS

Thefollowing Internationa Organization of Standards (1SO) documents areincorporated by referenceinto
this regulation:

() 1SO gandard xxx dated dd.mm.yy Road vehicles - On board diagnostics (WWH-OBD)
implementation — Part 1 - Generd Information and use case definitions

@) 1SO gandard xxx dated dd.mm.yy Road vehicles - On board diagnostics (WWH-OBD)
implementation - Part 2 - Common emissons-related data dictionary

@) 1SO gandard xxx dated dd.mm.yy Road vehicles - On board diagnostics (WWH-OBD)
implementation - Part 3 - Common message dictionary

(iv) 1SO gandard xxx dated dd.mm.yy Road vehicles - On board diagnostics (WWH-OBD)
implementation - Part 4 - Wired connection

(v) 1SO dandard xxx dated dd.mm.yy Road vehicles - On board diagnostics (WWH-OBD)
implementation - Part 6 - Conformance test

(vi) 1SO standard 15031-3 dated dd.mm.yy

Thefollowing Society of Automotive Engineers(SAE) (1SO) documentsareincorporated by referenceinto
this Regulation:

(vii) SAE J2403 "Medium/Heavy-Duty E/E Systems Diagnoss Nomenclature” October 1998
(SAE J2403).

(viii) SAE J1939-13 dated dd.mm.yy
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MODULE C

EMISSION-RELATED OBD FOR HEAVY-DUTY DIESEL ENGINE SYSTEMS

1 PURPOSE

This module complements the generic provisons specified in Module B by prescribing
additiond specific requirementsfor OBD systemsto detect record and communicate emission
related mafunctionsfrom an on-road heavy- duty diesd fudled engine system that would affect
the environmenta performance of those systems.

This module specifies the d ements concerning the OBD system to facilitate the diagnosisand
maintenance of the emisson-related engine system and the possible enforcement of road-
worthiness measures.

2. SCOPE

This module gpplies to heavy-duty diesd fuelled compression ignition engine systems and
heavy-duty vehicles powered by diesdl fuelled compression ignition engine systems thet are
certified to regulated emisson limitsrequiring the measurement of their exhaust emissonsonan
engine test-bed.

For the purpose of thismodule, heavy-duty engine sysem meansan engine system thet isfitted
into a heavy-duty vehicle.

The provisons of this module are limited to the responsibilities of the engine manufacturer.
With respect to the ingtdlation of an engine system that is certified to this module, the
responghilities of the engine manufacturer are limited to the provison of a comprehensve
information package for ingaling the engine sysem in to a vehicle.

3. DEFINITIONS

3.1. Definitions of Module B further quaified
The generic definitionsin paragraph 3. of Module B of this gtr shal gpply for the purpose of
thismodule. Neverthelessfurther qudification is given below to be cons stent with the scope
of the present pecific module.

3.1.1. "Component monitoring™ in the context of thismodulerefersto componentsthat areeectricaly
connected to the controller(s) of the engine system.

3.1.2. "Mdfunction* in the context of this module refers to a failure or deterioration of an engine
system, including the OBD system, that may lead either to an increasein any of the regulated
pollutants emitted by the engine system or to a reduction in the effectiveness of the OBD
sysem.
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3.13.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.23.1

3.2.3.2

3.2.33.

3.2.34.

3.24.

3.2.5.

3.2.6.

"OBD" in the context of this module refers to an on-board diagnostic system dedicated to
mafunctions affecting the emisson performance of the engine system.

Specific definitions

"Cdlibration verification number" means the number thet is used by verification dgorithmsto
vaidate that the calibration / software used by the engine systemisthe onethat is supposed to
beingalled.

"Deficiency”" means an OBD monitoring strategy or other OBD feature that does not meet dl
the detailed requirements of this gtr.

"Diagnodgtic trouble code (DTC)" meansanumeric or dphanumericidentifier which identifiesor
labels amafunction.

"Confirmed and active DTC" means a DTC that is stored when the OBD system has
concluded that a malfunction exigs.

"Pending DTC" means a DTC that is stored by the OBD system because a monitor has
detected a Situation where amafunction may be present during the current or last completed
operating sequence.

"Potentid DTC" means a DTC that is stored by the OBD system because a monitor has
detected a Situation where a mafunction may be present but requires further evaluation to be
confirmed. A potential DTC isapending DTC which is not a confirmed and active DTC.

"Previoudy active DTC" meansaformerly confirmed and active DTC that remains stored after
the OBD system has concluded that the malfunction that caused the DTCisno longer present.

"Emisson OBD family" means a manufacturer's grouping of engine systems having common
methods of monitoring / diagnosing emission-related mafunctions.

"Engine sysent’ means the system being certified. It includes:

(@ theengines ectronic management controller(s)

(b) the exhaust after-trestment system(s)

() anyemissionrelated component of the engine or the exhaugt system which suppliesinput
to, or receives output from, the engine's e ectronic management controller(s); and

(d) the communication interface (hardware and messages) between the engine's e ectronic
management controller(s) and any other powertrain or vehidle control unit if the
exchanged information has an influence on the control of emissons.

"Madfunction emisson control drategy (MECS)" means a drategy within the engine
system that is activated as a result of an emisson-related mafunction and that does not
rely on any input from the malfunctioning component or system for emission control
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purposes. 14/

3.2.7.

3.2.7.1.

3.2.7.2.

3.2.7.3.

3.2.7.4.

3.2.8.

3.28.1

3.2.8.2

3.2.8.3.

3.2.9.

3.2.10.

3.2.11.

Mafunction indicator (definitions associated with):

"Continuous-MI" meansthe mafunction indicator showing asteady indication a dl timeswhile
the key isin the on (run) position with the engine running (ignition on — engine on).

"MI gatus" meansthe command status of the M1, being ether continuous-MI, Short-MlI, on-
demand-Ml, or off.

"On-demand-MI" meansthe mafunction indicator showing asteedy indicationinresponsetoa
manua demand from the driving position when the key is in the on (run) postion with the
engine off (ignition on — engine off).

"Short-MI" means the mafunction indicator showing asteady indication from thetimethekey
is moved to on (run) postion and the engine is arted (ignition on — engine on) and
extinguishing after 15 seconds or the key is moved to off, whichever occursfirg.

Monitoring (definitions associated with)

"Emission threshold monitoring" conssts of:

(@ Direct emissonsmeasurement viaatail pipe emissions sensor(S) and amoded to correlate
the direct emissions to test-cycle specific emissons, and/or

(b) Indication of anemissonsincreaseviacorreation of computer input/output information
to test-cycle specific emissons.

"Performance monitoring” conssts of functiondity checksand monitoring parametersthat are
not correlated to emission thresholds. Such monitoring istypicaly done on components or
systemsto verify that they are operating within the proper range (e.g. differentia pressurein
case of aDPF).

"Totd functiona fallure monitoring” means monitoring a mafunction which is leading to a
complete loss of the desired function of asystem.

"OBD-parent engine system" means an engine system that has been sdected from an emisson
OBD family for which most of its OBD eements of design are representetive of that family.

"OBD test-cyde" meansthe cycle over which an engine systemis operated on an enginetest-
bed to evauate the response of an OBD system to the presence of a quaified deteriorated
component.

"Operating sequence”’ means a sequence congging of an engine sart-up, an operating

14/ The conditions associated with such strategies need to be defined by the GRPE Working Group on
Off-Cycle Emissons (OCE).



ECE/TRANS/WP.29/GRPE/2006/8

page 22

3.2.12.

3.2.13.

3.2.14.

3.2.15.

3.3.

3.4.

period, an engine shut-off, and the time until the next sart-up, where aspecific OBD monitor
runs to completion and a mafunction would be detected if present.

"Readiness’ meansadatusindicating whether amonitor or agroup of monitors have runsince
the last erasing by request of an external OBD scart+toal.

"Scantool" meansan externd test equipment used for standardised off- board communication
with the OBD system in accordance with the requirements of this gtr.

"Software calibration identification" means a series of dphanumeric characters that identifies
the emisson-reated cdibration / software verson(s) indaled in the engine system.

"Warm-up cyde" means sufficient engine operation such that the coolant temperature hasrisen
by at least 22 K (22 °C / 40 °F) from engine starting and reaches a minimum temperature
of 333K (60 °C/ 140 °F).

Definition to be adopted from other gtrs

The present gtr does not redefine and adopts the following terms that are dready defined in
other emission-reated gtrs or internationa sandards. This list includes the definition of the
falowing terms

- dfter treatment system

- diesd particulate filter

- DeNOx system

- AECS

- engine cortrol system

Abbreviaions

CV Crankcase Ventilation

DOC Diesd Oxidation Catayst

DPF Diesd Particulate Filter or Particulate Trap including catalyzed DPFs and Continuoudy
Regenerating Traps (CRT)

DTC Diagnogtic trouble code

EGR Exhaust Gas Recirculation

HC Hydrocarbon

LNT Lean NOx Trap (or NOx adsorber)
MECS Madfunction Emisson Control Strategy
NOx Oxides of Nitrogen

OTL OBD Threshold Limit

PM Particulate Matter

SCR Sdective Catalytic Reduction

TFF Tota Functiond Failure monitoring

VGT Variable Geometry Turbocharger

VVT Vaiadle Vadve Timing



4.1.

4.1.1.

41.1.1.

4.1.1.2.

4.1.1.3.

4.1.2.

4.1.2.1.

ECE/TRANS/WP.29/GRPE/2006/8
page 23

GENERAL REQUIREMENTS

In the context of this specific module, the OBD system shdl have the capability of detecting
mafunctions, of indicating their occurrence by means of amafunction indicator, of identifying
the likely area of the mafunctions by means of information stored in computer memory, and
communicating that informetion off-board.

Requirements for certification

Engine entities subject to certification
Caetification of an individuad OBD system

The manufacturer of an engine syssem may gpply for the certification of its OBD system by
demondirating that OBD system complies with al the provisons of modules B and C of the
present gtr.

Certification of an emissonOBD family

Themanufacturer may apply for the certification of an emisson OBD family by demongtrating
that the OBD- parent engine system of the family complieswith al the provisonsof modulesB
and C of the present gtr.

Certification of an OBD system as member of a certified emisson-OBD family

The manufacturer of an engine syssem may gpply for the certification of its OBD system by
demongtrating that OBD system mests the criteria for belonging to an emisson-OBD family
that has aready been certified.

Regquirements to extend / modify an exigting certificate
Extension to include a new engine system into an emisson OBD family

At the request of the manufacturer and upon gpprova of the certification authority, a new
engine system may be included as a member of a certified emisson-OBD family if dl of the
engine sysems within the emisson-OBD family would ill have common methods of
monitoring / diagnosing emission-related mafunctions.

If dl OBD dementsof design of the OBD- parent engine system are representative of the new
engine system, then the OBD-parent engine sysem shdl remain unchanged and the
manufacturer shall modify the documentation package according to paragraph 8 of this
module.

If the new engine system contains elements of design that are not represented by the
OBD-parent engine system but itself would represent the whole family, then the new
engine system shal become the new OBD-parent engine system. In this case the new OBD
edements of desgn shdl be demondraed to comply with the provisons of



ECE/TRANS/WP.29/GRPE/2006/8

page 24

4.1.2.2.

4.1.2.3.

4.2.

4.2.1.

Modules B and C of this gtr, and the documentation package shal be modified according to
paragraph 8. of this module,

Extension to address a design change that affectsthe OBD system

At the request of the manufacturer and upon approva of the certification authority, an
extenson of an existing certificate may be granted in the case of adesign change of the OBD
sysem.

The manufecturer shal demongrate that the design changes comply with the provisions of
Modules B and C of this gtr, and the documentation package shal be modified according to
paragraph 8. of this module,

If the exigting certificate appliesto an emisson-OBD family, the manufecturer shdl judtify tothe
certification authority that the methods of monitoring/diagnosing emissonrdated mafunctions
are gdill common within the family and tha the OBD-parent engine sysem remans
representative of the family.

Certificate modification to address a malfunction reclassfication

Following arequest by the authority that granted the certification, or & its own initigtive, the
manufacturer shal gpply for amodification of an exigting certificatein order to reclassify oneor
severd mafunctions.

In that case the compliance of the new classification shdl be demongtrated according to the
provisions of modules B and C of this gtr and the documentation package shal be modified
according to paragraph 8 of this module.

Monitoring requirements

All emission-related components and systemsincluded in an engine system shdl be monitored
by the OBD system in accordance with the requirements of this paragraph.

The OBD system shal dso monitor its own components.

Sdection of the monitoring technique

There shal be four avalable types of monitoring techniques, depending on the type of
technology and/or the type of mafunction. The avalable monitoring technique shal be:
emisson threshold monitoring, performance monitoring, component monitoring, or tota

functiond failure monitoring.

Annex 3 identifies the mgor exising systems on heavy-duty diesdl engines based on the state
of art a the time of publication of this gtr.

Each identified system shd| be subject to monitoring to detect emission-related mafunctions.
This does not preclude other systems from being monitored.
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The appendices of Annex 3 lig the sub-systems or components required to be monitored by
the OBD system and describes the types of monitoring generaly expected for each of these
componentsor systems. The gppendices d o identify enhanced monitoring requirements that
may beintroduced, someor dl, into aregiona regulation, where determined to be technically
feasble by a Contracting Party at the time of introduction of that regulation.

The manufacturer shall determine, subject to the certification authority's gpprova, the most
appropriate type of monitoring (i.e. emisson threshold monitoring, performance monitoring,
totd functiond failure monitoring, or component monitoring) to apply to the specific system or
component.

The chosen type of monitoring shal be shown by the manufacturer, to be robust, timely and
efficient (i.e. through ether technica consderations, test results, previous agreements, €tc.).

Corrdation to actud emissons

Inthe case of emisson threshold monitoring, acorrelation to test-cyde specificemissonsshdl
be required. This corrdation would typically be demonstrated on atest enginein alaboratory
Sting.

Inall other monitoring cases, no correation to actua emissionsisnecessary (dthoughtest data
may be requested by the certification authority to verify the classfication of the malfunction
effects as described in this module).

Examples

Anédectrical mafunction may not require a corrdaion because thisis ayes/no falure,

A DPF mafunction monitored via delta pressure may not require a correlation because it
anticipates amafunction.

If the manufacturer demonstrates, according to the demonstration requirementsof thismodule,
that emissions would not exceed the OBD threshold limits upon totd failure or removd of a
component or system, a performance monitoring of this component or sysem shdl be
accepted.

When atailpipe emisson sensor is used for monitoring the emissons of aspecific pollutant al
other monitors may be exempted from further correlation to the actuad emissons of that
pollutant.

Nevertheless, such exemption shal not preclude the need to include these monitors, using other
monitoring techniques, as part of the OBD system as the monitors are still needed for the
purpose of mafunction isolation.

A mafunction shal dways be classified according to paragraph 4.5. based on itsimpact on
emissons, regardless of the type of monitoring used to detect the mafunction.
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4.2.2.

4.2.2.1.

Component monitoring (input/output components/systems)

In the case of input components that belong to the engine system, the OBD system shdll a a
minimum detect eectrica circuit failures and, where feasible, rationdity failures.

Therationdity fallure diagnostics shdl then verify that asensor output is neither inappropriately
high nor ingppropriately low (i.e. there shdl be "two-sided" diagnostics).

To the extent feasible, and with the agreement of the certification authority, the OBD system
shall detect separately, rationdity failures (e.g. ingppropriately high and ingppropriatdy low),
and dectricd circuit falures (eg. out-of-range high and out-of-range low). Additiondly,
unique DTCs for each diginct mafunction (eg. out-of-range low, out-of-range high and
rationdity fallure) shall be stored.

In the case of output componentsthat belong to the engine system, the OBD system shdll at a
minimum detect dectrica circuit fallures, and, wherefeasible, if the proper functiona response
to computer commands does not occur.

To the extent feasible, and with the agreement of the certification authority, the OBD system
shdl detect separately functiondity failures, dectricd circuit fallures (e.g. out-of-rangehighand
out-of-rangelow) and store unique DTCsfor each distinct malfunction (e.g. out- of-rangelow,
out-of-range high, functiondity falure).

The OBD system shdl dso perform rationdity monitoring on the information coming from or
provided to components that do not belong to the engine system when this information
compromises the emission control system and/or the engine system for proper performance.

Exception to component monitoring

Monitoring of eectrica circut falures, and to the extent feasible, functiondity, and rationdity

failures of the engine system shdl not be required if al the following conditions are met:

- thefailure results in an emisson increase of any pollutant of less than 50 per cent of the
regulated emisson limit, and

- thefailure does not cause any emission to exceed the regulated emission limit 15/, and

- thefailure does not affect a component or system enabling the proper performance of the
OBD sygstem.

Determination of the emissonsimpact shdl be performed on a stabilized engine syseminan
engine dynamometer test cdll, according to the demonstration procedures of this module.

15/ Themeasured vaue shal be consdered taking into account the relevant precision tolerance of the
test-cell system and the increased variability in the test results due to the mafunction.
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Monitoring frequency
Monitors shal run continuoudy, & any time where the monitoring conditions are fulfilled, or
once per operating sequence (e.g. for monitors that lead to an increase of emisson when it

runs).

When a monitor does not run continuoudy, the manufacturer shdl dearly inform the
certification authority and describe the conditions under which the monitor runs.

The monitors shal run during the applicable OBD test-cycle as specified in paragraph 7.2.2.
A monitor shal be regarded as running continuoudly, if it runs at arate not less than once per
second. If acomputer input or output component is sampled less frequently than one sample
per second for engine control purpose, amonitor shal aso regarded asrunning continuoudy, if
the sgnal of the component is evaluated each time sampling occurs.

For components or systems monitored continuoudly, it is not required to activate an output
component/system for the sole purpose of monitoring that output component/system.

Reguirements for recording OBD informeation

When amdfunction has been detected but is not yet confirmed, the possible mafunction shdl
be consdered as a "Potentidl DTC" and accordingly a "Pending DTC" datus shdl be
recorded. A "Potentia DTC" shdl not lead to an activation of the dert system according to

paragraph 4.6.

Within the first operating sequence, amalfunction may be directly consdered " confirmed and
active' without having been consdered a"potentid DTC". It shdl begiventhe"Pending DTC
" and a"confirmed and active DTC" status.

The monitoring system shdl conclude whether a malfunction is present before the end of the
next operating sequence following its first detection. At thistime, a"confirmed and active"
DTC shal be stored and the aert system be activated according to paragraph 4.6.

In some specific cases monitors may need more than two operating sequences to accurately
detect and confirm amafunction (e.g., monitorsusing datistical models or with respect tofluid
consumption on thevehicle). The certification authority may permit the use of more than two
operating sequences for monitoring provided the manufacturer judtifies the need for the longer
period (e.g., by technica rationae, experimental results, in house experience, etc).

When a confirmed mdfunction is no longer detected by the system, and until this
malfunction is erased from the computer memory according to paragraph 4.4., the
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4.4,

4.5,

45.1.

4.5.2.

madfunction shdl be given the "previoudy active' datus and shdl not lead to an
activation of the alert system (see paragraph 4.6.).

Requirements for erasing OBD information

When aDTC isin the previoudy active status for at least 40 warnmtup cycles or 200 engine
operating hours, whichever occurs firgt, this DTC and when applicable its associated freeze
frame may be erased from the computer memory.

Requirements for mafunction dassfication

Mafunction classfication specifies the dass to which a mafunction is assgned when such a
malfunction is detected, according to the requirements of paragraph 4.2. of this module.

A mafunction shdl be assgned to onecdassfor theactud life of thevehicleunlesstheauthority
that granted the certificate or the manufacturer determines that reclassfication of that
malfunction is necessary.

If a mafunction would result in a different dassfication for different regulated pollutant
emissonsor for itsimpact on other monitoring capability, the mafunction shall be assigned to
the class that takes precedence in the discriminatory display strategy.

If an MECS s activated as aresult of the detection of a mafunction, thismafunction shal be
classfied based on either the emission impact of the activated MECS or its impact on other
monitoring capability. Themafunction shal then assigned to the classthat takes precedencein
the discriminatory display strategy.

Class A mdfunction

A mdfunction shdl be identified as Class A when the rdlevant OBD threshold limits (OTLS)
are assumed to be exceeded.

It is accepted that the emissons may not be above the OTLs when this class of mafunction
ocCurs.

Class B1 mdfunction

A madfunction shdl beidentified as Class B1 where circumstances exist that havethe potentia
to lead to emissons being above the OTLs but for which the exact influence on emisson
cannot be estimated and thusthe actua emissonsaccording to circumstances may beabove or
below the OTLs.

Examples of Class B1 mafunctions may include mafunctions detected by monitors thet infer
emisson levels based on readings of sensors or restricted monitoring capability.

Class B1 mdfunctions shdl include mafunctions that restrict the ability of the OBD
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system to carry out monitoring of Class A or B1 mafunctions.

45.3. Class B2 mdfunction
A mdfunction shall be identified as Class B2 when circumstances exist that are assumed to
influence emissons but not to aleve that exceedsthe OTL.
Mafunctions that restrict the ability of the OBD system to carry out monitoring of Class B2
malfunctions of shdl be classfied into ClassB1 or B2.
45.4. Class C mdfunction
A mdfunction shdl be identified as Class C when circumstances exist thet, if monitored, are
assumed to influence emissions but to a level that would not exceed the regulated emission
limits
Mafunctions thet restrict the ability of the OBD system to carry out monitoring of ClassC
mafunctions shdl be dassfied into Class B1 or B2.
4.6. Alert sysem
4.6.1. MI specification
Themadfunction indicator shal beavisud sgnd that isperceptible under dl lighting conditions.
The mafunction indicator shall comprise ayelow warning sgnd identified by the (FOL/F22)
symbol in accordance with 1SO Standard 2575:2004.
Failure or deterioration of components of the engine system that do not lead directly to an
increase in emissions as indicated under paragraph 4.2. of thismodule may beindicated by a
separate warning signa or message. (e.g., a plugged particulate filter may be indicated a
specific symbol, such as FO1 or F21, in accordance with 1SO Standard 2575:2004).
4.6.2. MI illumination schemes
Depending on the mafunction(s) detected by the OBD system, the MI shdl be illuminated
according to one of the activation modes described in the following table
Activation mode 1 Activation mode 2 Activation mode 3
Conditionsof | Class A madfunctionor Class B mdfunction and Class C mafunction
activation B1 counter > 200 h B1 counters< 200 h
Discriminatory display or | Discriminatory display or | Discriminatory display
Key on o o . T
enaine on non-discriminatory non-discriminatory display | or non-discrimingtory
J display Strategy Srategy display Strategy
Key on Harmonized display Harmonized display Harmonized display
engine off Srategy Srategy drategy
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A Contracting Party implementing thisgtr may require adiscriminatory or anon-discrimingtory
display strategy. These Strategies are defined in paragraphs 4.6.3.1. and 4.6.3.2.

The discriminatory display strategy requires the M to be activated according to the dassin
which amafunction hasbeen classfied. Thenortdiscriminatory display strategy requiresonly
asngletype of MI activation.

Thedert system shdl provide both Strategies and the MI's default display strategy shal bethe
discriminatory display strategy. This default strategy shall be locked by software coding that
shdl not be routindy available via the scan toal.

In order to gain access to the market of a Contracting Party implementing this gtr, the
manufacturer may be required to enable the non-discriminatory display srategy. In this
ingtance, the market sdection of the discriminatory or the non-discriminatory display Srategy
shall be possible from the scan toal.

At key on, engine off, asingle M1 activation strategy isrequired. Thissirategy isdescribedin
paragraph 4.6.4.

Figures C4 and C5 illudtrate the prescribed activation strategies at key on, engine on or off.
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ENGINE ON ENGINE OFF

a) MI (bulb) functioning, no malfunction to report, and the readiness status of all monitored components
"complete".

M| One= MI On:

= Bulb Test

o <

— O

< 3

X
Ml Off N M| Offe
- - B S T A S ——
Trip Duration 10s 5s 10s

b) M1 (bulb) functioning, no malfunction to report, and at least one component with readiness status "not
complete’.

Not Read
MI On= MI On /
u " P Shortened

6 Ready Statu; repo_mng is S Bulb Test

I not supported while engine ison . ~

> >
Ml Off Ml Off e

- - ST
Trip Duration 5s 5s 5s 10s

¢) M1 (bulb) non operational

Ml One= 2
5 MI Onc Bulb Test
X
MI Off N MI Off
Trip Duration
Figure C4

Bulb test and readiness indication




ECE/TRANS/WP.29/GRPE/2006/8
page 32

WWH Harmonized
Non-Discriminatory System

Discriminatory System

ENGINE ON ENGINE OFF
d) activation mode 1
MI On= MI One
A A Bulb Test
O O
MI Offe MI Offele- -
] Trip Duration < 10 s - 5s < 10s >

activation mode 2

H ~80% duty cycle
Mi Onc-! Bulb Test
on
MI Off dim= L
< 60 seconds_:'- < 10 s < 5s > 10s >
f) activation mode 3
~20% duty cycle
Mi On Bulb Test
M| On< 5
o >
o) N
oH
g MI Off -
MI Off < 10 s < 5s > 10s >
o)) activation mode 1 with "not ready" status.
Not Read
MI One MI On R
C: o Shortened
2! Oy Bulb Test
3 3
x5 X!
MI Offes M| Off et = = e = b AL -
- L — e ————————
Trip Duration 5s 5s 5s 10s
h) activation mode 2 with "not ready" status.
l Not Ready
Mi Onc MI On : Shortened
Oi “Ready Status” reporting is 5y Bulb Test
& not supported while engine is on. D
X <
MI Offetms MI Offeler == et LU
_ e ——————————
< 60 seconds_:'- 5s 5s 5s 10s
Figure C5:

Mafunction display strategy
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MI activation at "engine on’

When the key is placed in the onposition and theengineis started (engine on), the M1 shall be
commanded off unless the provisons of paragraph 4.6.3.1. and/or paragraph 4.6.3.2. have
been met.

Discriminatory Display strategy

For the purpose of activating the MI, continuous-M1 shall take precedence to short-MI and
on-demand-MI. For the purpose of activating the MI, short-M| shall take precedenceto or+
demand-MI.

Class A Mdfunctions

The OBD sysem shdl command a continuous-MI upon storage of a confirmed DTC
associated with a Class A mdfunction.

Class B Mdfunctions

The OBD system shdl command a"short-MI" at the next key-on event following sorage of a
confirmed and active DTC associated with a Class B mafunction.

Whenever aB1 counter reaches 200 hours, the OBD system shdl command acontinuous-MI.
Class C mdfunctions

The manufacturer may make available information on Class C mafunctionsthrough the use of
an on-demand-MI which shdl be available until the engine is started.

MI de-activation scheme

The"continuous-MI" shdl switch to a"short-MI" if a Single monitoring event occurs and the
mafunction that origindly activated the continuous-MI is not detected during the current
operating sequence and a continuous-MI is not activated due to another malfunction.

The "short-MI" shdl be deectivated if the mafunction is not detected during 3 subsequent
sequential operating sequences and the M1 is not activated due to another ClassA or B
mafunction.

Non+discriminatory display strategy

The OBD systemn shdl command a continuous-MI upon storage of a confirmed and active
DTC asociated with aClass A, B or C mafunction.
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4.6.3.2.1.

4.6.4.

4.6.4.1.

4.6.4.2.

4.6.4.2.1.

4.6.4.2.2.

MI de-activation scheme

The"continuous-MI" shdl be deactivated if themafunction isnot detected during 3 subssquent
sequentid operating sequences and the M is not activated due to any other mafunction.

MI activation at key-orn/engine-off

The MI activation a key-on/engine-off shal condst of two sequences separated by

a5 seconds M1 off:

- the firgt sequence is designed to provide an indication of the MI functiondity and the
readiness status of the monitored components;

- the second sequenceis designed to provide an indication of the presence of amalfunction.

M1 functiondity/readiness atus
The MI shdl show a steady indication for 5 seconds to indicate thet the Ml is functiond.

The M1 shdl then remain at the on position for 5 seconds to indicate that the readiness status
for al monitored components is complete,

TheMI shdl blink once per second for 5 seconds to indicate that the M1 isfunctional and that
the readiness status for one or more of the monitored components is not complete.

After theseinitid 10 seconds, the MI shal remain off for 5 seconds.
Presence of amafunction

Following the 5 second period:

- theMI shdll indicate the presence of amafunction according to one of thefollowing modes.
Activation mode 1 shdl take precedence over activation modes 2 and 3, and activation
mode 2 shall take precedence over activation mode 3; or

- the MI shdl blink once for a period of 1 second, and remain off in absence of a
malfunction.

Activation mode 1

The MI shdl show a steady indication for 10 seconds if the OBD system would command a
continuous- M1 according to the discriminatory display strategy described in paragraph4.6.3.1.

Activation mode 2

The MI shdl show a periodicdly steady indication for 10 seconds if the OBD system
would command a 60-second MI according to the discriminatory display strategy
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described in paragraph4.6.3.1. The totd illumination time shal be 8 seconds, and the
frequency of the flashes shdl be 1 Hz.

Activation mode 3

The M1 shdl show aperiodically steady indication for 10 secondsif the OBD system would
command an on-demand-MI according to the discriminatory display strategy described in
paragraph 4.6.3.1. Thetotd illumination time shdl be 2 seconds, and the frequency of the
flashesshdl be 1 Hz.

Limp-home drategies

The OBD system shdl activate the M1 according to the pecifications of paragraph Oand sore
a confirmed and active DTC to inform the vehicle operator whenever the engine enters a
default or "limp home" mode of operation that can affect emissons or the performance of the
OBD system or in the event of amalfunction of the 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., operation autometicaly
returns to normda at the beginning of the following ignition cycle), the OBD system may wait
and activate the M| according to the specifications of paragraph 0 and store the confirmed and
active DTC only if the default or "limp home" mode of operation is again entered before the
end of the next ignition cydein lieu of illuminating the MI within 10 secondson thefirgt driving
cycle where the default or "limp home" mode of operation is entered.

Counters associated with malfunctions
MI Counters
Continuous-MI Counter

The OBD system shd| contain a Continuous-MI Counter to record the number of hoursduring
which the engine has been operated while a Continuous-MI is activated.

The Continuous-MI counter shal count up to the maximum vaue provided ina 2 byte counter
with 1 hour resolution and hold that va ue unless the conditions al owing the counter to be reset
to zero are met.

The Continuous-MI counter shall operate as follows.

- if dating from zero, the continuous-MI counter shal begin counting as soon as a
continuous-Ml is ectivated

- the continuous-MI counter shal halt and hold its present vaue when the continuous-MI is
no longer activated.

- thecontinuous-MI counter shal continue counting from the point & which it had been heldif
amdfunction that resultsin a continuous-MI is detected within 3 operating sequences.
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- the continuous-MI counter shal start again counting from zero when a mafunction thet
results in a continuous- M1 is detected after 3 operating sequences since the counter was
last held.

- the continuous-MI counter shall be reset to zero when:

- nomdfunction thet resultsin acontinuous-M| isdetected during 40 warm-up cyclesor 100
engine operaing hours since the counter was last held whichever occursfirgt; or

- the OBD scan tool commands the OBD System to clear diagnostic information.

Figure C1 illudrates the principle of the continuous-MI counter and Annex 2 contains
examplesthat illugtrate the logic.

Faure C1.: illugtration of the MI counters activation principles
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Figure C2: Illugtration of the B1 counter activation principles
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4.6.6.1.2.

4.6.6.2.

4.6.6.2.1.

Cumulative continuous-M| counter

The OBD system shdl contain a cumulative continuous-M| counter to record the cumulaive
number of hours during which the engine has been operated over itslifewnhile acontinuous-Mi
is activated.

The cumulative continuous-M| counter shal count up to the maximum vaue provided in a 2-
byte counter with 1 hour resolution and hold that vaue.

The cumulative continuous-M | counter shall not be reset to zero by the engine system, ascan
tool or adisconnection of a battery.

The cumulative continuous-M| counter shal operate as follows:

- the cumulaive continuous-MI counter shal begn counting when the continuous-Ml is
activated.

- the cumulative continuous-MI counter shal hat and hold its present value when the
continuous-MI is no longer activated.

- the cumulative continuous-MI counter shdl continue counting from the point it had been
held when a continuous- M| is activated.

Figure C1 illudrates the principle of the cumulative continuous-MI counter and Annex 2
contains examplesthat illugtrate the logic.

Counters associated with Class B1 mafunctions
Sngle B1-counter

The OBD systemn shdl contain a B1 counter to record the number of hours during which the
engine has operated while a Class B1 mafunction is present.

The B1 counter shdl operate asfollows:

- the B1 counter shdl begin counting when a Class B1 mafunction is detected.

- the B1 counter shdl hat and hold its present vaueif no Class B1 mafunction is present.

- theB1 counter shdl continue counting from the point it had been held if a subsequent Class
B1 mafunction is detected within 3 operating sequences.

In the case where the B1 counter has exceeded 200 engine running hours, the OBD system
shall set the counter to 190 or 199 engine running hourswhen the OBD systemn has determined
that a Class B1 mafunction is no longer present. The B1 counter shal begin counting from
190 or 199 engine running hours if a subsequent Class B1 mdfunction is present within 3
operating sequences.

The B1 counter shal be reset to zero when three consecutive operating sequences have
occurred during which no Class B1 mafunctions have been detected.
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The B1 counter does not indicate the number of engine running hours with asngle Class B1
malfunction present.

The number of hours counted by the B1 counter may cumulate the number of hours of 2 or
more different Class B1 mafunctions, none of them having reached the time the counter
indicates.

The B1 counter is only intended to determine when the continuous-MI shal be activated.

Figure C2 illugtrates the principle of the B1 counter and Annex 2 contains examples that
illudrate the logic.

Multiple B1-counters

A manufacturer may use more than one B1 counter.

When a Class B1 mafunction occurs.

- if aB1 counter isat zero, this counter shal begin counting;

- if no B1 counter is a zero, the B1 counters with the lowest value shdl be linked to this
mafunction. This counter shal accumulate the time during which the engine operates with
any of the Class B1 mdfunctionsit is linked with.

(Complete operating principle of each of the B1 countersto be developed.)

Diagnogtic information

Recorded information

Theinformation recorded by the OBD system shall be avail able upon off-board request in the

following packages manner:

- information about the engine date;

- information about emisson-related mafunctions;
- information for diagnoss and repair.

Information about the engine Sate

Thisinformation will provide an enforcement agency 16/ with the mafunction indicator status
and associated data (e.g. continuous-MI counter, readiness status).

The OBD system shdl provide dl information (according to the 1SO xxx Part 2) for the
externa roadsde check test equipment to assmilate the data and provide an enforcement
agent with the following information:

- thegtr (and revison) number

- discriminatory/non-discriminatory display strategy

16/ A typicd use of thisinformation package may beto establish basic emission road-worthiness of the
engine system.
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4.7.1.2.

4.7.1.3.

- theVIN (vehicle identification number)

- presence of a continuous-MI.

- the readiness tatus of the OBD system

- the number of engine operating hours during which a continuous-M| was last activated
(continuous-MI counter)

Thisinformation shall be read only access (i.e. no clearing).
Information about active emission-related mafunctions

Thisinformation will provide any ingpection station 17/ with a subset of engine related OBD
data including the mafunction indicator Status and associated data (MI counters), a list of
active/confirmed mafunctions of classes A and B and associated data (e.g. B1-counter).

The OBD system shdl provide dl information (according to the 1SO xxx Part 2) for the

externa ingpection test equipment to assmilate the data and provide an ingpector with the

fallowing informeation:

- thegtr (and revision) number

- discriminatory/ non-discriminatory diplay strategy

- theVIN (vehicle identification number)

- the Mdfunction Indicator status

- the Readiness status of the OBD system

- the number of engine operating hours during which a continuous-M| was last activated
(continuous-MI counter)

- the cumulated operating hourswith acontinuous-MI (cumuletive continuous- M| counter).

- the confirmed and active DTCsfor Class A mafunctions

- the confirmed and active DTCsfor Classes B (B1 and B2) mdfunctions

- the confirmed and active DTCs Class B1 mdfunctions

Thisinformation shall be read only access (i.e. no clearing).
Informetion for repair

Thisinformation will provide repair technicians with adl OBD data specified in this module
(eg. freeze frame informetion).

The OBD system shdl provide al information (according to the 1SO xxx Part 2) for the
externa repair test equipment to assmilate the data and provide a repair technician with the
fallowing informetion:

- thegtr (and revision) number

- theVIN (vehicle identification number)

- the mdfunction indicator Satus

17/ A typica useof thisinformation package may beto establish detailed understanding of the emisson
road-worthiness of the engine system.
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- the readiness tatus of the OBD system

- thenumber of engine operating hours sncethe mafunctionindicator hasbeen activated (M
counter)

- the confirmed and active DTCs for Class A mdfunctions

- the confirmed and active DTCs for Classes B (B1 and B2) mafunctions

- the confirmed and active DTCs for Class B1 mafunctions and the number of engine
operating hours from the B1-counters

- the confirmed and active DTCsfor Class C mdfunctions

- thepending DTCs and their associated class

- the previoudy active DTCs and their associated class

- real-timeinformation on OEM selected and supported sensor Sgnds, interna parameters
and output signal's (see Annex 5)

- the freeze frame data requested by this module

- the software cdibration identification(s)

- the cdibration verification number(s).

The OBD system shdl clear dl the recorded mafunctions of the engine system and related
data (operating timeinformation, freezeframe, etc. . .) in accordance with the provisonsof this
module, when this request is provided via the externa repair test equipment according to the
SO xxx Part 2.

Freeze frame information
(Text to be developed.)
Accessto OBD information

Access to OBD information shall be provided in accordance to the specifications of 1SO
standard XXX/xxx parts 1 to 6.

Inthe case of emissionrelated OBD of heavy-duty diesel engines, accessto OBD information
shdl aways be posshle by the means indicated in 1SO standard xxx Part 4 — wired
connection.

OBD data shdl be provided by the OBD system upon request using an off-board test
equipment that complies with the requirements of 1SO standard — part 6 — compliance test
(communication with externd tester).

In case of emissonrelated OBD of heavy-duty diesdl engines, accessto OBD information
shdl dways be possible by means of awired communication system.

Durahility of the OBD system

The OBD system shdl be designed and constructed so as to enable it to identify types of
mafunctions over the complete life of the vehide/lengine. In achieving this objective,
the certification authority will recognise that engines which have been used in excess of
their regulatory ussful life may show some deterioration in OBD system performance
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4.9.

and sengitivity such that the OBD thresholds may be exceeded beforethe OBD system signals
amadfunction to the driver of the vehicle.

This paragraph does not extend the engine manufacturer's compliance liability for an engine
beyond itsregulated useful life (i.e. thetimeor distance period during which emission sandards

or emisson limits continue to apply).

Electronic security

Any vehiclewith an emission control unit must include festuresto deter modification, except as
authorized by the manufacturer. The manufacturer shal authorize modifications if these
modifications are necessary for the diagnod's, servicing, ingpection, retrofitting or repair of the
vehicle

Any reprogrammable computer codes or operating parameters shal be resistant to tampering
and afford a level of protection at least as good as the provisons in 1SO 15031-7 (SAE
J2186) or J1939- 73 provided that the security exchangeis conducted using the protocolsand
diagnostic connector as prescribed in module B of thisgtr. Any removablecdibration memory
chipsshall be potted, encased in a sedled container or protected by eectronic algorithmsand
shdl not be changeable without the use of pecialised tools and procedures.

Computer-coded engine operating parameters shdl not be changesble without the use of
specidised toolsand procedures (e.g. soldered or potted computer components or sealed (or
soldered) computer enclosures).

Manufacturers shal take adequate steps to protect the maximum fud delivery setting from
tampering while avehideisin-service.

Manufacturers may apply to the certification authority for an exemption from one of these
requirements for those vehicles that are unlikely to require protection. The criteria that the
certification authority will evaluatein congdering an exemption will include, but are not limited
to, the current availability of performance chips, the high- performance capability of thevehicle
and the projected sdes volume of the vehicle.

Manufacturers using programmable computer code systems (eg. eectricd erasable
programmable read-only memory, EEPROM) shal deter unauthorized reprogramming.
Manufacturers shdl include enhanced tamper- protection strategies and write protect festures
requiring e ectronic accessto an off- Ste computer maintained by the manufacturer. Alternative
methods giving an equivadent level of tamper protection may be gpproved by the certification
authority.
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PERFORMANCE REQUIREMENTS
Thresholds

Specific thresholds may be defined for specific sub- systemsor components. Consequenceson
the classification need to be checked. An overdl threshold may be needed.

Harmonized OBD performance requirements will evolve with the harmonization of the test-
cycles(for emissons and OBD), the emissonlimitsand the processfor caculating the OTLs.

Thefollowing table summarizes the mgjor stepstowards fully harmonized OBD performance
requirements:

Step 1 Step 2 Step 3
;—n?oqé%? (emissions E:;:r?zrgdom 26000 | armonized Harmonized
Emisson limits Non harmonized Non harmonized Harmonized
OTLs caculation process | Non harmonized Harmonized Harmonized
Regiondly caculated
OTLs Regiondly defined with the harmonized Harmonized
caculation process

The current gtr addresses only the first step of this process.

Step 1.

Inthefirgt step, OTL s are not world-harmonized and the processfor defining the OTLsisnot
world-harmonized,

The OTLs shdl be defined asfollows:

- if the UNECE Regulation No. 49 is used for certifying the engine in regards to its
exhaust emissions, then the UN-ECE Regulaion No. 49 OBD test-cycle and the
UNECE Regulation No. 49 OTLs shdl be applicable accordingly.

- if the US/Cdlifornian regulation is used for certifying the enginein regards to its exhaust
emissons, then the US/Cdifornian OBD test-cycle and the US/Californian OTLsshdl
be applicable accordingly.

- If the Jgpanese regulation is used for certifying the engine in regards to its exhaust
emissions, then the Japanese OBD test- cycle and the Japanese OTL sshd | be gpplicable
accordingly.

- if the procedures of the "WHDC" gtr is used for certifying the engine in regards to its
exhaug emissons, then theworld harmonized test cycle asdefined inthismodule gpplies
and the relevant regiona OTLs shall be applicable accordingly
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5.2.

Step 2

In the second step, the test-cycles (for emissions and OBD) and the process for defining the
OTLsareworld harmonized 18/, but the emission limits are not world-harmonized;

The OTLs shall be defined as follows:

if the UNECE Regulation No. 49 is used for certifying the engine in regards to its
exhaugt emissons, then the OTLs shdl be cdculated on the basis of the UNECE
Regulation No. 49 emission limits through the process described in an annex to this
module.

if the US/Cdlifornian regulation is used for certifying the enginein regardsto its exhaust
emissons, thenthe OTLsshdl be cdculated on thebasisof the US/Cdifornian emission
limits through the process described in an annex to this module.

if the Japanese regulation is used for certifying the engine in regards to its exhaust
emissons, thenthe OTLs shall be calculated on the basis of the Japanese emission limits
through the process described in an annex to this module.

if the procedures of the "WHDC" gtr is used for certifying the engine in regards to its
exhaugt emissions, then theworld harmonized tet cycle asdefined in thismodule applies
and the OTLs shdl be caculated on the basis of the rlevant regiond emisson limits
through the process described in an annex to this module.

Step 3

In this ultimate case, the test-cycles (for emissons and OBD), the emisson limits and the
process to define the OTLs are harmonized.

The OTLs shdl be defined as follows:

(empty table)

In dl the three cases,

some mafunctions may only be monitored againgt specific pollutant OTLS;
different monitors may require different OTLs for the same pollutant.

Temporary disablement of the OBD system

An OBD system may be temporarily disabled under the conditions specified in the following
ub-paragraphs.

Manufacturers shall obtain approval for temporary disablement strategies by the certification
authority at the time of certification or type gpprova.

At the time of cetification or type-gpprova, the manufacturer shal provide the
certification authority with the detailed description of each of the OBD system's

18/ The processto define OTLs will be described when decided, in an annex to this module.
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temporary disablement strategies and the dataand/or engineering eva uation demondrating that
monitoring during the applicable conditions would be unreliable or impractical.

Inal cases, monitoring shal resume once the conditions justifying temporary dissblement are
no longer present.

Engine/vehicle operationd safety

The affected OBD monitoring systemsmay betemporarily disabled when operationd safety
Srategies are activated.

The OBD monitoring system isnot required to eva uate components during mafunctionif such
evauation would result in arisk to the safe use of the vehicle.

Ambient temperature and dtitude conditions 19/

OBD syster monitors may be disabled at ambient engine start temperatures below 266 K (-
7 degrees Celsius or 20 degrees Fahrenheit) or above 308 K (35 degrees Celsius or 95
degrees Fahrenheit), or at elevations above 2,500 meters (8,202 feet) above sealevd.

A manufacturer may further request that an OBD system monitor be disabled a other ambient
engine sart temperatures upon determining that the manufacturer has demonstrated with data
and/or an engineering evauation that misdiagnosis would occur at the ambient temperatures
because of its effect on the component itsdlf (e.g., component freezing).

Ambient conditions may be estimated by indirect methods. For example ambient temperature
conditions may be determined based on intake air temperature.

Low fud leve

Monitoring systemsthat can be affected by low fud leve or running out of fud (eg., diagnosis
of amafunction of thefudling sysem) may be disabled during such conditions. Low fuel levd
IS defined to be when the fudl leve is 20 per cent or less of the nominal capecity of the fue
tank.

Vehicle bettery or system voltage levels

Manufacturers may disable monitoring systems that can be affected by vehicle battery or
system voltage levels.

19/ WWH-OCE conditions to be consdered in the next revison of this gtr.
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5.24.2.

5.25.
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5.27.

Low voltage

For monitoring systems affected by low vehicle battery or system voltages, manufacturers
may disable monitoring systems when the battery or system voltage is below 90 per cent of
the nomina voltage (or 11.0 Volts for a 12 VVolt battery, 22.0 Voltsfor a 24 volt battery).
Manufacturers may request gpprovd to utilize a voltage threshold higher than this value to
disable system monitoring.

The manufacturer shal demondrate that monitoring at the voltages would be unreliable and
that either operation of avehicle below the disablement criteriafor extended periods of timeis
unlikely or the OBD system monitors the bettery or sysem voltage and will detect a
malfunction at the voltage used to disable other monitors.

High voltage

For monitoring systems affected by high vehicle battery or system voltages, manufecturers
may request gpprova to disable monitoring systems when the battery or system voltage
exceeds a manufacturer-defined voltage.

The manufacturer shall demonstrate that monitoring above the manufacturer-defined voltage
would be unreliable and that either the eectricd charging sysemvaternator warning light is
illuminated (or voltage gaugeisin the"red zone") or the OBD system monitorsthe battery or
system voltage and will detect a mafunction at the voltage used to disable other monitors.
Active PTO (power take-off units)

A manufacturer may temporarily disable affected monitoring systems in vehicles when the
PTO unit istemporarily active.

A manufacturer may smilarly dissble affected monitoring systems in vehicles designed to
operate with permanent PTO active when the vehicle is not being driven.

A manufecturer may Smilarly disable affected monitoring systemsin vehicles not designed to
operate with apermanent PTO active when the vehicle detectsthe activation of suchaPTO.

Forced regeneration

The affected OBD monitoring systems may be temporarily disabled during the forced
regeneration of an emisson control system downstream of the engine (e.g. aparticulatefilter).

AECS

OBD systerm monitors may be temporarily disabled during the operation of an AECS,
induding default and limp-home modes, under conditions not dready covered in
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paragraph 5.2. if the monitoring capability of a monitor is affected by the operation of
an AECS.

DEMONSTRATION REQUIREMENTS

The basc dements for demondrating the compliance of an OBD system with the

requirements of this gir are asfollows:

- procedure for selecting the OBD- parent engine system. The OBD-parent engine system
shdl be sdlected in agreement with the certification authority. It shal be subject to the
complete demongtration process decided by the Contracting Party.

- procedure for demongtrating the classification of a mafunction. The manufacturer shall
submit to the certification authority the dassification of each mafunction for that OBD-
parent engine system and the necessary supporting data in order to judtify each
classfication. The manufacturer shal conduct the classfication demondration test as
requested by the Contracting Parties.

- procedure for qualifying a deteriorated component. When required by the certification
authority, the manufacturer shal provide deteriorated components for OBD teting
purposes. These componentsshdl bequalified onthe basisof supporting detaprovided by
the manufacturer. The certification authority may require emission testing to complete the
qudification.

- procedure for demonstrating malfunction detection. The engine system shal be equipped
with the appropriate qualified deteriorated component and tested on an engine test-bed to
demondirate the proper detection of the malfunction by the OBD system.

Emisson-OBD family

Themanufacturer isresponsible for determining the compaosition of an emission-OBD family.
Grouping engine sysemswithin an emisson- OBD family shal be based on good engineering
judgement and be subject to approva by the certification authority.

Engines that do not belong to the same engine family may ill beong to the same emission
OBD family.

Parameters defining an emisson-OBD family

The emisson OBD family may be defined by basic design parametersthat shal be common
to engine systems within the family.

In order that engine systems may be considered to belong to the same OBD-engine family,
the following list of basic parameters shdl be smilar:

- the emisson control systems,

- the methods of OBD monitoring,

- the methods of mafunction detection.

Thee gmilaities shal be demondrated by the manufacturer by means of relevant
engineering demonstration or other appropriate procedures and subject to the approva
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6.1.2.

6.2.

6.2.1.

of the certification authority.

It isunderstood there may be minor differencesin the methods of monitoring/ diagnosing the

engine emission control system due to engine system configuration variation:;

- methods may be consdered as amilar if they differ only to match specificities of the
considered components (e.g. size, exhaust flow, etc.);

- other methods may be considered as smilar if based on good engineering judgement and
approved by the certification authority.

OBD- parent engine system

Compliance of an emission OBD family with the requirements of thisgtr may be achieved by
demondtrating the compliance of the OBD- parent engine system of this family.

The sdection of the OBD- parent engine system is made by the manufacturer and subject to
the gpprova of the certification authority.

Prior to testing the certification authority may decideto request the manufacturer to select an
additiond engine for demondration.

The manufacturer may aso propose to the certification authority to test additiona enginesto
cover the complete emission-OBD family.

Procedures for demondtrating the mafunction classfication

The manufacturer shal provide the documentation justifying the proper classification of each
mafunction to the certification authority. This documentation shdl include afalure anayss
(for example dements of a"failure mode and effect andyss') and may dso include:

- gmulaion results;

- testresults,

- reference to previoudy gpproved classfication.

In the following paragraphs the requirements for demonstrating the correct classfication are
listed, including requirementsfor testing. The maximum and/or minimum number of teststo be
required by the certification authority will be defined by each Contracting Party.
Demondration of classfication into A

The dassfication by the manufacturer of amalfunctioninto Class A shdl not be subjecttoa
demonstration test.

If the certification authority disagrees with a manufacturer's classficaion of a
mafunction as Class A, the certification authority may require the classification of the



6.2.2.

6.2.3.

6.2.4.

ECE/TRANSWP.29/GRPE/2006/8
page 49

malfunctioninto Class B1, B2 or C, as appropriate.

Inthat casethe certification document shall record that the malfunction classification hasbeen
assigned according to the request of the certification authority.

Demondration of classfication into B1 (distinguishing between A and B1)

In order to judtify the classfication of a mafunction into Class B1 the documentation shdl
clearly demondrate thet, in some circumstances, the malfunction resultsin emissonsthat are
lower than the OTLs.

Some examples of such circumstancesthat will influenceif and when OTLsmay be exceeded
are the age of the engine system or whether the test is conducted with a new or aged
component.

In the case that the certification authority requires an emission test for demondrating the

classfication of a mafunction into Class B1 the manufacturer shall demondirate that the

emissonsdueto that particular mafunction are, in selected circumstances, below the OTL s

- the manufacturer selects the circumstances of the test in agreement with the certification
authority

- the manufacturer shal not be required to demondtrate that in other circumstances the
emissons due to the mafunction are actualy abovethe OTLs.

If the manufacturer fails to demongrate the classfication as Class B1, the mafunction is
classfied asClass A.

Demondration of classification into B1 (distinguishing between B2 and B1)

If the certification authority disagrees with a manufacturer's classfication of amafunction as
Class B1 becauseit consdersthat the OTLsare not exceeded, the certification authority may
require the reclassfication of that malfunctioninto ClassB2 or C. Inthat casethe certification
documents shall record that the mafunction classification has been assgned according to the
request of the certification authority.

Demongration of classification into B2 (distinguishing between B2 and B1)

In order to judtify the dlassfication of a mafunction into Class B2 the manufacturer shdl
demogtrate that emissions are lower than the OTLs.

In case the certification authority disagreeswith the classification of amafunction as ClassB2
because it consders that the OTLs are exceeded, the manufacturer may be required to
demondtrate by testing that the emissions due to the mafunction are below the OTLs.

If the tegt fails, then the certification authority shdl require the reclassfication of that
malfunction into A or B1 and the manufacturer shall subsequently demondrate the
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6.3.2.

appropriate classification and the documentation shal be updated.
Demondration of classification into B2 (distinguishing between B2 and C)

If the certification authority disagrees with a manufacturer's classfication of amafunction as
Class B2 becauseit consdersthe regulated emission limitsare not exceeded, the certification
authority may require the reclassfication of that malfunction into Class C. In that case the
certification documents shdl record that the mafunction classfication has been assigned
according to the request of the certification authority.

Demongtration of dasdfication into C

In order to judify the classfication of a mafunction into Class C the manufacturer shall
demondrate that emissons are lower than the regulated emission limits.

In case the certification authority disagrees with the classification of amafunction as ClassC
the manufacturer may be required to demongtrate by testing that the emissions due to the
mafunction are below the regulated emisson limits.

If the test fals then the certification authority shal request the reclassfication of that
mafunction and the manufecturer shal subsequently demondrate the appropriate
reclassification and the documentation shdl be updated.

Procedures for demonstrating the OBD performance

Themanufacturer shal submit to the certification authority acomplete documentation package
judtifying the compliance of the OBD system as regards its monitoring capability, which may
include:

- dgorithms and decision charts

- testsand/or smulation results

- reference to previoudly gpproved monitoring systems, etc.

Procedures for demondirating the OBD performance by testing

In addition to the supporting data referred to in paragraph 6.3., the regulation of the
Contracting Party may require the manufacturer to demonstrate the proper monitoring of
specific emisson control systems or components by testing them on an engine test-bed
according to the test procedures specified in paragraph 7.2. of this module.

In that case, the manufacturer shall make available the qudified deteriorated components or
the eectrica device which would be used to smulate amafunction.

The proper detection of the mafunction by the OBD system and its proper response to that
detection (cf. MI indication, DTC <torage, etc) shal be demonstrated according to

paragraph 7.2.

Procedures for qualifying a deteriorated component (or system)
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This paragraph applies to the cases where the mafunction sdected for an OBD
demongtration test ismonitored againg tail pipe emissions 20/ (emisson threshold monitoring -
see paragraph 4.2.), and thelegidation of the Contracting Party requiresthe manufacturer to
demondtrate, by an emission test, the qualification of that deteriorated component.

In very specific casesthe qudification of deteriorated components or systemsby testing may
not be possible (for example, if alimp home strategy isactivated, if the engine cannot run any
test, etc.). In such cases, the deteriorated component shall be qudified without testing. This
exception shdl be documented by the manufacturer and is subject to the agreement of the
certification authority.

6.3.2.1.  Procedure for qualifying a deteriorated component used to demongtrate the detection of
classes A and B1 mdfunctions

In the case the mafunction sdected by the certification authority resultsin tail pipe emissons
that may exceed an OBD threshold limit, the manufacturer shal demonstrate by an emisson
test according to paragraph 7. that the deteriorated component or device does not result in
the relevant emission exceeding its OTL by more than 20 per cent.

6.3.2.2.  Qudification of deteriorated components used to demonstrate the detection of Class B2
mafunctions

In the case of Class B2 mdfunctions, and upon request of the certification authority, the
manufacturer shall demonsirate by an emisson test according to paragraph7. that the
deteriorated component or device does not lead the relevant emission to exceed its gpplicable
OTL.

6.3.2.3.  Qualification of deteriorated components used to demonstrate the detection of ClassC
mafunctions

In the case of Class C mdfunctions, and upon request of the certification authority, the
manufacturer shall demongtrate by an emisson test according to paragraph 7. that the
deteriorated component or device does not lead the relevant emission to exceed its gpplicable
regulated emission limit.

6.3.3. Test protocol

The manufacturer, together with the certification authority, shall report on the test(s) that has
(have) been performed according to the provisions of this module.

The content of the provided information package shal be identical to the one proposed
in Annex 4. Depending on each regiona or national regulation, it may be decided to

20/ This paragraph will be extended to other monitors than mission threshold monitorsin a later Sage.
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6.4.

6.4.1.

7.1.

7.1.1.

use another template than the one proposed in Annex 4.

Cetification of an OBD system containing deficiencies

(To be developed)
Deficiency period
(To be developed)

TEST PROCEDURES

Testing process

The demonstration by testing of the proper ma function dassfication and thedemondration by
testing of the proper monitoring performance of an OBD system are issues that shal be
consdered separatdy. For example, a Class A mafunction will not require a classification
test while it may be subject to an OBD performance test.

Where appropriate, the same test may be used to demonstrate the correct classification of a
malfunction, the qudification of adeteriorated component provided by the manufacturer and
the correct monitoring by the OBD system.

Tegting process for demongtrating the mafunction classfication

When, according to paragraph 6.2., the certification authority requests the manufacturer to
judtify by testing the classification of agpecific mafunction, the compliance demondrationwill
consst of aseries of emisson tests.

According to paragraph 6.2.2., when testing isrequired by the certification authority tojudtify

the classification of amafunctioninto Class B1 rather thanin Class A, the manufacturer shdl

demondrate that the emissons due to that particular mafunction are, in sdlected

circumstances, below the OTLs.

- the manufacturer selects these circumstances of test in agreement with the certification
authority

- the manufacturer shal not be required © demondrate that in other circumstances the
emissons due to the mafunction are actualy above the OTLs.

The emission test may be repeated upon request of the manufacturer up to three times.

If any of these tests leads to emissons below the considered OTL, then the mafunction
classfication into Class B1 shdl be gpproved.

When tegting is required by the cetification authority to judtify the classfication of a
mafunction into Class B2 rather than in Class B1 or into Class C rather than in
Class B2, the emission test shdl not be repeated. If the emissons measured in the test
are above the OTL or the emisson limit, respectivdy, then the mafunction shdl
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require a reclassfication.

According to paragraph 6.2.1., this paragraph does not apply to mafunctionsclassfied into
ClassA.

Testing process for demonsgtrating the OBD performance

When the certification authority requests according to paragraph 6.3. to test the OBD system

performance, the compliance demongtration shall cons & of thefollowing phases(seechart 2):

- amadfunction is sdlected by the certification authority and a corresponding deteriorated
component or system shall be made available by the manufacturer;

- when appropriate and if requested, the manufacturer shal demongtrate by an emisson test
that the deteriorated component is quaified for a monitoring demongtration;

- the manufacturer shal demongrate that the OBD system responds in a manner that
complieswiththe provisonsof thisgtr (i.e. M1 indication, DTC storage, €tc) at thelatest by
the end of a series of OBD test-cycles.

Qudification of the deteriorated component

When the certification authority requeststhe manufacturer to quaify adeteriorated component
by testing according to paragraph 6.3.2., thisdemongtration shall be made by performing an
emissonsted.

If it is determined that the ingdlation of a deteriorated component or device on an engine
system means that a comparison with the OBD threshold limitsis not possble (e.g. because
the gatistical conditions for vaidating the applicable emission test cycle are not met), the
malfunction of that component or device may be consdered as qualified upon the agreement
of the certification authority based on technical ratiorale provided by the manufacturer.

Inthe casethat theingallation of adeteriorated component or device on an engine meansthat
thefull load curve (as determined with acorrectly operating engine) cannot be attained during
the test, the deteriorated component or device may be considered as qudified upon the
agreement of the certification authority based on technicd rationde provided by the
manufacturer.

Mafunction detection

Each monitor sdlected by the certification authority to be tested on an engine test-bed, shall
respond to the introduction of aquaified deteriorated component in amanner that meetsthe
requirements of this gtr within two consecutive OBD test-cycles according to
paragraph 7.2.2. of this module.

When it has been specified in the monitoring description and agreed by the certification
authority that a specific monitor needs more than two operating sequences to complete
its monitoring, the number of OBD test-cycles may be increased according to the



ECE/TRANS/WP.29/GRPE/2006/8

page 54

7.2.

7.2.1.

71.2.2.

manufacturer's request.

Each individual OBD test-cycle in the demondiration test shal be separated by an engine
shut-off. Thetimeuntil the next start-up shal takeinto consideration any monitoring that may
occur after engine shut-off and any necessary condition that mugt exist for monitoring to occur
at the next art up.

Thetest may be considered complete as soon asthe OBD system has responded in amanner
that meets the requirements of this gtr.

Applicable tests

Theemissiontest isthetest-cycle used whenfor the measurement of the regulated emissions.

The OBD test-cycdle is the test-cycle used when evauating the performance of the OBD
monitor. In many case these test-cycles are the same.

Emisson test cyde

The World-wide harmonized test- cycle consdered in this module for measuring emissonsis
the trangent portion (WHTC test-cycle) of the World-wide harmonized heavy-duty
certification procedure (WHDC).

(To be considered: hot start and/or cold gtart).

When the engine-system has been certified to exhaust emissonslimits measured over atest-
cycle other than the WHDC, the emission test-cycle required within paragraph 6. and
referred to in paragraph 7. will be the European Union, Japanese, or United States test-
cycle(s) applicable for emission measurement for OBD purposes.

OBD test cycle

The World-wide harmonized OBD test-cycle conddered in this module is the transent
portion (WHTC test-cycle) of the World-wide harmonized heavy-duty certification
procedure (WHDC).

(To be consdered: hot start and/or cold start).

When the engine-system has been certified to exhaust emissionslimits measured over atest-
cycle other than the WHDC, the OBD test-cycle may consst of the regiondly accepted
corresponding OBD test-cycles.

Manufacturers may request gpprova from the certification authority to use an dternative
OBD tedt-cycle to the applicable test- cycles mentioned in this paragraph. Therequest shall
contain eements (technical consderations, Smulation, test results, etc.) demonstrating:
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- therequested test-cycle results in amonitor that will run in redl world driving, and;
- the applicable world-wide harmonized or regionaly accepted OBD test-cycleisshown to
be less appropriate for the considered monitoring (e.g. fluid consumption monitoring).

Test operating conditions

The conditions (i.e. temperature, dtitude, fuel quaity etc) for conducting the testsreferred to
in paragraphs 7.2.1. and 7.2.2. shall be those required for operating the World-wide
harmonized heavy-duty certification procedure (WHDC) in the "WHDC" gtr.

When the engine-system has been certified to exhaust emissionslimits measured over atest-
cycle other than the WHDC, the conditions for conducting the tests referred to in
paragraphs 7.2.1. and 7.2.2. are the conditions required for operating the gpplicable
regiondly accepted emission tet-cycle.

In the case of an emission test aimed a judtifying the classfication of a gpecific mafunction
into Class B1, the test operating conditions may deviate from the ones in the paragraphs
above according to paragraph 6.2.2.

Test protocols

The manufacturer, together with the certification authority shal report on the test(s) that has
(have) been performed according to the provisions of this module.

The content of the provided information package shall be identica to the one proposed in
Annex 4. Nevertheless Contracting Parties may decide to use another template than the one
proposed in Annex 4.

DOCUMENTATION REQUIREMENTS

Documentation for purpose of certification

Themanufacturer shal provide adocumentation package that includesafull description of the
OBD system. The documentation package shal be made available in two parts:

(@ a primary documentation package, which may be brief, provided that it exhibits
evidence concerning the relaionships between monitors, sensord/actuators, and
operating conditions(i.e. describesal enable conditionsfor monitorsto run and disable
conditions that cause monitors not to run). The documentation shal describe the
functiona operation of the OBD and outline each monitoring strategy and the decison
process, including the mafunction ranking within the hierarchica dassfication. This
materia shal be retained by the certification authority. Thisinformation may be made
available to interested parties upon request.
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8.1.1.

8.1.2.

8.1.3.

(b) asecondary documentation package containing any data, including details of qudified
deteriorated components or systems and associated test results, which are used as
evidenceto support the decision processreferred to above, and alisting of al input and
output Sgnds that are available to the engine system and monitored by the OBD
sysem.

This additiond materid shdl remain drictly confidentid and, a the discretion of the
certification authority, may be retained by the manufacturer but shal be made open for
ingpection by the certification authority a the time of certification or & any time during the
vaidity of an gpprova.

Documentation associated with each monitored component or system

The documentation package shdl include the following information for each monitored
component or system:

(@ themafunctions and associated DTC(S);

(b) the monitoring method used for mafunction detection;

() the parameters used for mafunction detection and when applicable the fault criteria
limits and/or OBD thresholds;

(d) thecriteriafor storingaDTC.

Documentation associated with each DTC

For each DTC the information shall include but shall not be limited to:

- the monitoring method or procedure for mafunction;

- primary monitored parameters,

- fault criterialimits used to evauate output signa of primary parameter;

- other monitored secondary parameters and conditions necessary for mafunction detection;

- the monitoring "time length" (operation time/procedure necessary to complete the
monitoring) and "frequency” of checks (e.g. continuous, once per trip, €c.);

- thecriteriafor storing DTC;

- the aiteriafor illuminating mafunction indicator light (i.e. pending, confirmed issue);

- thecriteriaused for determining out of range vauesand input component retionality checks.

These dements shdl be common within an emisson-OBD family, dthough different
cdibration may be alowed.

Documentation associated with the malfunction classfication
The mafunction dassfication of each DTC shdl be documented. This classification may be

different for different engine types (eg. different engine ratings) within the same emission
OBD family.
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This information shdl include the technica judtification required in paragragph4.2. of this
module for classification into Class A, Class B1 or Class B2.

Documentation associated with the emisson-OBD family

A description of the emisson OBD family shal be provided. Thisdescription shdl includea
list and adescription of the engine typeswithin the family, the description of the OBD- parent

engine system, and al eementsthat characterise the family according to paragraph 6.1.1. of

thismodule.

In the case where the emisson-OBD family includes engines belonging to different engine
families, a summary description of these engine families shdl be provided.

In addition, the manufacturer shdl provide a list of al eectronic input and output an
identification of the communication protocol utilized by each emisson-OBD family.

Documentation for ingtaling in avehicle an OBD equipped engine sysem

The engine manufacturer shdl indude in the ingtalation documents of its engine system the

appropriate requirementsthat will ensure the vehicle, when used on the road or elsewhere as

appropriate, will comply with the requirements of thisgtr. This documentation shall include

but is not limited to:

- the detailed technica reguirements, including the provisons ensuring the competibility with
the OBD system of the engine system;

- theverification procedure to be completed.

The existence and the adequacy of such ingtalation requirements may be checked during the
certification process of the engine system.

In casestheingalation of theengine system is certified by aregiond certification authority, or
the engine sysem isingtaled on the vehicle by the engine manufacturer, thisdocumentationis
not required.
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Annex 1
DIRECT CERTIFICATION OF A VEHICLE EQUIPPED WITH AN OBD SYSTEM

This paragraph cons dersthe case where the vehicle manufacturer directly gppliesfor acertification of the
complete vehidle emisson-OBD system ingtead of gpplying for both a certification of the engine-system
and a cetification of itsingdlation.

The vehicle manufacturer is then responsible for the complete emisson-OBD system, including the OBD
elements mounted on-board the vehicle that are not part of the engine-system and for the proper
ingalation of engine system with respect to its OBD system (cf. interface compatibility).

In this case, and in addition to the generd requirements of this module, a demondration of the correct
ingdlation may be required. This demonstration shdl be done on the basis of the appropriate € ement of
design, results of verification tests, etc. and address the conformity of the following eements to the
requirements of this gtr:

- theingdlation on-board the vehicle as regardsits compatibility with the OBD system of the

engine-system;
- the MI and, where appropriate, the additiona warning modes,
- thewired communicetion interface.

In some specific casesthe certification authority may aso require an additiond experimenta veification. In
this case one ample failure mode, such as an dectric disconnection should be selected by the certification
authority. Correct M1 illumination, information storage and on-board off-board OBD communicationwill
be checked.
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OPERATION OF Ml AND B1 COUNTERS (EXAMPLES)

Operation of Continuous M| Counters for Four Use Cases

Class A Malfunction

Confirmed and Active— A warm-up cydes, <40 warm-up cyclos.
Potential - 20p.s 3 up. =g b2 op. =0
No=—

Class A Malfunction2

Confirmed and Active—
Potential = |J_

2 ap. 502
Mo
M1 Status
Continuous-Mi— —
Short-MI—
OFF
Continuous-MI Counter frazen orasa & roskin
star] ErEd sharl fromn =kt frozen
]
Cumulative Continuous-MI Counter| restart
restarl  Yhozen _,.,.--"'""

restart  Wrozen L

) L
b= tar]
]
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Operation of B1 Counter for Five Use Cases

Ay aohre KA mohrs a+100 = 200hre
Class B1 Malfunctiont 7 20k "% hrs hrs
Caonfirmad and Active —
iml | Jop. =q. JOL2 oo ).
Potential b2 oplsoq =
el
No— —
Class B1 Malfunction2 rhrs| "a"hrs
2 : { s a1
Confirmad and Active —
Potential ]
0-2 i ). 2op. mx. 3op. w0
No
B1 Countar
| rostart | =" rasharl
200 "rozen restart Yirozen frogen -1‘3&__,-""' froen 41191
et omse st yro
0 e oo
M| Status
Continuous- 4l —
Short-1l—
OFF _J I_I S
Continuous-M| Counter, and
Cumulative Continucus-Ml Countar
restart Hrozen
start Ien
0

Note: In thisexample, it is assumed that thereisasingle B1 counter.
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EMISSIONS CONTROL SYSTEM ELEMENTS AND ASSOCIATED OBD MONITORS

The OBD monitorslisted in thisannex areintended to cover all of the emission control sysem eementsthat
are being congdered currently by engine manufacturers for compliance with emissons limits in the year
2010 and later timeframe. The expectation isthat no engine would be equipped with dl of these emissions
control system elements but would, instead, be equipped with some subset of eements found here. As
such, the monitors noted here have implied with them the phrase "if equipped” and/or "if gpplicable’.

The intention behind this lis of OBD monitors is not that al of these emissons control system eements
necessarily be monitored, even where gpplicable. Insteed, the ligt is meant to inform both the engine
manufacturer and the certification authority of the types of monitors that should be consdered by and
would, presumably, be present in arobustly designed OBD system. The gtr dlows that an engine can be
gpproved or certified by the certification authority without certain OBD monitors provided a specific set of
criteriacan be demongtrated by the manufacturer. These criteriacould include emissons effectsrelativeto
emissonslimitswhich, asof now, are stipulated by regiona regulaion. These criteriacould dsoincludethe
case where one monitor is capable of detecting multiple mafunctions.

For these reasons, the expectation is that the OBD monitors will be, for now, handled largely through
regiond regulations and regiona implementation policies. When the time comes where regiona emissions
limitsare equivaent and measured over aworld harmonized test cycle, the expectation would bethat OBD
monitoring requirements and threshold levels could be harmonized.
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Annex 3 - Appendix 1

ELECTRIC/ ELECTRONIC COMPONENTS MONITORING

Electric / eectronic components used to control or monitor the emission control systems described in this
annex shdl be subject to Component Monitoring according to the provisons of paragraph4.1. of this
module. Thisincludes, butisnot limited to, pressure sensors, temperature sensors, exhaust gas sensors, in-
exhaust fuel or reductant injector(s), in-exhaust burnersor heating eements, glow plugs, intake air hesters.

Wherever afeedback control loop exists, the OBD system shal monitor the system's ability to maintain
feedback control asdesigned (e.g., to enter feedback control within amanufacturer specified timeinterva,
system fails to maintain feedback control, feedback control has used up dl the adjustment alowed by the
manufacturer) — component monitoring.
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Annex 3 - Appendix 2

DIESEL PARTICULATE FILTER (DPF), OR PARTICULATE MATTER TRAP

The OBD system shdl monitor the following dements of the DPF system on engines so-equipped for
proper operation:

DPF substrate: the presence of the DPF substrate — totd functiona failure monitoring
DPF performance: particulate accumulation during the filtering process and particulate
removal during the forced regeneration process — performance monitoring (for example,
evauation of measurable DPF properties such as backpressure or differentia pressure,
which may not detect dl failure modes that reduce trapping efficiency).

The following enhanced monitoring requirements may aso be introduced into regiond regulation, where
determined to be technicaly feasble by a Contracting Party at the time of introduction of thet regulation:

DPFfiltering performance: thefiltering capability of the DPF. Thisrequirement would apply
to PM emissions only — emisson threshold monitoring.

DPF forced regeneration excessve frequency: the frequency of forced regeneration events
(i.e, those regeneration events that are initiated via a driver selectable switch or activator
and/or those initiated by computer software). This requirement would apply to HC and
possibly CO emissions — performance monitoring.

DPF incomplete forced regeneration: forced regeneration events for completeness —
performance monitoring.

DPF HC and CO conversion efficiency: the ability of the DPF to convert HC and CO as
required for compliance with emissions limits— emisson threshold monitoring.

DPF activelintrusive reductant injection system: the system's ability to regulate reductant
delivery properly, whether ddivered viaan in-exhaugt injection or anin-cylinder injection—
component monitoring.
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SELECTIVE CATALYTIC REDUCTION (SCR) AND LEAN NOX CATALY ST MONITORING

The OBD system shal monitor the following eements of the SCR system on engines so-equipped for
proper operation:

- activelintrusive reductant injection system: the system's ability to regulate reductant ddivery
properly, whether delivered via an in-exhaust injection or an in-cylinder injection —
performance monitoring.

- adtivelintrusvereductant: the quantity inthetank, the proper consumption and thequaity of
the reductant if a reductant other than fue is used (e.g., ureg) — performance monitoring.

The following enhanced monitoring requirements may aso be introduced into regiond regulation, where
determined to be technicaly feasble by a Contracting Party at the time of introduction of thet regulation:
- SCR cadyst converson efficiency: the catayst's ability to convert NOx - emisson
threshold monitoring.
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LEAN-NOX TRAP (LNT, OR NOX ADSORBER)

The OBD system shdl monitor the following ements of the LNT system on engines so-equipped for
proper operation:
- LNT capability: the LNT system'sability to adsorb/store and convert NOx — performance
monitoring.
- LNT active/intrusive reductant injection system: the system'’s ability to regulate reductant
delivery properly, whether ddivered viaan in-exhaugt injection or anin-cylinder injection—
performance monitoring.

The following enhanced monitoring requirements may aso be introduced into regiond regulation, where
determined to be technically feasible by a Contracting Party at the time of introduction of that regulation:
- LNT capability: the LNT system's ability to adsorb/store and convert NOx — emisson
threshold monitoring.
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DIESEL OXIDATION CATALYST (DOC) MONITORING

The OBD system shdl monitor the following eements of the DOC on engines so-equipped for proper
operation:
- HC and CO conversion efficiency: the DOC's ability to convert HC and CO upstream of
other after-trestment devices- totd functiond failure monitoring.
- HC and CO conversion efficiency: the DOC's ability to convert HC and CO downstream
of other after-trestment devices— total functiona failure monitoring.

The following enhanced monitoring requirements may aso be introduced into regiona regulation, where
determined to be technically feasible by a Contracting Party at the time of introduction of that regulation:

- HCand CO conversion efficiency: the DOC's ahility to convert HC and CO upstream of
other after-treatment devices — emisson threshold monitoring.

- Other aftertreatment assstance functions — catdysts upstream of other aftertreatment
devices. the DOC's ahility to generate an exotherm when used for that purpose (eg., to
assg in particulate filter regeneration); the DOC's ahility to generate a necessary feedgas
composition when used for that purpose (e.g., toincrease NO2 concentration upstream of
aurea selective cataytic reduction system (SCR)) — performance monitoring.

- Other aftertrestment assistance functions — DOCs downstream of other aftertrestment
devices: the DOC's ahility to convert HC and CO - tota functiond failure monitoring.
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EXHAUST GAS RECIRCULATION (EGR) SYSTEM MONITORING

The OBD system shdl monitor the following dements of the EGR system on engines so-equipped for
proper operation:

- EGR low/high flow: the EGR system's ability to maintain the commanded EGR flow rate,
detecting both "flow rate too low" and "flow rate too high" conditions— emission threshold
monitoring.

- EGR dow response: the EGR system'sability to achievethe commanded flow ratewithina
manufacturer specified timeinterva following the commeand — performance monitoring.

- EGR cooler undercooling performance: the EGR cooler system's ability to achieve the
manufacturer's specified cooling performance — performance monitoring

The following enhanced monitoring requirements may aso be introduced into regiond regulation, where
determined to be technicaly feasible by a Contracting Party at the time of introduction of thet regulation:
- EGR dow response: the EGR system's ahility to achieve the commanded flow ratewithina
manufecturer specified time intervd following the command — emisson threshold
monitoring.
- EGR cooler performance: the EGR cooler system's ability to achieve the manufacturer's
specified cooling performance — emission threshold monitoring.
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Appendix 7

FUEL SYSTEM MONITORING
(To be developed)

Appendix 8

AIR HANDLING AND TURBOCHARGER/BOOST PRESSURE CONTROL SYSTEM
(To be developed)

Appendix 9

VARIABLE VALVE TIMING (VVT) SYSTEM
(To be developed)

Appendix 10

MISFIRE MONITORING
(To be developed)

A ix 11

CRANKCASE VENTILATION SYSTEM MONITORING
(To be developed)

A ix 12

ENGINE COOLING SYSTEM MONITORING
(To be developed)

Appendix 13

EXHAUST GAS SENSOR MONITORING
(To be developed)

Appendix 14

IDLE SPEED CONTROL SYSTEM MONITORING
(To be developed)

Appendix 15

OTHER EMISSIONS CONTROL SYSTEM MONITORING
(To be developed)
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TEST PROTOCOL

(Annex to be reviewed)
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INFORMATION CONCERNING THE OBD SYSTEM

WWH-0OBD TEST PROTOCOL

Examination in accordance with gtr concerning the approva
of vehicles with regard to the emissonrelated OBD
requirements of module 1 by the engine according to engine
fud requirements

Draft gtr including amendment until Supplement 1

Emission-OBD family OBD description

Vehicle type
;;‘lrlji.c]k XYZ Issue; 22-05-2005

. : Veson: Bads
OBD Engine sysem:
Example ABC
Vehicle type:
Bus UVW |ssUE: ....-....-2006
[na]

. Verson: Update 01
OBD Engine system:

Example ABC, DEF, GHI
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INFORMATION CONCERNING THE CONFORMITY OF THE OBD SYSTEM

Documentation package

The dements provided by the manufacturer in the documentation package of the

emisson-OBD family, is complete and complies with the requirements of

paragraph 8. of module C of the referenced gtr, on the following issues:

- documentation associated with each monitored component or system
documentation associated with each DTC

- documentation associated with the melfunction classfication

- documentation associated with the emission-OBD engine family

YES/NO

YES/NO
YES/NO

Thedocumentation for ingaling in avehiclean OBD equipped engine system has
been provided by the manufecturer in the documentation package of the
emisson-OBD family, is complete and complies with the requirements of
paragraph 8. of module C of the referenced gtr

YES/NO

If not, the ingtdlation of the engine system equipped with the OBD system has
been certified

YES/NO

Content of the documentation

The monitors, the mafunction classfication, the indication, the activetion
and the extinguishing of the mafunction indicator and to the storage and
erasang of DTCs comply with the requirements of paragraph 4. of module
C of the reference gtr

YES/NO

MI illumination scheme

According to paragraph 4.5.3. of the reference gtr, the MI-illumination
schemeis

Discriminatory /
Nont discriminatory

Dissblement of the OBD system:

The strategies described in the documentation package for amomentary YES/NO
disconnection or dissblement of the OBD system comply with the

requirements of paragraph 5.2. of the reference gtr

Electronic system security

Themeasures described by the manufacturer for € ectronic system security YES/NO

comply with the requirements of paragraph 4.8. of the reference gtr
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INFORMATION CONCERNING DEFICIENCIES

Number of deficienciesof OBD system submitted by the manufacturer

(ex: 4 deficiencies)

They comply with the requirements of paragraph 6.4. of thereference

Deficiency Nr.n:
Object of the deficiency

Period of deficiency

(Description of deficiencies2to n+-1)

gtr YES/NO

Deficiency Nr.1: Ce

Object of the deficiency (ex: measuring of the
Urea concentration
(SCR) within defined
tolerances

Period of deficiency

(ex: two years after the
date of certification)

(ex: Measuring of NH3
concentration behind
SCR system)

(ex: three years after
the date of
certification)
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DEMONSTRATION TESTS OF THE OBD SYSTEM

1 Test result of the OBD system

Results of the tests

The OBD system described in the above complying documentation
package has been tested with success according to Paragraph 6 of the
referenced gtr for demongrating the compliance of a sdection of YES/NO
monitors and of mafunction classfications

Details to the conducted demongtration tests are given in the attachment.

1.1. Tested OBD system

Engine
Engine type:
Engine number:

Engine ECU
Type and marking:

SCR control unit
Type and marking:

Diagnodtic tool
Manufacturer:

Type:
Software/ Verson:

Test information
Test conditions:
Place and Date:

2. Demondration tests of ingdlation of the OBD system

In addition to the demongtration of the OBD system, the ingtdlation of
the OBD system has been tested on a vehicle, according to the YES/NO
provisons of Annex 1 of the referenced gtr
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2.1. Test result of the ingdlation OBD system

The dements provided by the manufacturer in the documentation
package of the emisson-OBD family, is complete and complies with
the requirements of paragraph 8 of module C of the referenced gtr, on
the following issues:

- documentation associated with each monitored component or

according to Annex 1 to the referenced gtr

system documentation associated with each DTC YES/NO
- documentation associated with the malfunction classfication YES/NO
- documentation associated with the emisson-OBD engine family
YES/NO
Results of the test
The ingdlation of the OBD system has been tested with success YES/NO

Details to the conducted demongtration tests are given in the attachment.

2.2. Tested ingtalation

Tested vehide
Vehicletype:
Vehicle Identification No. (VIN):

Diagnodtic tool
Manufacturer:
Type:

Software/ Verson:

Tes information
Test conditions:
Place and Date:
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FINAL CERTIFICATE

The documentation package and the herewith described OBD systern comply with the requirements of the
referenced gtr.

Test laboratory accredited by the accreditationbody of ..o,
under ............... - regigration-No. ABC — 12345 - 2005.

A duplication and apublication in extracts of the test report is not alowed without the written permission
of the testing laboratory.

The test report encompasses pages 1 to 5.

Place, Daae  .............
Order-No.:  .............

Dipl.-ENgineer .......ccoceevvvvvenenne,

Respongble technicad service
Emissions, engine performance, fuel consumption

Enclosures.
Attachment (4 pages)



