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The title of the regulatigramend to read:

"Uniform provisions concerning the measures toddem against the emission of gaseous
and particulate pollutants from compression-ignitengines and positive ignition engines
for use in vehicles"

The text of the Regulatioamend to read:

1.

1.1.

1.2.

2.1.

2.2.

2.3.

2.4.

Scope

This Regulation shall apply to motor vehictésategories M M,, N; and
N, with a reference mass exceeding 2,610 kg andltmator vehicles of
categories Mand N

At the request of the manufacturer, the type-apgirof a completed vehicle

given under this Regulation shall be extendedstinitomplete vehicle with a

reference mass below 2,610 kg. Type-approvals dimllextended if the

manufacturer can demonstrate that all bodywork é¢oations expected to be
built onto the incomplete vehicle increase thereiee mass of the vehicle to
above 2,610 kg.

At the request of the manufacturer, the type-aygdr of a vehicle granted
under this Regulation shall be extended to itsavdasi and versions with a
reference mass above 2,380 kg provided that it misets the requirements
relating to the measurement of greenhouse gas iemsssand fuel
consumption in accordance with paragraph 4.2.iefRiegulation.

Equivalent approvals

The following do not need to be approved accordimghis Regulation:
engines mounted in vehicles of up to 2,840 kg exfee mass to which an
approval to Regulation No. 83 has been grantech &&nsion.

Definitions

For the purposes of this Regulation the followimginitions shall apply:

"Ageing cycle means the vehicle or engine operation (speed, jpawer) to
be executed during the service accumulation period;

"Approval of an engine (engine familyneans the approval of an engine
type (engine family) with regard to the level oétbmission of gaseous and
particulate pollutants, smoke and the on-boardrdiatic (OBD) system;

"Approval of a vehiclemeans the approval of vehicle type with regartht®
level of the emission of gaseous and particulatRifamts and smoke by its
engine as well as the on-board diagnostic (OBD}esysand the engine
installation on the vehicle;

"Auxiliary Emission Stratedy (AES) means an emission strategy that
becomes active and replaces or modifies a basesiemistrategy for a
specific purpose and in response to a specifiofsambient and/or operating
conditions and only remains operational as lonthase conditions exist;

As defined in Annex 7 to the Consolidated Resotutin the Construction of Vehicles (R.E.3),
document TRANS/WP.29/78/Rev.1/Amend.2, as last aleeiy Amend.4).
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2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

2.13.

2.14.

2.15.

2.16.

2.17.

'‘Base Emission StrategyBES) means an emission strategy that is active
throughout the speed and load operating rangeecétigine unless an AES is
activated;

"Continuous regeneratidnmeans the regeneration process of an exhaust
aftertreatment system that occurs either permanentlat least once per
World Harmonised Transient Driving Cycle (WHTC) tspart test;

'Crankcase& means the spaces in, or external to, an enginehware
connected to the oil sump by internal or externaitsl through which gases
and vapours can be emitted;

"Critical emission-related componehtsneans the following components
which are designed primarily for emission contesly exhaust aftertreatment
system, the ECU and its associated sensors anatactyand the exhaust gas
recirculation (EGR) system including all relatedtefis, coolers, control
valves and tubing;

‘Critical emission-related maintenaricemeans the maintenance to be
performed on critical emission-related components;

'Defeat stratedy means an emission strategy that does not meet the
performance requirements for a base and/or auxikamission strategy as
specified in this annex;

'deNQ systerh means an exhaust aftertreatment system designestitice
emissions of oxides of nitrogen (NO(e.g. passive and active lean NO
catalysts, NQadsorbers and selective catalytic reduction (S&3Rems)

'‘Diagnostic trouble code(DTC) means a numeric or alphanumeric identifier
which identifies or labels a malfunction;

'Driving cyclé' means a sequence consisting of an engine stadparating
period (of the vehicle), an engine shut-off, anel time until the next engine
start;

'‘Element of designmeans in respect of a vehicle or engine:
(@  Any element of the engine system;

(b)  Any control system, including: computer softesaglectronic control
systems; and computer logic;

(c)  Any control system calibration; or
(d)  The results of any interaction of systems.

‘Emission control monitoring systémeans the system that ensures correct
operation of the N@control measures implemented in the engine system
according to the requirements of paragraph 5.5.

"Emission control systémmeans the elements of design and emission
strategies developed or calibrated for the purpdsentrolling emissions;

'‘Emission related maintenariceneans the maintenance which substantially
affects emissions or which is likely to affect esiims deterioration of the
vehicle or the engine during normal in-use opergtio

'Emission stratedymeans an element or set of elements of designisha
incorporated into the overall design of an engiysteam or vehicle and used
in controlling emissions;
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2.18.

2.19.

2.20.

2.21.

2.22.

2.23.

2.24.

2.25.

2.26.

2.27.

2.28.

2.29.

2.30.

2.31.

2.32.

'‘Engine aftertreatment system farhilpeans a manufacturer’s grouping of
engines that comply with the definition of engiremily, but which are
further grouped into engines utilising a similahaxst aftertreatment system;

'‘Engine family means a manufacturer’s grouping of engines wtticbugh
their design, as defined in paragraph 7 of this uRemn, have similar
exhaust emission characteristics;

'‘Engine systefnmeans the engine, the emission control system thed
communication interface (hardware and messagesyeket the engine
system electronic control unit or units (ECU) anmdy ather powertrain or
vehicle control unit;

'Engine start consists of the ignition-On, cranking and stdrtombustion,
and is completed when the engine speed reachemiitBtbelow the normal,
warmed-up idle speed;

'‘Engine typk means a category of engines which do not diffeessential
engine characteristics as set out in Annex 1;

'‘Exhaust aftertreatment systémmeans a catalyst (oxidation, 3-way or any
other), particulate filter, deNGsystem, combined deNQ@articulate filter, or
any other emission reducing device, that is instaldownstream of the
engine;

'‘Gaseous pollutantsmeans the exhaust gas emissions of carbon maosoxid
NOy, expressed in NOequivalent, hydrocarbons (i.e. total hydrocarbons,
non-methane hydrocarbons and methane);

'‘General Denominatdrmeans a counter indicating the number of times a
vehicle has been operated, taking into accountrgeoenditions;

'‘Group of monitors means, for the purpose of assessing the in-use
performance of an OBD engine family, a set of OBDnitors used for
determining the correct operation of the emissiomtio| system;

‘Ignition cycle countér means a counter indicating the number of engine
starts a vehicle has experienced;

'In-Use performance ratfo(IUPR) means the ratio of the number of times
that the conditions have existed under which a toondr group of monitors,
should have detected a malfunction relative torthmber of driving cycles
relevant for the operation of that monitor or graipnonitors;

‘Low speed (K" means the lowest engine speed where 50 per deheo
declared maximum power occurs;

‘Malfunctior means a failure or deterioration of an engingesys including
the OBD system, that might reasonably be expeabetbdd either to an
increase in any of the regulated pollutants emittgdhe engine system or to
a reduction in the effectiveness of the OBD system;

‘Malfunction indicatot (MI) means an indicator which is part of the aler
system and which clearly informs the driver of thhicle in the event of a
malfunction;

'‘Manufacturel means the person or body who is responsibleg@giproval

authority for all aspects of the type-approval otharisation process and for
ensuring conformity of production. It is not essainthat the person or body
be directly involved in all stages of the constimctof the vehicle, system,



ECE/TRANS/WP.29/2012/45

2.33.

2.34.

2.35.

2.36.

2.37.

2.38.

2.39.

2.40.

2.41.

2.42.

2.43.

2.44.

component or separate technical unit which is tilgiest of the approval
process;

'Maximum net powé&means the maximum value of the net power measured
at full engine load;

‘Net powet means the power obtained on a test bench at rideoé the
crankshaft or its equivalent at the correspondimgjree or motor speed with
the auxiliaries according to UN/ECE Regulation 8%l aletermined under
reference atmospheric conditions;

'‘Non-emission-related maintenaficeeans the maintenance which does not
substantially affect emissions and which does awela lasting effect on the
emissions deterioration of the vehicle or the eagiluring normal in-use
operation once the maintenance is performed;

'On-board diagnostic systeénfOBD system) means a system on-board of a
vehicle or engine which has the capability of:

(a) Detecting malfunctions, affecting the emissimerformance of the
engine system;

(b) Indicating their occurrence by means of antalgstem; and

(c) Identifying the likely area of the malfunctitwy means of information
stored in computer memory and communicating thiatrination off-
board.

'OBD engine familyy means a manufacturer’s grouping of engine systems
having common methods of monitoring and diagnosémgission-related
malfunctions;

'‘Operating sequentemeans a sequence consisting of an engine start, a
operating period (of the engine), an engine shijtasid the time until the
next start, where a specific OBD monitor runs tomptetion and a
malfunction would be detected if present;

'Original pollution control devicé means a pollution control device or an
assembly of such devices covered by the type-apprgranted for the
vehicle concerned;

'Parent engin& means an engine selected from an engine familuch a
way that its emissions characteristics will be espntative for that engine
family;

'Particulate aftertreatment deviteneans an exhaust aftertreatment system
designed to reduce emissions of particulate paitsta(PT) through a
mechanical, aerodynamic, diffusional or inertighation;

'Particulate matter (PM) means any material collected on a specifiedrfilte
medium after diluting exhaust with a clean filterditbent to a temperature
between 315 K (42 °C) and 325K (52 °C); this isimarily carbon,
condensed hydrocarbons, and sulphates with assdaistter;

'Per cent loatl means the fraction of the maximum available terga an
engine speed;

'Performance monitorifgmeans malfunction monitoring, that consists of
functionality checks and the monitoring of parametdat are not directly
correlated to emission thresholds, and that is doneomponents or systems
to verify that they are operating within the propamge;
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2.45,

2.46.

2.47.

2.48.

2.49.

2.50.

2.51.

2.52.

2.53.

2.54.

2.55.

2.56.

2.57.

2.58.

'Periodic regeneratioh means the regeneration process of an emission
control device that occurs periodically in lessnthB00 hours of normal
engine operation;

'Portable emissions measurement syStefREMS) means a portable
emissions measurement system meeting the requitemgpecified in
Appendix 2 to Annex 8 of this Regulation;

'Power take-off unitmeans an engine driven output device for the paep
of powering auxiliary, vehicle mounted, equipment;

'‘Qualified deteriorated component or systf@DC) means a component or
system that has been intentionally deteriorateth siscby accelerated ageing
or by having been manipulated in a controlled maramel which has been
accepted by the approval authority according to phavisions set out in
paragraph 6.3.2. of Annex 9B and paragraph A.8.8f2Appendix 8 to
Annex 9B to this Regulation for use when demonistgatthe OBD
performance of the engine system;

'Reagerit means any medium that is stored on-board thecleln a tank
and provided to the exhaust aftertreatment sysiereduired) upon request
of the emission control system;

'Recalibratioi means a fine tuning of a ¢ engine in order tovige the
same performance (power, fuel consumption) in teiht range of natural
gas;

'Reference ma%aneans the mass of the vehicle in running ordss le
uniform mass of the driver of 75 kg and increasgé luniform mass of 100

kg;

'Replacement pollution control deviceeans a pollution control device or
an assembly of such devices intended to replaagigimal pollution control
device and which can be approved as a separatei¢athnit;

'Scan-todl means external test equipment used for stancatdif-board
communication with the OBD system in accordancé wie requirements of
this Regulation;

'Service accumulation scheduleneans the ageing cycle and the service
accumulation period for determining the deteriamatiactors for the engine-
aftertreatment system family;

"Tailpipe emissiorfs means the emission of gaseous and particulate
pollutants;

"Tampering means inactivation, adjustment or modificationtioé vehicle
emissions control or propulsion system, includiny aoftware or other
logical control elements of those systems, that ties effect, whether
intended or not, of worsening the emissions peréoree of the vehicle;

‘Unladen massmeans the mass of the vehicle in running ordéhauit the
uniform mass of the driver of 75 kg, passengertoad, but with the fuel
tank 90 per cent full and the usual set of toold apare wheel on board,
where applicable;

'‘Useful lif¢' means the relevant period of distance and/or tawer which
compliance with the relevant gaseous and partiewgatission limits has to
be assured,;
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2.59.

2.60.

2.61.

2.61.

3.1

3.1.1.

3.1.2.

3.1.3.

3.1.4.

‘Vehicle type with regard to emissiémaeans a group of vehicles which do
not differ in essential engine and vehicle chargsties as set out in Annex 1;

'‘Wall flow Diesel Particulate Filtér means a Diesel Particulate Filter
("DPF") in which all the exhaust gas is forced lwaf through a wall which
filters out the solid matter;

‘Wobbe index (lower WI; or upper Wuheans the ratio of the corresponding
calorific value of a gas per unit volume and theissg root of its relative
density under the same reference conditions:

W = H gas>< \/ pair/pgas

"A-shift factor (9" means an expression that describes the requexithifity
of the engine management system regarding a ctadribe excess-air ratio

if the engine is fuelled with a gas compositiorfefiént from pure methane
(see Appendix 5 to Annex 4 for the calculation gf S

Application for approval

Application for type-approval of an engine ystem or engine family as a
separate technical unit

The manufacturer or his authorized represieet shall submit to the
Approval Authority an application for type-approwafl an engine system or
engine family as a separate technical unit.

The application referred to in paragraph.13.3shall be drawn up in
accordance with the model of the information docuoiveet out in Annex 1.
For that purpose Part 1 of Annex 1 shall apply.

Together with the application, the manufaatu shall provide a

documentation package that fully explains any etgmaf design which

affects emissions, the emission control strategyhef engine system, the
means by which the engine system controls the owtiables which have a
bearing upon emissions, whether that control isadior indirect, and fully

explains the warning and inducement system requisegaragraphs 4 and 5
of Annex 11. The documentation package shall coosighe following parts

including the information set out in paragraph 4.1.

(@ A formal documentation package that shall bwimed by the
Approval Authority. The formal documentation packagay be made
available to interested parties upon request.

(b)  An extended documentation package that shaflane confidential.
The extended documentation package may be kephdéypproval
Authority or be retained by the manufacturer, & discretion of the
Approval Authority, but shall be made available faspection by the
Approval Authority at the time of approval or atyatime during the
validity of the approval. When the documentatiockaaye is retained
by the manufacturer, the Approval Authority shalke the necessary
measures to ensure that the documentation is riog ladtered after
approval.

In addition to the information referred te iparagraph 3.1.3., the
manufacturer shall submit the following information
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3.1.5.

3.1.6.

3.2.

3.2.1.

3.2.2.

3.2.3.

(a) In the case of positive-ignition engines, a laetion by the
manufacturer of the minimum percentage of misfioes of a total
number of firing events that either would result @missions
exceeding the limits set out in Annex 9A if thatgetage of misfire
had been present from the start of the emissidrageset out in Annex
4 or could lead to an exhaust catalyst, or catalysterheating prior to
causing irreversible damage;

(b) A description of the provisions taken to preveampering with and
modification of the emission control computer(sicluding the
facility for updating using a manufacturer-approvebgramme or
calibration;

(c) Documentation of the OBD system, in accordaneih the
requirements set out in paragraph 8. of Annex 9B;

(d) OBD related information for the purpose of asdo OBD, in
accordance with the requirements of Annex 14 af Regulation;

(e) A Statement of Off-Cycle Emission compliance,ithw the
requirements of paragraph 5.1.3. and paragrapbf#hnex 10;

) A Statement of OBD in-use Performance complégnevith the
requirements of Appendix 2 to Annex 9A;

(@) The initial plan for in-service testing accorgito paragraph 2.4. of
Annex 8;

(h)  Where appropriate, copies of other type-apdsowdth the relevant
data to enable extension of approvals and estabdish of
deterioration factors.

The manufacturer shall submit to the tedinservice responsible for the
type-approval tests an engine or, as appropriatepagent engine
representative of the type to be approved.

Changes to the make of a system, componesgparate technical unit that
occur after a type-approval shall not automaticedlalidate a type-approval,
unless its original characteristics or technicabpzeters are changed in such
a way that the functionality of the engine or ptilo control system is
affected.

Application for type-approval of a vehicle wih an approved engine
system with regard to emissions

The manufacturer or his authorized represieet shall submit to the
Approval Authority an application for type-approval a vehicle with an
approved engine system with regard to emissions.

The application referred to in paragraph.13.%hall be drawn up in
accordance with the model of the information docoivset out in Part 2 of
Annex 1. This application shall be accompanied bgopy of the type-
approval certificate for the engine system or eadiamily as a separate
technical unit.

The manufacturer shall provide a documestigtiackage that fully explains
the elements of the warning and inducement systernis on board of the
vehicle and required by Annex 11. This documentajackage shall be
provided in accordance with paragraph 3.1.3.
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3.2.4.

3.2.5.

3.3.

3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.3.5.

3.3.6.

3.4.

3.4.1.

In addition to the information referred to iparagraph 3.2.3., the
manufacturer shall submit the following information

(@) A description of the measures taken to prevamipering with and
modification of the vehicle control units covered this Regulation,
including the facility for updating using a manuiaer-approved
programme or calibration;

(b) A description of the OBD components on boardth@ vehicle, in
accordance with the requirements of paragraph 8naex 9B;

(c) Information related to the OBD components omrdoof the vehicle
for the purpose of access to OBD;

(d)  Where appropriate, copies of other type-apfdeowdth the relevant
data to enable extension of approvals.

Changes to the make of a system, compomesgparate technical unit that
occur after a type-approval shall not automaticedlalidate a type-approval,
unless its original characteristics or technicabpzeters are changed in such
a way that the functionality of the engine or ptila control system is
affected.

Application for type-approval of a vehicle wih regard to emissions

The manufacturer or his authorized represieet shall submit to the
Approval Authority an application for type-approwala vehicle with regard
to emissions.

The application referred to in paragraph.13.3hall be drawn up in
accordance with the model of the information docuoiveet out in Annex 1.
For that purpose Part 1 and Part 2 of that AnnaX apply.

The manufacturer shall provide a documestigtiackage that fully explains
any element of design which affects emissions.etinésion control strategy
of the engine system, the means by which the engyséem controls the
output variables which have a bearing upon emissiwhether that control is
direct or indirect, and fully explains the warniagd inducement system
required by Annex 11. This documentation packagal dbe provided in
accordance with paragraph 3.1.3.

In addition to the information referred te iparagraph 3.3.3., the
manufacturer shall submit the information requibgdparagraph 3.1.4. (a) to
(h) and paragraph 3.2.4. (a) to (d).

The manufacturer shall submit to the tedinservice responsible for the
type-approval tests an engine representative dyffeto be approved.

Changes to the make of a system, componmesgparate technical unit that
occur after a type-approval shall not automaticeilalidate a type-approval,
unless its original characteristics or technicabpzeters are changed in such
a way that the functionality of the engine or ptilo control system is
affected.

Application for type-approval of a type of legement pollution control
device as a separate technical unit

The manufacturer shall submit to the Appkduathority an application for
type-approval of a type of replacement pollutiomtcol device as a separate
technical unit.
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3.4.2.

3.4.3.

3.4.4.

3.4.5.

3.4.6.

3.4.7.

4.1.

4.2.

10

The application shall be drawn up in accecdawith the model of the
information document set out in Appendix 1 to And&x

The manufacturer shall submit a Statementcofpliance with the
requirements on access to OBD information.

The manufacturer shall submit to the teckinservice responsible for the
type-approval test the following:

(a) an engine system or engine systems of a typeeg@d in accordance
with this Regulation equipped with a new originajupment
pollution control device;

(b)  one sample of the type of the replacement pofilcontrol device;

(c) an additional sample of the type of the reptaest pollution control
device, in the case of a replacement pollution rabrtevice intended
to be fitted to a vehicle equipped with an OBD eyst

For the purposes of point (a) of paragraph43 the test engines shall be
selected by the applicant with the agreement ofjyigroval Authority.

The test conditions shall comply with the requiretseset out in paragraph 6.
of Annex 4.

The test engines shall respect the following resnénts:
a) they shall have no emission control system dgfec

b) any malfunctioning or excessively worn emissietated original part
shall be repaired or replaced;

C) they shall be tuned properly and set to the rizanurer’'s specification
prior to emission testing.

For the purposes of points (b) and (c) chgeaph 3.4.4., the sample shall be
clearly and indelibly marked with the applicantade name or mark and its
commercial designation.

For the purposes of point (c) of paragraph43 the sample shall be a
qualified deteriorated component.

Approval

In order to receive a type-approval of an eagiystem or engine family as a
separate technical unit, type-approval of a vehicllln an approved engine
system with regard to emissions, or a type-approfal vehicle with regard
to emissions, the manufacturer shall, in accordavitethe provisions of this
Regulation demonstrate that the vehicles or engyséems are subject to the
tests and comply with the requirements set ouairagraph 5 and Annexes 4,
6, 7, 9A, 9B, 9C, 10, 11, and 12. The manufactgleall also ensure
compliance with the specifications of referencddiget out in Annex 5.

In order to receive type-approval of a vehicle hwdn approved engine
system with regard to emissions or a type-approta vehicle with regard
to emissions the manufacturer shall ensure cong@iarith the installation
requirements set out in paragraph 6.

In order to receive an extension of the typpraval of a vehicle with regard
to emissions type-approved under this Regulatioth i reference mass
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4.3.
4.4,
4.5.

4.6.

4.6.1.

4.6.2.

4.6.3.

exceeding 2,380 kg but not exceeding 2,610kg theufaaturer shall meet
the requirements set out in Appendix 1 to Annex 12.

Reserved
Reserved

In order to receive a type-approval of an eagystem or engine family as a
separate technical unit or a type-approval of aickehwith regard to
emissions, the manufacturer shall ensure compliavitte the requirements
on fuel range for a universal fuel approval or ase of a positive ignition
engine fuelled with natural gas and LPG a restlidteel range approval as
specified in paragraph 4.6.

Requirements on universal fuel range type-appwal

A universal fuel range approval shall be granteljestt to the requirements
specified in paragraphs 4.6.1. to 4.6.6.1.

The parent engine shall meet the requiresnehtthis Regulation on the
appropriate reference fuels specified in AnnexfecHic requirements shall
apply to natural gas fuelled engines, as laid dowparagraph 4.6.3.

If the manufacturer permits to operate thgiree family to run on market
fuels not covered by the reference fuels includednnex 5 or the relevant
market fuel standards (for example EN 228 CEN siedlin the case of
unleaded petrol and EN 590 CEN standard in the chdliesel), such as
running on B100, the manufacturer shall, in additio the requirements in
paragraph 4.6.1.:

(a) Declare the fuels the engine family is capdbleun on in paragraph
3.2.2.2.1. of Part 1 of Annex 1;

(b) Demonstrate the capability of the parent engiboe meet the
requirements of this Regulation on the fuels declar

(c) Be liable to meet the requirements of in-sexrvionformity specified
in paragraph 9. on the fuels declared, including leland between the
declared fuels and the relevant market fuels aavudstrds.

In the case of a natural gas fuelled entieenanufacturer shall demonstrate
the parent engines capability to adapt to any doehposition that may occur
across the market.

In the case of natural gas there are generallytywes of fuel, high calorific
fuel (H-gas) and low calorific fuel (L-gas), buttivia significant spread
within both ranges; they differ significantly inein energy content expressed
by the Wobbe Index and in theirshift factor ($). Natural gases with &
shift factor between 0.89 and 1.08 (089, < 1.08) are considered to belong
to H-range, while natural gases withahift factor between 1.08 and 1.19
(1.08< S, < 1.19) are considered to belong to L-range. Thepasition of
the reference fuels reflects the extreme variatars.

2 This paragraph is reserved for future heavy-duigi-duel engine approvals.

3 This paragraph is reserved for alternative provisirelating to alternative light-duty OBD and Nébatrol
requirements.

11
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4.6.3.1.

4.6.4.

4.6.4.1.

4.6.5.

4.6.6.

The parent engine shall meet the requirements isf Regulation on the

reference fuels g(fuel 1) and Gs (fuel 2), as specified in Annex 5, without
any readjustment to the fuelling between the twststeOne adaptation run
over one WHTC hot cycle without measurement is igechafter the change
of the fuel. After the adaptation run the enginalishe cooled down in

accordance with paragraph 7.6.1. of Annex 4.

At the manufacturer's request the engiag Ine tested on a third fuel (fuel 3)
if the A-shift factor (3) lies between 0.89 (that is the lower range gf &d
1.19 (that is the upper range ofsfs for example when fuel 3 is a market
fuel. The results of this test may be used as & lbasthe evaluation of the
conformity of the production.

In the case of an engine fuelled with natgaa which is self-adaptive for the
range of H-gases on the one hand and the rangegabé&s on the other hand,
and which switches between the H-range and thenbeey means of a
switch, the parent engine shall be tested on tlevaet reference fuel as
specified in Annex 5 for each range, at each pwsitif the switch. The fuels
are G (fuel 1) and Gs (fuel 3) for the H-range of gases angk Guel 2) and
G,3 (fuel 3) for the L-range of gases. The parent eagshall meet the
requirements of this Regulation at both positiohshe switch without any
readjustment to the fuelling between the two tedt®ach position of the
switch. One adaptation run over one WHTC hot cyakout measurement
is permitted after the change of the fuel. Afte #daptation run the engine
shall be cooled down in accordance with paragrapt 7of Annex 4.

At the manufacturer's request the engiag Ine tested on a third fuel instead
of Gy3 (fuel 3) if theA-shift factor () lies between 0.89 (that is the lower
range of G) and 1.19 (that is the upper range @f)Gfor example when fuel
3 is a market fuel. The results of this test mayused as a basis for the
evaluation of the conformity of the production.

In the case of natural gas engines, the ohtihe emission results "r" shall be
determined for each pollutant as follows:

emission result on reference fuel 2

emission result on reference fuel 1

or,

emission result on reference fuel 2

I'J| = = .
emission result on reference fuel 3

and,

emission result on reference f 1

I —
emission result on reference fuel 3

In the case of LPG the manufacturer shathatestrate the parent engines
capability to adapt to any fuel composition thatyroacur across the market.

In the case of LPG there are variations in C3/C4nmusition. These
variations are reflected in the reference fuelse Parent engine shall meet
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the emission requirements on the reference fuelné B as specified in
Annex 5 without any readjustment to the fuellingvieen the two tests. One
adaptation run over one WHTC hot cycle without nueashent is permitted
after the change of the fuel. After the adaptation the engine shall be
cooled down in accordance with paragraph 7.6.Anofex 4.

4.6.6.1. The ratio of emission results "r* shall determined for each pollutant as
follows:

emission result on reference fuel B

r= —
emission result on reference f A
4.7. Requirements on restricted fuel range typeam@ in case of positive
ignition engines fuelled with natural gas or LPG.

Fuel range restricted approval shall be grantedesulto the requirements
specified in paragraphs 4.7.1. t0 4.7.2.3.

4.7.1. Exhaust emissions type-approval of an engine runmin natural gas and
laid out for operation on either the range of H-gasor on the range of L-
gases.

4.7.1.1. The parent engine shall be tested ondlexant reference fuel, as specified

in Annex 5, for the relevant range. The fuels agg(iGel 1) and G; (fuel 3)
for the H-range of gases andsGfuel 2) and G; (fuel 3) for the L-range of
gases. The parent engine shall meet the requiresn@nthis Regulation
without any readjustment to the fuelling betweer ttwo tests. One
adaptation run over one WHTC hot cycle without nueasent is permitted
after the change of the fuel. After the adaptation the engine shall be
cooled down in accordance with paragraph 7.6.Arofex 4.

4.7.1.2. At the manufacturer's request the engiag Ibe tested on a third fuel instead
of Gy (fuel 3) if theA-shift factor () lies between 0.89 (that is the lower
range of Q) and 1.19 (that is the upper range gf)Gfor example when fuel
3 is a market fuel. The results of this test mayused as a basis for the
evaluation of the conformity of the production.

4.7.1.3. The ratio of emission results "r* shall determined for each pollutant as
follows:

emission result on reference fuel 2

emission result on reference fuel 1

or,
emission result on reference {2
I, = - -
" emission result on reference fuel 3
and,
emission result on reference f 1
r]:. =

emission result on reference fuel 3

13
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4.7.1.4.

4.7.2.

4.7.2.1.

4.7.2.2.

4.7.2.3.

4.8.
4.8.1.

4.8.2.

4.9.

4.10.
4.10.1.

4.10.2.

4.10.3.

4.10.4.

On delivery to the customer the engindl dfear a label as specified in
paragraph 4.12.8. stating for which range of gdsegngine is approved.

Exhaust emissions type-approval of an engine runmin natural gas or
LPG and designed for operation on one specific foehposition.

The parent engine shall meet the emissiguirements on the reference fuels
Gr and Gs in the case of natural gas, or the reference fiedsid B in the
case of LPG, as specified in Annex 5. Fine-tunifghe fuelling system is
allowed between the tests. This fine-tuning wilhsist of a recalibration of
the fuelling database, without any alteration tthesi the basic control
strategy or the basic structure of the databaseedéssary the exchange of
parts that are directly related to the amount @ filow such as injector
nozzles is allowed.

At the manufacturer's request the engiag Ibe tested on the reference fuels
Gr and G, or on the reference fuels,§sand Gs, in which case the type-
approval is only valid for the H-range or the L-garof gases respectively.

On delivery to the customer the engindl dfear a label as specified in
paragraph 4.12.8. stating for which fuel compositthe engine has been
calibrated.

Exhaust emissions type-approval of a member affamily

With the exception of the case mentionedpamagraph 4.8.2., the type-
approval of a parent engine shall be extended! tamily members, without
further testing, for any fuel composition withiretrange for which the parent
engine has been approved (in the case of engirexiloed in paragraph
4.7.2.) or the same range of fuels (in the casengines described in either
paragraph 4.6. or 4.7.) for which the parent enaxebeen type-approved.

If the technical service determines thathwegard to the selected parent
engine the submitted application does not fullyrespnt the engine family

defined in Part 1 of Annex 1, an alternative andetessary an additional

reference test engine may be selected by the wadis@rvice and tested.

Tables summarising the requirements for aprof NG-Fuelled engines
and LPG-Fuelled engines are provided in Appendix 4.

Requirements for approval regarding the on-bard diagnostic systems

Manufacturers shall ensure that all engigems and vehicles are equipped
with an OBD system.

The OBD system shall be designed, constuand installed on a vehicle in
accordance with Annex 9A, so as to enable it tontifle record, and

communicate the types of deterioration or malfuorctspecified in that

Annex over the entire life of the vehicle.

The manufacturer shall ensure that the GfBtem complies with the
requirements set out in Annex 9A, including the OBRuse performance
requirements, under all normal and reasonably ém@sle driving
conditions, including the conditions of normal gpecified in Annex 9B.

When tested with a qualified deteriorateangonent, the OBD system
malfunction indicator shall be activated in accorcka with Annex 9B. The
OBD system malfunction indicator may also be ad&daat levels of
emissions below the OBD thresholds limits specifiednnex 9A.
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4.10.5.

4.10.6.

4.10.7.

4.10.8.

4.11.

4.11.1.

4.11.2.

4.11.3.

4.11.4.

4.11.5.

4.12.

4.12.1.

The manufacturer shall ensure that theigiams for in-use performance of
an OBD engine family laid down in Annex 9A are fwlled.

The OBD in-use performance related datl bbastored and made available
without any encryption through the standard OBD wamication protocol
by the OBD system in accordance with the provisimin&nnex 9A.

If the manufacturer chooses, until the datecified in paragraph 13.2.3. for
new type-approvals, OBD systems may comply witbraltive provisions as
specified in Annex 9A and referring to this pargdra

If the manufacturer chooses, until the dakecified in paragraph 13.2.2. for
new type-approvals, he may use alternative pravssfor the monitoring of
the Diesel Particulate Filter (DPF) as set outamagraph 2.3.2.2. of Annex
9A.

Requirements for approval regarding replacemellution control devices

The manufacturer shall ensure that replaogrpollution control devices
intended to be fitted to type-approved engine syster vehicles covered by
this Regulation are type-approved, as separateniadhunits in accordance
with the requirements of paragraphs 4.11.2. t0.5.11

Catalytic converters, deN@evices and particulate filters shall be considere
to be pollution control devices for the purposethig Regulation.

Original replacement pollution control ded, which fall within the type
covered by paragraph 3.2.12. of Part 1 of Annexnd are intended for
fitment to a vehicle to which the relevant type-apmal document refers, do
not need to comply with all provisions of Annex g@vided that they fulfil
the requirements of paragraphs 2.1., 2.2. ando2iBat Annex.

The manufacturer shall ensure that theinaigpollution control device
carries identification markings.

The identification markings referred toparagraph 4.11.3. shall comprise
the following:

(@  The vehicle or engine manufacturer's nameaatetmark;

(b)  The make and identifying part number of thegio@l pollution control
device as recorded in the information referred mo paragraph
3.2.12.2. of Part 1 of Annex 1.

Replacement pollution control devices sbaly be type approved according
to this Regulation once the specific testing rezgmients are introduced in
Annex 13 of this Regulatidn

Approval marks and labeling for engine systamd vehicles

An approval number shall be assigned th égoe approved. Its first two
digits (at present 06, corresponding to 06 seritsammendments) shall
indicate the series of amendments incorporating rttest recent major
technical amendments made to the Regulation atithe of issue of the
approval. The same Contracting Party shall notgasie same number to
another engine type or vehicle type.

4 Ageing procedure in Annex 13 needs to be finallsefbre type-approvals can be drafted.

15
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4.12.2. Notice of approval or of extension or ofusal of approval or production
definitively discontinued of an engine type or \@itype pursuant to this
Regulation shall be communicated to the Partiesh&éo 1958 Agreement
which apply this Regulation, by means of a formfooming to the model in
Annexes 2A, 2B or 2C, as applicable, to this Reguia Values measured
during the type test shall also be shown.

4.12.3. There shall be affixed, conspicuously amdhireadily accessible place to
every engine conforming to an engine type-appraveder this Regulation,
or to every vehicle conforming to a vehicle typeyagved under this
Regulation, an international approval mark consgsbf:

4.12.3.1. A circle surrounding the letter "E" falled by the distinguishing number of
the country which has granted appréyal

4.12.3.2. The number of this Regulation, followedthe letter "R", a dash and the
approval number to the right of the circle presedilin paragraph 4.12.3.1.

4.12.3.3. The approval mark shall also containghdad an additional character after
the approval number, the purpose of which is tdirdisish the stage for
which the approval has been granted according pgpag13.2. and
communicated in Table 1 in Annex 3.

4.12.3.3.1. For diesel fuelled Cl engines the apdravark shall contain the letter "D"
after the national symbol, the purpose of whichoiglistinguish the type of
engine for which the approval has been granted.

4.12.3.3.2.  For ethanol (ED95) fuelled Cl engines approval mark shall contain the
letters "ED" after the national symbol, the purpo$evhich is to distinguish
the type of engine for which the approval has bgranted.

4.12.3.3.3.  For ethanol (E85) fuelled Pl enginesdpproval mark shall contain "E85"
after the national symbol, the purpose of whicloiglistinguish the type of
engine for which the approval has been granted.

4.12.3.3.4.  For petrol fuelled PI engines the appranark shall contain the letter "P"
after the national symbol, the purpose of whichoiglistinguish the type of
engine for which the approval has been granted.

1 for Germany, 2 for France, 3 for Italy, 4 foetNetherlands, 5 for Sweden, 6 for Belgium, 7 for
Hungary, 8 for the Czech Republic, 9 for SpainfdrSerbia, 11 for the United Kingdom, 12 for
Austria, 13 for Luxembourg, 14 for Switzerland, (¥&cant), 16 for Norway, 17 for Finland, 18 for
Denmark, 19 for Romania, 20 for Poland, 21 for &gat, 22 for the Russian Federation, 23 for
Greece, 24 for Ireland, 25 for Croatia, 26 for 8lma, 27 for Slovakia, 28 for Belarus, 29 for Estpn
30 (vacant), 31 for Bosnia and Herzegovina, 32 &ivia, 33 (vacant), 34 for Bulgaria, 35
(Kazakhstan), 36 for Lithuania, 37 for Turkey, 3&dant), 39 for Azerbaijan, 40 for The former
Yugoslav Republic of Macedonia, 41 (vacant), 42ther European Union (Approvals are granted by
its Member States using their respective ECE syné8lfor Japan, 44 (vacant), 45 for Australia, 46
for Ukraine, 47 for South Africa, 48 for New Zeatad9 for Cyprus, 50 for Malta, 51 for the
Republic of Korea, 52 for Malaysia, 53 for Thailadd and 55 (vacant), 56 for Montenegro, 57
(vacant) and 58 for Tunisia. Other numbers stathésigned to other countries in the chronological
order in which they ratify or accede to the Agreatr@oncerning the Adoption of Uniform Technical
Prescriptions for Wheeled Vehicles, Equipment aaddPwhich can be Fitted and/or be Used on
Wheeled Vehicles and the Conditions for Recipr&atognition of Approvals Granted on the Basis
of these Prescriptions, and the numbers thus asbigimall be communicated by the Secretary-
General of the United Nations to the ContractingiPsito the Agreement.



ECE/TRANS/WP.29/2012/45

4.12.3.3.5.

4.12.3.3.6.

4.12.4.

4.12.5.

4.12.6.

4.12.7.

4.12.7.1.
4.12.7.2.

4.12.8.

4.12.8.1.

For LPG fuelled Pl engines the approwatk shall contain the letter "Q"
after the national symbol, the purpose of whicloiglistinguish the type of
engine for which the approval has been granted.

For natural gas fuelled engines theaah mark shall contain a letter/s after
the national symbol, the purpose of which is tdidggiish which range of
gases the approval has been granted. This letigrise as follows:

(a) H in case of the engine being approved andrmeaéd for the H-range
of gases;

(b) L in case of the engine being approved andratkd for the L-range
of gases;

(c)  HL in case of the engine being approved anibed for both the
H-range and L-range of gases;

(d) Htin case of the engine being approved anibredied for a specific
gas composition in the H-range of gases and tramsfiole to another
specific gas in the H-range of gases by fine tunifighe engine
fuelling;

(e) Lt in case of the engine being approved anibredéd for a specific
gas composition in the L-range of gases and tramsfole to another
specific gas in the L-range of gases after finanmrof the engine
fuelling;

) HLt in the case of the engine being approved aalibrated for a
specific gas composition in either the H-rangeher lt-range of gases
and transformable to another specific gas in eitherH-range or the
L-range of gases by fine tuning of the engine fogll

If the vehicle or engine conforms to anraped type under one or more
other Regulations annexed to the Agreement, in dbentry which has
granted approval under this Regulation, the symipoéscribed in
paragraph 4.12.3.1. need not be repeated. In sgesa the Regulation and
approval numbers and the additional symbols ofttel Regulations under
which approval has been granted under this Regulaghall be placed in
vertical columns to the right of the symbol presed in paragraph 4.12.3.1.

The approval mark shall be placed clos# tn the data plate affixed by the
manufacturer to the approved type.

Annex 3 to this Regulation gives examplésamangements of approval
marks.

The engine approved as a technical unitl dear, in addition to the
approved mark:

The trademark or trade name of the matwrier of the engine;

The manufacturer's commercial description

Labels

In the case of natural gas and LPG fuelled engiitétsa fuel range restricted
type-approval, the following labels are applicable:

Content

The following information shall be given:

17
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4.12.8.2.

4.12.8.3.

4.13.

4.14.

5.1.
5.1.1.

5.1.2.

5.1.2.1.

In the case of paragraph 4.7.1.4., the label sltate "ONLY FOR USE
WITH NATURAL GAS RANGE H". If applicable, "H" is nelaced by "L".

In the case of paragraph 4.7.2.3., the label sftae "ONLY FOR USE
WITH NATURAL GAS SPECIFICATION ..." or "ONLY FOR UE WITH
LIQUEFIED PETROLEUM GAS SPECIFICATION ...", as afalble. All
the information in the relevant table(s) in Annestiall be given with the
individual constituents and limits specified by #@gine manufacturer.

The letters and figures shall be at least 4 mireight.

Note: If lack of space prevents such labelling, a sifigalicode may be used.
In this event, explanatory notes containing all abeve information shall be
easily accessible to any person filling the fuehktaor performing
maintenance or repair on the engine and its acdess@s well as to the
authorities concerned. The site and content ofetleaplanatory notes will be
determined by agreement between the manufacturdr the Approval
Authority.

Properties

Labels shall be durable for the useful life of tegine. Labels shall be
clearly legible and their letters and figures shmdl indelible. Additionally,

labels shall be attached in such a manner that tixgig is durable for the

useful life of the engine, and the labels cannatdmeoved without destroying
or defacing them.

Placing

Labels shall be secured to an engine part negedsarnormal engine
operation and not normally requiring replacementindu engine life.

Additionally, these labels shall be located socabé readily visible after the
engine has been completed with all the auxiliamesessary for engine
operation.

In case of an application for approval fowvehicle type in respect of its
engine, the marking specified in paragraph 4.1¢h&ll also be placed close
to fuel filling aperture.

In case of an application for approval fovehicle type with an approved
engine, the marking specified in paragraph 4.1¢h8ll also be placed close
to the fuel filling aperture.

Requirements and tests

General

Manufacturers shall equip vehicles andreegyso that the components likely
to affect emissions are designed, constructed asenabled so as to enable
the vehicle or engine, in normal use, to complyhwtftis Regulation and its
implementing measures.

The manufacturer shall take technical messsio as to ensure that the
tailpipe emissions are effectively limited, in acd@nce with this Regulation,
throughout the normal life of the vehicle and undemal conditions of use.

Those measures referred to in paragrdpB. Shall include ensuring that the
security of hoses, joints and connections, usetliivithe emission control
systems, are constructed so as to conform to tgaak design intent.
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5.1.2.2.

5.1.2.3.

5.1.2.4.

5.1.2.5.

5.13.
5.1.3.1.

5.1.3.2.

5.1.4.
5.1.4.1.

5.1.4.2.

The manufacturer shall ensure that thes®aris test results comply with the
applicable limit value under the test conditionsedfied in this Regulation.

Any engine system and any element of dd&gle to affect the emission of
gaseous and particulate pollutants shall be dedjgrenstructed, assembled
and installed so as to enable the engine, in nousa) to comply with the

provisions of this Regulation. The manufacturerisilao ensure compliance
with off-cycle requirements set out in paragrapgh&.and Annex 10.

The use of defeat strategies that retheeffectiveness of emission control
equipment shall be prohibited.

In order to receive a type-approval in tlese of a petrol or E85 fuelled
engine, the manufacturer shall ensure that theifspesquirements for inlets
to fuel tanks for petrol and E85 fuelled vehicla&lldown in paragraph 6.3.
are fulfilled.

Requirements to limit off-cycle emissions

When meeting the requirements of paragsapR., the technical measures
undertaken shall take the following into account:

(@ The general requirements, including the peréorce requirements
and the prohibition of defeat strategies, as sjgetih Annex 10;

(b)  The requirements to effectively limit the tadp emissions under the
range of ambient conditions under which the vehicly be expected
to operate, and under the range of operating donditthat may be
encountered;

(c)  The requirements with respect to off-cycle la&bory testing at type-
approval;

(d)  The requirements with respect to the PEMS destnation test at
type-approval and any additional requirements wéhpect to off-
cycle in-use vehicle testing, as provided for iis Regulation;

(e)  The requirement for the manufacturer to provalestatement of
compliance with the requirements limiting off-cy@missions.

The manufacturer shall fulfil the specifequirements, together with the
associated test procedures, set out in Annex 10.

Documentation requirements

The documentation package required bygpaph 3. enabling the Approval
Authority to evaluate the emission control stratéegand the systems on-
board the vehicle and engine to ensure the coometation of NQ control
measures shall be made available in the two fofigvparts:

(@ The "formal documentation package" that maymzale available to
interested parties upon request;

(b) The "extended documentation package" that skethain strictly
confidential.

The formal documentation package may [ef, provided that it exhibits
evidence that all outputs permitted by a matrixaot#d from the range of
control of the individual unit inputs have beenritifed. The documentation
shall describe the functional operation of the Tetaent system required by
Annex 11, including the parameters necessary fioieéng the information
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5.1.4.3.

5.1.4.4.

5.1.5.
5.1.5.1.

5.2.
5.2.1.

5.2.2.

5.2.3.

5.3.
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associated with that system. This material shaltébained by the Approval
Authority.

The extended documentation package shalude information on the

operation of all AES and BES, including a descaptof the parameters that
are modified by any AES and the boundary conditiemder which the AES

operate, and indication of which AES and BES akelyi to be active under

the conditions of the test procedures set out ime&nl10. The extended
documentation package shall include a descriptfahe fuel system control

logic, timing strategies and switch points duriny raodes of operation.

It shall also include a full description of the uzdment system required in
Annex 11, including the associated monitoring styas.

The extended documentation package slkeaflain strictly confidential.
It may be kept by the Approval Authority, or, atettdiscretion of the
Approval Authority, may be retained by the manufiaet. In the case the
manufacturer retains the documentation package, phakage shall be
identified and dated by the Approval Authority omegiewed and approved.
It shall be made open for inspection by the Appféuahority at the time of
approval or at any time during the validity of gygproval.

Provisions for electronic system security

The general requirements, including theciic requirements for electronic
system security, shall be those set out in pardgdapf Annex 9B of this
Regulation and those described in paragraph 2noe& 9A.

Specifications concerning the emission of gasend particulate pollutants

In undertaking the tests set out in Annelxelgaseous and particulate matter
emissions shall not exceed the amounts shown ifeTlab

For positive ignition engines subject to thet set out in Annex 6, the
maximum permissible carbon monoxide content in éxdaust gases at
normal engine idling speed shall be that statedhbyvehicle manufacturer.
However, the maximum carbon monoxide content shatllexceed 0.3 per
cent vol.

At high idle speed, the carbon monoxide contenwblyme of the exhaust
gases shall not exceed 0.2 per cent vol., withetigine speed being at least
2,000 min* and Lambda being 1+0.03 or in accordance wite th
specifications of the manufacturer.

In the case of a closed crankcase, manuéastahall ensure that for the tests
set out in Annex 4 paragraphs 6.10. and 6.11 etigine’s ventilation system
does not permit the emission of any crankcase gaseshe atmosphere. If
the crankcase is of an open type, the emissioriklshaeasured and added
to the tailpipe emissions, following the provisiosst out in Annex 4
paragraph 6.10.

Emission limits

Table 1 provides the emissions limits that applihis Regulation.
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Table 1
Emission Limits
Limit values
(of0] THC NMHC CH, NOy NH3 PM mass PM number
(mg/kWh)| (mg/kWh)| (mg/kWh)| (mg/kWh)| (mg/kWh)| (ppm) | (mg/kWh) (#/KWh)

WHSC (CI)| 1,500 130 400 10 10 8.0 x'10
WHTC (CI)| 4,000 160 460 10 10 6.0 x110
WHTC (PI)| 4,000 160 500 460 10 10

Note:

Pl=  Positive Ignition

Cl= Compression Ignition

5.4. Durability and deterioration factors

5.5.
5.5.1.

The manufacturer shall determine deteriorationdigcthat will be used to
demonstrate that the gaseous and particulate emgsef an engine family or
engine- aftertreatment system family remain in oamity with the emission
limits set out in paragraph 5.3. over the normafuislife periods set out
below.

The procedures for demonstrating the compliancarofengine system or
engine- aftertreatment system family over the nbmumsaful life are set out in
Annex 7.

The mileage and period of time by reference to wihie tests for durability
of pollution control devices undertaken for typgeEpval and testing of
conformity of in-service vehicles or engines ardo¢ocarried out shall be the
following:

(a) 160,000 km or five years, whichever is the sopin the case of
engines fitted to vehicles of category,Nl; and M;

(b) 300,000 km or six years, whichever is the sooie the case of
engines fitted to vehicles of category,,NN; with a maximum
technically permissible mass not exceeding 16 toramsl M Class |,
Class Il and Class A, and Class B with a maximuchneally
permissible mass not exceeding 7.5 tonnes;

(c) 700,000 km or seven years, whichever is thenegaoin the case of
engines fitted to vehicles of category With a maximum technically
permissible mass exceeding 16 tonnes agdass Il and Class B
with a maximum technically permissible mass exaegdi.5 tonnes.

Requirements to ensure correct operation of NXOcontrol measures

When applying for type-approval, manufaasireshall present to the
Approval Authority information showing that the NGQystem retains its
emission control function during all conditions wéyly pertaining in the
region (e.g. European Community), especially atfemperatures.

In addition, manufacturers shall provide the ApmiovAuthority with
information on the operating strategy of any exhgas recirculation system
(EGR), including its functioning at low ambient tpematures.

This information shall also include a descriptidraay effects on emissions
of operating the system under low ambient tempegatu
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6.1.

6.1.1.

6.1.2.

6.1.3.

6.1.4.

6.2.

6.3.

6.3.1.

6.3.2.

6.3.3.
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Information on the tests and procedures for fiulfyl these requirements is
provided in Annex 11.

Installation on the vehicle

The engine installation on the vehicle shallplerformed in such a way as to
ensure that the type-approval requirements are riée following
characteristics in respect to the type-approvahefengine shall be taken into
consideration:

Intake depression shall not exceed thatdedlifor the engine type-approval
in Part 1 of Annex 1;

Exhaust back pressure shall not exceeddbelared for the engine type-
approval in Part 1 of Annex 1;

Power absorbed by the auxiliaries needeaperating the engine shall not
exceed that declared for the engine type-approvBbit 1 of Annex 1;

The characteristics of the exhaust aftertreat system shall be in
accordance with those declared for the engine &geoval in Part 1 of
Annex 1.

Installation of a type-approved engine omrhicle

The installation of an engine type-approved asparsge technical unit on a
vehicle shall, in addition, comply with the followg requirements:

(@)  Asregard to the compliance of the OBD systiim,installation shall,
according to Appendix 1 of Annex 9B, meet the mantfrer's
installation requirements as specified in Part Afiex 1;

(b)  As regard to the compliance of the system enguthe correct
operation of NQ control measures, the installation shall, accardm
Appendix 4 of Annex 11, meet the manufacturer'staitation
requirements as specified in Part 1 of Annex 1.

Inlet to fuel tanks in the case of a petrdE8b fuelled engine

The inlet orifice of the petrol or E85 tastkall be designed so it prevents the
tank from being filled from a fuel pump deliveryzzte that has an external
diameter of 23.6 mm or greater.

Paragraph 6.3.1. shall not apply to a veffiat which both of the following
conditions are satisfied:

(@  The vehicle is designed and constructed sontbatevice designed to
control the emission of gaseous pollutants is ablgraffected by
leaded petrol;

(b)  The vehicle is conspicuously, legibly and inloklyl marked with the
symbol for unleaded petrol specified in ISO 257520n a position
immediately visible to a person filling the fuelnta Additional
marking are permitted.

Provision shall be made to prevent excespa@ative emissions and fuel
spillage caused by a missing fuel filler cap. Timay be achieved by using
one of the following:

(@)  An automatically opening and closing, non-reatde fuel filler cap;
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7.1.

7.2.

7.3.

8.1.1.

8.1.2.

8.2.

8.2.1.

8.2.2.

(b)  Design features which avoid excess evaporaessions in the case
of a missing fuel filler cap;

(c) Or in case of Mor N; vehicles, any other provision which has the
same affect. Examples may include, but are notéithto, a tethered
filler cap, a chained filler cap or one utilizinget same locking key for
the filler cap as for the vehicle’s ignition. Iniglrcase the key shall be
removable from the filler cap only in the lockechddion.

Engine family

Parameters defining the engine family

The engine family, as determined by the engineufzturer shall comply
with paragraph 5.2. of Annex 4.

Choice of the parent engine

The parent engine of the family shall be selecteciécordance with the
requirements set out in paragraph 5.2.4. of Annex 4

Parameters for defining an OBD-engine famyil

The OBD-engine family shall be determined by basign parameters that
shall be common to engine systems within the familyaccordance with
paragraph 6.1. of Annex 9B.

Conformity of production

Every engine or vehicle bearing an approvatknas prescribed under this
Regulation shall be so manufactured as to confomith regard to the

description as given in the approval form and itsexes, to the approved
type. The conformity of production procedures sltalinply with those set
out in Appendix 2 to Agreement E/ECE/324//E/ECE/TRH505/Rev.2 (the

1958 Agreement), with the following requirements et in paragraphs 8.2.
to 8.5.

Conformity of production shall be checkedtloa basis of the description in
the type-approval certificates set out in Annexels 2B and 2C, as
applicable.

Conformity of production shall be assesseddcordance with the specific
conditions laid down in this paragraph and the vaih¢ statistical methods
laid down in Appendices 1, 2 and 3.

General requirements

In applying Appendices 1, 2 or 3, the mead@mission of the gaseous and
particulate pollutants from engines subject to &heg for conformity of
production shall be adjusted by application of #pgpropriate deterioration
factors (DF's) for that engine as recorded in thédéndum to the type-
approval certificate granted in accordance witk Bégulation.

The provisions set out in Appendix 2 to Agrent
E/ECE/324//E/ECE/TRANS/505/Rev.2 (the 1958 Agreetneshall be
applicable where the approval authorities are atisfied with the auditing
procedure of the manufacturer.
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8.2.3.

8.3.
8.3.1.

8.3.2.

8.3.2.1.

8.3.2.2.

8.3.2.3.

All engines subject to tests shall be rarglotaken from the series
production.

Emissions of pollutants

If emissions of pollutants are to be meatarel an engine type-approval has
had one or more extensions, the tests shall béedaout on the engines
described in the information package relating torlevant extension.

Conformity of the engine subjected to ayialtt test:

After submission of the engine to the authorittb® manufacturer may not
carry out any adjustment to the engines selected.

Three engines shall be taken from thesgmoduction of the engines under
consideration. Engines shall be subjected to gstinthe WHTC and on the
WHSC, if applicable, for the checking of the protioie conformity. The
limit values shall be those set out in paragragh 5.

Where the Approval Authority is satisfiedth the production standard
deviation given by the manufacturer in accordandth vippendix 2 to
Agreement E/ECE/324//E/ECE/TRANS/505/Rev.2 (the 8.9%greement),
the tests shall be carried out according to Appefdi

Where the Approval Authority is not satisfied withe production standard
deviation given by the manufacturer in accordandth vAppendix 2 to
Agreement E/ECE/324//[E/ECE/TRANS/505/Rev.2 (the 819%greement),
the tests shall be carried out according to AppeBdi

At the manufacturer’s request, the tests may beechout in accordance with
Appendix 3.

On the basis of tests of the engine bypiam as set out in paragraph
8.3.2.2., the series production of the engines ndesideration is regarded
as conforming where a pass decision is reachedliféhe pollutants and as
non conforming where a fail decision is reached éme pollutant, in
accordance with the test criteria applied in therapriate Appendix.

When a pass decision has been reached for onegutl/lthis decision may
not be changed as a consequence of a result frpradatitional tests made in
order to reach a decision for the other pollutants.

If a pass decision is not reached for all the patits and if no fail decision is
reached for any pollutant, a test is carried out amother engine (see
Figure 1).

If no decision is reached, the manufacturer magrgt time decide to stop
testing. In that case a fail decision is recorded.
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Figure 1
Schematic of production conformity testing
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8.3.3. The tests shall be carried out on newly rfaartured engines.

8.3.3.1. At the request of the manufacturer, tiststenay be carried out on engines
which have been run-in, up to a maximum of 125 koum this case, the
running-in procedure shall be conducted by the raoturer who shall
undertake not to make any adjustments to thosenesgi

8.3.3.2. When the manufacturer requests to conducunning-in procedure in
accordance with paragraph 8.3.3.1., it may be exrdut on either of the
following:

(@  Allthe engines that are tested,;

(b)  The first engine tested, with the determinatioh an evolution
coefficient as follows:

0] The pollutant emissions shall be measured loottthe newly
manufactured engine and before the maximum of D2fshset
in paragraph 8.3.3.1. on the first engine tested,;

(i)  The evolution coefficient of the emissions Wween the two
tests shall be calculated for each pollutant:

Emissions on second test/Emissions first test;
The evolution coefficient may have a value less thae.

The subsequent test engines shall not be subjetethe running-in
procedure, but their emissions when newly manufadtshall be modified
by the evolution coefficient.

In this case, the values to be taken shall bedhawing:

(@) For the first engine, the values from the sddest;
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8.3.3.3.

8.3.3.4.

8.3.3.5.

8.3.3.6.

8. 4.
8.4.1.

8.4.2.

8.4.3.

(b)  For the other engines, the values when newlyufgectured multiplied
by the evolution coefficient.

For diesel, ethanol (ED95), petrol, E88 &PG fuelled engines, all these
tests may be conducted with the applicable markelsf However, at the
manufacturer’'s request, the reference fuels demtrih Annex 5 may be
used. This implies tests, as described in paragfaptith at least two of the
reference fuels for each gas engine.

For natural gas fuelled engines, all thests may be conducted with market
fuel in the following way:

(a) For H marked engines with a market fuel withiee H-range
(0.89< S, < 1.00),

(b) For L marked engines with a market fuel withihe L-range
(1.00< 5, <1.19);

(c) For HL marked engines with a market fuel witlie extreme range
of theA-shift factor (0.8% S, < 1.19).

However, at the manufacturer's request, the reterefiuels described in
Annex 5 may be used. This implies tests as destpbeagraph 4.

In the case of dispute caused by the oomptiance of gas fuelled engines
when using a market fuel, the tests shall be perddrwith a reference fuel
on which the parent engine has been tested, ortivdtpossible additional
fuel 3, as referred to in paragraphs 4.6.4.1. aiidL£., on which the parent
engine may have been tested. Then, the result Sealtonverted by a
calculation, applying the relevant factors «r»»«or «g» as described in
paragraphs 4.6.5., 4.6.6.1. and 4.7.1.3.. If,romrr, are less than 1, no
correction shall take place. The measured resulisthe calculated results
shall demonstrate that the engine meets the liatites with all relevant fuels
(fuels 1, 2 and, if applicable, fuel 3 in the cadenatural gas engines, and
fuels A and B in the case of LPG engines).

Tests for conformity of production of asgluelled engine laid out for
operation on one specific fuel composition shalpbeformed on the fuel for
which the engine has been calibrated.

On-Board Diagnostics (OBD)

When the Approval Authority determines thlaé quality of production
seems unsatisfactory, it may request a verificabbnthe conformity of
production of the OBD system. Such verification Islee carried out in
accordance with the following:

An engine shall be randomly taken from series pctido and subjected to
the tests described in Annex 9B. The tests mayalbeed out on an engine
that has been run-in up to a maximum of 125 hours.

The production is deemed to conform if #ngine meets the requirements of
the tests described in Annex 9B.

If the engine taken from the series productidoes not satisfy the
requirements of paragraph 8.4.1., a further randample of four engines
shall be taken from the series production and stéxeto the tests described
in Annex 9B. The tests may be carried out on erggthat have been run-in,
up to a maximum of 125 hours.



ECE/TRANS/WP.29/2012/45

8.4.4. The production is deemed to conform if atstethree engines out of the
further random sample of four engines meet the iremqents of the tests
described in Annex 9B.

8.5. Electronic control unit (ECU) information recgd for in-service testing

8.5.1. The availability of the data stream inforimat requested in paragraph
9.4.2.1. according to the requirements of paragr@&h2.2. shall be
demonstrated by using an external OBD scan-todeasribed in Annex 9B.

8.5.2. In the case where this information cannotdigeved in a proper manner
while the scan-tool is working properly accordimgAnnex 9B, the engine
shall be considered as non compliant.

8.5.3. The conformity of the ECU torque signal withe requirements of
paragraphs 9.4.2.2. and 9.4.2.3. shall be demadedtiay performing the
WHSC test according to Annex 4.

8.5.4. In the case where the test equipment doésmadch the requirements
specified in Regulation 85 concerning auxiliarigtsge measured torque shall
be corrected in accordance to the correction meskbdut in Annex 4.

8.5.5. The conformity of the ECU torque signal bal considered sufficient if the
calculated torque remains within the tolerances cifipd in
paragraph 9.4.2.5.

8.5.6. The availability and conformity checks o tECU information required for
in-service testing shall be performed by the mactuf@r on a regular basis
on each produced engine-type within each produngihe-family.

8.5.7. The results of the manufacturer's surveyllsh@ made available to the
Approval Authority at its request.

8.5.8. At the request of the Approval Authoritye tmanufacturer shall demonstrate
the availability or the conformity of the ECU infoation in serial production
by performing the appropriate testing referrechtparagraphs 8.5.1. to 8.5.4.
on a sample of engines selected from the same engpe. The sampling
rules including sampling size and statistical pfadseriteria shall be those
specified in paragraphs 8.1. to 8.3. for checkivgdonformity of emissions.

9. Conformity of in service vehicles/engines

9.1. Introduction

This paragraph sets out the in-service conformetyuirements for vehicles
type-approved to this Regulation.

9.2. In-service conformity

9.2.1. Measures to ensure in-service conformityedficles or engine systems type-
approved under this Regulation shall be taken ao@ance with Appendix 2
to Agreement E/ECE/324//E/ECE/TRANS/505/Rev.2 (11968 Agreement)
and complying with the requirements of Annex 8 luktRegulation in the
case of vehicles or engine systems type-approvedrithis Regulation.

9.2.2. The technical measures taken by the manutacshall be such as to ensure
that the tailpipe emissions are effectively limitéttroughout the normal life
of the vehicles under normal conditions of use. Thaformity with the
provisions of this Regulation shall be checked dwernormal useful life of
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9.2.3.

9.2.4.

9.2.5.

9.2.6.

9.2.7.

9.2.8.

an engine system installed in a vehicle under nbeoaditions of use as
specified in Annex 8 of this Regulation.

The manufacturer shall report the resultghef in-service testing to the
Approval Authority which granted the original typgproval in accordance
with the initial plan submitted at type-approvalnyA deviation from the
initial plan shall be justified to the satisfactiohthe Approval Authority.

If the Approval Authority which granted tleeiginal type-approval is not
satisfied with the manufacturer’s reporting in adamce with paragraph 10.
of Annex 8, or has reported evidence of unsatisfgah-service conformity,

the authority may order the manufacturer to runest tfor confirmatory

purposes. The Approval Authority shall examine ¢bafirmatory test report
supplied by the manufacturer.

Where the Approval Authority which grantdeb toriginal type-approval is
not satisfied with the results of in-service testsconfirmatory tests in

accordance with the criteria set out in Annex 8hased on in-service testing
conducted by a Contracting Party, it shall reqtte manufacturer to submit
a plan of remedial measures to remedy the non-caitfp in accordance

with paragraph 9.3. of this Regulation and parag@&pof Annex 8.

Any Contracting Party may conduct and refisrbwn surveillance testing,
based on the in-service conformity testing procedset out in Annex 8.
Information on the procurement, maintenance, andnufie&turer’s

participation in the activities shall be record€h request by an Approval
Authority the Approval Authority that granted theiginal type-approval

shall provide the necessary information about §pe{approval to enable
testing in accordance with the procedure set oAnimex 8.

If a Contracting Party demonstrates thaemagine or vehicle type does not
conform to the applicable requirements of this geaph (i.e. paragraph 9.2.)
and Annex 8, it shall notify through its own AppeabvAuthority without
delay the Approval Authority which granted the amag type-approval. On
receipt of such a request, the Approval Authoribppeerned shall take the
requisite action as soon as possible and in any wéthin six months of the
date of the request.

Following that notification the Approval Authorityf the Contracting Party
which granted the original type-approval shall pptiyn inform the
manufacturer that an engine or vehicle type failsdtisfy the requirements
of these provisions.

Following the notification referred to inrpgraph 9.2.7. and in cases where
earlier in-service conformity testing showed conity, the Approval
Authority which granted the original type-approvabay require the
manufacturer to perform additional confirmatorytsesfter consultation with
the experts of the Contracting Party that repottiedfailing vehicle.

If no such test data is available, the manufactshall, within 60 working
days after receipt of the notification referredimoparagraph 9.2.7., either
submit to the Approval Authority which granted thiginal type-approval a
plan of remedial measures in accordance with papdg9.3. or perform
additional in-service conformity testing with anuégalent vehicle to verify
whether the engine or vehicle type fails the regaents. In the case where
the manufacturer can demonstrate to the satisfactib the Approval
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9.2.9.

9.2.10.

9.3.
9.3.1.

9.3.2.

9.3.3.

Authority that further time is required to perforadditional testing, an
extension may be granted.

Experts of the Contracting Party that regubrthe failing engine or vehicle
type in accordance with paragraph 9.2.7. shall rhéted to witness the
additional in-service conformity tests referred to paragraph 9.2.8..
Additionally, the results of the tests shall beawed to that Contracting
Party and the approval authorities.

If these in-service conformity tests or confirmgtdests confirm the non-
conformance of the engine or vehicle type, the Apal Authority shall
require the manufacturer to submit a plan of realedieasures to remedy the
non-conformity. The plan of remedial measures shainply with the
provisions of paragraph 9.3. of this Regulation pathgraph 9. of Annex 8.

If those in-service conformity tests or confirmatdests show conformity,
the manufacturer shall submit a report to the AparoAuthority which

granted the original type-approval. The report Ish& submitted by the
Approval Authority which granted the original typgproval to the
Contracting Party that reported the failing vehityge and the approval
authorities. It shall contain the test results adic@ to paragraph 10. of
Annex 8.

The Approval Authority which granted thégoral type-approval shall keep
the Contracting Party which had established thatehgine or vehicle type
did not conform to the applicable requirementsiimfed of the progress and
results of the discussions with the manufactuter verification tests and the
remedial measures.

Remedial measures

On request of the Approval Authority andldeling in-service testing in
accordance with paragraph 9.2., the manufacturat shbmit the plan of
remedial measures to the Approval Authority norlaan 60 working days
after receipt of the notification from the ApprovAuthority. Where the
manufacturer can demonstrate to the satisfactioefApproval Authority
that further time is required to investigate thas@n for the non-compliance
in order to submit a plan of remedial measuregx@nsion may be granted.

The remedial measures shall apply to allresgin service belonging to the
same engine families or OBD engine families anéxtended also to engine
families or OBD engine families which are likely tee affected with the
same defects. The need to amend the type-appraaintents shall be
assessed by the manufacturer and the result repdootethe Approval

Authority.

The Approval Authority shall consult the ragacturer in order to secure
agreement on a plan of remedial measures and atixg the plan. If the
Approval Authority which granted the original typgproval establishes that
no agreement can be reached, it shall take thessa@gemeasures, including,
where necessary, the withdrawal of type-approwakrsure that production
vehicles, systems, components or separate techmidal as the case may be,
are brought into conformity with the approved typlae Approval Authority
shall advise the Approval Authorities of the otlventracting parties of the
measures taken. If the type-approval is withdrathe, Approval Authority
shall inform the Approval Authorities of the othewsntracting parties within
20 working days of the withdrawal and of the reasitrerefor.
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9.3.4.

9.3.5.

9.3.6.

9.3.7.

9.4.
9.4.1.

9.4.2.

9.4.2.1.

9.4.2.2.

9.4.2.3.

9.4.2.4.

9.4.2.5.

The Approval Authority shall within 30 wonkj days from the date on which
it has received the plan of remedial measures fremmanufacturer, approve
or reject the plan of remedial measures. The Apgdréwthority shall within
the same time also notify the manufacturer andafitracting Parties of its
decision to approve or reject the plan of remedi@asures.

The manufacturer shall be responsible feretkecution of the approved plan
of remedial measures.

The manufacturer shall keep a record of yewesgine system or vehicle
recalled and repaired or modified and of the wookstvhich performed the
repair. The Approval Authority shall have accesghat record on request
during the execution and for a period of 5 yeatsrahe completion of the
execution of the plan.

Any repair or modification referred to inrpgraph 9.3.6. shall be recorded in
a certificate supplied by the manufacturer to thener of the engine or
vehicle.

Requirements and tests for in-service testing
Introduction

This paragraph (paragraph 9.4.) sets out the spatdifns and tests of the
ECU data at type-approval for the purpose of irvisertesting.

General Requirements

For the purpose of in-service testing,dhleulated load (engine torque as a
percentage of maximum torque and the maximum tompsglable at the
current engine speed), the engine speed, the englant temperature, the
instantaneous fuel consumption, and the referermeémum engine torque as
a function of engine speed shall be made availaplée OBD system in real
time and at a frequency of at least 1Hz, as mangatiata stream
information.

The output torque may be estimated byE®E using built-in algorithms to
calculate the produced internal torque and théidricorque.

The engine torque in Nm resulting from #®ve data stream information
shall permit a direct comparison with the valuesasuweed when determining
the engine power according to Regulation 85. Irtipalar, any eventual
corrections as regards auxiliaries shall be induttethe above data stream
information.

Access to the information required in geaph 9.4.2.1. shall be provided in
accordance with the requirements set out in Anexi®d with the standards
referred to in Appendix 6 to Annex 9B.

The average load at each operating condii Nm calculated from the
information requested in paragraph 9.4.2.1. shatlidiffer from the average
measured load at that operating condition by mueia:t

(a) 7 per cent when determining the engine powecoraing to
Regulation 85;

(b) 10 per cent when performing the World Harmodisgteady state
Cycle (hereinafter "WHSC") test according to Andeparagraph 7.7.

Regulation 85 allows the actual maximum load of ¢hgine to differ from
the reference maximum load by 5 per cent in orderatdress the
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9.4.2.6.

9.4.3.

9.4.3.1.

9.4.3.2.

9.4.3.3.

9.4.3.3.1

9.4.3.4.

9.4.3.5.

10.

10.1.

10.2.

11.

11.1.

manufacturing process variability. This toleransdaken into account in the
above values.

External access to the information reguire paragraph 9.4.2.1. shall not
influence the vehicle emissions or performance.

Verification of the availability and confoityn of the ECU information
required for in-service testing

The availability of the data stream infation required in paragraph 9.4.2.1.,
according to the requirements set out in paragr@ph2.2., shall be
demonstrated by using an external OBD scan-todkasribed in Annex 9B.

In the case where this information carbetetrieved in a proper manner,
using a scan-tool that is working properly, theieags considered as non
compliant.

The conformity of the ECU torque signakhe requirements of paragraphs
9.4.2.2. and 9.4.2.3. shall be demonstrated with gharent engine of an
engine family when determining the engine poweroediog to Regulation
85 and when performing the WHSC test accordingriaex 4 paragraph 7.7.
and off-cycle laboratory testing at type-approvatading to paragraph 7 of
Annex 10.

The conformity of the ECU torque sigrakhe requirements of paragraphs
9.4.2.2. and 9.4.2.3. shall be demonstrated foh esgine family member
when determining the engine power according to Reigm 85. For this
purpose additional measurements shall be perfoahedveral part load and
engine speed operating points (for example at tbdes of the WHSC and
some additional random points).

In the case where the engine under te=¢ dot match the requirements set
out in Regulation 85 concerning auxiliaries, theameed torque shall be
corrected in accordance to the correction methadpfiwer as set out in
Annex 4 paragraph 6.3.5.

The conformity of the ECU torque signat@sidered to be demonstrated if
the torque signal remains within the toleranceosgetn paragraph 9.4.2.5.

Penalties for non-conformity of production

The approval granted in respect of an engineshicle type pursuant to this
Regulation may be withdrawn if the requirementd Bown in paragraph 8.1.
are not complied with, or if the engine(s) or véd(s) taken fail to pass the
tests prescribed in paragraph 8.3.

If a Contracting Party to the Agreement ajpigjythis Regulation withdraws
an approval it has previously granted, it shaltifaith so notify the other
Contracting Parties applying this Regulation by ngeaf a communication
form conforming to the model in Annexes 2A, 2B @ @ this Regulation.

Modification and extension of approval of the pproved type

Every modification of the approved type shml notified to the Approval
Authority which approved the type. The departmeat/itihen either:
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13.
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Consider that the modifications made arikely to have an appreciable
adverse effect and that in any case the modifipd still complies with the
requirement; or

Require a further test report from the gzl Service conducting the tests.

Confirmation or refusal of approval, specifyithe alterations, shall be
communicated by the procedure specified in pardgfap2.2. to the
Contracting Parties to the Agreement applying Regulation.

The Competent Authority issuing the extensibrapproval shall assign a
series number for such an extension and informetifethe other Parties to
the 1958 Agreement applying this Regulation by rseafna communication
form conforming to the model in Annexes 2A, 2B @ @ this Regulation.

Production definitively discontinued

If the holder of the approval completely ceasesmanufacture the type
approved in accordance with this Regulation, hdl sleainform the authority
which granted the approval. Upon receiving thevah® communication that
authority shall inform thereof the other Partieghite 1958 Agreement which
apply this Regulation by means of a communicatmmmnf conforming to the
model in Annexes 2A, 2B or 2C to this Regulation.

Transitional provisions

General provisions

As from the official date of entry into éerof the 06 series of amendments,
no Contracting Party applying this Regulation shefuse to grant approval
under this Regulation as amended by the 06 sefrimendments.

As from the date of entry into force of tBé series of amendments,
Contracting Parties applying this Regulation skyaéint ECE approvals only
if the engine meets the requirements of this Reigulaas amended by the
06 series of amendments.

New type-approvals

Contracting Parties applying this Regutagball, from the date of entry into
force of the 06 series of amendments to this Reéigulagrant an ECE
approval to an engine system or vehicle only éoitnplies with:

(@)  The requirements of paragraph 4.1. of this Reigun;

(b)  The performance monitoring requirements of gaph 2.3.2.2. of
Annex 9A;of Annex 9A;

(c)  The NQ OTL monitoring requirements as set out in the fphase in
period” of the Tables 1 and 2 of Annex 9A,;

(d)  The Reagent quality and consumption “phaser@guirements as set
out in paragraphs 7.1.1.1. and 8.4.1.1. of Annex 11

In accordance with the requirements afagraph 6.4.4. of Annex 9A
manufacturers are exempted from providing a staténoé OBD in-use
Performance compliance.
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13.2.2.1.

13.2.3.

13.3.
13.3.1.

13.3.2.

13.3.3.

13.4.

13.4.1.

13.4.2.

Contracting Parties applying this Regutathall, from 1 September 2014,
grant an ECE approval to an engine system or \elaaly if it complies
with:

(@)  The requirements of paragraph 4.1. of this Retigun;

(b) The PM Mass OTL monitoring requirements as @dtin the row
“phase in period”of Table 1 of Annex 9A,;

(c)  The NQ OTL monitoring requirements as set out in the fptase in
period” of Tables 1 and 2 of Annex 9A;

(d)  The Reagent quality and consumption “phaserégjuirements as set
out in paragraphs 7.1.1.1. and 8.4.1.1. of Annex 11

In accordance with the requirements afagraph 6.4.4. of Annex 9A
manufacturers are exempted from providing a staténoé OBD in-use
Performance compliance.

Contracting Parties applying this Regutasball, from 31 December 2015,
grant an ECE approval to an engine system or \@laaly if it complies
with:

(@)  The requirements of paragraph 4.1. of this Retigun;

(b) The PM Mass OTL monitoring requirements as adtin the row
“general requirements” of Table 1 of Annex 9A,

(c)  The NQ OTL monitoring requirements as set out in the fgeneral
requirements” of Tables 1 and 2 of Annex 9A,;

(d)  The Reagent quality and consumption “generatjuirements as set
out in paragraphs 7.1.1. and 8.4.1. of Annex 11,

(e) The requirements regarding the plan and impfeaten of the
monitoring techniques according to paragraphs 234nd 2.3.1.2.1.
of Annex 9A;

) The requirements of paragraph 6.4.1. of Annéxfer providing a
statement of OBD in-use Performance compliance.

Limit of validity of type-approvals

As from the 1 January 2014, type-approgatsited to this Regulation as
amended by the 05 series of amendments shall teasevalid.

As from 1 September 2015, type-approvadmtgd to this Regulation as
amended by the 06 series of amendments, which da@oraply with the
requirement of paragraph 13.2.1., shall cease t@lie.

As from 31 December 2016, type-approvaintgd to this Regulation as
amended by the 06 series of amendments, which da@oraply with the
requirements of paragraph 13.2.2., shall cease t@lid.

Special provisions

Contracting Parties applying this Regufatitay continue to grant approvals
to those engine systems, or vehicles which comptly any previous series
of amendments, or to any level of this Regulatioovged that the vehicles
are intended for sale or for export to countrieat thpply the relating
requirements in their national legislations.

Replacement engines for vehicles in use
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13.4.3.

13.4.3.1.

13.4.3.2.

14.

Contracting Parties applying this Regulation magtmue to grant approvals
to those engines which comply with the requiremeftthis Regulation as
amended by any previous series of amendments, @nyolevel of this
Regulation, provided that the engine is intendedaaseplacement for a
vehicle in-use and for which that earlier standaed applicable at the date of
that vehicle's entry into service.

When applying the special provisions désctiin paragraph 13.4.1. or
paragraph 13.4.2., the type-approval communicatigmaragraph 1.6. of the
Addendum to Annex 2A and 2C shall include informatrelating to these
provisions.

In the case of approvals to the speciadvigions laid down in
paragraph 13.4.1. the type- approval communicatstrall include the
following text at the front-end of the communicatjowith the relevant
number of the series of amendments replacing theitixthe example below:

"Engine complying to series of amendments xx afikation 49".

In the case of approvals to the spediavigions laid down in paragraph
13.4.2. the type-approval communication shall ideldhe following text at
the front-end of the communication, with the relgvaumber of the series of
amendments replacing the "xx" in the example below:

"Replacement engine complying to series of amemtisnex of Regulation 49",

Names and addresses of technical services resgble for
conducting approval tests and of administrative degrtments

The Parties to the 1958 Agreement applying thisguRgion shall
communicate to the United Nations Secretariat #wmes and addresses of
the Technical Services responsible for conductipgraval tests and of the
administrative departments which grant approval d@odwhich forms
certifying approval or extension or refusal or withwal of approval, issued
in other countries, are to be sent.
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Appendix 1

Procedure for production conformity testing whenstandard
deviation is satisfactory

A.l.l. This appendix describes the procedure toubed to verify production
conformity for the emissions of pollutants when tmeanufacturer's
production standard deviation is satisfactory.

A.1.2. With a minimum sample size of three engities sampling procedure is set
so that the probability of a lot passing a teshwi@ per cent of the engines
defective is 0.95 (producer's risk =5 per cent)levthe probability of a lot
being accepted with 65 per cent of the enginesctigéeis 0.10 (consumer's
risk = 10 per cent).

A.1.3. The following procedure is used for each tbé pollutants given in
paragraph 5.3. of this Regulation (see Figure Ipanagraph 8.3. of this
Regulation):

Let:

L = the natural logarithm of the limit value fortipollutant;

X; = the natural logarithm of the measurement (dfteiing applied the
relevant DF) for the i-th engine of the sample;

S = an estimate of the production standard devigidter taking the
natural logarithm of the measurements);

n =  the current sample number.

A.l.4. For each sample the sum of the standarddmdations to the limit is

calculated using the following formula:
1 n
—Z(L - Xi)
Sz
A.1.5. Then:

(@) If the test statistic result is greater thaa plass decision number for
the sample size given in Table 2, a pass decisiaeached for the
pollutant;

(b) If the test statistic result is less than thié decision number for the
sample size given in Table 2, a fail decision iscteed for the
pollutant;

(c)  Otherwise, an additional engine is tested atingrto paragraph 8.3.2.
and the calculation procedure is applied to theparmcreased by
one more unit.
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Table 2

Pass and fail decision numbers of Appendix 1 samplj plan

Minimum sample size: 3

Bn

Cumulative number of engines tested (sample size)ass &ecision number An Fail decision number
3 3.327 -4.724
4 3.261 -4.790
5 3.195 —4.856
6 3.129 -4.922
7 3.063 —4.988
8 2.997 -5.054
9 2.931 -5.120
10 2.865 -5.185
11 2.799 -5.251
12 2.733 -5.317
13 2.667 -5.383
14 2.601 -5.449
15 2.535 -5.515
16 2.469 —-5.581
17 2.403 -5.647
18 2.337 -5.713
19 2.271 -5.779
20 2.205 —-5.845
21 2.139 -5911
22 2.073 -5.977
23 2.007 -6.043
24 1.941 -6.109
25 1.875 -6.175
26 1.809 -6.241
27 1.743 -6.307
28 1.677 -6.373
29 1.611 -6.439
30 1.545 - 6.505
31 1.479 -6.571
32 -2112 -2.112
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Appendix 2

Procedure for production conformity testing whenstandard
deviation is unsatisfactory or unavailable

A.2.1. This appendix describes the procedure toubed to verify production
conformity for the emissions of pollutants when tmeanufacturer's
production standard deviation is either unsatisigcor unavailable.

A.2.2. With a minimum sample size of three engities sampling procedure is set
so that the probability of a lot passing a teshwi@ per cent of the engines
defective is 0.95 (producer's risk = 5 per cent)levthe probability of a lot
being accepted with 65 per cent of the enginesctigéeis 0.10 (consumer's
risk = 10 per cent).

A.2.3. The values of the pollutants given in paagagr 5.3. of this Regulation, after
having applied the relevant DF, are considerecettog normally distributed
and should be transformed by taking their natuwghfithms. Let mmand m
denote the minimum and maximum sample size resmbgtiimy =3
and m = 32) and let n denote the current sampldorum

A.2.4. If the natural logarithms of the measureduea (after having applied the
relevant DF) in the series arg X, ... X and L is the natural logarithm of the
limit value for the pollutant, then, define:

di :Xi_L

i=1
13 ‘
Nz
A.2.5. Table 3 shows values of the pasg) @nd fail (B) decision numbers against

current sample number. The test statistic resmﬂluésratiodn/vn and shall
be used to determine whether the series has pas$aited as follows:

Formy<n<m:

(a) Passthe seriesqr‘/\/n = An,

=B

(b)  Fail the series ifjn/vn— n,

(c)  Take another measuremenlﬁl’n <dnlv, < Bn.
A.2.6. Remarks

The following recursive formulae are useful fotccgating successive values
of the test statistic:
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Table 3

Pass and fail decision numbers of Appendix 2 samplj plan

Minimum sample size: 3

Cumulative number of engines tested
(sample size)

Pass decision number, A

Fail decision number B

3 - 0.80381 16.64743
4 - 0.76339 7.68627
5 - 0.72982 4.67136
6 - 0.69962 3.25573
7 -0.67129 2.45431
8 - 0.64406 1.94369
9 - 0.61750 1.59105
10 - 0.59135 1.33295
11 - 0.56542 1.13566
12 - 0.53960 0.97970
13 - 0.51379 0.85307
14 -0.48791 0.74801
15 - 0.46191 0.65928
16 - 0.43573 0.58321
17 - 0.40933 0.51718
18 - 0.38266 0.45922
19 - 0.35570 0.40788
20 - 0.32840 0.36203
21 - 0.30072 0.32078
22 - 0.27263 0.28343
23 —-0.24410 0.24943
24 - 0.21509 0.21831
25 - 0.18557 0.18970
26 - 0.15550 0.16328
27 —-0.12483 0.13880
28 - 0.09354 0.11603
29 - 0.06159 0.09480
30 - 0.02892 0.07493
31 - 0.00449 0.05629
32 0.03876 0.03876
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Procedure for production conformity testing at
manufacturer's request

A.3.1

A.3.2.

A.3.3.

A.3.4.

A.3.5.

This appendix describes the procedure to used to verify, at the
manufacturer's request, production conformity fer €émissions of pollutants.

With a minimum sample size of three engities sampling procedure is set
so that the probability of a lot passing a teshv@® per cent of the engines
defective is 0.90 (producer's risk = 10 per cerit)lavthe probability of a lot
being accepted with 65 per cent of the enginesctigéeis 0.10 (consumer's
risk = 10 per cent).

The following procedure is used for each tbé pollutants given in
paragraph 5.3. of this Regulation (see Figure Ipamagraph 8.3. of this
Regulation):

Let:
n = the current sample number.

Determine for the sample the test statigtiantifying the cumulative number
of nonconforming tests at thé&' test.

Then:

(a) If the test statistic is less than or equah® pass decision number for
the sample size given in Table 4, a pass decisiaeached for the
pollutant;

(b)  If the test statistic is greater than or eqoathe fail decision number
for the sample size given in Table 4, a fail degisis reached for the
pollutant;

(c) Otherwise, an additional engine is tested atingrto paragraph 8.3.2.
of this Regulation and the calculation procedureapplied to the
sample increased by one more unit.

In Table 4 the pass and fail decision numbersaleulated by means of the
International Standard ISO 8422/1991.
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Table 4
Pass and fail decision numbers of Appendix 3 samplj plan
Minimum sample size: 3

Cumulative number of engines tested (sample size) ass &ecision numbe Fail decision number
3 — 3
4 0 4
5 0 4
6 1 5
7 1 5
8 2 6
9 2 6
10 3 7
11 3 7
12 4 8
13 4 8
14 5 9
15 5 9
16 6 10
17 6 10
18 7 11
19 8 9
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Appendix 4
Summary of approval process for natural gas and BG fuelled engines

Approval of LPG fuelled engines

Paragraph 4.7.: Requirementl
Paragraph 4.6.: on restricted fuel range type-
g . Number of . - h L
Requirements on universgl Calculation of "r approval in case of positive
test runs N h .
fuel range type-approval ignition engines fuelled with
natural gas or LPG

Number of Calculation
test runs of "r"

GP/2102/6¢'dM/SNVHL/303

Refer to para. 4.6.6.
LPG-engine adaptable to
any fuel composition

fuel B
fuel A and fuel B 2 r=———
fuel A

Refer to para. 4.7.2.
LPG-engine laid out for ~ FuelAand fuel B,
operation on one specific fine-tuning between the teg 5

fuel composition allowed




EV

Approval of natural gas fuelled engines

Paragraph 4.6.:Requirements

Paragraph 4.7.:
Requirements on
restricted fuel range typs
approval in case of
positive ignition engines

b

on universal fuel range type- | Number of fuelled with natural gas
approval test runs Calculation of "r" or LPG Number of test rung  Calculation of "r"
, - fuel 2(Gxs)
fuel 1(&®)
Refer to para. 4.6.3] Cr (1) and Gs (2) ) and, if tested with an additional fu
NG-engine adaptablghl manufacturer's request L fuel 2(ay
to any fuel egg!".e mlay ek esf € | 03" an fuel 3(market fuel)
composition additional market fuel (3), (max. 3) | and
if S, =0.89-1.19
o= fuel 1(&®
fuel 3(Gsor narket fuel)
2 for the
Gr (1) and Gs (3) for H H d fuel 1(&®
Refer to para. 4.6.4 -fangeé, andj re =
. *9-%1 snd Gs (2) and G3 (3) for L 2 for the fuel 3(Gsor market fuel)
NG-engine which is| At manufacturer's request L-range; and
self adaptive by a | engine may be tested ona | at respective fuel 2(Gs)
switch market fuel (3) instead of & f| position of | 2= 3(Ge o market Tuel)
$ =0.89-1.19 switch 4

Refer to para. 4.7.1
NG-engine laid out
for operation on
either H-range gas
L-range gas

Gr (1) and G3 (3) for H
or

G5 (2) and Gs (3) for L
At manufacturer’s reque
engine may be tested o
market fuel (3) instead g
Ggs, if S5 =0.89 -1.19

2 for the H-range
or
2 for the L-range
a

f2

fuel 1(&X)

rp=
fuel 3(Gsor market fuel)

for the H-range

or
fuel 2(Ges)

ra=
fuel 3(Gsor narket fuel)

for the L-range

Refer to para. 4.7.2
NG-engine laid out
for operation on ong
specific fuel
composition

Gr (1) and Gs (2),
Fine-tuning between the|
tests allowed;
At manufacturer’s reque
engine may be tested o
Gr (1) and Gs (3) for H
or

Gz (2) and Gg (3) for L

2

or

2 for the H-range
‘or

2 for the L-range
2

¥/2102/62°dM/SNVHL/303
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Models of information document

This information document is related to the appr@aerording to Regulation No. 49. It is
referring to measures to be taken against the emnisd gaseous and particulate pollutants
from engine systems and vehicles. It relates to:

Type-approval of an engine or engine family aspagsgte technical unit,
Type-approval of vehicle with an approved enginghwégard to emission,
Type-approval of a vehicle with regard to emissions

The following information, when applicable, shadl supplied in triplicate and include a list
of contents. Any drawings shall be supplied in appiate scale and in sufficient detail on
size A4 or on a folder of A4 format. Photograplhgny, shall show sufficient detail.

If the systems, components or separate technici weferred to in this annex have
electronic controls, information concerning thegrformance shall be supplied.

Explanatory foot notes can be found in Appendir this annex.

Information to be provided

The information document shall contain in all cases
General Information
In addition the following information should alse provided as applicable

Part 1: Essential characteristics of the (paremgjree and the engine types within an
engine family

Part 2: Essential characteristics of the vehiclaponents and systems with regard
to exhaust-emissions

Appendix to information document: Information ostteonditions

Photographs and/or drawings of the parent engimgine type and, if applicable, of
the engine compartment.

List further attachments if any.

Date, file
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Notes regarding filling in the tables

Letters A, B, C, D, E corresponding to Engine fagmitembers shall be replaced by the
actual engine family members’ names.

In case when for a certain engine characteristinesaalue/description applies for all
engine family members the cells corresponding t& #hall be merged.

In case the family consists of more than 5 membew, columns may be added.

In the case of application for type-approval of eargine or engine family as a separate
technical unit the general part and part 1 shafilkesl in.

In the case of application for type-approval of ieehwith an approved engine with regard
to emissions the general part and part 2 shalllee fn.

In the case of application for type-approval of ehiele with regard to emissions the
general part and parts 1 and 2 shall be filled in.
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Parent Engine or Engine Family Members
Engine Type A | B C
0. General
0.l Make (trade name of manufacturer):
0.2. Type
0.2.0.3. Engine type as separate technical unitgine family as
separate technical unit / vehicle with an approeedine
with regard to emissions / vehicle with regard hoissions
@
0.2.1. Commercial name(s) (if available):
0.3. Means of identification of type, if marked thre separate
technical unit®:
0.3.1. Location of that marking:
0.5. Name and address of manufacturer:
0.7. In the case of components and separate tedhurtts,
location and method of affixing of the approval kar
0.8. Name(s) and address (es) of assembly plant(s):
0.9. Name and address of the manufacturer’s remiasee (if

any):

GP/2102/6¢'dM/SNVHL/303
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Part 1

Essential characteristics of the (parent) engine ahthe engine types within an engine family

Parent Engine or Engine Type

Engine Family Members

A B C D

3.2. Internal combustion engine

3.2.1. Specific engine information

3211 Working principle: positive ignition/compressiomigon @
Cycle four stroke / two stroke/ rotaby

3.2.1.2. Number and arrangement of cylinders

3.2.1.2.1. Boré” mm

3.2.1.2.2. Strok& mm

3.2.1.2.3. Firing order

3.2.1.3. Engine capacit} cm3

3.2.1.4. Volumetric compression raffo

3.2.1.5. Drawings of combustion chamber, pistonverand, in the case
of positive ignition engines, piston rings

3216 Normal engine idling speé min™

3.2.1.6.1. High engine idling speed min™

3.2.1.7. Carbon monoxide content by volume in tkest gas with the
engine idling®: % as stated by the manufacturer (positive
ignition engines only)

3.2.1.8. . ) -
Maximum net power “.............. kw at....... min
(manufacturer's declared value

3.2.1.9. Maximum permitted engine speed as prestiiy the
manufacturer (min)

3.2.1.10. Maximum net torqué” (Nm) at (min') (manufacturer's declared
value)

3.2.1.11 Manufacturer references of the Documenmtgiackage required

by paragraphs 3.1., 3.2. and 3.3. of this Reguiaimabling the
Approval Authority to evaluate the emission conswohtegies
and the systems on-board the engine to ensurethect

operation of NQ control measures

¥/2102/62°dM/SNVHL/303
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Parent Engine or Engine Type

Engine Family Members

A B C D

3.2.2. Fuel

3.2.2.2. Heavy duty vehicles Diesel/Petrol/LPG/NNB-L/NG-
HL/Ethanol (ED95)/ Ethanol (E8%)

3.2.2.2.1. Fuels compatible with use by the endewared by the
manufacturer in accordance with paragraph 4.6.thisf
Regulation (as applicable)

3.2.4. Fuel feed

3.2.4.2. By fuel injection (compression ignitionly)n yes/no™

3.2.4.2.1. System description

3.2.4.2.2. Working principle: direct injection/pceamber/swirl chambé?

3.2.4.2.3. Injection pump

3.2.4.2.3.1. Make(s)

3.2.4.2.3.2. Type(s)

3.2.4.2.3.3. Maximum fuel delivefy @ ..... mnt /stroke or cycle at an
engine speed of ...... minor, alternatively, a characteristic
diagram
(When boost control is supplied, state the charistiefuel
delivery and boost pressure versus engine speed)

3.2.4.2.3.4. Static injection timirig)

3.2.4.2.3.5. Injection advance cufte

3.2.4.2.3.6. Calibration procedure: test benchieii

3.2.4.2.4. Governor

3.2.4.2.4.1. Type

3.2.4.2.4.2. Cut-off point

3.2.4.2.4.2.1. Speed at which cut-off starts uihoked (min')

3.2.4.2.4.2.2. Maximum no-load speed (in

3.2.4.2.4.2.3. Idling speed (nin

3.2.4.2.5. Injection piping

3.2.4.25.1. Length (mm)

3.2.4.2.5.2. Internal diameter (mm)

3.2.4.2.5.3. Common rail, make and type

3.2.4.2.6. Injector(s)

3.2.4.2.6.1. Make(s)

3.2.4.2.6.2. Type(s)

3.2.4.2.6.3. Opening pressiitekPa or characteristic diagrdfh

3.2.4.2.7. Cold start system

GP/2102/6¢'dM/SNVHL/303



Parent Engine or Engine Type

Engine Family Members

A B C D

3.2.4.2.7.1. Make(s)

3.2.4.2.7.2. Type(s)

3.2.4.2.7.3. Description

3.2.4.2.8. Auxiliary starting aid

3.2.4.2.8.1. Make(s)

3.2.4.2.8.2. Type(s)

3.2.4.2.8.3. System description

3.2.4.2.9. Electronic controlled injection: yesfho

3.2.4.2.9.1. Make(s)

3.2.4.2.9.2. Type(s)

3.2.4.2.9.3. Description of the system (in the ads®/stems other than
continuous injection give equivalent details)

3.2.4.2.9.3.1. Make and type of the control unit(B

3.2.4.2.9.3.2. Make and type of the fuel regulator

3.2.4.2.9.3.3. Make and type of the air-flow sensor

3.2.4.2.9.3.4. Make and type of fuel distributor

3.2.4.2.9.3.5. Make and type of the throttle hogisin

3.2.4.2.9.3.6. Make and type of water temperatensar

3.2.4.2.9.3.7. Make and type of air temperaturs@en

3.2.4.2.9.3.8. Make and type of air pressure sensor

3.2.4.2.9.3.9. Software calibration number(s)

3.2.4.3. By fuel injection (positive ignition ontyyes/no™

3.2.4.3.1. Working principle: intake manifold (siegmulti-point/direct
injection®/other specify)

3.2.4.3.2. Make(s)

3.2.4.3.3. Type(s)

3.2.4.3.4. System description (In the case of systether than continuous
injection give equivalent details)

3.2.4.3.4.1. Make and type of the control unit (BCU

3.2.4.3.4.2. Make and type of fuel regulator

3.2.4.3.4.3. Make and type of air-flow sensor

3.2.4.3.4.4. Make and type of fuel distributor

3.2.4.3.4.5. Make and type of pressure regulator

3.2.4.3.4.6. Make and type of micro switch

3.2.4.3.4.7. Make and type of idling adjustmenéscr

3.2.4.3.4.8. Make and type of throttle housing

¥/2102/62°dM/SNVHL/303
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Parent Engine or Engine Type

Engine Family Members

A B C D
3.2.4.3.4.9. Make and type of water temperaturemen
3.2.4.3.4.10. Make and type of air temperature@ens
3.2.4.3.4.11. Make and type of air pressure sensor
3.2.4.3.4.12. Software calibration number(s)
3.2.4.3.5. Injectors: opening pressiit¢kPa) or characteristic diagrdfh
3.2.4.35.1. Make
3.2.4.3.5.2. Type
3.2.4.3.6. Injection timing
3.2.4.3.7. Cold start system
3.2.4.3.7.1. Operating principle(s)
3.2.4.3.7.2. Operating limits/settings*
3.2.4.4, Feed pump
3.2.4.4.1. Pressuf8 (kPa) or characteristic diagrafm
3.2.5. Electrical system
3.2.5.1. Rated voltage (V), positive/negative grbtth
3.2.5.2. Generator
3.2.5.2.1. Type
3.2.5.2.2. Nominal output (VA)

3.2.6. Ignition system (spark ignition engines ynly
3.2.6.1. Make(s)

3.2.6.2. Type(s)

3.2.6.3. Working principle

3.2.6.4. Ignition advance curve or map

3.2.6.5. Static ignition timin§ (degrees before TDC)
3.2.6.6. Spark plugs

3.2.6.6.1. Make

3.2.6.6.2. Type

3.2.6.6.3. Gap setting (mm)

3.2.6.7. Ignition coil(s)

3.2.6.7.1. Make

3.2.6.7.2. Type

3.2.7. Cooling system: liquid/&f?

3.2.7.2. Liquid

3.2.7.2.1. Nature of liquid

3.2.7.2.2. Circulating pump(s): yes/fib

GP/2102/6¢'dM/SNVHL/303
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Parent Engine or Engine Type

Engine Family Members

A B C D

3.2.7.2.3. Characteristics

3.2.7.2.3.1. Make(s)

3.2.7.2.3.2. Type(s)

3.2.7.2.4. Drive ratio(s)

3.2.7.3. Air

3.2.7.3.1. Fan: yes/no (1)

3.2.7.3.2. Characteristics

3.2.7.3.2.1. Make(s)

3.2.7.3.2.2. Type(s)

3.2.7.3.3. Drive ratio(s)

3.2.8. Intake system

3.2.8.1. Pressure charger: yes/no (1)

3.2.8.1.1. Make(s)

3.2.8.1.2. Type(s)

3.2.8.1.3. Description of the system (e.g. maxinularge pressure ......
kPa, wastegate, if applicable)

3.2.8.2. Intercooler: yes/n8

3.2.8.2.1. Type: air-air/air-wat&?

3.2.8.3. Intake depression at rated engine spekdtatD0 % load
(compression ignition engines only)

3.2.8.3.1. Minimum allowable (kPa)

3.2.8.3.2. Maximum allowable (kPa)

3.2.8.4. Description and drawings of inlet pipad ¢heir accessories
(plenum chamber, heating device, additional aakas, etc)

3.2.8.4.1. Intake manifold description (includevdrags and/or photos)

3.2.9. Exhaust system

3.2.9.1. Description and/or drawings of the exhaussifold

3.2.9.2, Description and/or drawing of the exhaystem

3.2.9.2.1. Description and/or drawing of the eletaeri the exhaust system
that are part of the engine system

3.2.9.3. Maximum allowable exhaust back pressuratatl engine speed
and at 100 % load (compression ignition engineg)tki®a) )

3.2.9.7. Exhaust system volume (dm3)

3.2.9.7.1. Acceptable Exhaust system volume: (dm3)
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Parent Engine or Engine Type

Engine Family Members

A B C D

3.2.10. Minimum cross-sectional areas of inlet antet ports

3.2.11. Valve timing or equivalent data

3.2.11.1. Maximum lift of valves, angles of openamyd closing, or timing
details of alternative distribution systems, irati&n to dead
centers. For variable timing system, minimum andimam
timing

3.2.11.2. Reference and/or setting rafige

3.2.12. Measures taken against air pollution

3.2.12.1.1. Device for recycling crankcase gasesing (2)
If yes, description and drawings
If no, compliance with paragraph 6.10. of Annexf 4his
Regulation required

3.2.12.2. Additional pollution control devices &ifiy, and if not covered by
another heading)

3.2.12.2.1. Catalytic converter: yes/rd

3.2.12.2.1.1. Number of catalytic converters artneints (provide this
information below for each separate unit)

3.2.12.2.1.2. Dimensions, shape and volume of akedytic converter(s)

3.2.12.2.1.3. Type of catalytic action

3.2.12.2.1.4. Total charge of precious metals

3.2.12.2.1.5. Relative concentration

3.2.12.2.1.6. Substrate (structure and material)

3.2.12.2.1.7. Cell density

3.2.12.2.1.8. Type of casing for the catalytic amter(s)

3.2.12.2.1.9. Location of the catalytic converte(fdace and reference
distance in the exhaust line)

3.2.12.2.1.10. Heat shield: yes/fo

3.2.12.2.1.11. Regeneration systems/method of exladter treatment systems,
description

3.2.12.2.1.11.5.| Normal operating temperature rgkye

3.2.12.2.1.11.6.| Consumable reagents: ye$/no

3.2.12.2.1.11.7. | Type and concentration of reagent needed for datalgtion

3.2.12.2.1.11.8.| Normal operational temperaturgeaf reagent K

3.2.12.2.1.11.9.| International standard

3.2.12.2.1.11.10

Frequency of reagent refill: carims/maintenanc®
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Parent Engine or Engine Type

Engine Family Members

A B C D
3.2.12.2.1.12. Make of catalytic converter
3.2.12.2.1.13. Identifying part number
3.2.12.2.2. Oxygen sensor: yes/no (1)
3.2.12.2.2.1. Make
3.2.12.2.2.2. Location
3.2.12.2.2.3. Control range
3.2.12.2.2.4. Type
3.2.12.2.2.5. Indentifying part number
3.2.12.2.3. Air injection: yes/rd
3.2.12.2.3.1. Type (pulse air, air pump, etc.)
3.2.12.2.4. Exhaust gas recirculation (EGR): yeS/no
3.2.12.2.4.1. Characteristics (make, type, flow) et
3.2.12.2.6. Particulate trap (PT): yesfHo
3.2.12.2.6.1. Dimensions, shape and capacity obdinéculate trap
3.2.12.2.6.2. Design of the particulate trap
3.2.12.2.6.3. Location (reference distance in #ieast line)
3.2.12.2.6.4. Method or system of regenerationgrijetson and/or drawing
3.2.12.2.6.5. Make of particulate trap
3.2.12.2.6.6. Indentifying part number
3.2.12.2.6.7. Normal operating temperature (K) pregsure (kPa) ranges
3.2.12.2.6.8. In the case of periodic regeneration
3.2.12.2.6.8.1.1) Number of WHTC test cycles withmgeneration (n)
3.2.12.2.6.8.2.1) Number of WHTC test cycles wibaneration (%)
3.2.12.2.6.9. Other systems: yesfo
3.2.12.2.6.9.1. Description and operation
3.2.12.2.7. On-board-diagnostic (OBD) system
3.2.12.2.7.0.1. Number of OBD engine families witttie engine family
3.2.12.2.7.0.2. List of the OBD engine families émtapplicable) OBD engine family 1: .............
OBD engine family 2: .............
etc...
3.2.12.2.7.0.3. Number of the OBD engine family plagent engine / the engine

member belongs to
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Parent Engine or Engine Type

Engine Family Members

A B C D
3.2.12.2.7.0.4. Manufacturer references of the @Rigumentation required by
paragraph 3.1.4. (c¢) and paragraph 3.3.4. of teiguRition and
specified in Annex 9A of this Regulation for therpose of
approving the OBD system
When appropriate, manufacturer reference of theuD@ntation
3.2.12.7.0.5. for installing in a vehicle an OBD equipped engéystem
List and purpose of all components monitored byQBD
3.2.12.2.7.2. system (4)
3.2.12.2.7.3. Written description (general workprnciples) for
3.2.12.2.7.3.1. Positive-ignition enginék (
3.2.12.2.7.3.1.1] Catalyst monitorirfty (
3.2.12.2.7.3.1.2] Misfire detectiof) (
3.2.12.2.7.3.1.3] Oxygen sensor monitorit)g (
3.2.12.2.7.3.1.4] Other components monitored byDXBE system
3.2.12.2.7.3.2. Compression-ignition engirf@s (
3.2.12.2.7.3.2.1] Catalyst monitorirfy (
3.2.12.2.7.3.2.2] Particulate trap monitorifig (
3.2.12.2.7.3.2.3] Electronic fuelling system moniitg (*)
3.2.12.2.7.3.2.4] DeNGystem monitoring’}
3.2.12.2.7.3.2.5] Other components monitored byXB® system?)
Criteria for Ml activation (fixed number of drivingycles or
3.2.12.2.7.4. statistical method) (4)
List of all OBD output codes and formats used (veitplanation
3.2.12.2.7.5. of each) (4)
3.2.12.2.7.6.5. OBD Communication protocol stand&rd
3.2.12.2.7.7. Manufacturer reference of the OBRtesl information required
by of paragraphs 3.1.4. (d) and 3.3.4. this Remuidor the
purpose of complying with the provisions on acdessehicle
OBD, or
3.2.12.2.7.7.1. As an alternative to a manufactigfarence provided in
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Parent Engine or Engine Type

Engine Family Members

A

B

C

D

paragraph 3.2.12.2.7.7. reference of the attachtoghts annex
that contains the following table, once completecbading to the
given example:

Component - Fault code - Monitoring strategy - Edetection
criteria - Ml activation criteria - Secondary paeters —
Preconditioning - Demonstration test

SCR Catalyst - P20EE - NGensor 1 and 2 signals - Differen|
between sensor 1 and sensor 2 signals - 2nd c¥sigine speed
engine load, catalyst temperature, reagent actieithaust mas
flow - One OBD test cycle (WHTC, hot part) - OBDstecycle
(WHTC, hot part)

2

3.2.12.2.8. Other system (description and operation
3.2.12.2.8.1. Systems to ensure the correct operafiNQ, control measures
3.2.12.2.8.2. Engine with permanent deactivation of the driveticement, for
use by the rescue services or in vehicles designdaonstructed
for use by the armed services, civil defence,dervices and
forces responsible for maintaining public ordgres/no
3.2.12.2.8.3. Number of OBD engine families wittiie engine family
considered when ensuring the correct operation@k Bontrol
measures
3.2.12.2.8.4. List of the OBD engine families (wlaaplicable) OBD engine family 1: .............
OBD engine family 2: .............
etc...
3.2.12.2.8.5. Number of the OB&ngine family the parent engine / the en
member belongs to
3.2.12.2.8.6. Lowest concentration of the active ingredient pnése the
reagent that does not activate the warning sys@bg,() (% vol)
3.2.12.2.8.7. When appropriate, manufacturer rafereof the Documentation
for installing in a vehicle the systems to ensune torrect
operation of NQ control measures
3.2.17. Specific information related to gas fueledjines for heavy-duty
vehicles (in the case of systems laid out in aed#fit manner,
supply equivalent information)
3.2.17.1. Fuel: LPG /ING-H/NG-L /ING-HP
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Parent Engine or Engine Type

Engine Family Members

A B C D
3.2.17.2. Pressure regulator(s) or vaporiser/pressgulator(s§"
3.2.17.2.1. Make(s)
3.2.17.2.2. Type(s)
3.2.17.2.3. Number of pressure reduction stages
3.2.17.2.4. Pressure in final stage minimum (kPageximum. (kPa)
3.2.17.2.5. Number of main adjustment points
3.2.17.2.6. Number of idle adjustment points
3.2.17.2.7. Type-approval number
3.2.17.3. Fuelling system: mixing unit / gas inject/ liquid injection /

direct injection®
3.2.17.3.1. Mixture strength regulation
3.2.17.3.2. System description and/or diagram aiadidgs
3.2.17.3.3. Type-approval number
3.2.17.4. Mixing unit
3.2.17.4.1. Number
3.2.17.4.2. Make(s)
3.2.17.4.3. Type(s)
3.2.17.4.4. Location
3.2.17.4.5. Adjustment possibilities
3.2.17.4.6. Type-approval number
3.2.17.5. Inlet manifold injection
3.2.17.5.1. Injection: single point/multipoffi
3.2.17.5.2. Injection: continuous/simultaneoustyeil/sequentially time
3.2.17.5.3. Injection equipment
3.2.17.5.3.1. Make(s)
3.2.17.5.3.2. Type(s)
3.2.17.5.3.3. Adjustment possibilities
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Parent Engine or Engine Type

Engine Family Members

A B C D
3.2.17.5.3.4. Type-approval number
3.2.17.5.4. Supply pump (if applicable)
3.2.17.5.4.1. Make(s)
3.2.17.5.4.2. Type(s)
3.2.17.5.4.3. Type-approval number
3.2.17.5.5. Injector(s)
3.2.17.5.5.1. Make(s)
3.2.17.5.5.2. Type(s)
3.2.17.5.5.3. Type-approval number
3.2.17.6. Direct injection
3.2.17.6.1. Injection pump/pressure regul&tor
3.2.17.6.1.1. Make(s)
3.2.17.6.1.2. Type(s)
3.2.17.6.1.3. Injection timing
3.2.17.6.1.4. Type-approval number
3.2.17.6.2. Injector(s)
3.2.17.6.2.1. Make(s)
3.2.17.6.2.2. Type(s)
3.2.17.6.2.3. Opening pressure or characterissigrdim®
3.2.17.6.2.4. Type-approval number
3.2.17.7. Electronic control unit (ECU)
3.2.17.7.1. Make(s)
3.2.17.7.2. Type(s)
3.2.17.7.3. Adjustment possibilities
3.2.17.7.4. Software calibration number(s)
3.2.17.8. NG fuel-specific equipment
3.2.17.8.1. Variant 1 (only in the case of apprealengines for several
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Parent Engine or Engine Type

Engine Family Members

A B C D

specific fuel compositions)

3.2.17.8.1.0.1. | Self adaptive feature? Yes/No (
3.2.17.8.1.0.2. 1Calibration for a specific gas cosifion NG-H/NG-L/NG-HL
fI':ansformation for a specific gas composition N@ENG-L/NG-
HL()

3.2.17.8.1.1. methane (GH.........cocevvveeenn. basis (%omole) min (%ol max (%emole)
ethane (GHg) ..oovvvvveeeeeeeeee. basis (%omole) min (Ye) max (Yomole)
propane (GHg).....ccvvvevveerenenenn. basis (%omole) min (Yejol max (Yomole)
o]0 r= 1o (I (0 o FT) basis (%omole) min (%&)o max (Yomole)
ColChit:vvnriiiiieeiiiieeie e basis (%8)ol min (%emole) max (%emole)
(04 Y(s (=1 I (@) PR basis (Yomole) ritomole) max (Yomole)
inert (N, He etc) c.ooveevvinvinennnn, basis (%omole) ifismole) max (Yomole)

3.5.4. CQ emissions for heavy duty engines

3.5.4.1. CQ@ mass emissions WHSC test (g/kWh)

3.5.4.2. CQ mass emissions WHTC test (g/kWh)

3.5.5. Fuel consumption for heavy duty engines

3.5.5.1. Fuel consumption WHSC test (g/kWh)

3.5.5.2. Fuel consumption WHTC te® (g/kWh)

3.6. Temperatures permitted by the manufacturer

3.6.1. Cooling system

3.6.1.1. Liquid cooling Maximum temperature at etifK)

3.6.1.2. Air cooling

3.6.1.2.1. Reference point:

3.6.1.2.2. Maximum temperature at reference péint (

3.6.2. Maximum outlet temperature of the inlet iot®ler (K)
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Parent Engine or Engine Type Engine Family Members
A B C D

3.6.3. Maximum exhaust temperature at the poithiénexhaust pipe(s
adjacent to the outer flange(s) of the exhaust folalis) or
turbocharger(s) (K)

3.6.4. Fuel temperature Minimum (K) — maximum (K)
For diesel engines at injection pump inlet, for fysdled engines
at pressure regulator final stage

3.6.5. Lubricant temperature
Minimum (K) — maximum (K)

3.8. Lubrication system

3.8.1. Description of the system

3.8.1.1. Position of lubricant reservoir

3.8.1.2. Feed system (by pumpl/injection into intaldeing with fuel,

etc.)®

3.8.2. Lubricating pump

3.8.2.1. Make(s)

3.8.2.2. Type(s)

3.8.3. Mixture with fuel

3.8.3.1. Percentage

3.8.4. Oil cooler: yes/nd

3.8.4.1. Drawing(s)

3.8.4.1.1. Make(s)

3.8.4.1.2. Type(s)
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Part 2

Essential characteristics of the vehicle componentnd systems with regard to exhaust-emissions

Parent Engine or Engine Type

Engine Family Members

A |B Jc |b [|E

3.1. Manufacturer of the engine

3.1.1. Manufacturer’s engine code (as marked ortigine or other
means of identification)

3.1.2. Approval number (if appropriate) includinggf identification
marking

3.2.2. Fuel

3.2.2.3. Fuel tank inlet: restricted orifice / labe

3.2.3. Fuel tank(s)

3.2.3.1. Service fuel tank(s)

3.2.3.1.1. Number and capacity of each tank

3.2.3.2. Reserve fuel tank(s)

3.2.3.2.1. Number and capacity of each tank

3.2.8. Intake system

3.2.8.3.3. Actual Intake system depression at reteine speed and at 190
% load on the vehicle (kPa)

3.2.8.4.2. Air filter, drawings

3.2.8.4.2.1. Make(s)

3.2.8.4.2.2. Type(s)

3.2.8.4.3. Intake silencer, drawings

3.2.8.4.3.1. Make(s)

3.2.8.4.3.2. Type(s)

3.2.9. Exhaust system

3.2.9.2. Description and/or drawing of the exhaystem

3.2.9.2.2. Description and/or drawing of the eletaerf the exhaust system
that are not part of the engine system

3.2.9.3.1. Actual exhaust back pressure at ratgiherspeed and at 100 %
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Parent Engine or Engine Type

Engine Family Members

A

B

C

D

E

load on the vehicle (compression ignition enginely)okPa)

3.2.9.7. Exhaust system volume (dm3)

3.2.9.7.1. Actual volume of the complete Exhaustesy (vehicle and
engine system) (dm3)

3.2.12.2.7. On-board-diagnostic (OBD) system

3.2.12.2.7.0. Alternative approval as defined irgeaph 2.4. of Annex 9A of
this Regulation used: yes/no

3.2.12.2.7.1. OBD components on-board the vehicle

3.2.12.2.7.2. When appropriate, manufacturer rateref the documentation
package related to the installation on the velatkhe OBD
system of an approved engine

3.2.12.2.7.3. Written description and/or drawinghe Ml €)

3.2.12.2.7.4. Written description and/or drawindghaf OBD off-board
communication interface)(

3.2.12.2.8. Systems to ensure the correct operafidi©, control measures

3.2.12.2.8.0. Alternative approval as defined irageaph 2.1. of Annex 1
of this Regulation used. Yes/No

3.2.12.2.8.1. Components on-board the vehicle@tstems ensuring the
correct operation of NQcontrol measures

3.2.12.2.8.2. Activation of the creep mode:
"disable after restart" / "disable after fuelling'tisable after
parking" ()

3.2.12.2.8.3. When appropriate, manufacturer rateref the documentation
package related to the installation on the velatkhe system
ensuring the correct operation of N€ntrol measures of an
approved engine

3.2.12.2.8.4. Written description and/or drawinghaf warning signalf

3.2.12.2.8.5. Heated/non heated reagent tank ssidglsystem (see

paragraph 2.4. of Annex 11 of this Regulation)
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Appendix to information document

Information on test conditions

1. Spark plugs

1.1. Make

1.2. Type

1.3. Spark-gap setting

2. Ignition coll

2.1. Make

2.2. Type

3. Lubricant used

3.1 Make

3.2 Type (state percentage of oil in mixture Brigant and fuel mixed)
4. Engine-driven equipment

4.1, The power absorbed by the auxiliaries/equigmeads only be determined,
(a) if auxiliaries/equipment required are not fitte the engine and/or
(b) if auxiliaries/equipment not required are fitt® the engine.

Note: requirements for engine-driven equipmenedifetween emissions test and power test

4.2, Enumeration and identifying details
4.3. Power absorbed at engine speeds specifimfias®ns test
Table 1
Power absorbed at engine speeds specific for emmss test
Equipment
Idle Low Speed High Speed Preferred ff@ed n95h
Pa

Auxiliaries/equipment
required according to
Annex 4, Appendix 6
Py

Auxiliaries/equipment
not required according t¢
Annex 4, Appendix 6

Engine performance (declared by manufacturer)

5.1. Engine test speeds for emissions test acaptdiannex I1f*
Low speed (B) e rom
Highspeed () o, rpm
Idlespeed rpm
Preferred speed L rom
n95h rpm
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5.2.

5.2.1.
5.2.2.
5.2.3.
5.2.4.
5.2.5.

6.
6.3.
6.3.1.
6.3.2.
6.3.3.

6.3.4.

6.4.
6.4.1.
6.4.2.
6.4.3.
6.4.4.
6.4.5.
6.4.6
Table 2

Declared values for power test according tguRion 85

Idle speed rpm
Speed at maximum POWEr i rpm
Maximum POWEr kw
Speed at maximum torque e rpm
Maximum torque Nm

Dynamometer load setting information (if apptable)
Fixed load curve dynamometer setting infororafif used)
Alternative dynamometer load setting methsed (yes/no)
Inertia mass (kg)

Effective power absorbed at 80km/h includingning losses of the vehicle
on the dynamometer (kW)

Effective power absorbed at 50km/h h inalgdiunning losses of the vehicle
on the dynamometer (kW)

Adjustable load curve dynamometer settingrinfition (if used)
Coast down information from the test track

Tyres make and type

Tyre dimensions (front/rear)

Tyre pressure (front/rear) (kPa)

Vehicle test mass including driver (kg)

Road coast down data (if used)

Road coast down data

V (km/h)

Mean corrected coast
V2 (km/h) V1 (km/h) down time

120

100

80

60

40

20

6.4.7.
Table 3

Average corrected road power (if used)

Average corrected road power

V (km/h)

CP corrected (kW)

120

100

80

60

40

20
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7. Test conditions for OBD testing
7.1. Test cycle used for the verification of the[@Bystem
7.2. Number of preconditioning cycles used befoBDQerification tests
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Annex 1

Appendix 1

Explanatory notes for Annexes 1, 2A, 2B AND 2C

W Delete where not applicable (there are cases wiwheng needs to be deleted when
more than one entry is applicable).

@ Specify the tolerance.

® Please fill in here the upper and lower valuesfarh variant.

@ To be documented in case of a single OBD enginellfaand if not already
documented in the documentation package(s) reféodd line 3.2.12.2.7.0.4. of
Part 1 to Annex 1.

® Fuel consumption for the combined WHTC includinddcand hot part according to
Annex 12.

© To be documented if not already in the documematieferred to in line
3.2.12.2.7.2. of Part 2 to Annex 1.

) Delete as appropriate.

® Information concerning engine performance shallyobé given for the parent

engine.

C)
@

(b)

(©
(m)
(m
()

Specify the tolerance; to be within3 % of the values declared by the manufacturer.

If the means of identification of type contains i&w@ers not relevant to describe the
vehicle, component or separate technical unit typ@gered by this information
document, such characters shall be representecheéndbcumentation by the
symbol "?" (e.g. ABC?123?7).

Classified according to definitions listed in “Cofidated Resolution on the
Construction of Vehicles (R.E.3)" - ECE/TRANS/WP/28/Rev.2.

This figure shall be rounded off to the nearestiter a millimetre.
This value shall be calculated and rounded ofhéortearest cin
Determined in accordance with the requirementsegfufation 85.

Paragraph 2.1. of Annex 11 has been reservedifioref alternative approvals.
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Annex 2A

66

Communication concerning the approval of an engiatype or
family as a separate technical unit with regard tdhe
emission of pollutants pursuant to Regulation No. 9, 06
series of amendments

(Maximum format: A4 (210 x 297 mm))
issued by: Name of administration

Concerning’: APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITIVELY DISCONTINUED

of an engine type or family as a separate technioél with regard to the
emission of pollutants pursuant to Regulation N®, ©6 series of
amendments

APPIoval NO. ...ceoeiiiiiiie e EXtension NO. ..........evvmmmm e veevvieeee s
Reason for Extension ........................

Explanatory foot notes can be found in Appendir Abhnex 1.
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Section |
0.1.

0.2.
0.2.1.
0.3.
0.3.1.
0.4.

0.5.

0.6.

0.7.

Section Il

© N o 0~ DR

Make (trade name of manufacturer)

Type

Commercial name(s) (if available)

Means of identification of type, if marked the separate technical Uflit
Location of that marking

Name and address of manufacturer

Location and method of affixing of the appravark

Name(s) and address(es) of assembly plant(s)

Name and address of the manufacturer's regegise (if any)

Additional information (where applicable): seddendum
Technical service responsible for carrying bet tests
Date of test report

Number of test report

Remarks (if any): see Addendum

Place

Date

Signature

Attachments: Information package.

Test report.
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Addendum to Type-approval Communication No ...
concerning the type-approval of an engine type ommily as a
separate technical unit with regard to exhaust emgons
pursuant to Regulation No. 49, 06 series of amend mis

1. Additional information

1.1. Particulars to be completed in relation to tifpe-approval of a vehicle with
an engine installed

1.1.1. Make of engine (name of undertaking)

1.1.2. Type and commercial description (mention zarjants)

1.1.3. Manufacturer's code as marked on the engine

1.1.4. Reserved.

1.1.5. Category of engine: Diesel/Petrol/LPG/NG-BAN/NG-HL/Ethanol
(ED95)/ Ethanol (E8%Y

1.1.6. Name and address of manufacturer

1.1.7. Name and address of manufacturer's autldorgeesentative (if any)

1.2. Engine referred to in 1.1. type-approved asparate technical unit

1.2.1. Type-approval number of the engine/enginel{&"

1.2.2. Engine Control Unit (ECU) software caliboatinumber

1.3. Particulars to be completed in relation to thge-approval of an

engine/engine family™ as a separate technical unit (conditions to be
respected in the installation of the engine onlzcle)

1.3.1. Maximum and/or minimum intake depression
1.3.2. Maximum allowable back pressure

1.3.3. Exhaust system volume

1.3.4. Restrictions of use (if any)

1.4. Emission levels of the engine/parent ergine

Deterioration Factor (DF): calculated/fixed

Specify the DF values and the emissions on the Wi{E@pplicable) and
WHTC tests in the table below

If CNG and LPG fuelled engines are tested on diffiereference fuels, the
tables shall be reproduced for each referencetidsedd.
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1.4.1. WHSC test
Table 4
WHSC test
WHSC test (if applicable)
DF co THC NQ PM Mass NH PM
Mult/add® Number
Emissions CO THC NOy PM Mass | NH3 PM
(mg/kWh) | (mg/kwh) | (mg/kwh) | (mg/kWh) | ppm | Number
(#/KWh)
Test result
Calculated
with DF
CO, emissions (mass emission, g/kwh)
Fuel consumption (g/kWh)

1.4.2. WHTC Test

Table 5
WHTC Test

WHTC test

DF co THC NQ PM Mass NH PM

Mult/add® Number

Emissions cO THC NOy PM Mass | NHs3 PM
(mg/kwWh) | (mg/kwh) | (mg/kWh) | (mg/kwh) | ppm | Number

Cold start
Hot start w/o
regeneration
Hot start with
regeneratiofy
k;u (mult/add)
@

k; 4 (mult/add)
@

Weighted test
result

Final test
result with DF
CO, emissions (mass emission, g/kwh)
Fuel consumption (g/kWh)
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1.4.3. Idle test
Table 6
Idle test
Test COvalue | Lambda) | Engine speed | Engine oil
(%vol) min™ temperature (°C)
Low idle test N/A
High idle test

1.4.4. PEMS demonstration test

Table 6a
PEMS demonstration test

Vehicle type (e.g. M N3 and application
e.g. rigid or articulated truck, city bus)

Vehicle description (e.g. vehicle model,
prototype)

Pass Fail Results CO | THC | NMHC | CH | NO, | PM
mass

Work window conformity factor

CO, mass window conformity factor

Trip information Urban Rural Motorway

Shares of time of the trip characterised by
urban, rural and motorway operation as
described in paragraph 4.5. of Annex 8

Shares of time of the trip characterised by
accelerating, decelerating, cruising and stop
as described in paragraph 4.5.5. of Anneix 8

Minimum Maximum

Work window average power (%)

CO, mass window duration (s)

Work window: percentage of valid
windows

CO, mass window: percentage of valid
windows

Fuel consumption consistency ratio
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1.5.
1.5.1.
Table 7

Power measurement

Engine power measured on test bench

Engine power measured on test bench

(rpm)

Measured engine speed

Measured fuel flow (g/h)

Measured torque (Nm)

Measured power (kW)

Barometric pressure (kPa

(kPa)

Water vapour pressure

Intake air temperature (K)

Power correction factor

Corrected power (kW)

Auxiliary power (KW

Net power (kW)

Net torque (Nm)

Corrected specific fuel
consumption (g/kwh)

1.5.2.

1.6.
1.6.1.

1.6.1.1.

1.6.1.2.

1.6.2.

1.6.2.1.

1.6.2.2.

1.7.
1.7.1.
1.7.2.

Additional data

Special Provisions

Granting approvals for vehicles for expaed paragraph 13.4.1. of this
Regulation)

Approvals granted for vehicles for expwrtline with paragraph 1.6.1.:
yes/no

Provide a description of approvals grantegaragraph 1.6.1.1., including
the series of amendments of this Regualtion andlelel of emission
requirements to which this approval applies

Replacement engines for vehicles in use (smagraph 13.4.2. of this
Regulation)

Approvals granted for replacement engfioesehicles in use in line with
paragraph 1.6.2.: yes/no

Provide a description of approvals folaepment engines for vehicles in use
granted in paragraph 1.6.2.1. including the sedes@mendments of this
Regualtion and the level of emission requiremeatsvhich this approval
applies

Alternative Approvals (see Annex 9A paragraph)
Alternative Approvals granted in line witarpgraph 1.7.: yes/no
Provide a description of alternative appl®imline with paragraph 1.7.1.
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Annex 2B

Communication concerning the approval of a vehid type
with an approved engine with regard to the emissionf
pollutants pursuant to Regulation No. 49, 06 seriesf
amendments

(Maximum format: A4 (210 x 297 mm))
issued by: Name of administration

Concerning’: APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITIVELY DISCONTINUED

of a vehicle type with an approved engine with rdge the emission of
pollutants pursuant to Regulation No. 49, 06 sesfemmendments

APPIoval NO. ...ccoeiiiiiiie e EXteNsion NO. .........oicummmeeeesinieeiennnnns

Reason for Extension ................cc..v....

Explanatory foot notes can be found in Appendir Abhnex 1.
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Section |

0.1. Make (trade name of manufacturer)

0.2. Type

0.3. Means of identification of type, if marked it vehiclé&
0.3.1. Location of that marking

0.4. Category of vehicfd

0.5. Name and address of manufacturer

0.6. Name(s) and address(es) of assembly plant(s)

0.7. Name and address of the manufacturer's repgegise (if any)
Section Il

1. Additional information (where applicable)

2. Technical service responsible for carrying bettests
3. Date of test report

4, Number of test report

5. Remarks (if any)

6. Place

7. Date

8. Signature

In the case of an extension to the type-approval wéhicle with a reference mass exceeding
2,380 kg but not exceeding 2,610 kg, the reporbhghe CQ emissions (g/km) and fuel
consumption (I/100 km) shall be included in accotawith Annex 8 of Regulation 101.
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Annex 2C

Communication concerning the approval of a vehid type
with regard to the emission of pollutants pursuanto
Regulation No. 49, 06 series of amendments

(Maximum format: A4 (210 x 297 mm))
issued by: Name of administration

Concernin§: APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITIVELY DISCONTINUED

of a vehicle type with regard to the emission oflyiants pursuant to
Regulation No. 49, 06 series of amendments

Approval NO. ......oooiiiiiiiiieeeeeee e EXtension NO. .........oooiicemeee e
Reason for EXtension ........................
Explanatory foot notes can be found in Appendir Abnex 1.

! Distinguishing number of the country which has gedfextended/refused/withdrawn approval (see
approval provisions in the Regulation)
2 Strike out what does not apply.
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Section |

0.1. Make (trade name of manufacturer)

0.2. Type

0.2.1. Commercial name(s) (if available)

0.3. Means of identification of type, if marked e vehicle®
0.3.1. Location of that marking

0.4. Category of vehicfd

0.5. Name and address of manufacturer

0.6. Name(s) and address(es) of assembly plant(s)

0.7. Name and address of the manufacturer's regegse (if any)
Section Il

1. Additional information (where applicable): seddendum
2. Technical service responsible for carrying bet tests

3. Date of test report

4, Number of test report

5. Remarks (if any): see Addendum

6. Place

7. Date

8. Signature

Attachments: Information package.
Test report.
Addendum

In the case of an extension to the type-approval wéhicle with a reference mass exceeding
2,380 kg but not exceeding 2,610 kg, the reporbhghe CQ emissions (g/km) and fuel
consumption (I/100 km) shall be included in accoawith Annex 8 of Regulation 101.
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Addendum to Type-approval Communication No ...
concerning the type-approval of a vehicle type witmegard to
the emission of pollutants pursuant to Regulation N. 49, 06
series of amendments

1.
1.1.

1.1.1.
1.1.2.
1.1.3.
1.1.4.
1.1.5.

1.1.6.
1.1.7.

1.2.

1.2.1.
1.2.2.

1.3.

1.3.1.
1.3.2.
1.3.3.
1.3.4.

1.4.

Additional information

Particulars to be completed in relation to tifpe-approval of a vehicle with
an engine installed

Make of engine (name of undertaking)

Type and commercial description (mention zarjants)
Manufacturer's code as marked on the engine
Category of vehicle

Category of engine: Diesel/Petrol/LPG/NG-BAN/NG-HL/Ethanol
(ED95)/ Ethanol (E8%Y

Name and address of manufacturer

Name and address of manufacturer's autllorgresentative (if any)
Vehicle

Type-approval number of the engine/enginelfa™

Engine Control Unit (ECU) software caliboatinumber

Particulars to be completed in relation to ttye-approval of an
engine/engine famil{’ (conditions to be respected in the installatiorthef
engine on a vehicle)

Maximum and/or minimum intake depression
Maximum allowable back pressure

Exhaust system volume

Restrictions of use (if any)

Emission levels of the engine/parent erfgine
Deterioration Factor (DF): calculated/fix&d

Specify the DF values and the emissions on the Wi{E&pplicable) and
WHTC tests in the table below

If CNG and LPG fuelled engines are tested on diffiereference fuels, the
tables shall be reproduced for each referencetdsedd.
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1.4.1. WHSC test
Table 4
WHSC test
WHSC test (if applicable)
DF co THC NQ PM Mass NH PM
Mult/add® Number
Emissions CcO THC NO, PM Mass | NH3 PM
(mg/kWh) | (mg/kwh) | (mg/kwWh) | (mg/kwh) | ppm | Number
(#/kWh)
Test result
Calculated
with DF
CO, emissions (mass emission, g/kwh)
Fuel consumption (g/kWh)

1.4.2. WHTC Test

Table 5
WHTC Test

WHTC test

DF (e{0) THC NQ PM Mass NH PM
Mult/add® Number

Emissions CcO THC NO, PM Mass | NH3 PM
(mg/kWh) | (mg/kwh) | (mg/kWh) | (mg/kwh) | ppm | Number

Cold start

Hot start w/o
regeneration
Hot start with
regeneratiof?
(kf)'“ (mult/add)

k.« (mult/add)
(1)

Weighted test
result

Final test
result with DF
CO, emissions (mass emission, g/kwh)
Fuel consumption (g/kWh)
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1.4.3. Idle test

Table 6

Idle test
Test CO value Lambda}) | Engine speed | Engine oil

(%vol) (min™) temperature (°C)

Low idle test N/A
High idle test

1.4.4. PEMS demonstration test

Table 6a

PEMS demonstration test

Vehicle type (e.g. MN; and application e.g. rigid or
articulated truck, city bus)

Vehicle description (e.g. vehicle model, prototype)

Pass Fail Resulfs CO | THC NMHC CcH NO, PM
mass

Work window conformity factor

CO; mass window conformity factor

Trip information Urban Rural Motorway

Shares of time of the trip characterised by
urban, rural and motorway operation as
described in paragraph 4.5. of Annex 8

Shares of time of the trip characterised by
accelerating, decelerating, cruising and stop
as described in paragraph 4.5.5. of Anneix 8

Minimum Maximum

Work window average power (%)

CO, mass window duration (s)

Work window: percentage of valid
windows

CO, mass window: percentage of valid
windows

Fuel consumption consistency ratio
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15 Power measurement
1.5.1. Engine power measured on test bench
Table 7

Engine power measured on test bench

Measured engine speed (rpm)

Measured fuel flow (g/h)

Measured torque (Nm)

Measured power (kW)

Barometric pressure (kPa

Water vapour pressure
(kPa)

Intake air temperature (K)

Power correction factor

Corrected power (kW)

Auxiliary power (KW

Net power (kW)

Net torque (Nm)

Corrected specific fuel
consumption (g/kwh)

1.5.2. Additional data

1.6. Special Provisions

1.6.1. Granting approvals for vehicles for expaed paragraph 13.4.1. of this
Regulation)

1.6.1.1. Approvals granted for vehicles for exportline with paragraph 1.6.1.:
yes/no

1.6.1.2. Provide a description of approvals grante@aragraph 1.6.1.1., including

the series of amendments of this Regualtion andlelel of emission

requirements to which this approval applies

1.7. Alternative Approvals (see Annex 9A paragraph)
1.7.1. Alternative Approvals granted in line witarpgraph 1.7.: yes/no
1.7.2. Provide a description of alternative appl®imline with paragraph 1.7.1.

79



ECE/TRANS/WP.29/2012/45

Annex 3

80

Arrangements of approval marks

In the approval mark issued and affixed to an emgystem or vehicle in conformity with
paragraph 4. of this Regulation, the type-approuaiber shall be accompanied by an
alphabetical character assigned according to Talié this annex, reflecting the stage of
requirements that the approval is limited to. Irditidn, the approval mark should also
contain a character/s denoting the engine typégraess according to Table 2 of this annex.

This annex outlines the appearance of this mar#l, gives examples of how it shall be
composed.

The following schematic presents the general lay-puoportions and contents of the
marking. The meaning of numbers and alphabeticatatiter are identified, and sources to
determine the corresponding alternatives for epginaval case are also referred.

Number of countr @ Letter (s) denoting the
granting the approval engine typé?
Stage of requirements

) v HL s
| 30 1249 R — 062439 - A

i =
3 \
a =8 mm (minimum
( ) Approval number

Number of Regulation
(Regulation No. 49)

|
~

Amendment

@ Number of country according to footnote in parabrd.12.3.1. of this Regulation.
@ According to Table 2 of this annex.
@ According to Table 1 of this annex.

Example 1

Compressed-Ignition Engine fuelled with diesel (B7)

D
49 R - 062439 - C

The preceding approval mark affixed to an engine vehicle in conformity with
paragraph 4. of this Regulation shows that therengr vehicle type concerned has been
approved in Sweden {E pursuant to Regulation No. 49 06 series of amerds under
approval number 2439. The letter after the appravamber denotes the stage of
requirements detailed in Table 1 (in this case &#p In addition, a separate suffix after
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the national symbol (and above the regulation nujnb@icates the engine type as
assigned in Table 2 (in this case “D” for diesel).
Example 2

Compressed-Ignition Engine fuelled with Ethanol @D

ED
49 R -062439 - C

The preceding approval mark affixed to an engine vehicle in conformity with
paragraph 4. of this Regulation shows that therengr vehicle type concerned has been
approved in Sweden {E pursuant to Regulation No. 49 06 series of amerds under
approval number 2439. The letter after the appravamber denotes the stage of
requirements detailed in Table 1 (in this case &)y In addition, a separate suffix after
the national symbol (and above the regulation nuinb®licates the engine type as
assigned in Table 2 (in this case “ED” for etha(fid95)).

Example 3

Positive ignition engine fuelled with Natural Gas

HL:
49 R - 062439 - C

The preceding approval mark affixed to an engine vehicle in conformity with
paragraph 4. of this Regulation shows that therengr vehicle type concerned has been
approved in Sweden {E pursuant to Regulation No. 49 06 series of amesrds under
approval number 2439. The letter after the appravamber denotes the stage of
requirements detailed in Table 1 (in this case &1ay In addition, a separate suffix after
the national symbol (and above the regulation nuinibeicates the fuel range determined
in paragraph 4.12.3.3.6. of this Regulation (irs tase H).

Example 4

Positive ignition engine fuelled with LPG

O
49 R - 062439 - C

The preceding approval mark affixed to an engine vehicle in conformity with
paragraph 4. of this Regulation shows that therengr vehicle type concerned has been
approved in Sweden {E pursuant to Regulation No. 49 06 series of amesrds under
approval number 2439. The letter after the appravamber denotes the stage of
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requirements detailed in Table 1 (in this case &1ay In addition, a separate suffix after
the national symbol (and above the regulation nujnb@icates the engine type as

assigned in Table 2 (in this case “Q” for LPG).

Example 5

3z

I« [ 49 HL |062439 - C
! E@I 85 001628

PR

The preceding approval mark affixed to a HL nat@gas engine/vehicle shows that the
engine/vehicle type concerned has been approv&ivieden (E5) pursuant to Regulation
No. 49 (in this case Stage C) and Regulation Nb. Bge first two digits of the approval

numbers indicate that, at the dates when the régpempprovals were given, Regulation
No. 49 included the 06 series of amendments, aggilReon No. 85 in its original form.

! The Regulation No. 85 is given merely as an example
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Table 1
Letters with reference to requirements of OBD and SR systems
Character NO, OTL® PM OTL? Reagent qualityAdditional OBD| Implementation a D?ct)(\a/;:/zggstgpti_te
and consumptign monitors® dates: new types| PP valid
AD Row "phase-in |5 e Date of entry | 1 September
period” of Tables Monitoring® Phase iff’ N/A into force of 06 2014
and 2 of Annex 9A series of R49
B . . | Row "phase 1 September| 31 December
Row "phase-in |;"oe ioge of . 2014 2016
period" of Tables ble 1 of | Phase it N/A
and 2 of Annex 9A Table 1 o
Annex 9A
C Row "general [Row "generg 31 December
requirements" ofirequirements ) 2015
Tables 1 and 2 ofof Table 1 of Generd Yes
Annex 9A Annex 9A
Notes:
(2) “NOx OTL"” monitoring requirements as set out iables 1 and 2 of Annex 9A.
(2) “PM OTL"” monitoring requirements as set out iable 1 of Annex 9A.
3 “Performance monitoring” requirements as sétiogparagraph 2.3.2.2. of Annex 9A.
(4) Reagent quality and consumption “phase-in” nemmpents as set out in paragraphs 7.1.1.1. and
8.4.1.1. of Annex 11.
5) Reagent quality and consumption “general” regquents as set out in paragraphs 7.1.1. and ®#.1.
Annex 11.
(6) The requirements regarding the plan and impigaten of the monitoring techniques according to
paragraphs 2.3.1.2. and 2.3.1.2.1. of Annex 9A.
@) During the phase-in period set out in paragiyd®.7. of this Regulation, the manufacturer shall
exempted from providing the statement requireddnagraph 6.4.1. of Annex 9A.
Table 2
Engine type codes for approval marks
Engine type Code
Diesel fuelled Cl engine D
Ethanol (ED95) fuelled CI engine ED
Ethanol (E85) fuelled PI engine E85
Petrol fuelled Pl engine P
LPG fuelled PI engine Q
Natural gas fuelled PI engine See paragraph 43.8.3f this Regulation
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Annex 4

Test procedure

1.

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.1.6.

3.1.7.

3.1.8.

3.1.9.

3.1.10.

Introduction

This annex is based on the world-wide harmonizesdpealuty certification
(WHDC), global technical regulation (gtr) No. 4).

Reservetd

Definitions, symbols and abbreviations
Definitions

For the purpose of this Regulation,

'Declared maximum power ()" means the maximum power in ECE kW
(net power) as declared by the manufacturer impfsication for approval.

'Delay timé means the difference in time between the chanfyghe
component to be measured at the reference poind aydtem response of 10
per cent of the final reading (t10) with the samgliprobe being defined as
the reference point. For the gaseous componemssistthe transport time of
the measured component from the sampling probeetdétector.

Drift" means the difference between the zero or spapomsges of the
measurement instrument after and before an emistésh

'Full flow dilution methotd means the process of mixing the total exhaust
flow with diluent prior to separating a fraction thfe diluted exhaust stream
for analysis.

'High speed (R)" means the highest engine speed where 70 perot¢he
declared maximum power occurs.

‘Low speed (g)" means the lowest engine speed where 55 per detheo
declared maximum power occurs.

'Maximum power (R.y)" means the maximum power in KW as specified by
the manufacturer.

‘Maximum torque spe&dmeans the engine speed at which the maximum
torque is obtained from the engine, as specifiethbymanufacturer.

‘Normalized torqué means engine torque in per cent normalized to the
maximum available torque at an engine speed.

‘Operator demant means an engine operator's input to control engin
output. The operator may be a person (i.e., manual)a governor
(i.e., automatic) that mechanically or electroricaignals an input that
demands engine output. Input may be from an aatelepedal or signal, a
throttle-control lever or signal, a fuel lever agreal, a speed lever or signal,
or a governor setpoint or signal.

1 The numbering of this annex is consistent withrthmbering of gtr No.4 on WHDC. However, some
sections of the WHDC gtr are not needed in this annex
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3.1.11.

3.1.12.

3.1.13.

3.1.14.

3.1.15.

3.1.16.

3.1.17.

3.1.18.

3.1.19.

3.1.20.

3.1.21.

Partial flow dilution method means the process of separating a part from
the total exhaust flow, then mixing it with an appriate amount of diluent
prior to the particulate sampling filter.

‘Ramped steady state test cyateeans a test cycle with a sequence of steady
state engine test modes with defined speed anddaetteria at each mode
and defined ramps between these modes (WHSC).

‘Rated speédmeans the maximum full load speed allowed bygbeernor
as specified by the manufacturer in his sales andce literature, or, if such
a governor is not present, the speed at which #gsdmum power is obtained
from the engine, as specified by the manufactunehis sales and service
literature.

‘Response timiemeans the difference in time between the charfgthe
component to be measured at the reference poina gydtem response of 90
per cent of the final reading (t90) with the samglprobe being defined as
the reference point, whereby the change of the unedscomponent is at
least 60 per cent full scale (FS) and takes pladess than 0.1 second. The
system response time consists of the delay tinmtbasystem and of the rise
time of the system.

Rise timé means the difference in time between the 10 pet and 90 per
cent response of the final reading (t90 — t10).

‘Span responsemeans the mean response to a span gas during &rge
interval.

‘Specific emissiofisneans the mass emissions expressed in g/kwh.

Test cycle means a sequence of test points each with aatbfpeed and
torque to be followed by the engine under steadiesfWHSC) or transient
operating conditions (WHTC).

Transformation timé means the difference in time between the charige o
the component to be measured at the reference groina system response of
50 per cent of the final reading (t50) with the géing probe being defined
as the reference point. The transformation timeused for the signal
alignment of different measurement instruments.

Transient test cyclemeans a test cycle with a sequence of normakpeed
and torque values that vary relatively quickly wtithe (WHTC).

Zero responsemeans the mean response to a zero gas during di@
interval.
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3.2.

Figure 1
Definitions of system response

Response

step input

'
X d
response time H

transformation time

delay time '

rise time Time

General symbols

Symbol Unit Term

=N - Slope of the regression

& - y intercept of the regression

AlF - Stoichiometric air to fuel ratio

c ppm/Vol per cent Concentration

C4 ppm/Vol per cent Concentration on dry basis

Cw ppm/Vol per cent Concentration on wet basis

Ch ppm/Vol per cent Background concentration

Cq - Discharge coefficient of SSV

Cgas ppm/Vol per cent Concentration on the gaseous coes

C, particles pe Average concentration of particles from the

cubic centimetre diluted exhaust gas corrected to standard

conditions (273.2 K and 101.33 kPa) particles
per cubic centimetre

Csi particles pe A discrete measurement of parti

cubic centimetre concentration in the diluted gas exhaust from

the particle counter, corrected for coincidence
and to standard conditions (273.2 K
and 101.33 kPa)

d m Diameter

d; Particle electrical mobility diameter (30, 50 or
100 nm)

dy m Throat diameter of ventt

Do m/s PDP calibration intercept

D - Dilution factor

At S Time interval
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Symbol Unit Term

e The number of particles emitted per kWh

€gas g/kWh Specific emission of gaseous components

€pm a/kWh Specific emission of particulates

< g/kWh Specific emission during regeneration

ey a/kWh Weighted specific emission

Ecoz per cent C@quench of NQanalyzer

Ee per cent Ethane efficiency

Enoo per cent Water quench of N@nalyzer

Em per cent Methane efficiency

Enox per cent Efficiency of NQconverter

f Hz Data sampling rate

fa - Laboratory atmospheric factor

Fs - Stoichiometric factor

f_ - Mean paqticle cpncentration reduqion facto

r the volatile particle remover specific to the

dilution settings used for the test

Ha o/kg Absolute humidity of the intake air

Hqg a/kg Absolute humidity of the diluent

i - Subscript denoting an instantaneous
measurement (e.g. 1 Hz)

k - Calibration factor to correct the particle number
counter measurements to the level of the
reference instrument where this is not applied
internally within the particle number counter.
Where the calibration factor is applied
internally within the particle number counter, a
value of 1 shall be used for k in the above

equation

ke - Carbon specific factor

K g m/kg fuel Combustion additional volume of dry exhaust

Kt w m3/kg fuel Combustion additional volume of wet exhaust

Kn.p - Humidity correction factor for NOfor Cl
engines

knc - Humidity correction factor for NOfor Pl
engines

K The regeneration adjustment, according to

paragraph 6.6.2., or in the case of engines
without periodically regenerating aftertreatment
k=1
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Symbol Unit Term

K.q Downward regeneration adjustment factor

Keu Upward regeneration adjustment factor

Kw.a - Dry to wet correction factor for the intake air

Kw,d - Dry to wet correction factor for the diluent

Kuwe - Dry to wet correction factor for the diluted
exhaust gas

Ku,r - Dry to wet correction factor for the raw exhaust
gas

Ky - CFV calibration functio

A - Excess air ratio

my mg Particulate sample mass of the diluent colle

my kg Mass of the diluent sample passed through the
particulate sampling filters

Meg kg Total diluted exhaust mass over the ¢

Mg kg Mass of equivalent diluted exhaust gas over the
test cycle

Mew kg Total exhaust mass over the ¢\

Mey kg Total mass of diluted exhaust gas extracted
from the dilution tunnel for particle number
sampling

g mg Particulate sampling filter mass

Myas g Mass of gaseous emissions over the test cycle

m, mg Particulate sample mass collected

Mpw g Mass of particulate emissions over the test cycle

Memcorr  Q/test Mass of particulates corrected for extractb
particle number sample flow

Mee kg Exhaust sample mass over the test cycle

Mseqy kg Mass of diluted exhaust gas passing the dilution
tunnel

Myep kg Mass of diluted exhaust gas passing the
particulate collection filters

Mseq kg Mass of secondary dilue

M Nm Torque

M, g/mol Molar mass of the intake air

My g/mol Molar mass of the diluent

Me g/mol Molar mass of the exhaust
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Symbol Unit Term

Mg Nm Torque absorbed by auxiliaries/equipment to be
fitted

Mgas g/mol Molar mass of gaseous components

M, Nm Torque absorbed by auxiliaries/equipment to be
removed

N - Number of particles emitted over the test cycle

n - Number of measurements

n - Number of measurements with regeneration

n min™ Engine rotational spe

MNhi min* High engine speed

Mo mint Low engine speed

Noret min* Preferred engine speed

No r/s PDP pump speed

Neold - The total number of particles emitted over the
WHTC cold test cycle

Nhot - The total number of particles emitted over the
WHTC hot test cycle

Nin Upstream particle number concentration

Nout Downstream particle number concentration

Pa kPa Saturation vapour pressure of engine intake air

Po kPa Total atmospheric pressure

Pq kPa Saturation vapour pressure of the diluent

Po kPa Absolute pressure

P kPa Water vapour pressure after cooling bath

Ps kPa Dry atmospheric pressure

P kw Power

Ps kw Power absorbed by auxiliaries/equipment to be
fitted

P, kw Power absorbed by auxiliaries/equipment to be
removed

Oex kals Particle number sample mass flow rate

Omad kagls Intake air mass flow rate on dry basis

Omaw kals Intake air mass flow rate on wet basis

Omce kals Carbon mass flow rate in the raw exhaust gas

Omct kals Carbon mass flow rate into the engine
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Symbol Unit Term

Omep ka/s Carbon mass flow rate in the partial flow
dilution system

Omdew ka/s Diluted exhaust gas mass flow rate on wetshasi

Omdw kals Diluent mass flow rate on wet basis

Omedt kg/s Equivalent diluted exhaust gas mass flow rate
on wet basis

Omew kgls Exhaust gas mass flow rate on wet basis

Crex kagls Sample mass flow rate extracted from dilution
tunnel

Ot kals Fuel mass flow rate

Omp kals Sample flow of exhaust gas into partial flow
dilution system

Osw ka/s Mass flow rate fed back into dilution tunnel t
compensate for particle number sample
extraction

Gvevs m3/s CVS volume rate

Ovs dm3/min System flow rate of exhaust analyzer system

Ot cm3/min Tracer gas flow rate

r? - Coefficient of determination

rq - Dilution ratio

o - Diameter ratio of SSV

I - Hydrocarbon response factor of the FID

Mm - Methanol response factor of the FID

o - Pressure ratio of SSV

rs - Average sample ratio

s Standard deviation

0 kg/m? Density

De kg/m3 Exhaust gas density

o - Standard deviation

T K Absolute temperature

T. K Absolute temperature of the intake air

t S Time

tio S Time between step input and 10 per cent of
final reading

tso S Time between step input and 50 per cent of
final reading
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Symbol Unit Term

too S Time between step input and 90 per cent of
final reading

u - Ratio between the densities (or molar masses)
of the gas components and the exhaust gas
divided by 1000

Vo m’/r PDP gas volume pumped per revolution

Vs dm3 System volume of exhaust analyzer bench

Wit kWh Actual cycle work of the test cycle

Wictcod  kKWh The actual cycle work over the WHTC cold test
cycle according to paragraph 7.8.6.

Waet hot  KWh The actual cycle work over the WHTC hot test
cycle according to paragraph 7.8.6.

Wies kWh Reference cycle work of the test cycle

Xo m/r PDP calibration functiol
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3.3. Symbols and abbreviations for the fuel contpwsi
WaLE hydrogen content of fuel, per cent mass
WegEeT carbon content of fuel, per cent mass
WeAM sulphur content of fuel, per cent mass
WpEeL nitrogen content of fuel, per cent mass
Weps oxygen content of fuel, per cent mass
a molar hydrogen ratio (H/C)
y molar sulphur ratio (S/C)
o molar nitrogen ratio (N/C)
£ molar oxygen ratio (O/C)

referring to a fuel CRON,S,

3.4. Symbols and abbreviations for the chemicalpaments
C1 Carbon 1 equivalent hydrocark
CH, Methane
C,Hg Ethane
CsHg Propan
CO Carbon monoxid
(o{0) Carbon dioxide
DOP Di-octylphtalate
HC Hydrocarbon
H,O Watel
NMHC Non-methane hydrocarbons
NOy Oxides of nitrogen
NO Nitric oxide
NO, Nitrogen dioxids
PM Particulate matter
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3.5.

Abbreviations

CFV
CLD
CVs
deNQ,
EGR
ET
FID
FTIR
GC
HCLD
HFID
LDS
LPG
NDIR
NG
NMC
oT
PDP
Per cent FS
PCF
PFS
PNC
PND
PTS
PTT
SSv
VGT
VPR
WHSC
WHTC

Critical Flow Venturi
Chemiluminescent Detector
Constant Volume Sampling
NO, aftertreatment system
Exhaust gas recirculation
Evaporation tube
Flame lonization Detector
Fourier Transform Infrared analyser
Gas Chromatograph
Heated Chemiluminescent Detector
Heated Flame lonization Detector
Laser Diode Spectrometer
Liquefied Petroleum Gas
Non-Dispersive Infrared (Analyzer)
Natural Gas
Non-Methane Cutter
Outlet Tube
Positive Displacement Pump

Per cent of full scale
Particle pre-classifier
Partial Flow System
Particle Number Counter
Particle Number Diluter
Particle Transfer System
Particle Transfer Tube
Subsonic Venturi
Variable Geometry Turbine
Volatile Particle Remover
World Harmonised Steady state Cycle

World Harmonised Transient Cycle

General requirements

The engine system shall be so designed, constiuanted assembled as to
enable the engine in normal use to comply withpgravisions of this annex
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51.1.

5.2.

5.2.1.

5.2.2.

during its useful life, as defined in this Regudati including when installed
in the vehicle.

Performance requirements
Emission of gaseous and particulate pollutants

The emissions of gaseous and particulate pollsithgtthe engine shall be
determined on the WHTC and WHSC test cycles, ascritbesl in
paragraph 7. The measurement systems shall me&nélagity requirements
in paragraph 9.2. and the specifications in pafg3. (gaseous emissions
measurement), paragraph 9.4. (particulate measutgared in Appendix 2.

Other systems or analyzers may be approved btyfieapproval authority,
if it is found that they vyield equivalent results iaccordance with
paragraph 5.1.1.

Equivalency

The determination of system equivalency shall @ased on a seven-sample
pair (or larger) correlation study between the eaystinder consideration and
one of the systems of this annex.

"Results" refer to the specific cycle weighted ssions value. The

correlation testing is to be performed at the s&heratory, test cell, and on
the same engine, and is preferred to be run cogwtlyr The equivalency of

the sample pair averages shall be determined legtFand t-test statistics as
described in Appendix 3, paragraph A.3.3., obtaimeder the laboratory test
cell and the engine conditions described aboveligbsitshall be determined

in accordance with ISO 5725 and excluded from #ialthse. The systems to
be used for correlation testing shall be subjedh® approval by the type-

approval authority.

Engine family
General

An engine family is characterized by design patense These shall be
common to all engines within the family. The engimanufacturer may
decide which engines belong to an engine familjpag as the membership
criteria listed in paragraph 5.2.3. are respectét: engine family shall be
approved by the type-approval authority. The mactufgr shall provide to

the type-approval authority the appropriate infdiora relating to the

emission levels of the members of the engine family

Special cases

In some cases there may be interaction betweesmgders. This shall be
taken into consideration to ensure that only ergiméth similar exhaust
emission characteristics are included within thmesangine family. These
cases shall be identified by the manufacturer atified to the type-approval
authority. It shall then be taken into account asi@rion for creating a new
engine family.

In case of devices or features, which are noedish paragraph 5.2.3. and
which have a strong influence on the level of emaiss this equipment shall
be identified by the manufacturer on the basisaddyengineering practice,
and shall be notified to the type-approval autlyotit shall then be taken into
account as a criterion for creating a new enginglfa
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In addition to the parameters listed in paragra 3., the manufacturer may
introduce additional criteria allowing the defioiti of families of more
restricted size. These parameters are not nedgsgarameters that have an
influence on the level of emissions.

5.2.3. Parameters defining the engine family
5.2.3.1. Combustion cycle

(a) 2-stroke cycle;

(b)  4-stroke cycle;

(c) Rotary engine;

(d)  Others.
5.2.3.2. Configuration of the cylinders
5.2.3.2.1. Position of the cylinders in the block
@ Vv
(b) Inline;
(c) Radial;

(d)  Others (F, W, etc.).
5.2.3.2.2. Relative position of the cylinders

Engines with the same block may belong to the siEamdly as long as their
bore center-to-center dimensions are the same.

5.2.3.3. Main cooling medium
(& Ain
(b)  Water;
(c) Oil
5.2.3.4. Individual cylinder displacement

5.2.3.4.1. Engine with a unit cylinder displacemer®.75 dm?

In order for engines with a unit cylinder displawnt of> 0.75 dm3 to be
considered to belong to the same engine familysgnead of their individual
cylinder displacements shall not exceed 15 per otttie largest individual
cylinder displacement within the family.

5.2.3.4.2. Engine with a unit cylinder displacemei®. 75 dm3

In order for engines with a unit cylinder displaent of <0.75 dm3 to be
considered to belong to the same engine familysgnead of their individual
cylinder displacements shall not exceed 30 per otttie largest individual
cylinder displacement within the family.

5.2.3.4.3. Engine with other unit cylinder displemet limits

Engines with an individual cylinder displacemehatt exceeds the limits
defined in paragraphs 5.2.3.4.1. and 5.2.3.4.2. lmeagonsidered to belong to
the same family with the approval of the type-apptoauthority. The

approval shall be based on technical elements uledions, simulations,

experimental results etc.) showing that exceedglimits does not have a
significant influence on the exhaust emissions.
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5.2.3.5.

5.2.3.6.

5.2.3.7.

5.2.3.8.

5.2.3.9.

5.2.3.10.

5.2.3.11.

Method of air aspiration
(a) Naturally aspirated;
(b)  Pressure charged;
(c) Pressure charged with charge cooler.
Fuel type
(a) Diesel;
(b)  Natural gas (NG);
(c) Liquefied petroleum gas (LPG);
(d)  Ethanol.
Combustion chamber type
(@  Open chamber;
(b)  Divided chamber;
(c)  Other types.
Ignition Type
(a) Positive ignition;
(b)  Compression ignition.
Valves and porting
(a) Configuration;
(b)  Number of valves per cylinder.
Fuel supply type
(a) Liquid fuel supply type
0] Pump and (high pressure) line and injector;
(i)  In-line or distributor pump;
(iii)  Unit pump or unit injector;
(iv)  Common rail;
(v)  Carburettor(s);
(vi)  Others.
(b)  Gas fuel supply type

0] Gaseous;

(i) Liquid;
(i) Mixing units;
(iv)  Others.

(c)  Other types
Miscellaneous devices
(a) Exhaust gas recirculation (EGR);

(b)  Water injection;
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5.2.3.12.

5.2.3.13.

(c)  Airinjection;
(d)  Others.
Electronic control strategy

The presence or absence of an electronic comiib{HCU) on the engine is
regarded as a basic parameter of the family.

In the case of electronically controlled enginése manufacturer shall
present the technical elements explaining the gngupf these engines in the
same family, i.e. the reasons why these enginebeaxpected to satisfy the
same emission requirements.

These elements can be calculations, simulaticstgnations, description of
injection parameters, experimental results, etc.

Examples of controlled features are:
(a) Timing;
(b)  Injection pressure;
(c) Multiple injections;
(d)  Boost pressure;
(e) VGT;
U] EGR.
Exhaust aftertreatment systems

The function and combination of the following desé are regarded as
membership criteria for an engine family:

(a) Oxidation catalyst;
(b)  Three-way catalyst;

(c) deNQ system with selective reduction of NQaddition of reducing
agent);

(d)  Other deN@systems;

(e) Particulate trap with passive regeneration;
) Particulate trap with active regeneration;
(g)  Other particulate traps;

(h)  Other devices.

When an engine has been certified without an ta@ment system, whether
as parent engine or as member of the family, thisneingine, when equipped
with an oxidation catalyst, may be included in H#zsme engine family, if it
does not require different fuel characteristics.

If it requires specific fuel characteristics (eparticulate traps requiring
special additives in the fuel to ensure the regai@r process), the decision
to include it in the same family shall be basedemhnical elements provided
by the manufacturer. These elements shall inditetethe expected emission
level of the equipped engine complies with the séimi value as the non-

equipped engine.
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5.2.4.

5.2.4.1.

5.2.4.2.

5.2.4.3.

When an engine has been certified with an aft@iriment system, whether as
parent engine or as member of a family, whose pagagine is equipped

with the same aftertreatment system, then thisnengvhen equipped without
aftertreatment system, shall not be added to time sngine family.

Choice of the parent engine
Compression ignition engines

Once the engine family has been agreed by theagpeoval authority, the
parent engine of the family shall be selected utliegorimary criterion of the
highest fuel delivery per stroke at the declaredimam torque speed. In the
event that two or more engines share this primdtgron, the parent engine
shall be selected using the secondary criteriohigiiest fuel delivery per
stroke at rated speed.

Positive ignition engines

Once the engine family has been agreed by theagpeoval authority, the

parent engine of the family shall be selected utiiegorimary criterion of the

largest displacement. In the event that two or nemgines share this primary
criterion, the parent engine shall be selectedgudie secondary criterion in
the following order of priority:

(@  The highest fuel delivery per stroke at theespef declared rated
power;

(b)  The most advanced spark timing;
(c)  The lowest EGR rate.
Remarks on the choice of the parent engine

The type-approval authority may conclude thatvttoest-case emission of the
family can best be characterized by testing adutiengines. In this case,
the engine manufacturer shall submit the apprapriatformation to
determine the engines within the family likely tavie the highest emissions
level.

If engines within the family incorporate other tig®s which may be
considered to affect exhaust emissions, theserfsaghall also be identified
and taken into account in the selection of the mtagagine.

If engines within the family meet the same emisswalues over different
useful life periods, this shall be taken into acwoin the selection of the
parent engine.

Test conditions
Laboratory test conditions

The absolute temperature (Ta) of the engine intkexpressed in Kelvin,
and the dry atmospheric pressure (ps), express&®anshall be measured
and the parameter fa shall be determined accordinghe following
provisions. In multi-cylinder engines having distingroups of intake
manifolds, such as in a "Vee" engine configuratitie, average temperature
of the distinct groups shall be taken. The paranfgtghall be reported with
the test results. For better repeatability andaapeibility of the test results,
it is recommended that the paramdfdre such that: 0.9% f, < 1.07.
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6.2.

6.3.

6.3.1.

Compression-ignition engines:

Naturally aspirated and mechanically superchaggegines:

0.7
99) ( T,

Turbocharged engines with or without cooling a thtake air:

0.7 1.5
=B L ]a @
a | pg 298
(b)  Positive ignition engines:
1.2 0.6
f = % X h (3)
a | p, 298

Engines with charge air-cooling

The charge air temperature shall be recorded halll Ise, at the rated speed
and full load, withint5 K of the maximum charge air temperature specified
by the manufacturer. The temperature of the coofimegdium shall be at
least 293 K (20 °C).

If a test laboratory system or external bloweusgd, the coolant flow rate
shall be set to achieve a charge air temperatuteni5 K of the maximum
charge air temperature specified by the manufactir¢he rated speed and
full load. Coolant temperature and coolant floneraf the charge air cooler
at the above set point shall not be changed fomthele test cycle, unless
this results in unrepresentative overcooling of ¢charge air. The charge air
cooler volume shall be based upon good enginegriagtice and shall be
representative of the production engine's in-ustaltation. The laboratory
system shall be designed to minimize accumulatibrcandensate. Any
accumulated condensate shall be drained and alisdshall be completely
closed before emission testing.

If the engine manufacturer specifies pressure-tinois across the charge-air
cooling system, it shall be ensured that the presdtop across the charge-air
cooling system at engine conditions specified ®y nranufacturer is within
the manufacturer's specified limit(s). The pressingp shall be measured at
the manufacturer's specified locations.

Engine power

The basis of specific emissions measurement imernmwer and cycle work
as determined in accordance with paragraphs 686L3.5.

General engine installation

The engine shall be tested with the auxiliariesifgment listed in
Appendix 6.

If auxiliaries/equipment are not installed as iieepl their power shall be
taken into account in accordance with paragraph 6to 6.3.5.
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6.3.2.

6.3.3.

6.3.4.

6.3.5.

6.4.

Auxiliaries/equipment to be fitted for thmissions test

If it is inappropriate to install the auxiliariesfuipment required according to
Appendix 6 on the test bench, the power absorbedtheyn shall be
determined and subtracted from the measured emginer (reference and
actual) over the whole engine speed range of theT@/ldnd over the test
speeds of the WHSC.

Auxiliaries/equipment to be removed for tist

Where the auxiliaries/equipment not required adiogr to Appendix 6
cannot be removed, the power absorbed by them maagekermined and
added to the measured engine power (reference andljaover the whole
engine speed range of the WHTC and over the testdspof the WHSC. If
this value is greater than 3 per cent of the marinpower at the test speed it
shall be demonstrated to the type-approval authorit

Determination of auxiliary power
The power absorbed by the auxiliaries/equipmeptiseonly be determined,
if:
(@)  Auxiliaries/equipment required according to Apdix 6, are not fitted
to the engine;
and/or

(b)  Auxiliaries/equipment not required accordingMgpendix 6, are fitted
to the engine.

The values of auxiliary power and the measureroalttilation method for
determining auxiliary power shall be submitted bg £ngine manufacturer
for the whole operating area of the test cyclesl approved by the type-
approval authority.

Engine cycle work

The calculation of reference and actual cycle wigde paragraphs 7.4.8.
and 7.8.6.) shall be based upon engine power aicgotd paragraph 6.3.1.
In this case, fand R of equation 4 are zero, and P equals P

If auxiliaries/equipment are installed according fmragraphs 6.3.2.
and/or 6.3.3., the power absorbed by them shaluded to correct each
instantaneous cycle power valug;Pas follows:

R=R.,-R +h; (4)
Where:

Pni is the measured engine power, kW

P is the power absorbed by auxiliaries/equipmeittetditted, kW

P.i  isthe power absorbed by auxiliaries/equipmenitst@emoved, kW.

Engine air intake system

An engine air intake system or a test laboratoystesn shall be used
presenting an air intake restriction witli800 Pa of the maximum value
specified by the manufacturer for a clean air acdeaat the rated speed and
full load. The static differential pressure of ttesstriction shall be measured
at the location specified by the manufacturer.
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6.5.

6.6.

6.6.1.

Engine exhaust system

An engine exhaust system or a test laboratoryesyshall be used presenting
an exhaust backpressure within 80 to 100 per ckmheo maximum value
specified by the manufacturer at the rated speetl faih load. If the
maximum restriction is 5 kPa or less, the set paimall be no less than
1.0 kPa from the maximum. The exhaust system sbatiform to the
requirements for exhaust gas sampling, as set muparagraphs 9.3.10.
and 9.3.11.

Engine with exhaust aftertreatment system

If the engine is equipped with an exhaust aftatirent system, the exhaust
pipe shall have the same diameter as found in-ais@s specified by the
manufacturer, for at least four pipe diameters ngpsh of the expansion
section containing the aftertreatment device. Tiséadce from the exhaust
manifold flange or turbocharger outlet to the exdtaaftertreatment system
shall be the same as in the vehicle configurationwithin the distance
specifications of the manufacturer. The exhausk@ssure or restriction
shall follow the same criteria as above, and maydtewith a valve. For
variable-restriction aftertreatment devices, thexiimam exhaust restriction
is defined at the aftertreatment condition (degiegageing and
regeneration/loading level) specified by the maaoufier. If the maximum
restriction is 5 kPa or less, the set point shalhb less than 1.0 kPa from the
maximum. The aftertreatment container may be rehalging dummy tests
and during engine mapping, and replaced with aivatgnt container having
an inactive catalyst support.

The emissions measured on the test cycle shallepeesentative of the
emissions in the field. In the case of an engineipzpd with an exhaust
aftertreatment system that requires the consumpti@nreagent, the reagent
used for all tests shall be declared by the mamnwurfec

Engines equipped with exhaust aftertreatment Bystevith continuous
regeneration do not require a special test proegdout the regeneration
process needs to be demonstrated according torpptag.6.1.

For engines equipped with exhaust aftertreatmeydtems that are

regenerated on a periodic basis, as described reggph 6.6.2., emission
results shall be adjusted to account for reger@rativents. In this case, the
average emission depends on the frequency of gemegation event in terms
of fraction of tests during which the regeneratimours.

Continuous regeneration

The emissions shall be measured on an aftertreatsystem that has been
stabilized so as to result in repeatable emisdietisaviour. The regeneration
process shall occur at least once during the WH®Cshart test and the
manufacturer shall declare the normal conditiondearwhich regeneration
occurs (soot load, temperature, exhaust back-preessic.).

In order to demonstrate that the regenerationga®ds continuous, at least
three WHTC hot start tests shall be conducted. ther purpose of this
demonstration, the engine shall be warmed up inordenice with
paragraph 7.4.1., the engine be soaked accordipgregraph 7.6.3. and the
first WHTC hot start test be run. The subsequerit dtart tests shall be
started after soaking according to paragraph 7Buing the tests, exhaust
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6.6.2.

temperatures and pressures shall be recorded (tetape before and after
the aftertreatment system, exhaust back pressuorg, e

If the conditions declared by the manufactureruoauring the tests and the
results of the three (or more) WHTC hot start tekisnot scatter by more
than £25 per cent or 0.005 g/kWh, whichever is gneahe aftertreatment
system is considered to be of the continuous regéona type, and the
general test provisions of paragraph 7.6. (WHTCYH garagraph 7.7.
(WHSC) apply.

If the exhaust aftertreatment system has a sgcordde that shifts to a
periodic regeneration mode, it shall be checkedralicg to paragraph 6.6.2.
For that specific case, the applicable emissioritdimmay be exceeded and
would not be weighted.

Periodic regeneration

For an exhaust aftertreatment based on a periedeneration process, the
emissions shall be measured on at least three WhoEGtart tests, one with
and two without a regeneration event on a stalilizitertreatment system,
and the results be weighted in accordance withtemua.

The regeneration process shall occur at least dageg the WHTC hot start
test. The engine may be equipped with a switch ldapaf preventing or
permitting the regeneration process provided tpisration has no effect on
the original engine calibration.

The manufacturer shall declare the normal paranteteditions under which
the regeneration process occurs (soot load, temyperaexhaust back-
pressure, etc.) and its duration. The manufactstell also provide the
frequency of the regeneration event in terms of memof tests during which
the regeneration occurs compared to number of test®ut regeneration.
The exact procedure to determine this frequencil bbeabased upon in-use
data using good engineering judgement, and shakdreed by the type-
approval or certification authority.

The manufacturer shall provide an aftertreatmgsitesn that has been loaded
in order to achieve regeneration during a WHTC. tést the purpose of this
testing, the engine shall be warmed up in accomlavith paragraph 7.4.1.,
the engine be soaked according to paragraph AfBthe WHTC hot start
test be started. Regeneration shall not occur guhie engine warm-up.

Average specific emissions between regeneratiasgishall be determined
from the arithmetic mean of several approximatejyidistant WHTC hot
start test results (g/kWh). As a minimum, at least WHTC hot start test as
close as possible prior to a regeneration testamd WHTC hot start test
immediately after a regeneration test shall be ootatl. As an alternative,
the manufacturer may provide data to show that éh@ssions remain
constant £25 per cent or 0.005 g/kWh, whichever is greategiwien
regeneration phases. In this case, the emissionslpfone WHTC hot start
test may be used.

During the regeneration test, all the data ned¢dedktect regeneration shall
be recorded (CO or NQOemissions, temperature before and after the
aftertreatment system, exhaust back pressure, etc.)

During the regeneration test, the applicable eondéimits may be exceeded.

The test procedure is schematically shown in Eigur
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Figure 2:
Scheme of periodic regeneration
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The WHTC hot start emissions shall be weightefbbws:

_nxe+n, xe
+

n+n, )
Where:
n is the number of WHTC hot start tests withouteregration
nr is the number of WHTC hot start tests with reggation (minimum

one test)

€ is the average specific emission without regei@rag/kWh
&

is the average specific emission with regeneratiaWh

For the determination of , the following provisions apply:

(a) If regeneration takes more than one hot stafff®, consecutive full
hot start WHTC tests shall be conducted and enmissimntinued to
be measured without soaking and without shuttiregethgine off, until
regeneration is completed, and the average of ttestart WHTC
tests be calculated;

(b)  If regeneration is completed during any hottsStdHTC, the test shall
be continued over its entire length.

In agreement with the type-approval authority, thgeneration adjustment
factors may be applied either multiplicative (c)aditive (d) based upon
good engineering analysis.
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6.7.

6.8.

6.9.

6.10.

104

(c)  The multiplicative adjustment factors shalldadculated as follows:

kr,u = i
€ (upward) (6)
krd = &
& (downward) (6a)
(d)  The additive adjustment factors shall be calmd as follows:
Kru = €y - & (upward) @)
kiq = ey - & (downward) (8)

With reference to the specific emission calculaiin paragraph 8.6.3., the
regeneration adjustment factors shall be appliedolows:

(e) For a test without regeneration, kr,u shallnbeltiplied with or be
added to, respectively, the specific emission egmations 69 or 70;

) For a test with regeneratiok,y shall be multiplied with or be added
to, respectively, the specific emissiein equations 69 or 70.

At the request of the manufacturer, the reger@ratdjustment factors
(@ May be extended to other members of the sagmerfiamily;

(h) May be extended to other engine families usitige same
aftertreatment system with the prior approval & tipe-approval or
certification authority based on technical evidetzébe supplied by
the manufacturer, that the emissions are similar.

Cooling system

An engine cooling system with sufficient capadibymaintain the engine at
normal operating temperatures prescribed by theufaaturer shall be used.

Lubricating oil

The lubricating oil shall be specified by the miauturer and be
representative of lubricating oil available on tharket; the specifications of
the lubricating oil used for the test shall be rded and presented with the
results of the test.

Specification of the reference fuel
The reference fuels are specified in Annex 5.

The fuel temperature shall be in accordance whk tanufacturer's
recommendations.

Crankcase emissions

No crankcase emissions shall be discharged dirdatio the ambient
atmosphere, with the following exception: engineguipped with
turbochargers, pumps, blowers, or superchargersaforinduction may
discharge crankcase emissions to the ambient atracesif the emissions are
added to the exhaust emissions (either physicalljmathematically) during
all emission testing. Manufacturers taking advaatafythis exception shall
install the engines so that all crankcase emissim be routed into the
emissions sampling system.
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6.11.

6.11.1.

6.11.2.

7.1.1.

For the purpose of this paragraph, crankcase @mgshat are routed into
the exhaust upstream of exhaust aftertreatmennglail operation are not
considered to be discharged directly into the amtagmosphere.

Open crankcase emissions shall be routed intoettteaust system for
emission measurement, as follows:

(@)  The tubing materials shall be smooth-walled¢ceically conductive,
and not reactive with crankcase emissions. Tubegthenshall be
minimized as far as possible;

(b)  The number of bends in the laboratory crankcageng shall be
minimized, and the radius of any unavoidable beinrhllsbe
maximized;

(c)  The laboratory crankcase exhaust tubing shalhdéated, thin-walled
or insulated and shall meet the engine manufacsusgecifications
for crankcase back pressure;

(d) The crankcase exhaust tubing shall connect thto raw exhaust
downstream of any aftertreatment system, downstregmany
installed exhaust restriction, and sufficiently tupam of any sample
probes to ensure complete mixing with the engieglsaust before
sampling. The crankcase exhaust tube shall exténdhe free stream
of exhaust to avoid boundary-layer effects and rommwte mixing.
The crankcase exhaust tube's outlet may orientny @irection
relative to the raw exhaust flow.

Paragraphs 6.11.1. and 6.11.2. shall appbypsitive-ignition engines fuelled
with petrol or E85.

The pressure in the crankcase shall be urethver the emissions test
cycles at an appropriate location. The pressuthdrintake manifold shall be
measured to within £ 1 kPa.

Compliance with paragraph 6.10. shall bermdsd satisfactory if, in every
condition of measurement set out in paragraph 8_1the pressure measured
in the crankcase does not exceed the atmosphergsyre prevailing at the
time of measurement.

Test procedures
Principles of emissions measurement

To measure the specific emissions, the engind khatperated over the test
cycles defined in paragraphs 7.2.1. and 7.2.2. mbhasurement of specific
emissions requires the determination of the massaoiponents in the
exhaust and the corresponding engine cycle worle §bmponents are
determined by the sampling methods described imgvaphs 7.1.1. and
7.1.2.

Continuous sampling

In continuous sampling, the component's conceatratis measured
continuously from raw or dilute exhaust. This camtcation is multiplied by
the continuous (raw or dilute) exhaust flow ratettet emission sampling
location to determine the component's mass flove.rdthe component's
emission is continuously summed over the test cythés sum is the total
mass of the emitted component.
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7.1.2.

7.1.3.

7.2.
7.2.1.

Batch sampling

In batch sampling, a sample of raw or dilute eshais continuously
extracted and stored for later measurement. Thexggtd sample shall be
proportional to the raw or dilute exhaust flow raExamples of batch
sampling are collecting diluted gaseous componients bag and collecting
particulate matter (PM) on a filter. The batch skdpconcentrations are
multiplied by the total exhaust mass or mass fleaw(or dilute) from which
it was extracted during the test cycle. This pradsiche total mass or mass
flow of the emitted component. To calculate the Bdhcentration, the PM
deposited onto a filter from proportionally extredtexhaust shall be divided
by the amount of filtered exhaust.

Measurement procedures

This annex applies two measurement procedures dhat functionally
equivalent. Both procedures may be used for b@hWNMKTC and the WHSC
test cycle:

(&  The gaseous components are sampled continuiousig raw exhaust
gas, and the particulates are determined usingtalp#ow dilution
system;

(b)  The gaseous components and the particulatededeemined using a
full flow dilution system (CVS system).

Any combination of the two principles (e.g. rawsgaus measurement and
full flow particulate measurement) is permitted.

Test cycles
Transient test cycle WHTC

The transient test cycle WHTC is listed in Appentlias a second-by-second
sequence of normalized speed and torque valuesdbr to perform the test

on an engine test cell, the normalized values di@ltonverted to the actual
values for the individual engine under test basadth® engine-mapping

curve. The conversion is referred to as denormi#izaand the test cycle so
developed as the reference cycle of the engineetdebted. With those

reference speed and torque values, the cycle Iséalin on the test cell, and
the actual speed, torque and power values shaleberded. In order to

validate the test run, a regression analysis betweéerence and actual
speed, torque and power values shall be condugied completion of the

test.

For calculation of the brake specific emissiohs, actual cycle work shall be
calculated by integrating actual engine power otlex cycle. For cycle
validation, the actual cycle work shall be withinegcribed limits of the
reference cycle work.

For the gaseous pollutants, continuous sampliag @r dilute exhaust gas)
or batch sampling (dilute exhaust gas) may be uSkd.particulate sample
shall be diluted with a conditioned diluent (suck ambient air), and
collected on a single suitable filter. The WHTCsisown schematically in
Figure 3.
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Figure 3
WHTC test cycle
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7.2.2. Ramped steady state test cycle WHSC

The ramped steady state test cycle WHSC condistsiomber of normalized
speed and load modes which shall be converteceteefierence values for the
individual engine under test based on the enginpping curve. The engine
shall be operated for the prescribed time in eactlanwhereby engine speed
and load shall be changed linearly within2@ seconds. In order to validate
the test run, a regression analysis between referend actual speed, torque
and power values shall be conducted upon complefitine test.

The concentration of each gaseous pollutant, estHféaw and power output
shall be determined over the test cycle. The gasemilutants may be

recorded continuously or sampled into a sampling. behe particulate

sample shall be diluted with a conditioned dilugnich as ambient air). One
sample over the complete test procedure shall kentaand collected on a
single suitable filter.

For calculation of the brake specific emissiohs, dctual cycle work shall be
calculated by integrating actual engine power dkercycle.

The WHSC is shown in Table 1. Except for modehé,dtart of each mode is
defined as the beginning of the ramp from the pmevimode.
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7.3.

Table 1
WHSC test cycle
Normalized Speefd Normalized Torqug Mode length (s
Mode (per cent) (per cent), incl. 20 s ramp
1 0 0 210
2 55 100 50
3 55 25 250
4 55 70 75
5 35 100 50
6 25 25 200
7 45 70 75
8 45 25 150
9 55 50 125
10 75 100 50
11 35 50 200
12 35 25 250
13 0 0 210
Sum 1895

General test sequence

The following flow chart outlines the general gande that should be
followed during testing. The details of each step described in the relevant
paragraphs. Deviations from the guidance are pegthivhere appropriate,
but the specific requirements of the relevant paalys are mandatory.

For the WHTC, the test procedure consists of d start test following either
natural or forced cool-down of the engine, a haksperiod and a hot start

test.

For the WHSC, the test procedure consists of ataot test following engine

preconditioning at WHSC mode 9.



ECE/TRANS/WP.29/2012/45

Engine preparation, pre-test measurements, perfaenehecks and calibrations

v

paragraph 7.4.3.
paragraph 7.4.6.

Generate engine map (maximum torque curve)
Generate reference test cycle

v

Run one or more practice cycles as necessary tk @mgine/test cell/emissions

systems
lWHTC

Natural or forced engine cc-down
paragraph 7.6.1.

v

WHSC

\ 4

Ready all systems for sampling and
data collection

paragraph 7.5.2.

Preconditioning of engine and particulate
system including dilution tunnel

paragraph 7.7.1.

v

v

Cold start exhaust emissions test
paragraph 7.6.2.

'

Hot soak period
paragraph 7.6.3.

Change dummy PM filter to weighed
sampling filter in system by-pass mode

paragraph 7.7.1.

Ready all systems for sampling and datq
collection
paragraph 7.5.2.

v

v

Hot start exhaust emissions test

paragraph 7.6.4.

l

Exhaust emissions test within 5 minutes
after engine shut down

paragraphs 7.7.2. and 7.7.3.

i

Test cycle validation
Data collection and evaluation
Emissions calculation

paragraph 7.8.6./7.

paragraphs 7.6.6./7.7.4.
paragraph 8.

7.4.

Engine mapping and reference cycle

Pre-test engine measurements, pre-test enginerpenfice checks and pre-
test system calibrations shall be made prior toethgine mapping procedure
in line with the general test sequence shown iagraph 7.3.

As basis for WHTC and WHSC reference cycle ger@rathe engine shall
be mapped under full load operation for determiritmg speed vs. maximum
torque and speed vs. maximum power curves. The imgpurve shall be
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7.4.1.

7.4.2.

7.4.3.

7.4.4.

7.4.5.

used for denormalizing engine speed (paragrapl6.y.dnd engine torque
(paragraph 7.4.7.).

Engine warm-up

The engine shall be warmed up between 75 peramahtl00 per cent of its
maximum power or according to the recommendatiorthef manufacturer
and good engineering judgment. Towards the enthefatarm up it shall be
operated in order to stabilize the engine coolaudt labe oil temperatures to
within £2 per cent of its mean values for at least 2 mgoteuntil the engine
thermostat controls engine temperature.

Determination of the mapping speed range

The minimum and maximum mapping speeds are deéisddllows:

Minimum mapping speed idle speed

Maximum mapping speed nhi x 1.02 or speed whalleldad torque

drops off to zero, whichever is smaller.
Engine mapping curve

When the engine is stabilized according to paptyrd.4.1., the engine
mapping shall be performed according to the follgvprocedure.

(&)  The engine shall be unloaded and operatedeasjxted;

(b)  The engine shall be operated with maximum dperdemand at
minimum mapping speed;

(c)  The engine speed shall be increased at angeveate of 8 + 1 mifYs
from minimum to maximum mapping speed, or at a torigate such
that it takes 4 to 6 min to sweep from minimum @ximum mapping
speed. Engine speed and torque points shall bedet@t a sample
rate of at least one point per second.

When selecting option (b) in paragraph 7.4.7. determining negative
reference torque, the mapping curve may directiytinae with minimum
operator demand from maximum to minimum mappingdpe

Alternate mapping

If a manufacturer believes that the above mappaehniques are unsafe or
unrepresentative for any given engine, alternatpping techniques may be
used. These alternate techniques shall satisfyirttet of the specified
mapping procedures to determine the maximum avaikabque at all engine
speeds achieved during the test cycles. Deviatifivomn the mapping
techniques specified in this paragraph for reasafs safety or
representativeness shall be approved by the typemeg authority along
with the justification for their use. In no casewever, the torque curve shall
be run by descending engine speeds for governedhmcharged engines.

Replicate tests

An engine need not be mapped before each and é&&rgycle. An engine
shall be remapped prior to a test cycle if:

(@)  An unreasonable amount of time has transpiirezk ghe last map, as
determined by engineering judgement; or
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(b)  Physical changes or recalibrations have beedentia the engine
which potentially affect engine performance.

7.4.6. Denormalization of engine speed

For generating the reference cycles, the nornthlggeeds of Appendix 1
(WHTC) and Table 1 (WHSC) shall be denormalizechgsihe following
equation:

Nref = Nporm X (045 XN, + 0.45 XNpref + 0.1 xny; — nid|e) X 2.0327 Higje (9)

For determination ofe;, the integral of the maximum torque shall be
calculated frommige to nys, from the engine mapping curve, as determined in
accordance with paragraph 7.4.3.

The engine speeds in Figures 4 and 5 are defasefd)lows:
Nnorm 1S the normalized speed in Appendix 1 and Tablevitled by 100
N is the lowest speed where the power is 55 perafemaximum power

Noer 1S the engine speed where the integral of max pedporque is 51 per
cent of the whole integral betweegdand Bsp,

Nhi is the highest speed where the power is 70 per akemaximum
power

Nge IS the idle speed

ngsh IS the highest speed where the power is 95 per aemaximum
power

For engines (mainly positive ignition engines)wé steep governor droop
curve, where fuel cut off does not permit to operdie engine up toy; or
Nesr, the following provisions apply:

Nhi in equation 9 is replaced witlmax 1.02

Ngsn IS replaced witlpa,x 1.02
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Figure 4:
Definition of test speeds
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7.4.7. Denormalization of engine torque

The torque values in the engine dynamometer sd¢hedi Appendix 1

(WHTC) and in Table 1 (WHSC) are normalized to theximum torque at
the respective speed. For generating the refereydes, the torque values
for each individual reference speed value as débeanin paragraph 7.4.6.
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7.4.8.

7.5.
7.5.1.

7.5.2.

shall be denormalized, using the mapping curvergeted according to
paragraph 7.4.3., as follows:

M norm,i
Mrefi: 'meaxi
' 10C '
Where:

+M; -M (10)

ri

Mnorm,i iS the normalized torque, per cent

Mmaxi IS the maximum torque from the mapping curve, Nm

M is the torque absorbed by auxiliaries/equipmetetditted, Nm

M;; is the torque absorbed by auxiliaries/equipmeiietoemoved, Nm

If auxiliaries/equipment are fitted in accordanceghwparagraph 6.3.1. and
Appendix 6,M; andM, are zero.

The negative torque values of the motoring po{ntsin Appendix 1) shall
take on, for purposes of reference cycle generatiefierence values
determined in either of the following ways:

(a) Negative 40 per cent of the positive torquellalbte at the associated
speed point;

(b)  Mapping of the negative torque required to mdte engine from
maximum to minimum mapping speed,;

(c) Determination of the negative torque requiredrotor the engine at
idle and at p and linear interpolation between these two points.

Calculation of reference cycle work

Reference cycle work shall be determined over thet cycle by
synchronously calculating instantaneous values dogine power from
reference speed and reference torque, as determninedtagraphs 7.4.6. and
7.4.7. Instantaneous engine power values shalintegrated over the test
cycle to calculate the reference cycle work Wr&l/(R. If auxiliaries are not
fitted in accordance with paragraph 6.3.1., thdaimsneous power values
shall be corrected using equation 4 in paragrapb6.

The same methodology shall be used for integrdtotg reference and actual
engine power. If values are to be determined betvasacent reference or
adjacent measured values, linear interpolation blealised. In integrating the
actual cycle work, any negative torque values dbalset equal to zero and
included. If integration is performed at a frequen€ less than 5 Hz, and if,
during a given time segment, the torque value chsnfgom positive to

negative or negative to positive, the negativeiporshall be computed and
set equal to zero. The positive portion shall beuited in the integrated
value.

Pre-test procedures
Installation of the measurement equipment

The instrumentation and sample probes shall belied as required. The
tailpipe shall be connected to the full flow dituti system, if used.

Preparation of measurement equipment fopsagn

The following steps shall be taken before emissampling begins:
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7.5.3.

7.5.4.

7.5.5.

7.5.6.

(a) Leak checks shall be performed within 8 hour®rpto emission
sampling according to paragraph 9.3.4.;

(b)  For batch sampling, clean storage media steaktdnnected, such as
evacuated bags;

(c)  All measurement instruments shall be startedoming to the
instrument manufacturer's instructions and good ine®ging
judgment;

(d)  Dilution systems, sample pumps, cooling famgl the data-collection
system shall be started;

(e)  The sample flow rates shall be adjusted toréédevels, using bypass
flow, if desired;

) Heat exchangers in the sampling system shalpigeeheated or pre-
cooled to within their operating temperature rarfges test;

() Heated or cooled components such as sampls, [fileers, coolers,
and pumps shall be allowed to stabilize at theirerafing
temperatures;

(h)  Exhaust dilution system flow shall be switcl@dat least 10 minutes
before a test sequence;

0] Any electronic integrating devices shall beasst or re-zeroed, before
the start of any test interval.

Checking the gas analyzers

Gas analyzer ranges shall be selected. Emissialyzans with automatic or
manual range switching are permitted. During tis¢ ¢gcle, the range of the
emission analyzers shall not be switched. At thmeséime the gains of an
analyzer's analogue operational amplifier(s) maybeoswitched during the
test cycle.

Zero and span response shall be determined foramadlyzers using
internationally-traceable gases that meet the 8pations of paragraph 9.3.3.
FID analyzers shall be spanned on a carbon nunass bf one (C1).

Preparation of the particulate samplingffilt

At least one hour before the test, the filter kbal placed in a petri dish,
which is protected against dust contamination dfodva air exchange, and
placed in a weighing chamber for stabilizationtid¢ end of the stabilization
period, the filter shall be weighed and the tarégiMeshall be recorded. The
filter shall then be stored in a closed petri dishsealed filter holder until
needed for testing. The filter shall be used withight hours of its removal
from the weighing chamber.

Adjustment of the dilution system

The total diluted exhaust gas flow of a full flalbution system or the diluted
exhaust gas flow through a partial flow dilutionsseam shall be set to
eliminate water condensation in the system, andltain a filter face
temperature between 315 K (42 °C) and 325 K (52 °C)

Starting the particulate sampling system

The particulate sampling system shall be startadl @perated on by-pass.
The particulate background level of the diluent mag determined by
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7.6.

7.6.1.

7.6.2.

7.6.3.

7.6.4.

7.6.5.

sampling the diluent prior to the entrance of tkkagist gas into the dilution
tunnel. The measurement may be done prior to ar dfte test. If the
measurement is done both at the beginning andeaenid of the cycle, the
values may be averaged. If a different samplingtesysis used for
background measurement, the measurement shall e idoparallel to the
test run.

WHTC cycle run
Engine cool-down

A natural or forced cool-down procedure may beliagp For forced cool-
down, good engineering judgment shall be used taigesystems to send
cooling air across the engine, to send cool obugh the engine lubrication
system, to remove heat from the coolant throughetigine cooling system,
and to remove heat from an exhaust aftertreatmestérs. In the case of a
forced aftertreatment system cool down, coolingshall not be applied until
the aftertreatment system has cooled below its lyt&Eta activation
temperature. Any cooling procedure that results unrepresentative
emissions is not permitted.

Cold start test

The cold-start test shall be started when the ératpres of the engine's
lubricant, coolant, and aftertreatment systemsalirbetween 293 and 303 K
(20 and 30°C). The engine shall be started using ohthe following
methods:

(@  The engine shall be started as recommendeleirowner’'s manual
using a production starter motor and adequatelygelthbattery or a
suitable power supply; or

(b)  The engine shall be started by using the dymaeter. The engine
shall be motored withirt25 per cent of its typical in-use cranking
speed. Cranking shall be stopped within 1 secotet #fie engine is
running. If the engine does not start after 15 sdsoof cranking,
cranking shall be stopped and the reason for thlerdato start
determined, unless the owner’'s manual or the semépair manual
describes the longer cranking time as normal.

Hot soak period

Immediately upon completion of the cold start tebie engine shall be
conditioned for the hot start test using a 10 idute hot soak period.

Hot start test

The engine shall be started at the end of thesbak period as defined in
paragraph 7.6.3. using the starting methods gingraragraph 7.6.2.

Test sequence

The test sequence of both cold start and hot &artshall commence at the
start of the engine. After the engine is runningsle control shall be initiated
so that engine operation matches the first sett dithe cycle.

The WHTC shall be performed according to the exfee cycle as set out in
paragraph 7.4. Engine speed and torque commanubses shall be issued
at 5 Hz (10 Hz recommended) or greater. The seitpahall be calculated
by linear interpolation between the 1 Hz set poiitghe reference cycle.
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7.6.6.

7.6.7.

Actual engine speed and torque shall be recordézhat once every second
during the test cycle (1 Hz), and the signals maglectronically filtered.

Collection of emission relevant data

At the start of the test sequence, the measumpgpment shall be started,
simultaneously:

(a) Start collecting or analyzing diluent, if alfflow dilution system is
used;

(b)  Start collecting or analyzing raw or dilutechexst gas, depending on
the method used;

(c) Start measuring the amount of diluted exhaast gnd the required
temperatures and pressures;

(d)  Start recording the exhaust gas mass flow r&tegw exhaust gas
analysis is used;

(e) Start recording the feedback data of speed wmdue of the
dynamometer.

If raw exhaust measurement is used, the emissionentrations (NM)HC,
CO and NQ) and the exhaust gas mass flow rate shall be megsu
continuously and stored with at least 2 Hz on a mater system. All other
data may be recorded with a sample rate of at led$t. For analogue
analyzers the response shall be recorded, andalitaation data may be
applied online or offline during the data evaluatio

If a full flow dilution system is used, HC and NGhall be measured
continuously in the dilution tunnel with a frequgnef at least 2 Hz. The
average concentrations shall be determined by ratieg the analyzer
signals over the test cycle. The system response ghall be no greater than
20 seconds, and shall be coordinated with CVS fltwetuations and
sampling time/test cycle offsets, if necessary. CO,, and NMHC may be
determined by integration of continuous measurersigmtals or by analyzing
the concentrations in the sample bag, collectedr axe cycle. The
concentrations of the gaseous pollutants in theedil shall be determined
prior to the point where the exhaust enters inte dilution tunnel by
integration or by collecting into the backgroundyball other parameters
that need to be measured shall be recorded withiramem of one
measurement per second (1 Hz).

Particulate sampling

At the start of the test sequence, the particutatmpling system shall be
switched from by-pass to collecting particulates.

If a partial flow dilution system is used, the gden pump(s) shall be
controlled, so that the flow rate through the maldte sample probe or
transfer tube is maintained proportional to the aaxt mass flow rate as
determined in accordance with paragraph 9.4.6.1.

If a full flow dilution system is used, the samplemp(s) shall be adjusted so
that the flow rate through the particulate sampiebp or transfer tube is
maintained at a value within +2.5 per cent of tlet 8ow rate. If flow
compensation (i.e., proportional control of samipbev) is used, it shall be
demonstrated that the ratio of main tunnel flowptoticulate sample flow
does not change by more than 2.5 per cent ofeitsvalue (except for the
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7.6.8.

7.7.

7.7.1.

7.7.2.

7.7.3.

7.7.4.

first 10 seconds of sampling). The average temperaand pressure at the
gas meter(s) or flow instrumentation inlet shallrbeorded. If the set flow
rate cannot be maintained over the complete cydtaimt2.5 per cent

because of high particulate loading on the filtee test shall be voided. The
test shall be rerun using a lower sample flow rate.

Engine stalling and equipment malfunction

If the engine stalls anywhere during the cold tstast, the test shall be
voided. The engine shall be preconditioned andarest according to the
requirements of paragraph 7.6.2., and the tesatege

If the engine stalls anywhere during the hot d&st, the hot start test shall be
voided. The engine shall be soaked according tagpaph 7.6.3., and the hot
start test repeated. In this case, the cold tattneed not be repeated.

If a malfunction occurs in any of the requiredt teguipment during the test
cycle, the test shall be voided and repeated &Miith the above provisions.

WHSC cycle run
Preconditioning the dilution system andehgine

The dilution system and the engine shall be staged warmed up in

accordance with paragraph 7.4.1. After warm-up, éhgine and sampling

system shall be preconditioned by operating theinengt mode 9 (see
paragraph 7.2.2., Table 1) for a minimum of 10 rtésuwhile simultaneously

operating the dilution system. Dummy particulatéssions samples may be
collected. Those sample filters need not be staglior weighed, and may be
discarded. Flow rates shall be set at the apprdrirftew rates selected for
testing. The engine shall be shut off after pre@@ming.

Engine starting

5+ 1 minutes after completion of preconditioning aida 9 as described in
paragraph 7.7.1., the engine shall be started dicepto the manufacturer's
recommended starting procedure in the owner's mamusing either a
production starter motor or the dynamometer in gta@oce with
paragraph 7.6.2.

Test sequence

The test sequence shall commence after the ergi@ning and within one
minute after engine operation is controlled to rhatice first mode of the
cycle (idle).

The WHSC shall be performed according to the oadeest modes listed in
Table 1 of paragraph 7.2.2.

Collection of emission relevant data

At the start of the test sequence, the measumpgpment shall be started,
simultaneously:

(a) Start collecting or analyzing diluent, if alfflow dilution system is
used;

(b)  Start collecting or analyzing raw or dilutechexst gas, depending on
the method used;

(c) Start measuring the amount of diluted exhaast gnd the required
temperatures and pressures;
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7.7.5.

7.7.6.

(d)  Start recording the exhaust gas mass flow r&tegw exhaust gas
analysis is used;

(e) Start recording the feedback data of speed wmdue of the
dynamometer.

If raw exhaust measurement is used, the emissionentrations (NM)HC,
CO and NQ) and the exhaust gas mass flow rate shall be megsu
continuously and stored with at least 2 Hz on a mater system. All other
data may be recorded with a sample rate of at led$t. For analogue
analyzers the response shall be recorded, andalitaation data may be
applied online or offline during the data evaluatio

If a full flow dilution system is used, HC and NGhall be measured
continuously in the dilution tunnel with a frequgnef at least 2 Hz. The
average concentrations shall be determined by ratieg the analyzer
signals over the test cycle. The system response ghall be no greater than
20 seconds, and shall be coordinated with CVS fltwetuations and
sampling time/test cycle offsets, if necessary. CO,, and NMHC may be
determined by integration of continuous measurersigmtals or by analyzing
the concentrations in the sample bag, collectedr axe cycle. The
concentrations of the gaseous pollutants in theedil shall be determined
prior to the point where the exhaust enters inte dilution tunnel by
integration or by collecting into the backgroundyball other parameters
that need to be measured shall be recorded withiramem of one
measurement per second (1 Hz).

Particulate sampling

At the start of the test sequence, the particutatmpling system shall be
switched from by-pass to collecting particulatdsa Ipartial flow dilution
system is used, the sample pump(s) shall be ctedrado that the flow rate
through the particulate sample probe or transfdve tis maintained
proportional to the exhaust mass flow rate as detexd in accordance with
paragraph 9.4.6.1.

If a full flow dilution system is used, the samplemp(s) shall be adjusted so
that the flow rate through the particulate samplebp or transfer tube is
maintained at a value within £2.5 per cent of tk flow rate. If flow
compensation (i.e., proportional control of samibsv) is used, it shall be
demonstrated that the ratio of main tunnel flowptoticulate sample flow
does not change by more than £2.5 per cent ofettsyalue (except for the
first 10 seconds of sampling). The average temperaand pressure at the
gas meter(s) or flow instrumentation inlet shallrbeorded. If the set flow
rate cannot be maintained over the complete cydtaimt2.5 per cent
because of high particulate loading on the filtee test shall be voided. The
test shall be rerun using a lower sample flow rate.

Engine stalling and equipment malfunction

If the engine stalls anywhere during the cycle, tibst shall be voided. The
engine shall be preconditioned according to pagra7.1. and restarted
according to paragraph 7.7.2., and the test repeate

If a malfunction occurs in any of the requiredt teguipment during the test
cycle, the test shall be voided and repeated eiith the above provisions.
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7.8.

7.8.1.

7.8.2.

7.8.3.

7.8.4.

7.8.5.

Post-test procedures
Operations after test

At the completion of the test, the measuremenhefexhaust gas mass flow
rate, the diluted exhaust gas volume, the gas ifidavthe collecting bags and
the particulate sample pump shall be stopped. Romgegrating analyzer

system, sampling shall continue until system respdimes have elapsed.

Verification of proportional sampling

For any proportional batch sample, such as a bagpke or PM sample, it
shall be verified that proportional sampling wasinteined according to
paragraphs 7.6.7. and 7.7.5. Any sample that doetutiil the requirements
shall be voided.

PM conditioning and weighing

The particulate filter shall be placed into covkm sealed containers or the
filter holders shall be closed, in order to protdw sample filters against
ambient contamination. Thus protected, the filteallsbe returned to the
weighing chamber. The filter shall be conditioned &t least one hour, and
then weighed according to paragraph 9.4.5. Thesgwsight of the filter
shall be recorded.

Drift verification

As soon as practical but no later than 30 minaier the test cycle is
complete or during the soak period, the zero arah sgsponses of the
gaseous analyzer ranges used shall be determioedhé& purpose of this
paragraph, test cycle is defined as follows:

(a) For the WHTC: the complete sequence cold — sdadx,
(b)  For the WHTC hot start test (paragraph 6.69:dequence soak — hot,

(c) For the multiple regeneration WHTC hot stadttparagraph 6.6.):
the total number of hot start tests,

(d)  For the WHSC: the test cycle.
The following provisions apply for analyzer drift:

(@  The pre-test zero and span and post-test zetGg@an responses may
be directly inserted into equation 66 of paragr8jhl. without
determining the drift;

(b) If the drift between the pre-test and post-tesults is less than 1 per
cent of full scale, the measured concentrations nbay used
uncorrected or may be corrected for drift according
paragraph 8.6.1.;

(c) If the drift difference between the pre-testl qost-test results is equal
to or greater than 1 per cent of full scale, ttet $ball be voided or the
measured concentrations shall be corrected fot ddtording to
paragraph 8.6.1.

Analysis of gaseous bag sampling

As soon as practical, the following shall be perfed:
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7.8.6.

7.8.7.

(@) Gaseous bag samples shall be analyzed naltater30 minutes after
the hot start test is complete or during the saalog for the cold start
test;

(b)  Background samples shall be analyzed no latm 60 minutes after
the hot start test is complete.

Validation of cycle work

Before calculating actual cycle work, any poinecorded during engine
starting shall be omitted. Actual cycle work shadl determined over the test
cycle by synchronously using actual speed and hdtrgue values to
calculate instantaneous values for engine powstafhtaneous engine power
values shall be integrated over the test cycleaioutate the actual cycle
work W, (KWh). If auxiliaries/equipment are not fitted accordance with
paragraph 6.3.1., the instantaneous power valual Isé corrected using
equation 4 in paragraph 6.3.5.

The same methodology as described in paragrapB. GHall be used for
integrating actual engine power.

The actual cycle work Y is used for comparison to the reference cycle
work W, and for calculating the brake specific emissionsee(
paragraph 8.6.3.).

W, shall be between 85 per cent and 105 per centgf W
Validation statistics of the test cycle

Linear regressions of the actual valueg,(Mac, Pacy) ON the reference values
(Nret, Mret, Pref) shall be performed for both the WHTC and the WHSC

To minimize the biasing effect of the time lag beém the actual and
reference cycle values, the entire engine speedtarplie actual signal
sequence may be advanced or delayed in time wéjrect to the reference
speed and torque sequence. If the actual signalstafted, both speed and
torque shall be shifted by the same amount in aneesdirection.

The method of least squares shall be used, wittbéisé-fit equation having
the form:

y = ax+a (11)
Where:
y is the actual value of speed (Mjntorque (Nm), or power (kW)

a is the slope of the regression line
X is the reference value of speed (Mirtorque (Nm), or power (kW)
ay is the y intercept of the regression line

The standard error of estimate (SEE) of y on x #mal coefficient of
determination (r?) shall be calculated for eachresgjon line.

It is recommended that this analysis be performied Hz. For a test to be
considered valid, the criteria of Table 2 (WHTC)Table 3 (WHSC) shall be
met.
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Table 2:

Regression line tolerances for the WHTC

Speed

Torque

Power

Standard error of estimate
(SEE) of y on x

maximum 5 per cent of
maximum test speed

maximum 10 per cent of
maximum engine torque

maximum 10 per cent of
maximum engine power

Slope of the regression lin
al

£0.95t0 1.03

0.83-1.03

0.89-1.03

Coefficient of
determination, r2

minimum 0.970

minimum 0.850

minimum 0.910

y intercept of the regressiq
line, a0

maximum 10 per cent of
idle speed

+20 Nm or£2 per cent of
maximum torque whicheve
is greater

+4 kW or+2 per cent of
maximum power whichever
is greater

Table 3

Regression line tolerances for the WHSC

Speed

Torque

Power

Standard error of estimate
(SEE) of y on x

maximum 1 per cent o
maximum test speed

maximum 2 per cent of
maximum engine torque

maximum 2 per cent of
maximum engine power

Slope of the regression line, a

1 0.99t01.01

0182

0.98-1.02

Coefficient of determination

, ¥ minimum 0.990

nimim 0.950

minimum 0.950

line, a0

y intercept of the regression

maximum 1 per cent 0
maximum test speed

+ 20 Nm orx 2 per cent of
maximum torque whicheve
is greater

+4 kW orz 2 per cent of
maximum power whichever
is greater

For regression purposes only, point omissionsparenitted where noted in
Table 4 before doing the regression calculationwéler, those points shall
not be omitted for the calculation of cycle workdaemissions. Point

omission may be applied to the whole or to any phtte cycle.
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Table 4
Permitted point omissions from regression analysis

Event Conditions

Permitted point omissions

Minimum operator Nt = 0 per cent

demand (idle point) and

Mt = O per cent

and

Mact> (Mref - O-OZMmax. mapped 10rql)e
and

Mact< (Mref + o-02Mmax. mapped toqu)e

speed and power

Minimum operator
demand (motoring

M < O per cent

power and torque

point)
Minimum operator Naet < 1.02N6s aNAM ¢t > Mgt
demand or

nact> Nref and MactS Mref‘

or

Nact > 1-02nref aneref < Mactf (Mref +
0.02 Mmax. mapped torql)e

power and either torque
or speed

Maximum operator Nact < Nret ANAM et > Mg

demand or

Nact= 0-98nref andMam< Mref

or

Nact < 0-98nref aneref > Mamz (Mref -
0.02 Mmax. mapped torql)e

power and either torque
or speed

8. Emission calculation

The final test result shall be rounded in one $tethe number of places to
the right of the decimal point indicated by the laggble emission standard
plus one additional significant figure, in accordarwith ASTM E 29-06B.
No rounding of intermediate values leading to tlealf break-specific

emission result is permitted.

Calculation of hydrocarbons and/or non-methane doaibons is based on
the following molar carbon/hydrogen/oxygen ratiGgH/O) of the fuel:

CH]_.geOO.ooefor diesel (B?),

CH,.900.46 for ethanol for dedicated C.I. engines (ED95),

CHy.9800,032 for petrol (E10),
CH,.7400 385 for ethanol (E85),
CH, sasfor LPG (liquefied petroleum gas),

CH, for NG (natural gas) and biomethane.

Examples of the calculation procedures are ginelppendix 5.

Emissions calculation on a molar basis, in acawdawith Annex 7 of gtr
No. 11 concerning the exhaust emission test protmcoNon-Road Mobile
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Machinery (NRMM), is permitted with the prior agreent of the type-
approval authority.

8.1. Dry/wet correction

If the emissions are measured on a dry basisjribasured concentration
shall be converted to a wet basis according tdathewing equation:

c, =k, [ ¢ 12)
Where:
C is the dry concentration in ppm or per cent volume

Ky is the dry/wet correction factork(, kye Or kyq depending on
respective equation used)

8.1.1. Raw exhaust gas
Qi

12442xH,_ + 11119x w, . X

Ky, =|1- Ormsi | 1008 (13)
7734+1,2442xH, + M x ¢ x 1000
Orrad;
or
Qs
12442<H, +1119xw, . X

K, =|1- Oreai / (1_3] (14)
77%+12442H, + M xk x 1000 R

Imadj

or

k,.=|1- ! -k, |x 1008 (15)
" 1+ax 0005 (Ccoz + Cco) "

with

K, = 0055594V, . +0008002W,, +0,0070046AL,, (16)

and

o - LBO0B<H, an
"7 1,000+ (1.608x H_)

Where:

Ha is the intake air humidity, g water per kg dny ai
waLr IS the hydrogen content of the fuel, per cent mass
Omt; IS the instantaneous fuel mass flow rate, kg/s
Omad, IS the instantaneous dry intake air mass flow fedés
o is the water vapour pressure after cooling ba@a, k
Po is the total atmospheric pressure, kPa

WpeL IS the nitrogen content of the fuel, per cent mass
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Weps IS the oxygen content of the fuel, per cent mass
a is the molar hydrogen ratio of the fuel
Ccoz is the dry CQconcentration, per cent
Cco isthe dry CO concentration, per cent

Equations 13 and 14 are principally identical witie factor 1.008 in
equations 13 and 15 being an approximation for there accurate
denominator in equation 14.

8.1.2. Diluted exhaust gas
a X Ceopn
kW’e = |:(1_ 20802j - kw2:|x1008 (18)
or
K,. = M x1.008 (19)
' 1+ a X Ceopd
200
with
100w, (13 + (2]
Ko = (20)
1 1
00+<1608x | H, x|1-—| + H_ x| —
lo{ {“[D) [DH}
Where:
a is the molar hydrogen ratio of the fuel

Ccozw IS the wet C@concentration, per cent

Ccozd IS the dry CQ concentration, per cent

Hqy  is the diluent humidity, g water per kg dry air
H, is the intake air humidity, g water per kg dry air

D is the dilution factor (see paragraph 8.5.2.3.2.)

8.1.3. Diluent
Ky = (L - Ky)*1.008 (21)
with
~ 1608 x H,
** = 1000+ (1608x H,) @2
Where:

Hq is the diluent humidity, g water per kg dry air
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8.2.

8.2.1.

8.2.2.

8.3.

NQ, correction for humidity

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for humidity withe factors given in
paragraph 8.2.1. or 8.2.2. The intake air humitity may be derived from
relative humidity measurement, dew point measurémeapour pressure
measurement or dry/wet bulb measurement using gkyenccepted
equations.

Compression-ignition engines
15698x H,
=——2+ 0832 23
"o 1000 @
Where:
Ha is the intake air humidity, g water per kg diy

Positive ignition engines
Kno = 06272+ 44030x10° x H, — 0862x10°x H,* (24)

Where:
Ha is the intake air humidity, g water per kg diy
Particulate filter buoyancy correction

The sampling filter mass shall be corrected fer buoyancy in air. The
buoyancy correction depends on sampling filter dgnair density and the
density of the balance calibration weight, and does account for the
buoyancy of the PM itself. The buoyancy correctitiall be applied to both
tare filter mass and gross filter mass.

If the density of the filter material is not knowthe following densities shall
be used:

(@) Teflon coated glass fiber filter: 2,300 kd/m
(b)  Teflon membrane filter: 2,144 kgim

(c) Teflon membrane filter with polymethylpentenaupport ring:
920 kg/n.

For stainless steel calibration weights, a derit§,000 kg/m shall be used.
If the material of the calibration weight is diféat, its density shall be
known.

The following equation shall be used:

1-Pa
M = My X g (25)
1_73
jo
with
_ P, x 28336 (26)
® 83144xT,
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8.4.

Where:

Muncor 1S the uncorrected particulate filter mass, mg

Pa is the density of the air, kgfm

Pw is the density of balance calibration weight, ki/m
D is the density of the particulate sampling filteg/nT
Po is the total atmospheric pressure, kPa

Ta is the air temperature in the balance environmént,

28.836 is the molar mass of the air at referenceidiity (282.5 K), g/mol
8.3144 is the molar gas constant

The particulate sample masg used in paragraphs 8.4.3. and 8.5.3. shall be
calculated as follows:

rnp = rnf,G - rnf,T (27)

Where:

M is the buoyancy corrected gross particulate filtesss, mg
myr  is the buoyancy corrected tare particulate fittess, mg
Partial flow dilution (PFS) and raw gaseoussueement

The instantaneous concentration signals of the@ascomponents are used
for the calculation of the mass emissions by mlidgpion with the
instantaneous exhaust mass flow rate. The exhaass$ filow rate may be
measured directly, or calculated using the metlubdistake air and fuel flow
measurement, tracer method or intake air and elrffatio measurement.
Special attention shall be paid to the responseedimf the different
instruments. These differences shall be accourgedy time aligning the
signals. For particulates, the exhaust mass flow signals are used for
controlling the partial flow dilution system to &la sample proportional to
the exhaust mass flow rate. The quality of proposility shall be checked by
applying a regression analysis between sample advhust flow in
accordance with paragraph 9.4.6.1. The completeséup is schematically
shown in Figure 6.
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Figure 6:
Scheme of raw/partial flow measurement system
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8.4.1. Determination of exhaust gas mass flow
8.4.1.1. Introduction

For calculation of the emissions in the raw exbgas and for controlling of
a partial flow dilution system, it is necessaryktmw the exhaust gas mass
flow rate. For the determination of the exhaust sniiew rate, one of the
methods described in paragraphs 8.4.1.3. to 8.411ay be used.

8.4.1.2. Response time

For the purpose of emissions calculation, the aese time of any of the
methods described in paragraphs 8.4.1.3. to 8.4shall be equal to or less
than the analyzer response time<0fl0 seconds, as required in paragraph 9.3.5.

For the purpose of controlling of a partial flovilution system, a faster
response is required. For partial flow dilutiontsyss with online control, the
response time shall be 0.3 second. For partial flow dilution systemstwit
look ahead control based on a pre-recorded testharresponse time of the
exhaust flow measurement system shalkbg seconds with a rise time
of < 1 second. The system response time shall befigukby the instrument
manufacturer. The combined response time requirtsrfenthe exhaust gas
flow and partial flow dilution system are indicatedparagraph 9.4.6.1.

8.4.1.3. Direct measurement method

Direct measurement of the instantaneous exhaost fihall be done by
systems, such as:

(a) Pressure differential devices, like flow nozZtetails see 1SO 5167);
(b)  Ultrasonic flowmeter;

(c)  Vortex flowmeter.
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8.4.1.4.

8.4.1.5.

Precautions shall be taken to avoid measuremeatsewhich will impact
emission value errors. Such precautions includes#ieful installation of the
device in the engine exhaust system according te thstrument
manufacturers' recommendations and to good engigeepractice.
Especially, engine performance and emissions stallbe affected by the
installation of the device.

The flowmeters shall meet the linearity requiretaeai paragraph 9.2.
Air and fuel measurement method

This involves measurement of the airflow and thel filow with suitable
flowmeters. The calculation of the instantaneousaest gas flow shall be as
follows:

Omew,i = Omaw,i + O (28)
Where:

Omewi is the instantaneous exhaust mass flow rate, kg/s

Omawi is the instantaneous intake air mass flow rates kg/

Omii  is the instantaneous fuel mass flow rate, kg/s

The flowmeters shall meet the linearity requiretaesf paragraph 9.2., but
shall be accurate enough to also meet the lineaetyirements for the
exhaust gas flow.

Tracer measurement method
This involves measurement of the concentration écer gas in the exhaust.

A known amount of an inert gas (e.g. pure helisimigll be injected into the
exhaust gas flow as a tracer. The gas is mixeddaadd by the exhaust gas,
but shall not react in the exhaust pipe. The comagan of the gas shall then
be measured in the exhaust gas sample.

In order to ensure complete mixing of the traces,gthe exhaust gas
sampling probe shall be located at least 1 m otirfi8s the diameter of the
exhaust pipe, whichever is larger, downstream ef tilacer gas injection
point. The sampling probe may be located closeth& injection point if
complete mixing is verified by comparing the tragais concentration with
the reference concentration when the tracer gasjdsted upstream of the
engine.

The tracer gas flow rate shall be set so thatttheer gas concentration at
engine idle speed after mixing becomes lower thanfull scale of the trace
gas analyzer.

The calculation of the exhaust gas flow shall #éoHlows:

Gy = Oy * Pe (29)
‘ 60xicmix,i —cbi

Where:

Omew.i s the instantaneous exhaust mass flow rate, kg/s

Ovt is tracer gas flow rate, cm3/min
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8.4.1.6.

Cmixi IS the instantaneous concentration of the traaeradter mixing, ppm
foX is the density of the exhaust gas, kg/m3 (see Table
Co is the background concentration of the tracerigéise intake air, ppm

The background concentration of the tracer ggsrhay be determined by
averaging the background concentration measuredeiiately before the
test run and after the test run.

When the background concentration is less thanel qent of the
concentration of the tracer gas after mixiog() at maximum exhaust flow,
the background concentration may be neglected.

The total system shall meet the linearity requeeta for the exhaust gas
flow of paragraph 9.2.

Airflow and air to fuel ratio measuremergthod

This involves exhaust mass calculation from theflaiv and the air to fuel
ratio. The calculation of the instantaneous exhajsg mass flow is as
follows:

_ 1
Orewi = Orawi X (1”“ Wj (30)

with

o €
138,0¢| 1+— -~ +y
4 2
AlFsy =

St 12,013 1,00794 a + 15,9994 ¢ + 14,0067 5 + 32,065 y

(31)

—4
- ZXCCdelo

—4
C x10 _ 3,5x¢c § ( = )
Ccod 4 o Cco2d € 4
[100—2 —cHCWXlO J+ —_X e —— —— X CCOZd+CCOXmO

—4
4 c x10 2 2
14CO"0
A - 3.5%Ccond
P =
o & ( 4 —4)
4,764x(1+2 5+ij CC02d+CCOdX10 +cHCW><10

(32)
Where:
Omawi is the instantaneous intake air mass flow rates kg/
AlFg is the stoichiometric air to fuel ratio, kg/kg
Ai is the instantaneous excess air ratio
Ccozq IS the dry CQconcentration, per cent
Ccod IS the dry CO concentration, ppm
Cucw IS the wet HC concentration, ppm

Airflowmeter and analyzers shall meet the lingaritequirements of
paragraph 9.2., and the total system shall meéelirtbarity requirements for
the exhaust gas flow of paragraph 9.2.
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8.4.1.7.

8.4.2.
8.4.2.1.

If an air to fuel ratio measurement equipment fagh zirconia type sensor is
used for the measurement of the excess air raticshall meet the
specifications of paragraph 9.3.2.7.

Carbon balance method

This involves exhaust mass calculation from thel flow and the gaseous
exhaust components that include carbon. The cdionlaf the instantaneous
exhaust gas mass flow is as follows:

Ormewi = O X Wogr X14 (1+ Ha j+l (33)
T (1.0828% W r + ki Xk, )xk, | 1000

with

ke = (CCOZd - CCOZda)X 05441+ Scod_ 4 Cow (34)

1852z 17.35¢

and
k, =-0055594w, . +0008002% W, +00070048W.,c (35)

Where:
Omti IS the instantaneous fuel mass flow rate, kg/s
Ha is the intake air humidity, g water per kg dry air
wger IS the carbon content of the fuel, per cent mass
wa e is the hydrogen content of the fuel, per cent mass
WpeL IS the nitrogen content of the fuel, per cent mass
Weps is the oxygen content of the fuel, per cent mass
Ccozq IS the dry CQ concentration, per cent
Ccozd.a IS the dry CQ concentration of the intake air, per cent
Cco isthe dry CO concentration, ppm
Chcw IS the wet HC concentration, ppm

Determination of the gaseous components

Introduction

The gaseous components in the raw exhaust gasedniby the engine
submitted for testing shall be measured with th@sueement and sampling
systems described in paragraph 9.3. and Appendpbh@.data evaluation is
described in paragraph 8.4.2.2.

Two calculation procedures are described in pagt 8.4.2.3. and 8.4.2.4.,
which are equivalent for the reference fuel of Anrte The procedure in
paragraph 8.4.2.3. is more straightforward, sihcesés tabulated values for
the ratio between component and exhaust gas deriiy procedure in
paragraph 8.4.2.4. is more accurate for fuel gealithat deviate from the
specifications in Annex 5, but requires elementanalysis of the fuel
composition.
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8.4.2.2. Data evaluation

The emission relevant data shall be recorded tovédsin accordance with
paragraph 7.6.6.

For calculation of the mass emission of the gaseomponents, the traces of
the recorded concentrations and the trace of thawest gas mass flow rate
shall be time aligned by the transformation timedeBned in paragraph 3.1.
Therefore, the response time of the exhaust gas fitms system and each
gaseous emissions analyzer shall be determined rdicgo to
paragraphs 8.4.1.2. and 9.3.5., respectively, aoorded.

8.4.2.3. Calculation of mass emission based ondtdalivalues

The mass of the pollutants (g/test) shall be daterd by calculating the
instantaneous mass emissions from the raw contientsaof the pollutants
and the exhaust gas mass flow, aligned for thestoamation time as
determined in accordance with paragraph 8.4.2.2tegrating the

instantaneous values over the cycle, and multiglhime integrated values
with the u values from Table 5. If measured on a dry basis, dry/wet

correction according to paragraph 8.1. shall bdiegpo the instantaneous
concentration values before any further calculaisotione.

For the calculation of NE the mass emission shall be multiplied, where
applicable, with the humidity correction factkyp, or k,c, as determined
according to paragraph 8.2.

The following equation shall be applied:

Myas = ugas X Z Cgasi x qrrew,i X% (in gltest) (36)

Where:
Ugs IS the respective value of the exhaust compainent Table 5

Cgsi IS the instantaneous concentration of the compomethe exhaust
gas, ppm

Omew,i IS the instantaneous exhaust mass flow, kg/s

f is the data sampling rate, Hz

n is the number of measurements
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Table 5
Raw exhaust gasl values and component densities
Gas
No | co | e | e | o | cH
Fuel 0 P [kg/nT]
2053 | 1250 | 2 19636 | 14277 | 0716
Ugac”
Diesel d
(B7) 1.2943 | 0.001586 0.000966  0.000482 0.001517 0.0011@800553
Ethanol
(ED95) 1.2768 | 0.001609 0.000980 0.000780 0.001539 0.00110.900561
CNGY 1.2661 | 0.001621 0.000987 0.000%28 0.001551 | 0.001128 0.00056
Propane 1.2805| 0.0016Q03 0.000976  0.0005{12 0.00158®01115| 0.00055¢
Butane 1.2832| 0.001600 0.0009f4  0.000505 0.00153M01013| 0.00055¢
LPG? 1.2811 | 0.001602 0.000976  0.000510 0.001533  0.00110.800559
FEeltE)(;l 1.2931 | 0.001587 0.000966  0.000499 0.001418 0.0011@800553
Ethanol
(E85) 1.2797 | 0.001604 0.000977  0.000730 0.001834 0.00110.600559
a) depending on fuel

b) atA =2, dry air, 273 K, 101.3 kPa
c) u accurate within 0.2 % for mass composition of: 66= 76 %; H=22-25%; N=0-12 %
d) NMHC on the basis of CH; (for total HC theug,scoefficient of CH shall be used)

e) u accurate within 0.2 % for mass composition of: CBX- 90 %; C4 = 1(- 30 %

8.4.2.4.

Calculation of mass emission based ont@qations

The mass of the pollutants (g/test) shall be ddteed by calculating the
instantaneous mass emissions from the raw contientsaof the pollutants,

the u values and the exhaust gas mass flow, alignedhttransformation

time as determined in accordance with paragrapl2.2.4and integrating the
instantaneous values over the cycle. If measured dry basis, the dry/wet
correction according to paragraph 8.1. shall bdiegpo the instantaneous
concentration values before any further calculaisotione.

For the calculation of NQ the mass emission shall be multiplied with the

humidity correction factork,p, or k,g as determined according to
paragraph 8.2.

The following equation shall be applied:

i=n

1 .
Myas = D Ugae i X Casi X Ohrpuss XT (in gltest) (37)
i=
Where:
Ugs IS calculated from equation 38 or 39

is the instantaneous concentration of the compoimethe exhaust
gas, ppm
Omew,i IS the instantaneous exhaust mass flow, kg/s

Cgas,i
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f is the data sampling rate, Hz
n is the number of measurements

The instantaneousvalues shall be calculated as follows:

U, =Mgas/ (Mg x 1,000) (38)
or

Ugas, =Pgas! (0e,iX 1,000) (39)
with

Dgas= Mgas/ 22.414 (40)
Where:

Mgas is the molar mass of the gas component, g/molAppendix 5)
Mg Iisthe instantaneous molar mass of the exhausggas)

Pgas IS the density of the gas component, Ky/m

i is the instantaneous density of the exhaust gas’’k

The molar mass of the exhaud,, shall be derived for a general fuel
composition CHON S, under the assumption of complete combustion, as

follows:
14 Ot i (41)
qmawj
a,e,.0 H,x10° L1
O, 4 2 2 , 2x100794 159994 M,
O 12011+10079% a + 19994 £ + 1406 I+ 32065 y 1+H,x10°
Where:

Omawi is the instantaneous intake air mass flow rate enbasis, kg/s

Omii  is the instantaneous fuel mass flow rate, kg/s

Ha is the intake air humidity, g water per kg dry air

M,  is the molar mass of the dry intake air = 28.966aj
The exhaust densifg. shall be derived, as follows:

_ 1,000+ H, +1,000% (qu’i/qmadj)

© 773.4+1.2434<H_, +Kky, x1,000% (Gt //Grag; )

pe,i (42)

Where:
Omadi js the instantaneous intake air mass flow ratergrbdsis, kg/s

Omii  is the instantaneous fuel mass flow rate, kg/s
Ha is the intake air humidity, g water per kg dry air

Kiw is the fuel specific factor of wet exhaust (eqomti16) in
paragraph 8.1.1.
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8.4.3.
8.4.3.1.

8.4.3.2.

8.4.3.2.1.

8.4.3.2.2.

Particulate determination
Data evaluation

The particulate mass shall be calculated accordimgequation 27 of
paragraph 8.3. For the evaluation of the partieutincentration, the total
sample massi.y) through the filter over the test cycle shall bearded.

With the prior approval of the type-approval auityo the particulate mass
may be corrected for the particulate level of tligemt, as determined in
paragraph 7.5.6., in line with good engineeringcfica and the specific
design features of the particulate measurementisyased.

Calculation of mass emission

Depending on system design, the mass of partesldg/test) shall be
calculated by either of the methods in paragraphs2.1. or 8.4.3.2.2. after
buoyancy correction of the particulate sample filtaccording to

paragraph 8.3.

Calculation based on sample ratio
Moy =My / (rs X 1,000) (43)
Where:
m is the particulate mass sampled over the cycle, mg

rs is the average sample ratio over the test cycle

= Mse X M (44)
Mew Mg

Where:
ms.  is the sample mass over the cycle, kg
M IS the total exhaust mass flow over the cycle, kg

My, IS the mass of diluted exhaust gas passing thécplate collection
filters, kg

Mg IS the mass of diluted exhaust gas passing thedtiltunnel, kg
In case of the total sampling type system,, andms.qare identical
Calculation based on dilution ratio

m, ALY (45)
m 1,000

sep

My =

Where:
m, is the particulate mass sampled over the cycle, mg

My, IS the mass of diluted exhaust gas passing thiécplate collection
filters, kg

Megr IS the mass of equivalent diluted exhaust gas twecycle, kg

The total mass of equivalent diluted exhaust gasshover the cycle shall be
determined as follows:
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8.5.

i=n 1

Megr = anedf,i XT (46)
i=1

Oredf,i = Omew,i X I'd,i (47)

= Urdew, i (48)
(qmdew,,i - qmiw,,i)

Where:

Omear; IS the instantaneous equivalent diluted exhaussrflaw rate, kg/s
Omew,i IS the instantaneous exhaust mass flow rate, kg/s

Fg,i is the instantaneous dilution ratio

Omdew,i IS the instantaneous diluted exhaust mass flow kate

Omaw,i IS the instantaneous diluent mass flow rate, kg/s

f is the data sampling rate, Hz

n is the number of measurements

Full flow dilution measurement (CVS)

The concentration signals, either by integratimerothe cycle or by bag
sampling, of the gaseous components shall be usettid calculation of the
mass emissions by multiplication with the dilutech@ust mass flow rate.
The exhaust mass flow rate shall be measured witorestant volume
sampling (CVS) system, which may use a positivepldeement pump
(PDP), a critical flow venturi (CFV) or a subsonienturi (SSV) with or
without flow compensation.

For bag sampling and particulate sampling, a ptopmal sample shall be
taken from the diluted exhaust gas of the CVS systeéor a system without
flow compensation, the ratio of sample flow to C¥f&v shall not vary by
more than £2.5 per cent from the set point of #s.tFor a system with flow
compensation, each individual flow rate shall bestant within £+2.5 per
cent of its respective target flow rate.

The complete test set up is schematically showkigare 7.

135



ECE/TRANS/WP.29/2012/45

Figure 7
Scheme of full flow measurement system
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8.5.1. Determination of the diluted exhaust gaw flo
8.5.1.1. Introduction

For calculation of the emissions in the dilutedhaxst gas, it is necessary to
know the diluted exhaust gas mass flow rate. Thel tiluted exhaust gas
flow over the cycle (kg/test) shall be calculateshi the measurement values
over the cycle and the corresponding calibratiortadaf the flow
measurement devicd/{ for PDP,Ky for CFV, C4 for SSV) by one of the
methods described in paragraphs 8.5.1.2. to 8.9flthe total sample flow
of particulates rte) exceeds 0.5 per cent of the total CVS flaw, the
CVS flow shall be corrected fans, or the particulate sample flow shall be
returned to the CVS prior to the flow measuringidev

8.5.1.2. PDP-CVS system

The calculation of the mass flow over the cycleas follows, if the
temperature of the diluted exhaust is kept withtBrktover the cycle by using
a heat exchanger:

M, = 1293xV, x n, x p, x 273/(1013x T) (49)

Where:

Vo is the volume of gas pumped per revolution unést tonditions,
m3/rev

Np is the total revolutions of pump per test
Pe is the absolute pressure at pump inlet, kPa
T is the average temperature of the diluted exhgasat pump inlet, K

If a system with flow compensation is used (i.&éhaut heat exchanger), the
instantaneous mass emissions shall be calculatddiraegrated over the
cycle. In this case, the instantaneous mass dfitheed exhaust gas shall be
calculated as follows:

Meg,i= 1.293X Vo X Np i X P X 273/ (101.X T) (50)
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8.5.1.3.

8.5.1.4.

Where:
ne; is the total revolutions of pump per time interval
CFV-CVS system

The calculation of the mass flow over the cycleas follows, if the
temperature of the diluted exhaust is kept withil®K over the cycle by
using a heat exchanger:

Meg= 1.293x t x K, X p, / T*® (51)
Where:
t is the cycle time, s

Ky is the calibration coefficient of the critical floventuri for standard
conditions,

Pp is the absolute pressure at venturi inlet, kPa
T is the absolute temperature at venturi inlet, K

If a system with flow compensation is used (i.@éhaut heat exchanger), the
instantaneous mass emissions shall be calculatddiraegrated over the
cycle. In this case, the instantaneous mass dfitheed exhaust gas shall be
calculated as follows:

Meg;i= 1.293x At x Ky x p, / T%° (52)
Where:
At is the time interval, s

SSV-CVS system

The calculation of the mass flow over the cyclalishe as follows, if the
temperature of the diluted exhaust is kept withil®K over the cycle by
using a heat exchanger:

Meg= 1.293X Qssv (53)
with

QSSV — Ahdv ZCd pp 1 (r_p 14286 __ rp 17143) (54)

T

1-r, 4 r 14286

Where:

1
A, is0.006111in Slunits dfm® | K2 | 1
min )| kPa [\ mm?

dy is the diameter of the SSV throat, m
Cq is the discharge coefficient of the SSV
Pp is the absolute pressure at venturi inlet, kPa

T is the temperature at the venturi inlet, K

137



ECE/TRANS/WP.29/2012/45

138

8.5.2.
8.5.2.1.

8.5.2.2.

8.5.2.3.
8.5.2.3.1.

o is the ratio of the SSV throat to inlet absolutis pressurel - 2p

a

) is the ratio of the SSV throat diametek, to the inlet pipe inner
diameterD

If a system with flow compensation is used (i.@éhaut heat exchanger), the
instantaneous mass emissions shall be calculatddiraegrated over the
cycle. In this case, the instantaneous mass dfitheed exhaust gas shall be
calculated as follows:

Mg = 1.293 st\/X At (55)
Where:
At is the time interval, s

The real time calculation shall be initialized hvéither a reasonable value for
Cq, such as 0.98, or a reasonable valu®gf If the calculation is initialized
with Qssy the initial value ofQss, shall be used to evaluate the Reynolds
number.

During all emissions tests, the Reynolds numbéhaSSV throat shall be in
the range of Reynolds numbers used to derive tlileration curve developed
in paragraph 9.5.4.

Determination of the gaseous components
Introduction

The gaseous components in the diluted exhauseggited by the engine
submitted for testing shall be measured by the austhdescribed in
Appendix 2. Dilution of the exhaust shall be donighwiltered ambient air,
synthetic air or nitrogen. The flow capacity of th#l flow system shall be
large enough to completely eliminate water condémsan the dilution and
sampling systems. Data evaluation and calculatrocguures are described
in paragraphs 8.5.2.2. and 8.5.2.3.

Data evaluation

The emission relevant data shall be recorded towddsin accordance with
paragraph 7.6.6.

Calculation of mass emission
Systems with constant mass flow

For systems with heat exchanger, the mass of tikitgnts shall be
determined from the following equation:

Myas = UgasX CgasX Meq(in g/test) (56)
Where:
Ugas IS the respective value of the exhaust compainent Table 6

Cqs IS the average background corrected concentratidhe component,
ppm
meg IS the total diluted exhaust mass over the cyde,

If measured on a dry basis, the dry/wet correcticcording to paragraph 8.1.
shall be applied.
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For the calculation of NQ the mass emission shall be multiplied, if
applicable, with the humidity correction factkfp, or kn g, as determined
according to paragraph 8.2.

Theu values are given in Table 6. For calculating uhgvalues, the density
of the diluted exhaust gas has been assumed tagbal & air density.
Therefore, theug,s values are identical for single gas components, bu
different for HC.

Table 6
Diluted exhaust gas u values and component densgie
Gas
No. | co | Hc | ca | o | cH
Fuel Pe P [kg/nT]
2053 | 1250 | 3 | 19636 | 14277 | 0716
Ugac”
Diesel
(B7) 1.293 0.001588 0.00096(7 0.000483 0.001519 0.001104€00553
Ethanol
(ED95) 1.293 0.001588 0.00096(7 0.000770 0.001519 0.001104€00553

CNG” 1.293 0.001584 0.00096f7 0.000817 0.001519 | 0.001104 0.000553
Propane 1.293 0.001588 0.000967  0.000507 0.001p190011004| 0.000553
Butane 1.293 0.001588 0.000967  0.000501 0.001519001@004| 0.000553

[¢5)

[o¢]

LPGY 1.293 0.001588 0.0009677  0.000505 0.00159  0.001104€00553

(Pé’ltg;' 1.293 | 0.001588 0.000967 0.000499  0.001519  0.00110400554
Ethanol

(E8%) 1.293 | 0.001588 0.000967 0.000722  0.001519  0.00110400554
a) depending on fuel

b) atA = 2, dry air, 273 K, 101.3 kPa

c) u accurate within 0.2 % for mass composition of: 66= 76 %; H=22-25%; N=0-12 %
d) NMHC on the basis of CH; (for total HC theug,scoefficient of CH shall be used)

e) u accurate within 0.2 % fcmass composition of: C3 = - 90 %; C4 = 1(- 30 %

Alternatively, the u values may be calculated gsthe exact calculation
method generally described in paragraph 8.4.240lbws:

U = M gas (57)
gas 1 1
M X[ 1-— [+ M x| =
D D
Where:
Mgas is the molar mass of the gas component, g/molApgendix 5)

M. is the molar mass of the exhaust gas, g/mol

Mg  is the molar mass of the diluent = 28.965 g/mol

D is the dilution factor (see paragraph 8.5.2.3.2.)
8.5.2.3.2. Determination of the background cormc@encentrations

The average background concentration of the gasgmliutants in the
diluent shall be subtracted from the measured cura#ons to get the net
concentrations of the pollutants. The average alok the background
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concentrations can be determined by the samplenedigod or by continuous
measurement with integration. The following equasball be used:

Cgas = Cgas,e~ Cg X (1-@1b)) (58)
Where:

Cqase IS the concentration of the component measureleirdiluted exhaust
gas, ppm

Cq is the concentration of the component measurddeiiluent, ppm
D is the dilution factor

The dilution factor shall be calculated as follows

a) For diesel fuelled engines and LPG fuelled gagres
Fs
D = 2 (59)
Ceoze T (CHce + CCOe)xlo
b) For natural gas fuelled gas engines
Fs
D = - (60)
Ceoze T (CNMHC,e + CCOe)xlo
Where:
Ccoze is the wet concentration of G@n the diluted exhaust gas,
per cent vol
CHce is the wet concentration of HC in the diluted ex$tagas,
ppm C1
CnvHce IS the wet concentration of NMHC in the dilutedchaxst
gas, ppm C1
Ccoe is the wet concentration of CO in the diluted axtagas,
ppm
Fs is the stoichiometric factor

The stoichiometric factor shall be calculatedadisws:

Fs =100x ! (61)

1+9 4 3,76><(1+ aj
2 4

Where:

a is the molar hydrogen ratio of the fuel (H/C)

Alternatively, if the fuel composition is not knowthe following
stoichiometric factors may be used:

Fs (diesel) = 13.4
Fs (LPG) = 11.6
Fs (NG) = 9.5
Fs (E10) = 13.3
Fs (E85) = 11.5
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8.5.2.3.3.

8.5.3.
8.5.3.1.

Systems with flow compensation

For systems without heat exchanger, the masseopdfutants (g/test) shall
be determined by calculating the instantaneous massssions and

integrating the instantaneous values over the cylso, the background

correction shall be applied directly to the instan@ous concentration value.
The following equation shall be applied:

Myas = Zzll [(med,i x Cgas,e X ugas )] - [(med XCy % (1_ :UD) X ugas )] (62)

Where:

Cqase IS the concentration of the component measureleirdiluted exhaust
gas, ppm

Cq is the concentration of the component measurddeidiluent, ppm

Mg IS the instantaneous mass of the diluted exhasstky

Meg IS the total mass of diluted exhaust gas ovecryiote, kg

Ugas IS the tabulated value from Table 6

D is the dilution factor

Particulate determination

Calculation of mass emission

The particulate mass (g/test) shall be calculafést buoyancy correction of

the particulate sample filter according to parabré3., as follows:

m
P x rn?d (63)
m 1,000

sep

My =

Where:
m, is the particulate mass sampled over the cycle, mg

my, is the mass of diluted exhaust gas passing thiicyplate collection
filters, kg

Mg IS the mass of diluted exhaust gas over the clgle,

with

Myep = Mot~ Mesq (64)
Where:

My IS the mass of double diluted exhaust gas thrgagticulate filter, kg
My IS the mass of secondary diluent, kg

If the particulate background level of the diluentletermined in accordance
with paragraph 7.5.6., the particulate mass mapdwkground corrected. In
this case, the particulate mass (g/test) shalbbritated as follows:

- i_ ﬂx 1-&) x_rn?d 65
T {msep (msd ( D))|"1,000 (©)
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8.6.
8.6.1.

Where:

My, IS the mass of diluted exhaust gas passing thécpiate collection
filters, kg

Meg IS the mass of diluted exhaust gas over the clgle,

myy IS the mass of diluent sampled by background @ddie sampler, kg
m, is the mass of the collected background partieslaf the diluent, mg
D is the dilution factor as determined in paragrafth23.2.

General calculations

Drift correction

With respect to drift verification in paragraph8A4., the corrected
concentration value shall be calculated as follows:

2 m:gas B (C + Cpostz)

prez
(Cpre,s + Cpost,s) - (Cprez + Cpostz)

Ccor = Cref,z + (C C (66)

ref,s - refz

Where:

Cefz IS the reference concentration of the zero gasaflyszero), ppm
Cefs IS the reference concentration of the span gas, pp

Corez IS the pre-test analyzer concentration of the gy ppm

Core,s IS the pre-test analyzer concentration of the gpzes) ppm,
Coostz IS the post-test analyzer concentration of the geais, ppm,
Coost,s IS the post-test analyzer concentration of the gjses, ppm

Cqas IS the sample gas concentration, ppm

Two sets of specific emission results shall bewdated for each component
in accordance with paragraph 8.6.3., after anyrotioerections have been
applied. One set shall be calculated using unctdeconcentrations and
another set shall be calculated using the condemeacorrected for drift

according to equation 66.

Depending on the measurement system and calaulatiethod used, the
uncorrected emissions results shall be calculatiéd @guations 36, 37, 56,
57 or 62, respectively. For calculation of the eoted emissionsy,s in
equations 36, 37, 56, 57 or 62, respectively, shallreplaced wittcy,, of
equation 66. If instantaneous concentration valogs; are used in the
respective equation, the corrected value shallladsapplied as instantaneous
value c.. In equation 57, the correction shall be appliedbbth the
measured and the background concentration.

The comparison shall be made as a percentage ofntorrected results. The
difference between the uncorrected and the coddmake-specific emission
values shall be within £4 per cent of the uncoeddbrake-specific emission
values or within 4 per cent of the respective fimalue, whichever is

greater. If the drift is greater than 4 per celm, test shall be voided.

If drift correction is applied, only the drift-amcted emission results shall be
used when reporting emissions.
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8.6.2. Calculation of NMHC and CH

The calculation of NMHC and CHlepends on the calibration method used.
The FID for the measurement without NMC (lower pathAppendix 2,
Figure 11), shall be calibrated with propane. er dalibration of the FID in
series with NMC (upper path of Appendix 2, Figurg),1the following
methods are permitted.

(@)  Calibration gas — propane; propane bypasses;NMC
(b)  Calibration gas — methane; methane passesghidiviC.

The concentration of NMHC and Gldhall be calculated as follows for (a):

c _ Cric(w/nme) ~ Crc(wionmc) X @- EE)
e r,x(Ee —Ey)

(67)

Chic(w/onmc) * @-Ey)- Chic(w/Nme)

EE_EM

Ceha = (68)

The concentration of NMHC and Gldhall be calculated as follows for (b):

Chic(wronmc) X @a- Ew )~ Crcw/nme) % h X @a- Ew )

(@ = (67a)
NMHC E. -E,
_ Chcwinme) X Ty % @-Ey)- Chic(w/onme) % @-Eg)
Cera = (68a)
My X (EE —Ey )

Where:

CHCWINMC) is the HC concentration with sample gas flowingtigh the
NMC, ppm

Chcionve) IS the HC concentration with sample gas bypasdiegNMC,
ppm

rh is the methane response factor as determined per
paragraph 9.3.7.2.

Ew is the methane efficiency as determined per papdg®.3.8.1.

Ee is the ethane efficiency as determined per papdg®a3.8.2.

If rp < 1.05, it may be omitted in equations 67, 67a 68al
8.6.3. Calculation of the specific emissions

The specific emissiongy,s or esm (9/kWh) shall be calculated for each
individual component in the following ways deperglion the type of test

cycle.
For the WHSC, hot WHTC, or cold WHTC, the followirguation shall be
applied:

W,
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9.1

9.2.

__ (O14xmyy)t (086X M)
(014xwactpold )+ (OBGXWacthot)

(70)

Where:
m is the mass emission of the component, g/test

W, is the actual cycle work as determined accordingdaragraph 7.8.6.,
kWh

For the WHTC, the final test result shall be a &gl average from cold
start test and hot start test according to the@fahg equation:

Where:

Meold is the mass emission of the component on thestalt test, g/test
Mhot is the mass emission of the component on thethrdttest, g/test
W,etcod 1S the actual cycle work on the cold start testhkW

Waethot IS the actual cycle work on the hot start test, kWh

If periodic regeneration in accordance with parphr®.6.2. applies, the

regeneration adjustment factdgg or k; 4 shall be multiplied with or be added
to, respectively, the specific emissions reswds determined in equations 69
and 70.

Equipment specification and verification

This annex does not contain details of flow, puess and temperature
measuring equipment or systems. Instead, onlyitieatity requirements of
such equipment or systems necessary for conduetingmissions test are
given in paragraph 9.2.

Dynamometer specification

An engine dynamometer with adequate charactesist perform the
appropriate test cycle described in paragraphd.7a2d 7.2.2. shall be used.

The instrumentation for torque and speed measurerskeall allow the
measurement accuracy of the shaft power as needsirtply with the cycle
validation criteria. Additional calculations may becessary. The accuracy of
the measuring equipment shall be such that thafityerequirements given
in paragraph 9.2., Table 7 are not exceeded.

Linearity requirements

The calibration of all measuring instruments aystesms shall be traceable to
national (international) standards. The measurimgriments and systems
shall comply with the linearity requirements givienTable 7. The linearity

verification according to paragraph 9.2.1. shall gegformed for the gas

analyzers at least every three months or wheneggst@m repair or change
is made that could influence calibration. For th#eo instruments and

systems, the linearity verification shall be doserequired by internal audit
procedures, by the instrument manufacturer or go@ance with 1ISO 9000

requirements.
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Iﬁltzal:r;y requirements of instruments and measuremat systems

Measurement system Pmin X (@1 — 1)+ a0/ Slozle Standard grétl)zr cia?srﬁr:;f:tti;r:
Engine speed < 0.05 % ma 0.98-1.07 < 2% max > 0.990
Engine torque < 1 % max 0.98-1.02 < 2% max > 0.990
Fuel flow < 1% ma 0.98-1.07 < 2% max > 0.990
Airflow < 1% ma 0.98-1.07 < 2% max > 0.990
Exhaust gas flow < 1 % max 0.98-1.02 < 2% max > 0.990
Diluent flow < 1% ma 0.98-1.07 < 2% max > 0.990
Diluted exhaust gas < 1 % max 0.98-1.02 < 2% max > 0.990
flow
Sample flow < 1 % max 0.98-1.02 < 2% max > 0.990
Gas analyzers < 0.5 % maX 0.99-1.01] < 1% max > 0.998
Gas dividers < 0.5 % maX 0.98-1.02 < 2% max > 0.990
Temperatures < 1% ma 0.99 -1.01 < 1 % max > 0.998
Pressures < 1% ma 0.99-1.0Y4 < 1% max > 0.998
PM balance < 1 % max 0.99-1.01] < 1% max > 0.998
9.2.1. Linearity verification
9.2.1.1. Introduction

A linearity verification shall be performed for &dra measurement system
listed in Table 7. At least 10 reference valuesaospecified otherwise, shall
be introduced to the measurement system, and thsured values shall be
compared to the reference values by using a legastrss linear regression in
accordance with equation 11 in paragraph 7.8.7e Waximum limits in
Table 7 refer to the maximum values expected dusstgng.

9.2.1.2. General requirements

The measurement systems shall be warmed up angorth the
recommendations of the instrument manufacturer. mbasurement systems
shall be operated at their specified temperatyressures and flows.

9.2.1.3. Procedure

The linearity verification shall be run for eacbrmally used operating range
with the following steps:

(@  The instrument shall be set at zero by introty@ zero signal. For
gas analyzers, purified synthetic air (or nitrogehall be introduced
directly to the analyzer port;

(b)  The instrument shall be spanned by introdueirspan signal. For gas
analyzers, an appropriate span gas shall be intsatldirectly to the
analyzer port;

(c)  The zero procedure of (a) shall be repeated;
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9.3.1.5.
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(d)  The verification shall be established by introehg at least 10
reference values (including zero) that are withie tange from zero to
the highest values expected during emission tesiioggas analyzers,
known gas concentrations in accordance with papdig8a3.3.2. shall
be introduced directly to the analyzer port;

(e)  Atarecording frequency of at least 1 Hz, bference values shall be
measured and the measured values recorded foc80dse

) The arithmetic mean values over the 30 secqmd®d shall be used
to calculate the least squares linear regressicampeters according to
equation 11 in paragraph 7.8.7;

(@ The linear regression parameters shall meet rdgrirements of
paragraph 9.2., Table 7;

(h)  The zero setting shall be rechecked and thédication procedure
repeated, if necessary.

Gaseous emissions measurement and samplitegrsys
Analyzer specifications
General

The analyzers shall have a measuring range apdires time appropriate for
the accuracy required to measure the concentratibnthe exhaust gas
components under transient and steady state consliti

The electromagnetic compatibility (EMC) of the gauent shall be on a
level as to minimize additional errors.

Accuracy

The accuracy, defined as the deviation of the yaeal reading from the
reference value, shall not exceed +2 per cent®frélading or +0.3 per cent
of full scale whichever is larger.

Precision

The precision, defined as 2.5 times the standandadon of 10 repetitive

responses to a given calibration or span gas, bealio greater than 1 per
cent of full scale concentration for each rangeduabove 155 ppm (or
ppm C) or 2 per cent of each range used below p&5(or ppm C).

Noise

The analyzer peak-to-peak response to zero ardrai@dn or span gases
over any 10 seconds period shall not exceed 2 @etr af full scale on all
ranges used.

Zero drift

The drift of the zero response shall be speciflad the instrument
manufacturer.

Span drift

The drift of the span response shall be specifigd the instrument
manufacturer.
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9.3.1.7.

9.3.1.8.

9.3.2.
9.3.2.1.

9.3.2.2.

9.3.2.3.

9.3.2.4.

9.3.2.5.

9.3.2.6.

9.3.2.6.1.

Rise time

The rise time of the analyzer installed in the sugament system shall not
exceed 2.5 seconds.

Gas drying

Exhaust gases may be measured wet or dry. A gasgddevice, if used,
shall have a minimal effect on the composition loé tmeasured gases.
Chemical dryers are not an acceptable method obvemg water from the
sample.

Gas analyzers
Introduction

Paragraphs 9.3.2.2. to 9.2.3.7. describe the memsmt principles to be
used. A detailed description of the measurementeBys is given in
Appendix 2. The gases to be measured shall be zethlyith the following
instruments. For non-linear analyzers, the use iméatizing circuits is
permitted.

Carbon monoxide (CO) analysis

The carbon monoxide analyzer shall be of the nepeisive infrared
(NDIR) absorption type.

Carbon dioxide (Ganalysis

The carbon dioxide analyzer shall be of the napelisive infrared (NDIR)
absorption type.

Hydrocarbon (HC) analysis

The hydrocarbon analyzer shall be of the heataohdl ionization detector

(HFID) type with detector, valves, pipework, eteated so as to maintain a
gas temperature of 463 K + 10 K (190 + 10 °C). Gmilly, for natural gas

fuelled and PI engines, the hydrocarbon analyzey beaof the non-heated
flame ionization detector (FID) type depending upgbe method used (see
Appendix 2, paragraph A.2.1.3.).

Methane (CHland non-methane hydrocarbon (NMHC) analysis

The determination of the methane and non-methamkobarbon fraction
shall be performed with a heated non-methane c(i&iC) and two FIDs as
per Appendix 2, paragraph A.2.1.4. and paragrahl/s. The concentration
of the components shall be determined as per pphd.6.2.

Oxides of nitrogen (Npanalysis

Two measurement instruments are specified fox M&asurement and either
instrument may be used provided it meets the @itespecified in
paragraphs 9.3.2.6.1. or 9.3.2.6.2., respectivEty. the determination of
system equivalency of an alternate measurementegduoe in accordance
with paragraph 5.1.1., only the CLD is permitted.

Chemiluminescent detector (CLD)

If measured on a dry basis, the oxides of nitrogealyzer shall be of the
chemiluminescent detector (CLD) or heated chemihgsient detector
(HCLD) type with a NQ/NO converter. If measured on a wet basis, a HCLD
with converter maintained above 328 K (55 °C) shallused, provided the
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9.3.2.6.2.

9.3.2.7.

9.3.3.

9.3.3.1.

water quench check (see paragraph 9.3.9.2.2.}igied. For both CLD and
HCLD, the sampling path shall be maintained at i t@anperature of 328 K
to 473 K (55 °C to 200 °C) up to the converter doy measurement, and up
to the analyzer for wet measurement.

Non-dispersive ultraviolet detector (NDU

A non-dispersive ultraviolet (NDUV) analyzer shibé used to measure NO
concentration. If the NDUV analyzer measures onl,Na NGQ/NO
converter shall be placed upstream of the NDUV yaeal The NDUV
temperature shall be maintained to prevent aqueondensation, unless a
sample dryer is installed upstream of the ;AN® converter, if used, or
upstream of the analyzer.

Air to fuel measurement

The air to fuel measurement equipment used torméte the exhaust gas
flow as specified in paragraph 8.4.1.6. shall beide range air to fuel ratio
sensor or lambda sensor of Zirconia type. The sesball be mounted
directly on the exhaust pipe where the exhaust tgagperature is high
enough to eliminate water condensation.

The accuracy of the sensor with incorporated maats shall be within:
+3 per cent of reading for A<2

+5 per cent of reading for 2A<5

+10 per cent of reading for $HA

To fulfil the accuracy specified above, the sensball be calibrated as
specified by the instrument manufacturer.

Gases
The shelf life of all gases shall be respected.
Pure gases

The required purity of the gases is defined bydtietamination limits given
below. The following gases shall be available foemation:

a) For raw exhaust gas

Purified nitrogen
(Contamination< 1 ppm C1,<1 ppm CO, < 400 ppm CQ@
< 0.1 ppm NO)

Purified oxygen
(Purity> 99.5 per cent vol §

Hydrogen-helium mixture (FID burner fuel)
(40 £ 1 per cent hydrogen, balance helium)
(Contaminatiors 1 ppm C1< 400 ppm CQ)

Purified synthetic air

(Contaminatiors 1 ppm C1< 1 ppm COg 400 ppm C@ < 0.1 ppm
NO)

(Oxygen content between 18-21 per cent vol.)

b) For dilute exhaust gas (optionally for raw ex$tagas)

Purified nitrogen
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9.3.3.3.

(Contaminatiors 0.05 ppm C1,< 1 ppm CO,< 10 ppm CQ, £ 0.02
ppm NO)

Purified oxygen
(Purity> 99.5 per cent vol §)

Hydrogen-helium mixture (FID burner fuel)
(40 £ 1 per cent hydrogen, balance helium)
(Contaminatiors 0.05 ppm C1< 10 ppm CQ)

Purified synthetic air

(Contaminatiors 0.05 ppm C1,< 1 ppm CO,< 10 ppm CQ, £ 0.02
ppm NO)

(Oxygen content between 20.5 - 21.5 per cent vol.)

If gas bottles are not available, a gas purifiayrbe used, if contamination
levels can be demonstrated.

Calibration and span gases

Mixtures of gases having the following chemicalmpmsitions shall be
available, if applicable. Other gas combinations allowed provided the
gases do not react with one another. The expiratitte of the calibration
gases stated by the manufacturer shall be recorded.

CsHg and purified synthetic air (see paragraph 9.3.3.1.
CO and purified nitrogen;

NO and purified nitrogen;

NO, and purified synthetic air;

CG; and purified nitrogen;

CH, and purified synthetic air;

C,Hg and purified synthetic air

The true concentration of a calibration and spas ghall be within +1 per
cent of the nominal value, and shall be traceableational or international
standards. All concentrations of calibration gaslishe given on a volume
basis (volume per cent or volume ppm).

Gas dividers

The gases used for calibration and span may asobkained by means of
gas dividers (precision blending devices), dilutimgh purified N, or with
purified synthetic air. The accuracy of the gadd#iv shall be such that the
concentration of the blended calibration gasesc@umate to within £2 per
cent. This accuracy implies that primary gases usedlending shall be
known to an accuracy of at least per cent, traceable to national or
international gas standards. The verification shalperformed at between 15
and 50 per cent of full scale for each calibraiizzorporating a gas divider.
An additional verification may be performed usimwpther calibration gas, if
the first verification has failed.

Optionally, the blending device may be checkedhwait instrument which by
nature is linear, e.g. using NO gas with a CLD. Hpan value of the
instrument shall be adjusted with the span gascifjreconnected to the
instrument. The gas divider shall be checked atsiitings used and the
nominal value shall be compared to the measurectertration of the
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9.3.3.4.

9.3.4.

instrument. This difference shall in each pointviithin £1 per cent of the
nominal value.

For conducting the linearity verification accorglito paragraph 9.2.1., the
gas divider shall be accurate to withih per cent.

Oxygen interference check gases

Oxygen interference check gases are a blend opape oxygen and
nitrogen. They shall contain propane with 350 ppmz+C75 ppm C

hydrocarbon. The concentration value shall be detexd to calibration gas
tolerances by chromatographic analysis of totarbgarbons plus impurities
or by dynamic blending. The oxygen concentratioeguired for positive
ignition and compression ignition engine testing lésted in Table 8 with the
remainder being purified nitrogen.

Table 8
Oxygen interference check gases

Type of engine O, concentration (per cent
Compression ignition 21 (20 to 22)
Compression and positive ignition 10 (9 to 11)
Compression and positive ignition 5(4top)
Positive ignition 0(0to1l)
Leak check

A system leak check shall be performed. The prsitedl be disconnected
from the exhaust system and the end plugged. Thzer pump shall be
switched on. After an initial stabilization perial flowmeters will read

approximately zero in the absence of a leak. If thet sampling lines shall be
checked and the fault corrected.

The maximum allowable leakage rate on the vacuigd® shall be 0.5 per

cent of the in-use flow rate for the portion of sestem being checked. The
analyzer flows and bypass flows may be used tonesti the in-use flow

rates.

Alternatively, the system may be evacuated toesqure of at least 20 kPa
vacuum (80 kPa absolute). After an initial stalilian period the pressure
increasedp (kPa/min) in the system shall not exceed:

Ap=p/VsX 0.005%X qvs (71)
Where:
Vs is the system volume, |

Ovs is the system flow rate, I/min

Another method is the introduction of a concemtratstep change at the
beginning of the sampling line by switching fronra¢o span gas. If for a
correctly calibrated analyzer after an adequatéogeof time the reading
is< 99 per cent compared to the introduced concéoirathis points to a
leakage problem that shall be corrected.
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9.3.6.

9.3.6.1.

Response time check of the analytical system

The system settings for the response time evaluahall be exactly the
same as during measurement of the test run (iesspre, flow rates, filter
settings on the analyzers and all other response tinfluences). The

response time determination shall be done withsgéaghing directly at the

inlet of the sample probe. The gas switching shalldone in less than 0.1
second. The gases used for the test shall causacerntration change of at
least 60 per cent full scale (FS).

The concentration trace of each single gas compatall be recorded. The
response time is defined to be the difference metibetween the gas
switching and the appropriate change of the recbrcencentration. The
system response timdyd) consists of the delay time to the measuring
detector and the rise time of the detector. Thaydéme is defined as the
time from the changef until the response is 10 per cent of the finadiag
(t10). The rise time is defined as the time betweepdiOcent and 90 per cent
response of the final readingy(— t;).

For time alignment of the analyzer and exhaustw flgignals, the
transformation time is defined as the time from di@ange t) until the
response is 50 per cent of the final readigg).(

The system response time shalkb&0 s with a rise time ok 2.5 seconds in
accordance with paragraph 9.3.1.7. for all limiéedhponents (CO, NQHC
or NMHC) and all ranges used. When using a NMCtlier measurement of
NMHC, the system response time may exceed 10 second

Efficiency test of NOconverter

The efficiency of the converter used for the cosi@n of NG into NO is
tested as given in paragraphs 9.3.6.1. to 9.3$e@. Figure 8).

Figure 8:
Scheme of NQ converter efficiency device

solenoid valve

iy
=

02

AC ‘ ‘ I E I ‘ ‘ ‘ [ Ozonator
Variac J_
A 4 —_—
E to analyser
NO/N2
D
Test setup

Using the test setup as schematically shown imrEi@ and the procedure
below, the efficiency of the converter shall betddsby means of an
ozonator.
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9.3.6.2.

9.3.6.3.

9.3.6.4.

9.3.6.5.

9.3.6.6.

9.3.6.7.

9.3.6.8.

Calibration

The CLD and the HCLD shall be calibrated in thestnmommon operating
range following the manufacturer's specificatiorsing zero and span gas
(the NO content of which shall amount to about 80 gent of the operating
range and the N{concentration of the gas mixture to less thanrscpat of
the NO concentration). The N@nalyzer shall be in the NO mode so that the
span gas does not pass through the convertern@iwated concentration has
to be recorded.

Calculation

The per cent efficiency of the converter shalthkulated as follows:

Eo = (1 + a_bj x 100
c—-d (72)
Where:
a is the NQ concentration according to paragraph 9.3.6.6.
b is the NQ concentration according to paragraph 9.3.6.7.
c is the NO concentration according to paragrapt633
d is the NO concentration according to paragrapt6%3

Adding of oxygen

Via a T-fitting, oxygen or zero air shall be addexhtinuously to the gas flow
until the concentration indicated is about 20 pemtdess than the indicated
calibration concentration given in paragraph 923.¢the analyzer is in the
NO mode).

The indicated concentratiorc)(shall be recorded. The ozonator is kept
deactivated throughout the process.

Activation of the ozonator

The ozonator shall be activated to generate enaaghe to bring the NO
concentration down to about 20 per cent (minimump&d cent) of the
calibration concentration given in paragraph 923.6.The indicated
concentrationd) shall be recorded (the analyzer is in the NO mode

NQ mode

The NO analyzer shall be switched to the,Nibde so that the gas mixture

(consisting of NO, N@ O, and N) now passes through the converter. The
indicated concentratiom) shall be recorded (the analyzer is in the ,NO

mode).

Deactivation of the ozonator

The ozonator is now deactivated. The mixture ofegadescribed in
paragraph 9.3.6.6. passes through the converter tiné detector. The
indicated concentrationb) shall be recorded (the analyzer is in the,NO
mode).

NO mode

Switched to NO mode with the ozonator deactivathe,flow of oxygen or
synthetic air shall be shut off. The N@eading of the analyzer shall not
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9.3.6.9.

9.3.6.10.

9.3.7.
9.3.7.1.

9.3.7.2.

deviate by more than 5 per cent from the value smesl according to
paragraph 9.3.6.2. (the analyzer is in the NO mode)

Test interval
The efficiency of the converter shall be testelkast once per month.
Efficiency requirement
The efficiency of the converté&ioy shall not be less than 95 per cent.

If, with the analyzer in the most common range, tizonator cannot give a
reduction from 80 per cent to 20 per cent accortiingaragraph 9.3.6.5., the
highest range which will give the reduction shalused.

Adjustment of the FID
Optimization of the detector response

The FID shall be adjusted as specified by therimsént manufacturer. A
propane in air span gas shall be used to optinigerésponse on the most
common operating range.

With the fuel and airflow rates set at the manufesr's recommendations,
a 350 + 75 ppm C span gas shall be introducede@iialyzer. The response
at a given fuel flow shall be determined from tliffedence between the span
gas response and the zero gas response. Thedweslfflall be incrementally
adjusted above and below the manufacturer's spatidn. The span and zero
response at these fuel flows shall be recorded. ditierence between the
span and zero response shall be plotted and thédueadjusted to the rich
side of the curve. This is the initial flow ratettseg which may need further
optimization depending on the results of the hydrbon response factors
and the oxygen interference check according to goaphs 9.3.7.2.
and 9.3.7.3. If the oxygen interference or the hgdrbon response factors do
not meet the following specifications, the airfleshall be incrementally
adjusted above and below the manufacturer's spatidhs, repeating
paragraphs 9.3.7.2. and 9.3.7.3. for each flow.

The optimization may optionally be conducted udimg procedures outlined
in SAE paper No. 770141.

Hydrocarbon response factors

A linearity verification of the analyzer shall Iperformed using propane in
air and purified synthetic air according to parair8.2.1.3.

Response factors shall be determined when intioduan analyzer into
service and after major service intervals. The oasp factor 1)) for a
particular hydrocarbon species is the ratio of Fii2 C1 reading to the gas
concentration in the cylinder expressed by ppm C1.

The concentration of the test gas shall be atvael I give a response of
approximately 80 per cent of full scale. The comiion shall be known to

an accuracy of £2 per cent in reference to a grawrimstandard expressed in
volume. In addition, the gas cylinder shall be pretitioned for 24 hours at a
temperature of 298 K+ 5 K (25 °C £ 5 °C).

The test gases to be used and the relative resp@ctor ranges are as
follows:

(@) Methane and purified synthetic air 1906, < 1.15;
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9.3.7.3.

(b)  Propylene and purified synthetic air 096,<1.1;

(c)  Toluene and purified synthetic air 090,<1.1.

These values are relative to,zof 1 for propane and purified synthetic air.
Oxygen interference check

For raw exhaust gas analyzers only, the oxygesrfarence check shall be
performed when introducing an analyzer into sergnd after major service
intervals.

A measuring range shall be chosen where the oxygenference check
gases will fall in the upper 50 per cent. The &sill be conducted with the
oven temperature set as required. Oxygen interderecheck gas
specifications are found in paragraph 9.3.3.4.

(@)  The analyzer shall be set at zero;

(b)  The analyzer shall be spanned with the O pat orygen blend for
positive ignition engines. Compression ignition ieeginstruments
shall be spanned with the 21 per cent oxygen blend;

(c)  The zero response shall be rechecked. If itchasnged by more than
0.5 per cent of full scale, steps (a) and (b) & fraragraph shall be
repeated;

(d)  The 5 per cent and 10 per cent oxygen intemfazecheck gases shall
be introduced;

(e)  The zero response shall be rechecked. If itthasged by more than
+1 per cent of full scale, the test shall be repbate

) The oxygen interferenckg, shall be calculated for each mixture in
step (d) as follows:

Eo2 = (Ger,a- €) X 100/ Getq (73)

with the analyzer response being

_ Cref,b ><CFSb x Cm,d

(74)
Cm,b CFSd
Where:

Cefp IS the reference HC concentration in step (bin fgp
Ceta IS the reference HC concentration in step (dijn @b
Crsp IS the full scale HC concentration in step (lpmpC
Crsa IS the full scale HC concentration in step (g)mpC
Cmp IS the measured HC concentration in step (b), ppm C
Cma IS the measured HC concentration in step (d), ppm C

(@) The oxygen interferencey, shall be less thatl.5 per cent for all
required oxygen interference check gases pricegtrtg.

(h)  If the oxygen interferendeéq,is greater thar1.5 per cent, corrective
action may be taken by incrementally adjustingaméiow above and
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below the manufacturer's specifications, the flmkfand the sample
flow.

0] The oxygen interference shall be repeated &mhenew setting.
9.3.8. Efficiency of the non-methane cutter (NMC)

The NMC is used for the removal of the non-methaydrocarbons from the
sample gas by oxidizing all hydrocarbons excepthamst. Ideally, the
conversion for methane is O per cent, and for thleero hydrocarbons
represented by ethane is 100 per cent. For theraecmeasurement of
NMHC, the two efficiencies shall be determined asdéd for the calculation
of the NMHC emission mass flow rate (see parag&afi?.).

9.3.8.1. Methane Efficiency

Methane calibration gas shall be flown through EHB with and without
bypassing the NMC and the two concentrations resxbrd@he efficiency shall
be determined as follows:

CHC(W/NMC)
Ev=1-—— (75)
CHC(w/oNMC)

Where:

CHC(w/NMC) is the HC concentration with GHlowing through the NMC,
ppm C

Cicwionme) 1S the HC concentration with GHyypassing the NMC, ppm C
9.3.8.2. Ethane Efficiency

Ethane calibration gas shall be flown through BB with and without
bypassing the NMC and the two concentrations rembr@ihe efficiency shall
be determined as follows:

CHC(W/NMC)
Eg=1-——"—
CHC(w/oNMC) (76)

Where:

Chc(wINMC) is the HC concentration with,8s flowing through the NMC,
ppm C

Chcwio nmc) 1S the HC concentration with,Hg bypassing the NMC, ppm C
9.3.9. Interference effects

Other gases than the one being analyzed can érgevfith the reading in
several ways. Positive interference occurs in NIMBRruments where the
interfering gas gives the same effect as the gag lmeeasured, but to a lesser
degree. Negative interference occurs in NDIR imagnts by the interfering
gas broadening the absorption band of the measgasd and in CLD
instruments by the interfering gas quenching trectien. The interference
checks in paragraphs 9.3.9.1. and 9.3.9.3. shalpdyéormed prior to an
analyzer's initial use and after major serviceriraes.
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9.3.9.1.

9.3.9.2.

9.3.9.2.1.

CO analyzer interference check

Water and C@can interfere with the CO analyzer performancesréfore, a

CO, span gas having a concentration of 80 to 100 et af full scale of the

maximum operating range used during testing steabubbled through water
at room temperature and the analyzer response dextorThe analyzer
response shall not be more than 2 per cent of thenn€CO concentration
expected during testing.

Interference procedures for g@nd HO may also be run separately. If the
CO, and HO levels used are higher than the maximum levefseeed
during testing, each observed interference valwdl dfe scaled down by
multiplying the observed interference by the ratfche maximum expected
concentration value to the actual value used dutiigprocedure. Separate
interference procedures concentrations ofOHthat are lower than the
maximum levels expected during testing may be bun,the observed 0
interference shall be scaled up by multiplying dieserved interference by
the ratio of the maximum expected® concentration value to the actual
value used during this procedure. The sum of the $ealed interference
values shall meet the tolerance specified in tarsgraph.

NQ analyzer quench checks for CLD analyzer

The two gases of concern for CLD (and HCLD) anatgzare C@and water
vapour. Quench responses to these gases are [pwopbrtto their
concentrations, and therefore require test teclesiqa determine the quench
at the highest expected concentrations experiedagdg testing. If the CLD
analyzer uses quench compensation algorithms tiieeuH,O and/or CQ
measurement instruments, quench shall be evalwéatadthese instruments
active and with the compensation algorithms applied

C@quench check

A CO, span gas having a concentration of 80 to 100 eer af full scale of
the maximum operating range shall be passed thrtheggNDIR analyzer and
the CQ value recorded a&. It shall then be diluted approximately 50 per
cent with NO span gas and passed through the ND#RCAD, with the CQ
and NO values recorded BsandC, respectively. The COshall then be shut
off and only the NO span gas be passed throug{Hh€LD and the NO
value recorded &3.

The per cent quench shall be calculated as follows

Ecop = {1 - (([)X(Ac)fng)Hx 100

Where:

(77)

A is the undiluted C@concentration measured with NDIR, per cent
B is the diluted C@concentration measured with NDIR, per cent

C is the diluted NO concentration measured with (H)Chpm
D

is the undiluted NO concentration measured withQlHD), ppm
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9.3.9.3.

Alternative methods of diluting and quantifying 600, and NO span gas
values such as dynamic mixing/blending are perdhittéh the approval of
the type-approval authority.

Water quench check

This check applies to wet gas concentration measents only. Calculation
of water quench shall consider dilution of the Nfars gas with water vapour
and scaling of water vapour concentration of thetume to that expected
during testing.

A NO span gas having a concentration of 80 pet ted00 per cent of full
scale of the normal operating range shall be patssedgh the (H) CLD and
the NO value recorded & The NO span gas shall then be bubbled through
water at room temperature and passed through th€l(B and the NO value
recorded a€. The water temperature shall be determined anutded ag-.

The mixture's saturation vapour pressure that spoeds to the bubbler
water temperaturd=j shall be determined and recordedzas

The water vapour concentration (in per cent) of tmixture shall be
calculated as follows:

H=100x (G /p) (78)
and recorded abl. The expected diluted NO span gas (in water vgpour
concentration shall be calculated as follows:

De=Dx (1-H/100) (79)
and recorded aB.. The maximum exhaust water vapour concentration (i
per cent) expected during testing shall be estich&tem the maximum CO
concentration in the exhaust gasas follows:

Hn=a/2XA (80)
and recorded d4,,

The per cent water quench shall be calculated|sfs:

Enzo = 100X ( (De- C) /De) X (Hm / H) (81)

Where:

De is the expected diluted NO concentration, ppm

C is the measured diluted NO concentration, ppm

Hn  is the maximum water vapour concentration, pet cen

H is the actual water vapour concentration, per cent
Maximum allowable quench

The combined C@and water quench shall not exceed 2 per centlicddale.
NQ analyzer quench check for NDUV analyzer

Hydrocarbons and @ can positively interfere with a NDUV analyzer by
causing a response similar to N@ the NDUV analyzer uses compensation
algorithms that utilize measurements of other géseseet this interference
verification, simultaneously such measurementd $fgatonducted to test the
algorithms during the analyzer interference vesiicn.
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9.3.9.3.1. Procedure

The NDUV analyzer shall be started, operated, emtroand spanned
according to the instrument manufacturer's insioast It is recommended to
extract engine exhaust to perform this verificatiSnCLD shall be used to
quantify NQ in the exhaust. The CLD response shall be usélateazference
value. Also HC shall be measured in the exhaudt wiFID analyzer. The
FID response shall be used as the reference hythataalue.

Upstream of any sample dryer, if used during ngstihe engine exhaust shall
be introduced into the NDUV analyzer. Time shall &bowed for the
analyzer response to stabilize. Stabilization timeey include time to purge
the transfer line and to account for analyzer raspoWhile all analyzers
measure the sample's concentration, 30 secondanapled data shall be
recorded, and the arithmetic means for the threéyaers calculated.

The CLD mean value shall be subtracted from thd&JMDnean value. This
difference shall be multiplied by the ratio of tlexpected mean HC
concentration to the HC concentration measurednduttie verification, as

follows:
— CHCE
Eicmzo = (CNOX,CLD _CNOX,NDUV)X (82)
C'H(:m
Where
CNOX,CLD is the measured N@oncentration with CLD, ppm

CNOX,NDUV is the measured N@oncentration with NDUV, ppm

CHece is the expected max. HC concentration, ppm
CHe,m is the measured HC concentration, ppm
9.3.9.3.2. Maximum allowable quench

The combined HC and water quench shall not ex@eper cent of the NO
concentration expected during testing.

9.3.9.4. Sample dryer

A sample dryer removes water, which can othenarserfere with a NQ@
measurement.

9.3.9.4.1. Sample dryer efficiency

For dry CLD analyzers, it shall be demonstrated for the highest expected
water vapour concentratidd,, (see paragraph 9.3.9.2.2.), the sample dryer
maintains CLD humidity at 5 g water/kg dry air (or about 0.008 per cent
H»0), which is 100 per cent relative humidity at 3®and 101.3 kPa. This
humidity specification is also equivalent to abdB per cent relative
humidity at 25 °C and 101.3 kPa. This may be dennatesi by measuring
the temperature at the outlet of a thermal dehdiaidior by measuring
humidity at a point just upstream of the CLD. Huityicbf the CLD exhaust
might also be measured as long as the only flow the CLD is the flow
from the dehumidifier.

9.3.9.4.2. Sample dryer N@enetration

Liquid water remaining in an improperly designeginple dryer can remove
NO, from the sample. If a sample dryer is used in doaton with an
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9.3.10.

9.3.11.

9.4.
9.4.1.

NDUV analyzer without an N&NO converter upstream, it could therefore
remove NQ from the sample prior NOmeasurement.

The sample dryer shall allow for measuring attl®sper cent of the total
NO, at the maximum expected concentration o, NO

Sampling for raw gaseous emissions, ifiepble

The gaseous emissions sampling probes shalltbd fit least 0.5 m or three
times the diameter of the exhaust pipe - whichéyéne larger - upstream of
the exit of the exhaust gas system but sufficieokhse to the engine as to
ensure an exhaust gas temperature of at least 43 ¥C) at the probe.

In the case of a multi-cylinder engine with a lofsed exhaust manifold, the
inlet of the probe shall be located sufficiently éwnstream so as to ensure
that the sample is representative of the averapaust emissions from all
cylinders. In multi-cylinder engines having distimgoups of manifolds, such
as in a "Vee" engine configuration, it is recommeshdo combine the
manifolds upstream of the sampling probe. If tlisniot practical, it is
permissible to acquire a sample from the group wifth highest C®
emission. For exhaust emission calculation thd tthaust mass flow shall
be used.

If the engine is equipped with an exhaust aftattrent system, the exhaust
sample shall be taken downstream of the exhalestrafatment system.

Sampling for dilute gaseous emissiongpfiaable

The exhaust pipe between the engine and theléwll dilution system shall
conform to the requirements laid down in Appendix The gaseous
emissions sample probe(s) shall be installed indihgion tunnel at a point
where the diluent and exhaust gas are well mixed,ia close proximity to
the particulates sampling probe.

Sampling can generally be done in two ways:

(@) The emissions are sampled into a sampling bag the cycle and
measured after completion of the test; for HC,dample bag shall be
heated to 464 11 K (191+11°C), for NQ, the sample bag
temperature shall be above the dew point temperatur

(b)  The emissions are sampled continuously andjiated over the cycle.

The background concentration shall be determiresiream of the dilution
tunnel according to (a) or (b), and shall be sulémh from the emissions
concentration according to paragraph 8.5.2.3.2.

Particulate measurement and sampling system
General specifications

To determine the mass of the particulates, aqaatie dilution and sampling
system, a particulate sampling filter, a microgfsetance, and a temperature
and humidity controlled weighing chamber, are regphi The particulate
sampling system shall be designed to ensure asepaive sample of the
particulates proportional to the exhaust flow.
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9.4.2.

9.4.3.
9.4.3.1.

9.4.3.2.

General requirements of the dilution system

The determination of the particulates requiresititih of the sample with
filtered ambient air, synthetic air or nitrogen gtldiluent). The dilution
system shall be set as follows:

(@ Completely eliminate water condensation indhetion and sampling
systems;

(b)  Maintain the temperature of the diluted exhages$ between 315 K
(42 °C) and 325 K (52 °C) within 20 cm upstreanmdownstream of
the filter holder(s);

(c)  The diluent temperature shall be between 23# 325 K (20 °C to
42 °C) in close proximity to the entrance into thilgtion tunnel;

(d)  The minimum dilution ratio shall be within thenge of 5:1 to 7:1 and
at least 2:1 for the primary dilution stage basedtloe maximum
engine exhaust flow rate;

(e) For a partial flow dilution system, the residertime in the system
from the point of diluent introduction to the fiftéolder(s) shall be
between 0.5 and 5 seconds;

() For a full flow dilution system, the overall gidence time in the
system from the point of diluent introduction tcetfilter holder(s)
shall be between1 and 5 seconds, and the residameein the
secondary dilution system, if used, from the pointecondary diluent
introduction to the filter holder(s) shall be a$¢ 0.5 seconds.

Dehumidifying the diluent before entering the tidn system is permitted,
and especially useful if diluent humidity is high.

Particulate sampling
Partial flow dilution system

The particulate sampling probe shall be installealose proximity to the
gaseous emissions sampling probe, but sufficietigjant as to not cause
interference. Therefore, the installation provisiaf paragraph 9.3.10. also
apply to particulate sampling. The sampling linealslconform to the
requirements laid down in Appendix 2.

In the case of a multi-cylinder engine with a lofsed exhaust manifold, the
inlet of the probe shall be located sufficiently éwnstream so as to ensure
that the sample is representative of the averapaust emissions from all
cylinders. In multi-cylinder engines having distiggoups of manifolds, such
as in a "Vee" engine configuration, it is recommeshdo combine the
manifolds upstream of the sampling probe. If tlesniot practical, it is
permissible to acquire a sample from the group whgh highest particulate
emission. For exhaust emission calculation thd tothaust mass flow of the
manifold shall be used.

Full flow dilution system

The particulate sampling probe shall be instaltedlose proximity to the

gaseous emissions sampling probe, but sufficiedifyant as to not cause
interference, in the dilution tunnel. Thereforeg tinstallation provisions of
paragraph 9.3.11. also apply to particulate sargpliine sampling line shall
conform to the requirements laid down in Appendix 2
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9.4.4.1.

9.4.4.2.

9.4.4.3.

9.4.5.

9.4.5.1.

9.4.5.2.

Particulate sampling filters

The diluted exhaust shall be sampled by a filbat ineets the requirements
of paragraphs 9.4.4.1. to 9.4.4.3. during thedegtience.

Filter specification

All filter types shall have a 048m DOP (di-octylphthalate) or PAO (poly-
alpha-olefin) collection efficiency of at least pér cent. The sample filter
manufacturer’'s measurements reflected in theiryebratings may be used
to show this requirement. The filter material slueleither:

(a) Fluorocarbon (PTFE) coated glass fibre, or
(b)  Fluorocarbon (PTFE) membrane.
Filter size

The filter shall be circular with a nominal diametof 47 mm (tolerance
of 46.50+ 0.6 mm) and an exposed diameter (filter stain diam of at
least 38 mm.

Filter face velocity

The face velocity through the filter shall be beém 0.90 and 1.00 m/s with
less than 5 per cent of the recorded flow valueeeding this range. If the
total PM mass on the filter exceeds 400 ug, therfilace velocity may be
reduced to 0.50 m/s. The face velocity shall beuated as the volumetric
flow rate of the sample at the pressure upstreatheofilter and temperature
of the filter face, divided by the filter's exposameta.

Weighing chamber and analytical balanceiipatons

The chamber (or room) environment shall be free aofy ambient

contaminants (such as dust, aerosol, or semi-i®latiaterial) that could

contaminate the particulate filters. The weighiagm shall meet the required
specifications for at least 60 min before weigHiiftgrs.

Weighing chamber conditions

The temperature of the chamber (or room) in whighparticulate filters are
conditioned and weighed shall be maintained to iwitB95 K + 1 K
(22 °C = 1 °C) during all filter conditioning andetghing. The humidity shall
be maintained to a dew point of 282.5 K+ 1 K (85+ 1 °C).

If the stabilization and weighing environments aeparate, the temperature
of the stabilization environment shall be maintdia¢ a tolerance of 295 K +
3 K (22 °C £ 3 °C), but the dew point requiremesnains at 282.5 K + 1 K
(9.5°C+1°C).

Humidity and ambient temperature shall be recarded
Reference filter weighing

At least two unused reference filters shall beghed within 12 hours of, but
preferably at the same time as the sample filtdghieg. They shall be the
same material as the sample filters. Buoyancy ctiore shall be applied to
the weighings.

If the weight of any of the reference filters chaa between sample filter
weighings by more than 10 pg, all sample filterallshe discarded and the
emissions test repeated.
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9.4.5.3.

9.4.5.4.

9.4.5.5.

9.4.5.6.

9.4.6.

The reference filters shall be periodically replhtdased on good engineering
judgement, but at least once per year.

Analytical balance

The analytical balance used to determine ther filteight shall meet the
linearity verification criterion of paragraph 9.2Table 7. This implies a
precision (standard deviation) of at least 2 pgamelsolution of at least 1 pug
(1 digit=1 pg).

In order to ensure accurate filter weighing, itrecommended that the
balance be installed as follows:

(a) Installed on a vibration-isolation platform igplate it from external
noise and vibration;

(b)  Shielded from convective airflow with a statlissipating draft shield
that is electrically grounded.

Elimination of static electricity effects

The filter shall be neutralized prior to weighing,g. by a Polonium
neutralizer or a device of similar effect. If a FEFTEgembrane filter is used,
the static electricity shall be measured and ismenended to be within 2.0
V of neutral.

Static electric charge shall be minimized in thé&bce environment. Possible
methods are as follows:

(@)  The balance shall be electrically grounded;

(b)  Stainless steel tweezers shall be used if PMptess are handled
manually;

(c)  Tweezers shall be grounded with a groundingpstor a grounding
strap shall be provided for the operator such thatgrounding strap
shares a common ground with the balance. Grounsiraps shall
have an appropriate resistor to protect operatoos faccidental
shock.

Additional specifications

All parts of the dilution system and the samplgygtem from the exhaust
pipe up to the filter holder, which are in contadth raw and diluted exhaust
gas, shall be designed to minimize deposition ration of the particulates.
All parts shall be made of electrically conductivaterials that do not react
with exhaust gas components, and shall be eleltyrigeounded to prevent
electrostatic effects.

Calibration of the flow measurement instemtation

Each flowmeter used in a particulate sampling padial flow dilution
system shall be subjected to the linearity verifartg as described in
paragraph 9.2.1., as often as necessary to fo#ilaccuracy requirements of
this Regulation. For the flow reference values, aoturate flowmeter
traceable to international and/or national stanslastiall be used. For
differential flow measurement calibration see peaph 9.4.6.2.

Special requirements for the partial flohutibn system

The partial flow dilution system has to be destyte extract a proportional
raw exhaust sample from the engine exhaust strélans, responding to



ECE/TRANS/WP.29/2012/45

9.4.6.1.

9.4.6.2.

excursions in the exhaust stream flow rate. Fa this essential that the
dilution ratio or the sampling ratiog or rs be determined such that the
accuracy requirements of paragraph 9.4.6.2. afileidl

System response time

For the control of a partial flow dilution systew,fast system response is
required. The transformation time for the systeralldhe determined by the
procedure in paragraph 9.4.6.6. If the combinedsfamation time of the
exhaust flow measurement (see paragraph 8.4.1l)tlee partial flow
system is< 0.3 second, online control shall be used. If tfasformation
time exceeds 0.3 second, look ahead control basedpre-recorded test run
shall be used. In this case, the combined rise s§hadl be< 1 second and
the combined delay time 10 seconds.

The total system response shall be designed &nhgore a representative
sample of the particulateg,;, proportional to the exhaust mass flow. To
determine the proportionality, a regression analp$tj,i Versusimew, shall

be conducted on a minimum 5 Hz data acquisitior, rahd the following
criteria shall be met:

(@)  The coefficient of determinatiarf of the linear regression between
Omp,i ANdQrew,i Shall not be less than 0.95;

(b)  The standard error of estimatecgf,; on dmew,i Shall not exceed 5 per
cent ofgy, maximum;

(c) o intercept of the regression line shall not exceedper cent ofy,,
maximum.

Look-ahead control is required if the combinechsfarmation times of the
particulate system,tsop and of the exhaust mass flow signdl,r
are > 0.3 second. In this case, a pre-test bleatlin, and the exhaust mass
flow signal of the pre-test be used for controlliihg sample flow into the
particulate system. A correct control of the péartilution system is
obtained, if the time trace @ewpre Of the pre-test, which controt$y, is
shifted by a "look-ahead" time & p + tso -

For establishing the correlation betwegg; anddy.,, the data taken during
the actual test shall be used, wifh.,,; time aligned bysh  relative togy;
(no contribution fromtsyp to the time alignment). That is, the time shift
betweeng ., andgy is the difference in their transformation timesttivare
determined in paragraph 9.4.6.6.

Specifications for differential flow measment

For partial flow dilution systems, the accuracytieé sample flowgy, is of
special concern, if not measured directly, but cheiteed by differential flow
measurement:

Omp = Omdew — Omaw (83)

In this case, the maximum error of the differest®ll be such that the
accuracy ofjy, is within+5 per cent when the dilution ratio is less thanli5.
can be calculated by taking root-mean-square of ¢heors of each
instrument.

Acceptable accuracies @f,, can be obtained by either of the following
methods:
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@)

(b)

(©

(d)

The absolute accuracies @fgew and gngw are £0.2 per cent which
guarantees an accuracyf, of < 5 per cent at a dilution ratio of 15.
However, greater errors will occur at higher didatiratios;

Calibration ofq.gw relative togmew is carried out such that the same
accuracies fogm, as in (a) are obtained. For details see paragraph
9.4.6.3,;

The accuracy ofi.y, is determined indirectly from the accuracy of the
dilution ratio as determined by a tracer gas, €@,. Accuracies
equivalent to method (a) fok,, are required;

The absolute accuracy qfgew andgmaw IS Within £2 per cent of full
scale, the maximum error of the difference betwggg, and guw iS
within 0.2 per cent, and the linearity error ishiit+0.2 per cent of
the highestew Observed during the test.

9.4.6.3. Calibration of differential flow measurame

The flowmeter or the flow measurement instrumémtashall be calibrated
in one of the following procedures, such that thebp flow g, into the
tunnel shall fulfil the accuracy requirements ofggaaph 9.4.6.2.:

@)

(b)

(©

(d)

The flowmeter fog.w Shall be connected in series to the flowmeter
for Owew the difference between the two flowmeters shadl b
calibrated for at least five set points with flowlwes equally spaced
between the lowediq, vValue used during the test and the value of
Omdew USed during the test. The dilution tunnel may Yealssed;

A calibrated flow device shall be connectedémies to the flowmeter
for gmaew @nd the accuracy shall be checked for the valed @ the
test. The calibrated flow device shall be connedtederies to the
flowmeter forgmaw, and the accuracy shall be checked for at least fi
settings corresponding to dilution ratio betweean® 50, relative to
Omdew Used during the test;

The transfer tube (TT) shall be disconnectednfthe exhaust, and a
calibrated flow-measuring device with a suitableg@to measurgy,
shall be connected to the transfer tulpge, shall be set to the value
used during the test, amgy, shall be sequentially set to at least five
values corresponding to dilution ratios between 3id 0.
Alternatively, a special calibration flow path még provided, in
which the tunnel is bypassed, but the total andedil flow through
the corresponding meters as in the actual test;

A tracer gas shall be fed into the exhaustsfiemtube TT. This tracer
gas may be a component of the exhaust gas, likedC®IQ,. After
dilution in the tunnel the tracer gas component! éleameasured. This
shall be carried out for five dilution ratios beeme3 and 50. The
accuracy of the sample flow shall be determinednfithe dilution
ratiory:

Omp = Omdew /Ta (84)

The accuracies of the gas analyzers shall be teiteraccount to guarantee
the accuracy Ofj.
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9.4.6.4.

9.4.6.5.

9.4.6.6.

Carbon flow check

A carbon flow check using actual exhaust is sthprmgcommended for
detecting measurement and control problems andfyiegi the proper
operation of the partial flow system. The carbawflcheck should be run at
least each time a new engine is installed, or soimgtsignificant is changed
in the test cell configuration.

The engine shall be operated at peak torque loadspeed or any other
steady state mode that produces 5 per cent or ofd2©,. The partial flow
sampling system shall be operated with a dilutextdr of about 15 to 1.

If a carbon flow check is conducted, the procedyiven in Appendix 4 shall

be applied. The carbon flow rates shall be caledlaccording to equations
112 to 114 in Appendix 4. All carbon flow rates alibagree to within 3 per

cent.

Pre-test check

A pre-test check shall be performed within 2 hduefore the test run in the
following way.

The accuracy of the flowmeters shall be checkethbysame method as used
for calibration (see paragraph 9.4.6.2.) for asfeéao points, including flow
values ofqgy that correspond to dilution ratios between 5 abdfdr the
Omdew Value used during the test.

If it can be demonstrated by records of the catibn procedure under
paragraph 9.4.6.2. that the flowmeter calibrat®stable over a longer period
of time, the pre-test check may be omitted.

Determination of the transformation time

The system settings for the transformation timelwation shall be exactly
the same as during measurement of the test run.tr@Bhsformation time
shall be determined by the following method.

An independent reference flowmeter with a measergmange appropriate
for the probe flow shall be put in series with ahakely coupled to the probe.
This flowmeter shall have a transformation timdesfs than 100 ms for the
flow step size used in the response time measutgemwéh flow restriction
sufficiently low as to not affect the dynamic perfance of the partial flow
dilution system, and consistent with good engimegepractice.

A step change shall be introduced to the exhdowst for airflow if exhaust
flow is calculated) input of the partial flow dilah system, from a low flow
to at least 90 per cent of maximum exhaust flowe Tiigger for the step
change shall be the same one used to start thealoedd control in actual
testing. The exhaust flow step stimulus and thevft@ter response shall be
recorded at a sample rate of at least 10 Hz.

From this data, the transformation time shall le¢ednined for the partial
flow dilution system, which is the time from thetiation of the step stimulus
to the 50 per cent point of the flowmeter respomse similar manner, the
transformation times of thegy, signal of the partial flow dilution system and
of the gmew,; Signal of the exhaust flowmeter shall be deterchin€hese
signals are used in the regression checks perforafiet each test (see
paragraph 9.4.6.1.).
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9.5.
9.5.1.

9.5.2.

9.5.2.1.

The calculation shall be repeated for at leass® and fall stimuli, and the
results shall be averaged. The internal transfoomdime (< 100 ms) of the
reference flowmeter shall be subtracted from tldkie. This is the "look-
ahead" value of the partial flow dilution systermhieh shall be applied in
accordance with paragraph 9.4.6.1.

Calibration of the CVS system
General

The CVS system shall be calibrated by using amrate flowmeter and a
restricting device. The flow through the systemlidba measured at different
restriction settings, and the control parameterstief system shall be
measured and related to the flow.

Various types of flowmeters may be used, e.gbcatiéd venturi, calibrated
laminar flowmeter, calibrated turbine meter.

Calibration of the positive displacement puiDP)

All the parameters related to the pump shall eukaneously measured
along with the parameters related to a calibratienturi which is connected
in series with the pump. The calculated flow rate /s at pump inlet,

absolute pressure and temperature) shall be plotegdus a correlation
function which is the value of a specific combioatiof pump parameters.
The linear equation which relates the pump flow #recorrelation function
shall be determined. If a CVS has a multiple spdraéce, the calibration shall
be performed for each range used.

Temperature stability shall be maintained durialjocation.

Leaks in all the connections and ducting betwéencalibration venturi and
the CVS pump shall be maintained lower than 0.3cpet of the lowest flow
point (highest restriction and lowest PDP speedtpoi

Data analysis

The airflow rate ,cvs) at each restriction setting (minimum six settjngs
shall be calculated in standard®s from the flowmeter data using the
manufacturer's prescribed method. The airflow shtdl then be converted to
pump flow {/,) in m*/rev at absolute pump inlet temperature and presssir

follows:

vy = Sevs , T, 1013 (85)
n 273 p,

Where:
Gwevs IS the airflow rate at standard conditions (1KP3, 273 K), rils

T is the temperature at pump inlet, K
Po is the absolute pressure at pump inlet, kPa
n is the pump speed, rev/s

To account for the interaction of pressure vavigi at the pump and the
pump slip rate, the correlation functioKp) between pump speed, pressure
differential from pump inlet to pump outlet and ahde pump outlet
pressure shall be calculated as follows:
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9.5.3.1.

Ap,
Py

Xy ==X

Sk

(86)

Where:
Ap, s the pressure differential from pump inlet targuoutlet, kPa
Pp is the absolute outlet pressure at pump outlet, kP

A linear least-square fit shall be performed toegate the calibration
equation as follows:

V, =Dy —mx X, (87)

Do, andm are the intercept and slope, respectively, desgithe regression
lines.

For a CVS system with multiple speeds, the caibnacurves generated for
the different pump flow ranges shall be approxinyatgarallel, and the
intercept valuesl) shall increase as the pump flow range decreases.

The calculated values from the equation shall Bhinv+0.5 per cent of the
measured value of,. Values ofm will vary from one pump to another.
Particulate influx over time will cause the pumipdb decrease, as reflected
by lower values for m. Therefore, calibration shadl performed at pump
start-up, after major maintenance, and if the tatgbtem verification
indicates a change of the slip rate.

Calibration of the critical flow venturi (&1

Calibration of the CFV is based upon the flow egumafor a critical venturi.
Gas flow is a function of venturi inlet pressurel @amperature.

To determine the range of critical flow, shall be plotted as a function of
venturi inlet pressure. For critical (choked) flokt, will have a relatively
constant value. As pressure decreases (vacuumagesk the venturi
becomes unchoked ank, decreases, which indicates that the CFV is
operated outside the permissible range.

Data analysis

The airflow rate §,cys) at each restriction setting (minimum 8 settingjsall
be calculated in standard % from the flowmeter data using the
manufacturer's prescribed method. The calibratiaefficient shall be
calculated from the calibration data for each sgtés follows:

— Qevs * ﬁ
\ pp

K (88)

Where:

Gwevs is the airflow rate at standard conditions (1KP3, 273 K), s
T is the temperature at the venturi inlet, K

Po is the absolute pressure at venturi inlet, kPa

The averag&y, and the standard deviation shall be calculateé. Standard
deviation shall not exceed £0.3 per cent of theayeKy.
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9.5.4. Calibration of the subsonic venturi (SSV)

Calibration of the SSV is based upon the flow e¢igmafor a subsonic

venturi. Gas flow is a function of inlet pressumdaemperature, pressure
drop between the SSV inlet and throat, as showredoation 53 (see

paragraph 8.5.1.4.).

9.5.4.1. Data analysis

The airflow rate Qssy) at each restriction setting (minimum 16 setting/sll
be calculated in standard %t from the flowmeter data using the
manufacturer's prescribed method. The dischargefficieat shall be
calculated from the calibration data for each sgtés follows:

Cy = Qs (89)
dvz X p, X ix(rpuzae_r 1

T

1.7143
)x

P 4
1-ry xr

1.4286
p

Where:
Qssv is theairflow rate at standard conditions (101.3 kPa, 273 Rbs m
T is the temperature at the venturi inlet, K

dy is the diameter of the SSV throat, m

Mo is the ratio ofthe SSV throat to inlet absolute static pressure =
A
1-0p
Po
o is the ratio ofthe SSV throat diameter,, to the inlet pipe inner
diameterD

To determine the range of subsonic fl@y,shall be plotted as a function of
Reynolds numbeRe at the SSV throat. ThRe at the SSV throat shall be
calculated with the following equation:

Re= Aix stv
dy xp (90)
with
_bxT?®
S+T (91)
Where:

A, s 25.55152 in Sl units cﬁ‘lj (m'” )(mmj
m* )\ s m

Qssv is the airflowrate at standard conditions (101.3 kPa, 273 K3)/,sm
dy is thediameterof the SSV throat, m
U is theabsoluteor dynamic viscosity of the gas, kg/ms

b is 1.458 x 1®(empirical constant), kg/ms %
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9.5.5.1.

9.5.5.2.

10.
10.1.

10.1.1.

S is 110.4 (empiricatonstan}, K

Becausd&)ssy is an input to thé&ke equation, the calculations shall be started
with an initial guess foQssy or Cy4 of the calibration venturi, and repeated
until Qssy converges. The convergence method shall be aectoad.1 per
cent of point or better.

For a minimum of sixteen points in the region afbsonic flow, the
calculated values dfy from the resulting calibration curve fit equatisiall
be within £0.5 per cent of the measufegfor each calibration point.

Total system verification

The total accuracy of the CVS sampling system amalytical system shall
be determined by introducing a known mass of aupetit gas into the
system while it is being operated in the normal n&n The pollutant is
analyzed, and the mass calculated according taypgrh 8.5.2.3. except in
the case of propane where actor of 0.000472 is used in place of 0.000480
for HC. Either of the following two techniques dhag used.

Metering with a critical flow orifice

A known quantity of pure gas (carbon monoxide rapane) shall be fed into
the CVS system through a calibrated critical oeifitf the inlet pressure is
high enough, the flow rate, which is adjusted byanseof the critical flow

orifice, is independent of the orifice outlet prass(critical flow). The CVS

system shall be operated as in a normal exhaustsamitest for about 5 to
10 minutes. A gas sample shall be analyzed with ubeal equipment
(sampling bag or integrating method), and the noé$ise gas calculated.

The mass so determined shall be within £3 per cktite known mass of the
gas injected.

Metering by means of a gravimetric techaiq

The mass of a small cylinder filled with carbonrmogide or propane shall be
determined with a precision of £0.01 g. For aboub 80 minutes, the CVS
system shall be operated as in a normal exhaustsemitest, while carbon
monoxide or propane is injected into the systene ghantity of pure gas
discharged shall be determined by means of diffedemweighing. A gas
sample shall be analyzed with the usual equipmeatnpling bag or
integrating method), and the mass of the gas ctedl

The mass so determined shall be within £3 per cktite known mass of the
gas injected.

Particle Number Measurement Test Procedure

Sampling

Particle number emissions shall be measured byireamts sampling from
either a partial flow dilution system, as describéd Appendix 2,
paragraph A.2.2.1. and A.2.2.2. or a full flow diitun system as described in
Appendix 2, paragraph A.2.2.3. and A.2.2.4.

Diluent filtration

Diluent used for both the primary and, where ajgtile, secondary dilution
of the exhaust in the dilution system shall be gdgbrough filters meeting
the High-Efficiency Particulate Air (HEPA) filterequirements defined in
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10.2.

10.3.

10.3.1.

10.3.2.

Appendix 2, paragraphs A.2.2.2. or A.2.2.4. Theiglit may optionally be
charcoal scrubbed before being passed to the HEIRX fo reduce and
stabilize the hydrocarbon concentrations in theetit. It is recommended
that an additional coarse particle filter is siaghbefore the HEPA filter and
after the charcoal scrubber, if used.

Compensating for particle number sample fidiwll flow dilution systems

To compensate for the mass flow extracted from ditetion system for

particle number sampling the extracted mass flole(éd) shall be returned
to the dilution system. Alternatively, the total ssaflow in the dilution

system may be mathematically corrected for theigganumber sample flow
extracted. Where the total mass flow extracted ftbendilution system for
the sum of particle number sampling and particutatess sampling is less
than 0.5 per cent of the total dilute exhaust daw in the dilution tunnel

(meg) this correction, or flow return, may be neglected

Compensating for particle number sample flewpartial flow dilution
systems

For partial flow dilution systems the mélssv extracted from the dilution
system for particle number sampling shall be actelifor in controlling the
proportionality of sampling. This shall be achieveither by feeding the
particle number sample flow back into the dilutisystem upstream of the
flow measuring device or by mathematical correctias outlined in
paragraph 10.3.2. In the case of total sampling tpprtial flow dilution
systems, the mass flow extracted for particle nunsaenpling shall also be
corrected for in the particulate mass calculatios autlined in
paragraph 10.3.3.

The instantaneous exhaust gas flow rateti@ dilution systemof,), used
for controlling the proportionality of sampling, alhbe corrected according
to one of the following methods:

(@ In the case where the extracted particle nundaenple flow is
discarded, equation 83 in paragraph 9.4.6.2. dlealleplaced by the

following:

Qmp = Amdew ~ Gmaw + Jex (92)
Where:

Omp = sample flow of exhaust gas into partial flowudibn

system, kg/s,

Omdew = diluted exhaust mass flow rate, kg/s,

Omdw = dilution air mass flow rate, kg/s,

Oex = particle number sample mass flow rate, kg/s.

The gex signal sent to the partial flow system controldrall be
accurate to within 0.1 per cent @fgqenat all times and should be sent
with frequency of at least 1 Hz.

(b) In the case where the extracted particle nurséeple flow is fully or
partially discarded, but an equivalent flow is feack to the dilution
system upstream of the flow measurement deviceategu 83 in
paragraph 9.4.6.2. shall be replaced by the foligwi
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Ump = Amdew ~ Gmaw * Gex ~ Usw (93)
Where:

Omp = sample flow of exhaust gas into partial flowudibn

system, kg/s,

Omdew = diluted exhaust mass flow rate, kg/s,

Omdw = dilution air mass flow rate, kg/s,

Oex = particle number sample mass flow rate, kg/s,

Ow = mass flow rate fed back into dilution tunnel to

compensate for particle number sample extractigfs. k

The difference betweeq, andgs, sent to the partial flow system controller
shall be accurate to within 0.1 per centogfi,at all times. The signal (or
signals) should be sent with frequency of at |dady.

10.3.3. Correction of PM measurement

When a particle nhumber sample flow is extractamimfra total sampling
partial flow dilution system, the mass of partitak (npy) calculated in

paragraph 8.4.3.2.1. or 8.4.3.2.2. shall be catkas follows to account for
the flow extracted. This correction is required revehere filtered extracted
flow is fed back into the partial flow dilution ggns.

m, = My X el (94)
PM ,corr PM
(msed - mex)
Where:
Mbm,corr = mass of particulates corrected for extractiorpafticle
number sample flow, g/test,
My = mass of particulates determined according to
paragraph 8.4.3.2.1. or 8.4.3.2.2., gltest,
meq =  total mass of diluted exhaust gas passing thrabe
dilution tunnel, kg,
Mex = total mass of diluted exhaust gas extracted ftom
dilution tunnel for particle number sampling, kg.
10.3.4. Proportionality of partial flow dilution isgpling

For particle number measurement, exhaust mass fime, determined
according to any of the methods described in papg 8.4.1.3. t0 8.4.1.7.,
is used for controlling the partial flow dilutionystem to take a sample
proportional to the exhaust mass flow rate. Theliguaf proportionality
shall be checked by applying a regression analysisveen sample and
exhaust flow in accordance with paragraph 9.4.6.1.

10.4. Determination of Particle Numbers
10.4.1. Time alignment

For partial flow dilution systems residence tinre the particle number
sampling and measurement system shall be accofmtduly time aligning
the particle number signal with the test cycle #mlexhaust gas mass flow
rate according to the procedure in paragraph 4The transformation time
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10.4.2.

10.4.3.

of the particle number sampling and measuremetesyshall be determined
according to paragraph A.8.1.3.7. of Appendix &ie annex.

Determination of particle numbers with aipaflow dilution system

Where particle numbers are sampled using a pdttal dilution system

according to the procedures set out in paragragph e number of particles
emitted over the test cycle shall be calculatedm®ans of the following
equation:

N= o F a0 (95)
1.29:

Where:
N = number of particles emitted over the test cycle,

Megs = mass of equivalent diluted exhaust gas overcilute,
determined according to paragraph 8.4.3.2.2., &g/te

k = calibration factor to correct the particle numbeunter
measurements to the level of the reference instntme
where this is not applied internally within the fce
number counter. Where the calibration factor isliedp
internally within the particle number counter, aduea
of 1 shall be used for k in the above equation,

C = average concentration of particles from the tddu

exhaust gas corrected to standard conditions (3.2
and 101.33 kPa), particles per cubic centimetre,

f = mean particle concentration reduction factor toé

volatile particle remover specific to the dilutisattings
used for the test.

C.,  shall be calculated from the following equation:
i:nC
c === (96)
n
Where:
Csi = a discrete measurement of particle concentratiche
diluted gas exhaust from the particle counter, extied
for coincidence and to standard conditions (273.2 K
and 101.33 kPa), particles per cubic centimetre,
n = number of particle concentration measuremerkenta

over the duration of the test.
Determination of particle numbers with kflow dilution system

Where particle numbers are sampled using a fall fldilution system
according to the procedures set out in paragraph e number of particles
emitted over the test cycle shall be calculatedm®ans of the following
equation:
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N=Tt k5§ a0 (97)
1.29:
Where:
N = number of particles emitted over the test cycle,
Meg = total diluted exhaust gas flow over the cyclecgated

according to any one of the methods described in
paragraphs 8.5.1.2. to 8.5.1.4., kg/test,

k = calibration factor to correct the particle numbeunter
measurements to the level of the reference instntme
where this is not applied internally within the fce
number counter. Where the calibration factor isliedp
internally within the particle number counter, aduea
of 1 shall be used for k in the above equation,

[ = average corrected concentration of particlesnfrihe

diluted exhaust gas corrected to standard condition
(273.2K and 101.33kPa), particles per cubic
centimetre,

f = mean particle concentration reduction factor tbé

volatile particle remover specific to the dilutisattings
used for the test.

C shall be calculated from the following equation:
ZiZHC
c=£=i= > (98)
n
Where:
Csi = a discrete measurement of particle concentratiche
diluted gas exhaust from the particle counter, exdied
for coincidence and to standard conditions (273.2 K
and 101.33 kPa), particles per cubic centimetre,
n = number of particle concentration measuremerkenta
over the duration of the test.
10.4.4. Test result
10.4.4.1. Calculation of the specific emissions

For each individual WHSC, hot WHTC and cold WHTCe tlspecific
emissions in number of particles/kWh shall be dakad as follows:

e= i (99)
Wact
Where:
e = is the number of particles emitted per kwWh,
W, = is the actual cycle work according to paragraje.,

in kwh.
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10.4.4.2.

10.4.4.3.

10.4.4.4.

10.5.
10.5.1.

Exhaust aftertreatment systems with gderiegeneration

For engines equipped with periodically regenetpgiftertreatment systems,
the general provisions of paragraph 6.6.2. applyge WHTC hot start
emissions shall be weighted according to equatiorhére € is the average
number of particles/kWh without regeneration, @)ds the average number

of particles’lkWh with regeneration. The calculatioh the regeneration
adjustment factors shall be done according to éaust6, 6a, 7 or 8, as
appropriate.

Weighted average WHTC test result

For the WHTC, the final test result shall be aghétd average from cold
start and hot start (including periodic regeneratishere relevant) tests
calculated using one of the following equations:

(a) in the case of multiplicative regeneration uatihent, or engines
without periodically regenerating aftertreatment

e= kr (014>< Ncold) + (086x Nhot)
(0'14xWact,cold) + (0'86xWact.hot)

(100)

(b) inthe case of additive regeneration adjustment

14x N + x N
e= kr + (O cold) (0'86 hot) (101)
(0'l4xWact,cold) + (OBGXWacLhot)
Where:

Neold = is the total number of particles emitted over thelWVC
cold test cycle,

Nhot = is the total number of particles emitted over thelWC
hot test cycle,

Wgt cold = is the actual cycle work over the WHTC cold testley
according to paragraph 7.8.6., in kWh,

Wagt, hot = is the actual cycle work over the WHTC hot testleyc
according to paragraph 7.8.6., in kWh,

ke = is the regeneration adjustment, according to

paragraph 6.6.2., or in the case of engines without
periodically regenerating aftertreatmentkL

Rounding of final results

The final WHSC and weighted average WHTC testlteshall be rounded
in one step to three significant figures in accamgawith ASTM E 29-06B.
No rounding of intermediate values leading to tlwealf brake specific
emission result is permissible.

Determination of Particle Number Background

At the engine manufacturer’s request, idifutunnel background particle
number concentrations may be sampled, prior tdter the test, from a point
downstream of the particle and hydrocarbon filiete the particle number
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10.5.2.

measurement system, to determine the tunnel bagkdroparticle
concentrations.

Subtraction of particle number tunnel backgd concentrations shall not be
allowed for type-approval, but may be used at thenufacturer's request,
with the prior approval of the type-approval auttyprfor conformity of
production testing, if it can be demonstrated thannel background
contribution is significant, which can then be sabted from the values
measured in the diluted exhaust.
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Annex 4
Appendix 1

WHTC engine dynamometer schedule

Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
per cent per cent s per cent per cent s per cenper cent
1 0.C 0.C 47 0.C 0.C 93 32.¢ 32.1
2 0.C 0.C 48 0.C 0.C 94 33.7 32.t
3 0.C 0.C 49 0.C 0.C 95 34.¢ 29.t
4 0.C 0.C 50 0.C 13.1 96 34.2 26.5
5 0.C 0.C 51 13.1 30.1 97 34.¢ 24.7
6 0.C 0.C 52 26.2 25.F 98 35.C 24.¢
7 15 8.9 53 35.0 32.2 99 35.6 25.2
8 15.¢ 30.¢ 54 41.7 14.2 10C 36.1 24.¢
9 27.4 1.2 55 42.2 0.C 101 36.2 24.C
1C 32.€ 0.7 56 42.¢ 11.€ 10z 36.2 23.€
11 34.¢ 1.2 57 51.C 20.¢ 10z 36.2 23.F
12 36.2 7.4 58 60.C 9.€ 104 36.¢ 22.1
13 37.1 6.2 59 49.4 0.0 105 37.2 20.9
14 37.¢ 10.2 60 38.¢ 16.€ 10€ 37.C 19.2
15 39.6 12.3 61 43.4 30.8 107 36.3 18.4
16 42.3 12.5 62 49.4 14.2 108 35.4 17.6
17 452 12.€ 63 40.5 0.C 10¢ 35.2 14.¢
18 48.€ 6.C 64 31t 43.t 11C 35.¢ 9.¢
19 40.8 0.0 65 36.6 78.2 111 35.5 4.3
2C 33.C 16.2 66 40.¢ 67.€ 112 35.2 6.€
21 42.F 27.¢ 67 44.7 59.1 11z 34.¢ 10.C
22 49.2 26.7 68 48.: 52.C 114 34.1 25.1
23 54.C 18.C 69 51.¢ 63.¢ 11% 34.¢ 29.2
24 57.1 12.¢ 70 54.7 27.¢ 11€ 34t 20.7
25 58.9 8.6 71 55.3 18.3 117 35.2 16.6
2€ 59.2 6.C 72 55.1 16.2 11¢ 35.¢ 16.2
27 59.C 4.¢ 73 54.¢ 11.1 11¢ 35.€ 20.2
28 57.¢ m 74 54.7 11.t 12C 35.2 22.t
26 55.7 m 75 54.¢ 17.5 121 35.2 23.¢
3C 52.1 m 76 55.€ 18.C 122 34.1 11.¢
31 46.4 m 77 57.0 14.1 123 455 0.0
32 38.6 m 78 58.1 7.C 124 56.2 m
33 29.C m 79 43.2 0.C 12t 46.2 m
34 20.€ m 80 28.F 25.C 12¢ 50.1 0.C
35 16.9 m 81 30.4 47.8 127 54.0 m
3€ 16.¢ 42.F 82 32.1 39.2 12¢ 40.5 m
37 18.8 38.4 83 32.7 39.3 129 27.0 m
38 20.7 32.¢ 84 32.4 17.2 13C 13. m
3¢ 21.C 0.C 85 31.€ 11.¢ 131 0.C 0.C
4C 19.1 0.C 86 31.1 10.2 132 0.C 0.C
41 13.7 0.C 87 31.1 19.5 132 0.C 0.C

176



ECE/TRANS/WP.29/2012/45

Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
per cent per cent S per cent per cent S per cenper cent
42 2.2 0.C 88 31.4 22.t 134 0.C 0.C
43 0.C 0.C 89 31.€ 22.¢ 13t 0.C 0.C
44 0.C 0.C 90 31.€ 242 13€ 0.C 0.C
45 0.C 0.C 91 31.¢ 26.¢ 137 0.C 0.C
46 0.0 0.0 92 324 30.6 138 0.0 0.0
139 0.0 0.0 189 0.0 5.9 239 0.0 0.0
14C 0.C 0.C 19C 0.C 0.C 24( 0.C 0.C
141 0.C 0.C 191 0.C 0.C 241 0.C 0.C
14z 0.C 4.¢ 192 0.C 0.C 24z 0.C 0.C
14z 0.C 7.2 192 0.C 0.0 24z 0.C 0.C
144 4.4 28.1 194 0.C 0.C 244 0.C 0.C
145 11.1 26.4 195 0.0 0.0 245 0.0 0.0
14€ 15.C 94 19¢ 0.C 0.C 24¢€ 0.C 0.C
147 15.¢ 0.C 197 0.C 0.C 247 0.C 0.C
14¢ 15.2 0.C 19¢ 0.C 0.C 24¢ 0.C 0.C
14¢ 14.2 0.C 19¢ 0.C 0.C 24¢ 0.C 0.C
15C 13.2 0.C 20C 0.C 0.C 25(C 0.C 0.C
151 11.6 0.0 201 0.0 0.0 251 0.0 0.0
152 8.4 0.C 20z 0.C 0.C 252 0.C 0.C
15z 5.4 0.C 20z 0.C 0.C 25: 0.C 31.€
154 2 5.€ 204 0.C 0.C 254 94 13.€
15¢ 5.8 24.¢ 20t 0.C 0.C 25¢ 22.2 16.¢
156 9.7 20.7 206 0.0 0.0 256 33.0 53.5
157 13.6 211 207 0.0 0.0 257 43.7 221
158 15.6 215 208 0.0 0.0 258 39.8 0.0
15¢ 16.5 21.¢ 20¢ 0.C 0.C 25¢ 36.C 45.7
16C 18.C 22.2 21C 0.C 0.C 26( 47.€ 75.¢
161 21.1 46.¢ 211 0.C 0.C 261 61.Z 70.¢
162 25.2 33.¢ 21z 0.C 0.C 262 72.% 70.¢
163 28.1 16.6 213 0.0 0.0 263 76.0 m
164 28.¢ 7.C 214 0.C 0.C 264 74.% m
16t 27.t 5.C 21¢ 0.C 0.C 26t 68.5 m
16€ 23.1 3.C 21€ 0.C 0.C 26€ 61.C m
167 16.€ 1.¢ 217 0.C 0.C 267 56.( m
16€ 12.2 2.€ 21¢ 0.C 0.C 26¢ 54.C m
169 9.9 3.2 219 0.0 0.0 269 53.0 m
17¢ 9.1 4. 22( 0.C 0.C 27C 50.¢ m
171 8.8 3.8 221 0.C 0.C 271 46.¢ m
17z 8.t 12.2 22z 0.C 0.C 27z 41.7 m
17z 8.2 29.¢ 22: 0.C 0.C 27z 35.¢ m
174 9.€ 20.1 224 0.C 0.C 274 29.2 m
175 14.7 16.3 225 0.0 0.0 275 20.7 m
17€ 24.F 8.7 22€ 0.C 0.C 27€ 10.1 m
177 394 33 227 0.0 0.0 277 0.0 m
178 39.0 2.9 228 0.0 0.0 278 0.0 0.0
17¢ 38.t 5.¢ 22¢ 0.C 0.C 27¢ 0.C 0.C
18C 42.4 8.C 23C 0.C 0.C 28( 0.C 0.C
181 38.2 6.0 231 0.0 0.0 281 0.0 0.0
182 414 3.8 23z 0.C 0.C 282 0.C 0.C
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
per cent per cent S per cent per cent S per cenper cent
18: 44.¢€ 5.4 23: 0.C 0.C 28: 0.C 0.C
184 38.¢ 8.2 234 0.C 0.C 284 0.C 0.C
18t 37.t 8.¢ 23t 0.C 0.C 28t 0.C 0.C
18€ 35.4 7.2 23€ 0.C 0.C 28€ 0.C 0.C
187 28.4 7.0 237 0.0 0.0 287 0.0 0.0
18¢ 14.¢ 70 23¢ 0.C 0.C 28¢ 0.C 0.C
28¢ 0.C 0.C 33¢ 0.C 0.C 38¢ 25.2 147
29C 0.C 0.C 34( 0.C 0.C 39C 28.€ 28.¢
291 0.C 0.C 341 0.C 0.C 391 35.t 65.(
29z 0.C 0.C 34z 0.C 0.C 39z 43.¢ 75.2
29¢ 0.C 0.C 34: 0.C 0.C 39: 51.2 34.2
294 0.0 0.0 344 0.0 0.0 394 40.7 0.0
29t 0.C 0.C 34¢ 0.C 0.C 39t 30.2 45.¢
29¢€ 0.C 0.C 34¢€ 0.C 0.C 39¢ 34.z2 83.1
297 0.C 0.C 347 0.C 0.C 397 37.€ 85.2
29¢ 0.C 0.C 34¢ 0.C 0.C 39¢ 40.¢ 87.t
29¢ 0.C 0.C 34¢ 0.C 0.C 39¢ 44.¢ 89.7
300 0.0 0.0 350 0.0 0.0 400 50.6 91.9
301 0.C 0.C 351 0.C 0.C 401 57.€ 94.1
30z 0.C 0.C 352 0.C 0.C 40z 64.€ 44.€
302 0.C 0.C 35: 0.C 0.C 40z 51.€ 0.C
304 0.C 0.C 354 0.C 0.t 404 38.7 37.¢
305 0.0 0.0 355 0.0 4.9 405 424 70.3
306 0.0 0.0 356 9.2 61.3 406 46.5 89.1
307 0.0 0.0 357 22.4 40.4 407 50.6 93.9
30¢ 0.C 0.C 35¢ 36.5 50.1 40¢ 53.¢ 33.C
30¢ 0.C 0.C 35¢ 47.7 21.C 40¢ 55.t 20.2
31C 0.C 0.C 36( 38.¢ 0.C 41C 55.¢ 5.2
311 0.C 0.C 361 30.C 37.C 411 55.¢ m
312 0.0 0.0 362 37.0 63.6 412 54.4 m
31z 0.C 0.C 36: 45t 90.¢ 41z 53.1 m
314 0.C 0.C 364 54.t 40.¢ 414 51.¢ m
31t 0.C 0.C 36¢ 45.¢ 0.C 41E 50.2 m
31€ 0.C 0.C 36€ 37.2 475 41€ 48.2 m
317 0.C 0.C 367 445 84.4 417 45.¢ m
318 0.0 0.0 368 51.7 324 418 43.1 m
31¢ 0.C 0.C 36¢ 58.1 15.2 41¢ 40.1 m
32C 0.C 0.C 37C 45.¢ 0.C 42C 37.¢ m
321 0.C 0.C 371 33.€ 35.¢ 421 35.1 m
32z 0.C 0.C 37z 36.¢ 67.C 422 32.¢ m
32: 0.C 0.C 37: 40.2 84.7 42: 45.: 0.C
324 45 41.0 374 434 84.3 424 57.8 m
32t 17.2 38.¢ 37t 45.7 843 42t 50.€ m
326 30.1 36.8 376 46.5 m 426 41.6 m
327 41.0 34.7 377 46.1 m 427 47.9 0.0
32¢ 50.C 32.€ 37¢ 43.¢ m 42¢ 54.2 m
32¢ 51.4 0.1 37¢ 39.2 m 42¢ 48.1 m
330 47.8 m 380 47.0 m 430 47.0 31.3
331 40.2 m 381 54.€ m 431 49.C 38.2
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
per cent per cent S per cent per cent S per cenper cent
33z 320 m 382 62.C m 432 52.C 40.1
332 24.¢ m 38: 52.C m 432 53.2 14t
334 16.€ m 384 43.C m 434 52.€ 0.t
33t 8.1 m 38t 33.¢ m 43t 49.¢ m
336 0.0 m 386 28.4 m 436 51.0 18.6
337 0.C 0.C 387 25.F m 437 56.¢ 38.¢
338 0.0 0.0 388 24.6 11.0 438 67.2 45.0
43¢ 78.€ 21t 48¢ 45t m 53¢ 56.7 m
44C 65.5 0.C 49C 40.4 m 54(C 46.¢ m
441 52.4 31.: 491 49.7 0.C 541 37.t m
442 56.4 60.1 49z 59.C m 54z 30.2 m
443 59.7 29.2 493 48.9 m 543 27.3 32.3
444 45.1 0.C 494 40.C m 544 30.¢ 60.2
44E 30.€ 4.2 49t 33k m 54¢ 41.2 62.%
44€ 30.¢ 8.4 49€ 30.C m 54¢€ 36.C 0.C
447 30.t 4.2 497 29.1 12.C 547 30.¢ 32.2
44¢ 44.¢€ 0.C 49¢ 29.2 40.4 54¢ 33.¢ 60.2
449 58.8 m 499 30.4 29.3 549 34.6 38.4
45C 55.1 m 50( 322 15.¢ 55(C 37.C 166
451 50.€ m 501 33.¢ 15.¢ 551 42.7 62.2
452 45.: m 50z 35.2 14.¢ 552 50.¢ 28.1
452 39.2 m 50z 36.4 15.1 553 40.1 0.C
454 49.1 0.0 504 38.0 15.3 554 29.9 8.0
455 58.8 m 505 40.3 50.9 555 32.5 15.0
456 50.7 m 506 43.0 39.7 556 34.6 63.1
457 424 m 507 45t 20.€ 557 36.7 58.C
45¢ 44.1 0.C 50¢ 47.: 20.€ 55¢ 39.¢ 52.¢
45¢ 45.7 m 50¢ 48.¢ 22.1 55¢ 42.¢ 47.¢
46C 32¢ m 51C 50.1 22.1 56( 46.¢ 42.7
461 20.7 m 511 514 42.4 561 50.7 27.5
462 10.C m 51z 52.t 31.¢ 562 53.¢ 20.7
462 0.C 0.C 51: 53.7 21.¢ 56: 54.2 13.1
464 0.C 1t 514 55.1 11.€ 564 54.2 04
46E 0.6 41.1 51¢ 56.¢ 5.7 56¢ 53.¢ 0.C
46€ 7.C 46.2 51€ 424 0.C 56€ 51.¢ m
467 12.8 48.5 517 27.9 8.2 567 48.7 m
46¢ 17.C 50.7 51¢ 29.C 15.¢ 56¢ 45.¢ m
46¢ 20.¢ 52.¢ 51¢ 30.4 25.1 56¢ 42.4 m
47C 26.7 55.( 52( 32.€ 60.t 57C 40.4 m
471 35.5 57.2 521 35.4 721 571 39.¢ 5.8
472 46.¢ 23.¢ 52z 38.4 88.2 57z 40.7 39.7
473 44.5 0.0 523 41.0 65.1 573 43.8 37.1
474 42.1 45.7 524 42.¢ 25.€ 574 48.1 39.1
475 55.6 77.4 525 44.2 15.8 575 52.0 22.0
476 68.8 100.0 526 44.9 2.9 576 54.7 13.2
477 81.7 47.¢ 527 45.1 m 5717 56.¢ 13.2
47¢ 71.2 0.C 52¢ 44.¢ m 57¢ 57.t 6.€
479 60.7 38.3 529 43.9 m 579 42.6 0.0
48C 68.¢ 72.1 53C 424 m 58(C 271 10.¢
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
per cent per cent S per cent per cent S per cenper cent
481 75.C m 531 40.2 m 581 28.t 21.:
482 61.2 m 53z 37.1 m 582 29.2 23.¢
48z 53.t m 53¢ 47.C 0.C 58: 29.t 15.2
484 45.¢ 58.( 534 57.C m 584 29.7 8.€
485 48.1 80.0 535 45.1 m 585 30.4 20.8
48€ 49.4 97.¢ 53€ 32.€ m 58€ 31.¢ 22.¢
487 49.7 m 537 46.8 0.0 587 34.3 61.4
48¢ 48.7 m 53¢ 61.t m 58¢ 37.2 76.€
58¢ 40.1 27.t 63¢ 39.¢ m 68¢ 46.€ 0.C
59C 42.: 25.¢ 64(C 36.C m 69(C 32.2 34.€
591 43t 32.C 641 29.7 m 691 32.7 68.€
592 43.8 6.0 642 215 m 692 32.6 67.0
59z 43.t m 643 14.1 m 69: 31.: m
594 42.¢ m 644 0.C 0.C 694 28.1 m
59¢E 417 m 64E 0.C 0.C 69t 43.C 0.C
59¢€ 40.4 m 64€ 0.C 0.C 69€ 58.( m
597 39.2 m 647 0.C 0.C 697 58.¢ m
598 38.9 12.9 648 0.0 0.0 698 49.4 m
59¢ 39.C 18.¢ 64¢ 0.C 0.C 69¢ 41t m
60C 39.7 39.2 65(C 0.C 0.C 70C 48.2 0.C
601 41.4 60.C 651 0.C 0.C 701 55.2 m
60z 43.7 54t 652 0.C 0.C 70z 41.¢ m
603 46.2 64.2 653 0.0 0.0 703 31.6 m
604 48.8 73.3 654 0.0 0.0 704 24.6 m
605 51.0 82.3 655 0.0 0.0 705 15.2 m
60€ 52.1 0.C 65€ 0.C 34 70€ 7.C m
607 52.C m 657 14 22.C 707 0.C 0.C
60€ 50.¢ m 65¢ 10.1 45.: 70¢ 0.C 0.C
60¢ 49.4 m 65¢ 21t 10.C 70¢ 0.C 0.C
610 47.8 m 660 32.2 0.0 710 0.0 0.0
611 46.€ m 661 42.: 46.C 711 0.C 0.C
61z 47.: 35.2 662 57.1 74.1 71z 0.C 0.C
612 49.2 74.1 66° 72.1 34.2 71z 0.C 0.C
614 51.1 95.2 664 66.¢ 0.C 714 0.C 0.C
61¢ 51.7 m 66¢ 60.£ 41.¢ 71¢ 0.C 0.C
616 50.8 m 666 69.1 79.0 716 0.0 0.0
617 47.: m 667 77.1 38.2 717 0.C 0.C
61€ 41.¢ m 66¢ 63.1 0.C 71¢ 0.C 0.C
61¢ 364 m 66¢ 49.1 47.¢ 71¢ 0.C 0.C
62( 30.¢ m 67(C 53.4 91.: 72C 0.C 0.C
621 25.t 37.1 671 57.t 85.7 721 0.C 0.C
622 33.8 38.4 672 61.5 89.2 722 0.0 0.0
623 42.1 m 672 65.5 85.¢ 72t 0.C 0.C
624 34.1 m 674 69.5 89.5 724 0.0 0.0
625 33.0 37.1 675 73.1 75.5 725 0.0 0.0
62€ 36.4 38.¢ 67€ 76.Z 73.€ 72€ 0.C 0.C
627 43.: 17.1 677 79.1 75.€ 721 0.C 0.C
628 35.7 0.0 678 81.8 78.2 728 0.0 0.0
62¢ 28.1 11.€ 67¢ 84.1 39.C 72¢ 0.C 0.C
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63C 36.5 19.2 68(C 69.€ 0.C 73C 0.C 0.C
631 452 8.2 681 55.C 25.2 731 0.C 0.C
63z 36.5 0.C 682 55.¢ 49.¢ 73z 0.C 0.C
63< 27.¢ 32.¢ 68: 56.7 46.4 73: 0.C 0.C
634 315 59.6 684 57.6 76.3 734 0.0 0.0
63t 34.4 65.2 68¢ 58.4 92.7 73t 0.C 0.C
636 37.0 59.6 686 59.3 99.9 736 0.0 0.0
637 39.C 49.C 687 60.1 95.C 737 0.C 0.C
63€ 40.2 m 68¢ 61.C 46.7 73¢ 0.C 0.C
73¢ 0.C 0.C 78¢ 17.2 m 83¢ 38.1 m
74C 0.C 0.C 79C 14.C 37.€ 84( 37.2 42.7
741 0.0 0.0 791 18.4 25.0 841 375 70.8
74z 0.C 0.C 79z 27.€ 17.7 84z 39.1 48.€
74: 0.C 0.C 79z 39.¢ 6.8 84: 41.: 0.1
744 0.C 0.C 794 34.: 0.C 844 42.% m
74E 0.C 0.C 79t 28.1 26.t 84¢ 42.C
74€ 0.C 0.C 79€ 41 40.¢ 84¢€ 40.¢ m
747 0.0 0.0 797 53.7 17.5 847 38.6 m
74¢ 0.C 0.C 79¢ 42.4 0.C 84¢ 35.t m
74¢ 0.C 0.C 79¢ 31.z 27.2 849 32.1 m
75C 0.C 0.C 80C 32.: 53.2 85( 29.€ m
751 0.C 0.C 801 34. 60.€ 851 28.¢ 39.¢
752 0.0 0.0 802 37.6 68.0 852 29.2 52.9
753 0.0 0.0 803 41.2 75.4 853 30.9 76.1
754 0.0 0.0 804 45.8 82.8 854 34.3 76.5
75t 0.C 0.C 80t 52.2 38.2 85¢ 38.2 75.5
75€ 0.C 0.C 80€ 42t 0.C 85€ 42t 74.¢
757 0.C 0.C 807 32.€ 30.t 857 46.€ 74.2
75¢ 0.C 0.C 80¢ 35.C 57.¢ 85¢ 50.7 76.2
759 0.0 0.0 809 36.0 77.3 859 54.8 75.1
76C 0.C 0.C 81( 37.1 96.¢ 86( 58.7 36.2
761 0.C 0.C 811 39.€ 80.¢ 861 45.2 0.C
762 0.C 0.C 81z 43.4 78.2 862 31.¢ 37.2
768 0.C 0.C 81: 47.2 73.4 86° 33.¢ 71z
764 0.C 0.C 814 49.€ 66.¢ 864 35.t 46.4
765 0.0 0.0 815 50.2 62.0 865 36.6 33.6
76€ 0.C 0.C 81€ 50.2 57.7 86€ 37.2 20.C
767 0.C 0.C 817 50.€ 62.1 867 37.2 m
76¢ 0.C 0.C 81¢ 52.2 62.¢ 86¢ 37.C
76¢ 0.C 0.C 81¢ 54.¢ 37.t 86¢ 36.€ m
77C 0.C 0.C 82( 57.C 18.2 87( 36.C m
771 0.0 22.0 821 42.3 0.0 871 35.4 m
77z 4E 25.¢ 82z 27.€ 29.1 87z 34.7 m
773 15.5 42.8 823 28.4 57.0 873 34.1 m
774 30.5 46.8 824 29.1 51.8 874 33.6 m
77t 45t 29.2 82t 29.€ 35.2 87t 33.2 m
77€ 492 13.€ 82€ 29.7 33.2 87¢ 33.1 m
777 39.5 0.0 827 29.8 17.7 877 32.7 m
77¢ 29.7 15.1 82¢ 29.t m 87¢ 31.¢ m
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77¢ 34.¢ 26.¢ 82¢ 28.¢ m 87¢ 45.C 0.C
78C 40.C 13.€ 83( 43.C 0.C 88( 58.t m
781 42.2 m 831 57.1 m 881 53.7 m
78z 42.1 m 83z 57.7 m 882 475 m
783 40.8 m 833 56.0 m 883 40.6 m
784 37.7 37.€ 834 53.¢ m 884 34.1 m
785 47.0 35.0 835 51.2 m 885 453 0.0
78€ 48.¢ 33.¢ 83€ 48.1 m 88¢ 56.4 m
787 417 m 837 445 m 887 51.C m
78¢ 27.1 m 83¢ 40.¢ m 88¢ 44t m
88¢ 36.4 m 93¢ 32.7 56.5 98¢ 32.¢ m
890 26.6 m 940 334 62.8 990 30.9 m
891 20.C m 941 34.€ 68.2 991 29.¢ m
892 13.2 m 94z 35.¢ 68.€ 99z 29.2 m
89z 6.7 m 94z 386 65.C 99: 44.1 0.C
894 0.C 0.C 944 42.: 61.¢ 994 59.1 m
89t 0.C 0.C 94t 44.1 65.2 99t 56.¢ m
896 0.0 0.0 946 45.3 63.2 996 53.5 m
897 0.C 0.C 947 46.5 30.€ 997 47.¢ m
89¢ 0.C 0.C 94¢ 46.7 11.1 99¢ 41.¢ m
89¢ 0.C 0.C 94¢ 45.¢ 16.1 99¢ 35.¢ m
90C 0.C 0.C 95(C 45.€ 21.¢ 100(¢ 447 0.C
901 0.0 5.8 951 459 24.2 1001 52.6 m
902 25 27.9 952 46.5 24.7 1002 434 m
903 12.4 29.0 953 46.7 24.7 1003 50.6 0.0
904 19.¢ 30.1 954 46.¢ 28.2 100¢ 57.¢ m
90t 29.2 31z 95¢ 47.2 31z 100¢ 51.€ m
90€ 37.1 10.£ 95€ 47.€ 29.€ 100¢ 44.¢ m
907 40.€ 4.¢ 957 48.2 31z 1007 48.€ 0.C
908 35.8 0.0 958 48.6 335 1008 52.4 m
90¢ 30.¢ 7.€ 95¢ 48.¢ m 100¢ 45.¢ m
91C 35.4 13.¢ 96( 47.€ m 101C 37.2 m
911 36.5 11.1 961 46.2 m 1011 26.2 m
91z 40.¢ 48.t 962 452 m 101z 17.¢ m
91z 49.¢ 3.7 96: 43.t m 101z 16.2 1.c
914 41.2 0.0 964 414 m 1014 17.8 7.5
91t 32.7 29.7 96t 40.: m 101¢ 25.2 18.C
91€ 39.4 52.1 96€ 39.4 m 101¢ 39.7 £
917 48.¢ 22.1 967 38.C m 1017 38.€ 0.C
91¢ 416 0.C 96¢ 36.2 m 101¢ 37.¢ 5.4
91¢ 34t 46.€ 96¢ 35.2 5.8 101¢ 43.¢ 9.7
920 39.7 84.4 970 354 30.2 1020 46.9 15.7
921 447 83.2 971 36.€ 55.€ 1021 52.t 13.1
922 49.5 78.9 972 38.6 48.5 1022 56.2 6.3
923 52.3 83.8 973 39.9 41.8 1023 44.0 0.0
924 53.4 777 974 40.: 38.2 102¢ 31.¢ 20.¢
92t 52.1 69.€ 97t 40.¢ 35.C 102t 38.7 36.2
926 47.9 63.6 976 41.9 324 1026 a7.7 47.5
927 46.4 55.2 9717 43.2 26.£ 1027 54.F 22.C
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92¢ 46.5 53.€ 97¢ 43.t m 102¢ 41.2 0.C
92¢ 46.4 62.2 97¢ 42.¢ m 102¢ 28.1 26.¢
93C 46.1 58.2 98( 41t m 103( 31.€ 49.2
931 46.2 61.¢ 981 40.¢ m 1031 34.t 39.t
932 47.3 62.3 982 40.5 m 1032 36.4 24.0
93z 49.: 57.1 98¢ 39.t m 103: 36.7 m
934 52.6 58.1 984 38.3 m 1034 35.5 m
93¢t 56.2 56.( 98¢ 36.¢ m 1035 33.¢ m
93€ 59.¢ 27.2 98¢ 35.4 m 103¢ 33.7 19.¢
937 45.¢ 0.C 987 34t m 1037 35.2 35.1
93¢ 31.t 28.¢ 98¢ 33.¢ m 103¢ 38.C 33.¢
1039 40.1 34.5 1,089 46.3 24.0 1139 51.7 0.0
104(C 42.2 40.4 1,09C 47.¢ 20.€ 114C 59.2 m
1041 452 44.0 1,091 47.2 3.8 1141 47.2 m
104z 48.: 35.¢ 1,09z 45.€ 4.4 114z 35.1 0.C
104: 50.1 29.€ 1,09t 44.¢€ 4.1 114: 23.1 m
104« 52.2 38.t 1,09¢ 44.1 m 114« 13.1 m
1045 55.3 57.7 1,095 42.9 m 1145 5.0 m
104¢ 57.C 50.7 1,09¢ 40.¢ m 114¢ 0.C 0.C
1047 57.7 25.2 1,097 39.2 m 1147 0.C 0.C
104¢ 42.¢ 0.C 1,09¢ 37.C m 114¢ 0.C 0.C
104¢ 28.2 15.7 1,09¢ 35.1 2.C 114¢ 0.C 0.C
1050 29.2 30.5 1,100 35.6 43.3 1150 0.0 0.0
1051 311 52.6 1,101 38.7 47.6 1151 0.0 0.0
1052 334 60.7 1,102 41.3 40.4 1152 0.0 0.0
105: 35.C 61.¢ 1,102 42.€ 457 115z 0.C 0.C
105¢ 35.2 18.2 1,104 43.¢ 43.: 115¢ 0.C 0.C
105¢ 35.2 14.¢ 1,10¢ 46.¢ 412 115¢ 0.C 0.C
105¢ 34.¢ 11.7 1,10€ 52.4 40.1 115¢ 0.C 0.C
1057 34.5 12.9 1,107 56.3 39.3 1157 0.0 0.0
105¢ 34.1 15.5 110¢ 57.4 25.F 115¢ 0.C 0.C
105¢ 33k m 110¢ 57.2 25.¢ 115¢ 0.C 0.C
106( 31.t m 111C 57.C 25.¢ 116( 0.C 0.C
1061 30.1 m 1111 56.¢ 25.2 1161 0.C 0.C
106z 29.€ 10.2 111z 56.2 25.2 1162 0.C 0.C
1063 30.0 26.5 1113 55.6 25.2 1163 0.0 0.0
106¢ 31.C 18.¢ 111« 56.2 25.2 116¢ 0.C 0.C
106t 31t 26.t 111¢ 58.C 12.¢ 116¢ 0.C 0.C
106€ 31.7 m 111¢ 43.4 0.C 116€ 0.C 0.C
1067 31t m 1115 28.¢ 26.2 1167 0.C 0.C
106¢ 30.€ m 111¢ 30.¢ 49.¢ 116¢ 0.C 0.C
1069 30.0 m 1119 32.3 40.5 1169 0.0 0.0
107( 30.C m 112C 32t 12.¢ 117(¢ 0.C 0.C
1071 29.4 m 1121 324 12.2 1171 0.0 0.0
1072 44.3 0.0 1122 32.1 6.4 1172 0.0 0.0
107z 59.2 m 112: 31.C 12.¢ 117: 0.C 0.C
107¢ 58.2 m 112¢ 30.1 18.t 117¢ 0.C 0.C
1075 57.1 m 1125 30.4 35.6 1175 0.0 0.0
107¢ 55.4 m 112¢ 31.z 30.1 117¢ 0.C 0.C
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1077 53.t m 1127 31t 30.¢ 1177 0.C 0.C
107¢ 51t m 112¢ 31t 26.¢ 117¢ 0.C 0.C
107¢ 49.7 m 112¢ 31.7 33.¢ 117¢ 0.C 0.C
108(¢ 47.¢ m 113 32.C 29.¢ 118¢ 0.C 0.C
1081 46.4 m 1131 32.1 m 1181 0.0 0.0
108z 45t m 113z 314 m 1182 0.C 0.C
1083 45.2 m 1133 30.3 m 1183 0.0 0.0
108¢ 44.: m 113¢ 29.¢ m 118¢ 0.C 0.C
108¢ 43.€ m 113¢ 44.: 0.C 118¢ 0.C 0.C
108¢ 43.1 m 113¢ 58.¢ m 118¢ 0.C 0.C
1087 42.5 25.€ 1137 52.1 m 1187 0.C 0.0
108¢ 43.: 257 113¢ 44.1 m 118¢ 0.C 0.C
118¢ 0.C 0.C 123¢ 58.t 85.4 128¢ 61.¢ 76.1
119C 0.C 0.C 124C 59.t 85.€ 129C 65.€ 73.1
1191 0.C 0.C 1241 61.C 86.€ 1291 69.¢ 79.2
1192 0.C 0.C 124: 62.€ 86.¢ 129: 74.1 81.2
119: 0.C 0.C 124: 64.1 87.€ 129: 78.% 83.2
1194 0.0 0.0 1244 65.4 87.5 1294 82.6 86.0
119¢ 0.C 0.C 124¢ 66.7 87.¢ 129t 87.( 89.t
119¢ 0.C 20.¢ 124¢ 68.1 43.t 129¢ 91.2 90.¢
1197 12.¢ 41.2 1247 55.2 0.C 1297 95.2 45.¢
119¢ 27.2 20.¢ 124¢ 42.: 37.2 129¢ 81.C 0.C
1199 40.4 7.6 1249 43.0 73.6 1299 66.6 38.2
1200 46.1 m 1250 435 65.1 1300 67.9 75.5
1201 44.6 m 1251 43.8 53.1 1301 68.4 80.5
120z 42.7 147 125z 43.¢ 54.€ 130z 69.( 85.t
120: 42.¢ 7.2 125t 43.¢ 41z 130: 70.C 85.2
120¢ 36.1 0.C 125¢ 43.¢ 34.¢ 130¢ 71.€ 85.¢
120t 29.2 15.C 125¢ 43.€ 30.2 130¢ 73.% 86.2
1206 43.8 22.6 1256 43.3 219 1306 74.8 86.5
1207 54.¢ 9.¢ 1257 42.¢ 19.¢ 1307 76.% 42.¢
120¢ 44.¢ 0.C 125¢ 42.: m 130¢ 63.2 0.C
120¢ 34.¢ 47.4 125¢ 414 m 130¢ 504 21z
121C 42.7 82.7 126( 40.Z m 131C 50.€ 42.:
1211 52.C 81.z 1261 38.7 m 1311 50.€ 53.7
1212 61.8 82.7 1262 37.1 m 1312 50.4 90.1
121: 71.% 39.1 126t 35.€ m 131z 50.t 97.1
121« 58.1 0.C 126¢ 34.2 m 131« 51.C 100.(
121t 44.¢ 42t 126t 329 m 131¢ 51.¢ 100.(
121¢ 46.2 83.2 126€ 31.t m 131¢ 52.€ 100.(
1217 46.¢ 74.1 1267 30.7 m 1317 52.¢ 32.¢
1218 48.1 75.7 1268 29.6 m 1318 a7.7 0.0
121¢ 50.5 75.¢ 126¢ 40.4 0.C 131¢ 42.€ 27.¢
1220 53.6 76.7 1270 51.2 m 1320 421 53.5
1221 56.9 77.1 1271 49.6 m 1321 41.8 44.5
122z 60.2 78.1 127: 48.C m 132z 41.4 41.1
122t 63.7 78.C 127: 46.4 m 132: 41.C 21.C
1224 67.2 79.6 1274 45.0 m 1324 40.3 0.0
122¢ 70.7 80.¢ 127¢ 43.€ m 132¢ 39.2 1.C
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122¢ 74.1 81.1 127¢ 42.: m 132¢ 38.2 15.2
1227 77.8 83.€ 1277 41.C m 1327 37.¢ 57.¢
122¢ 80.¢ 85.€ 127¢ 39.€ m 132¢ 37.2 73.2
122¢ 84.1 81.€ 127¢ 38.2 m 132¢ 37.2 59.¢
1230 87.4 88.3 1280 37.1 m 1330 374 52.2
1231 90.t 91.¢ 1281 35.¢ m 1331 37.¢ 16.¢
1232 93.5 94.1 1282 34.6 m 1332 37.1 34.3
123: 96.¢ 96.€ 128: 33.C m 133t 36.7 51.¢
123¢ 100.( m 128¢ 31.1 m 133¢ 36.2 25.2
123¢ 96.C m 128¢ 29.2 m 133¢ 35.¢ m
123¢ 81.c m 128¢ 43.: 0.C 133¢ 34.€ m
1237 68.1 m 1287 57.4 32.¢ 1337 33.2 m
1238 58.1 84.7 1288 59.9 65.4 1338 31.6 m
133¢ 30.1 m 138¢ 50.4 50.2 143¢ 36.2 98.¢
134( 28.¢ m 139( 53.C 26.1 144C 37.1 100.(
1341 28.C 29.t 1391 59.t 0.C 144] 39.2 100.(
134z 28.€ 100.( 139z 66.2 38.4 144; 40.¢ 100.(
1343 28.8 97.3 1393 66.4 76.7 1443 424 99.5
134« 28.¢ 73.¢ 139¢ 67.€ 100.( 144¢ 43.¢ 98.7
134¢ 29.€ 56.¢ 139t 68.£ 76.€ 144t 45.¢ 97.2
134¢ 30.2 91.7 139¢ 68.2 47.2 144¢ 47.C 96.€
1347 31.C 90.t 1397 69.C 81.4 14435 47.¢ 96.2
1348 318 81.7 1398 69.7 40.6 1448 48.8 96.3
1349 32.6 79.5 1399 54.7 0.0 1449 50.5 95.1
1350 335 86.9 1400 39.8 19.9 1450 51.0 95.9
1351 34.€ 100.( 1401 36.2 40.C 145] 52.C 94.:
1352 35.€ 78.1 140z 36.7 59.4 145; 52.€ 94.¢
135: 36.4 50.t 140: 36.€ 77.5 145: 53.C 65.5
135¢ 37.C 57.C 14C4 36.¢ 94.: 145¢ 53.2 0.C
1355 37.3 69.1 1405 36.8 100.0 1455 53.2
135¢ 37.€ 49t 140¢ 36.4 100.( 145¢ 52.€ m
1357 37.¢ 44.¢ 1407 36.2 79.1 1457 52.1 m
135¢ 37.¢ 43.4 140¢ 36.7 49t 145¢ 51.¢ m
135¢ 37.¢ 34.¢ 140¢ 36.€ 39.2 145¢ 51.% m
136C 37.€ 24.C 141C 37.2 62.€ 146( 50.7 m
1361 37.2 m 1411 38.1 73.4 1461 50.7 m
136: 36.2 m 141z 39.C 72.¢ 146: 49.¢ m
136: 35.1 m 141z 40.2 72.C 146: 49.4 m
136¢ 33.7 m 141« 41F 71.2 146¢ 49.: m
136¢ 324 m 141t 42.¢ 77.% 146t 49.1 m
1366 31.1 m 141¢ 444 76.€ 146¢€ 49.1 m
1367 29.9 m 1417 45.4 43.1 1467 49.1 8.3
136¢ 28.1 m 141¢ 45.: 53.¢ 146¢ 48.¢ 16.¢
1369 29.0 58.6 1419 45.1 64.8 1469 48.8 21.3
1370 29.7 88.5 1420 46.5 74.2 1470 49.1 22.1
1371 31.C 86.2 1421 47.1 75.2 1471 49.4 26.2
1372 31.¢ 43.¢ 142: 48.1 75.t 147: 49.¢ 39.2
1373 317 m 1423 48.6 75.8 1473 50.4 83.4
137¢ 29.¢ m 142¢ 48.¢ 76.2 147¢ 51.¢ 90.€
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137¢ 40.2 0.C 142¢ 49.¢ 75.5 147¢ 52.2 93.¢
137¢ 50.4 m 142¢ 50.4 75.2 147¢ 53.2 94.(
13717 47.¢ m 1427 51.1 74.€ 1477 54.2 94.1
137¢ 45.C m 142¢ 51.¢ 75.C 147¢ 54.¢ 94.%
1379 43.0 m 1429 52.7 37.2 1479 55.7 94.6
138( 40.€ m 143( 41.€ 0.C 148( 56.1 94.¢
1381 55.5 0.0 1431 30.4 36.6 1481 56.3 86.2
1382 70.4 41.7 143: 30.t 73.2 148: 56.2 64.1
138t 73.¢ 83.2 143: 30.2 81.€ 148: 56.C 46.1
138¢ 74.C 83.7 143¢ 30.4 89.2 148¢ 56.2 33.¢
138¢ 74.¢ 41.7 143¢ 31t 90.4 148¢ 56.5 23.€
138¢ 60.C 0.C 143¢ 32.7 88.t 148¢ 56.% 18.¢
1387 45.1 41.6 1437 33.7 97.2 1487 55.7 16.2
138¢ 477 84.Z 143¢ 35.2 99.7 148¢ 56.C 15.¢
148¢ 55.¢ 21.¢ 153¢ 57.C 59.t 158¢ 56.¢ 42.¢
149 55.¢ 20.¢ 154( 56.7 57.C 159( 56.5 42.¢
1491 55.4 18.2 1541 56.7 69.¢ 1591 56.7 43.2
1492 55.7 25.1 1542 56.8 58.5 1592 56.5 42.8
149: 56.C 217 154: 56.¢ 47.2 159: 56.¢ 422
149¢ 55.¢ 22.¢ 154« 57.C 38.t 159¢ 56.5 43.1
149t 56.1 20.C 154¢ 57.C 32.¢ 159¢ 56.5 42.¢
149¢ 55.7 17.¢ 154¢ 56.¢ 30.2 159¢ 56.7 42.7
1497 55.9 20.9 1547 57.0 27.0 1597 56.6 415
1498 56.0 22.9 1548 56.9 26.2 1598 56.9 41.8
1499 56.0 211 1549 56.7 26.2 1599 56.6 41.9
150( 55.1 19.2 155( 57.C 26.€ 160(¢ 56.7 42.€
1501 55.€ 242 155] 56.7 27.¢ 1601 56.7 42.€
150z 55.4 25.€ 155z 56.7 29.7 160z 56.7 41t
150: 55.7 24 155: 56.¢ 32.1 160: 56.7 422
1504 55.9 24.0 1554 56.5 34.9 1604 56.5 42.2
150¢ 55.4 23.t 155¢ 56.€ 34.¢ 160t 56.¢ 41.¢
150¢ 55.7 30.¢ 155¢ 56.2 35.¢ 160¢ 56.5 42.C
1507 55.4 42.F 1557 56.€ 36.€ 1607 56.7 42.1
150¢ 55.2 25.¢ 155¢ 56.2 37.€ 160¢ 56.4 41.¢
150¢ 55.4 13 155¢ 56.€ 38.2 160¢ 56.7 42.¢
1510 55.0 m 1560 56.2 37.9 1610 56.7 41.8
1511 54.4 m 1561 56.€ 37t 1611 56.7 41.¢
151z 54.2 m 1562 56.4 36.7 161z 56.¢ 42.C
151: 53.t m 156: 56.5 34.¢ 161 56.7 41t
151« 52.4 m 156¢ 56.5 35.¢ 161« 56.€ 41.9
151¢ 51.¢ m 156¢ 56.5 36.2 161¢ 56.¢ 41.€
1516 50.7 m 1566 56.5 36.7 1616 56.6 41.6
1517 49.¢ m 1567 56.7 37.¢ 1617 56.¢ 42.C
1518 49.1 m 1568 56.7 37.8 1618 56.7 40.7
1519 47.7 m 1569 56.6 36.6 1619 56.7 39.3
152( 47.: m 157(C 56.¢ 36.1 162( 56.5 41.4
1521 46.¢ m 1571 56.5 36.¢ 1621 56.4 44.¢
1522 46.9 m 1572 56.9 35.9 1622 56.8 45.2
152: 47.2 m 157: 56.7 35.C 162: 56.€ 43.€
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152¢ 47.¢ m 157¢ 56.5 36.C 162¢ 56.¢ 42.2
152¢ 48.2 0.C 157¢ 56.4 36.5 162¢ 56.5 42
152¢ 48.¢ 23.C 157¢ 56.5 38.C 162¢ 56.5 44.4
1527 49.1 67.¢ 1577 56.5 39.¢ 1627 56.¢ 45.1
1528 49.4 73.7 1578 56.4 42.1 1628 56.4 45.0
152¢ 49.¢ 75.C 157¢ 56.5 47.C 162¢ 56.7 46.2
1530 50.4 75.8 1580 56.4 48.0 1630 56.7 455
1531 51.4 73.¢ 1581 56.1 49.1 1631 56.¢ 45.C
153z 52.2 72.2 1582 56.4 48.¢ 163: 56.7 44.¢
153: 53.2 71z 158t 56.4 48.2 163: 56.€ 45.2
153¢ 54.€ 71z 158¢ 56.5 48.: 163¢ 56.¢ 46.C
153¢ 55.4 68.7 158¢ 56.5 47.¢ 163¢ 56.5 46.€
1536 56.7 67.0 1586 56.6 46.8 1636 56.6 48.3
1537 57.2 64.€ 1587 56.€ 46.2 1637 56.4 48.€
153¢ 57.2 61.¢ 158¢ 56.5 444 163¢ 56.€ 50.%
163¢ 56.2 51.¢ 168¢ 57.€ 8.¢ 173¢ 56.1 46.¢
164( 56.5 54.1 169( 57.t 8.C 174C 56.1 45.¢
1641 56.3 54.9 1691 57.5 5.8 1741 56.2 46.0
1642 56.4 55.( 169: 57.2 5.8 174z 56.% 45.¢
164: 56.4 56.2 169: 57.€ 5.E 174z 56.2 45.¢
164¢ 56.2 58.€ 1694 57.2 4t 1744 56.2 44.¢
164¢ 56.2 59.1 169t 57.2 3.2 174¢ 56.2 46.C
1646 56.2 62.5 1696 57.2 3.1 1746 56.4 46.2
1647 56.4 62.8 1697 57.3 4.9 1747 55.8 m
1648 56.0 64.7 1698 57.3 42 1748 55.5 m
164¢ 56.4 65.€ 169¢ 56.¢ 5.E 174¢ 55.C m
165(C 56.2 67.7 170C 57.1 5.1 175C 54.1 m
1651 55.¢ 68.¢ 1701 57.C 5.2 1751 54.C m
165z 56.1 68.¢ 170z 56.¢ 5.E 175z 53.2 m
1653 55.8 69.5 1703 56.6 54 1753 52.6 m
165¢ 56.C 69.¢ 170¢ 57.1 6.1 175¢ 51.¢ m
165¢ 56.2 69.2 170¢ 56.7 5.7 175¢ 50.7 m
165¢€ 56.2 69.¢ 170¢ 56.¢ 5.8 175¢€ 49.¢ m
1657 56.4 69.2 1707 57.C 6.1 1757 49.1 m
165¢ 56.2 68.7 170¢ 56.7 5.¢ 175¢ 47.7 m
1659 56.2 69.4 1709 57.0 6.6 1759 46.8 m
166( 56.2 69.t 171C 56.¢ 6.4 176( 45.7 m
1661 56.2 70.C 1711 56.7 6.7 1761 44.¢ m
166: 56.4 69.7 171z 56.¢ 6.¢ 1762 43.¢ m
166: 56.2 70.z 171z 56.¢ 5.€ 176: 42.¢ m
166¢ 56.4 70.t 171« 56.€ 5.1 176¢ 41t m
1665 56.1 70.5 1715 56.6 6.5 1765 39.5 m
166€ 56.5 69.7 171¢ 56.5 10.C 176€ 36.7 m
1667 56.2 69.3 1717 56.6 12.4 1767 33.8 m
1668 56.5 70.9 1718 56.5 14.5 1768 31.0 m
166¢ 56.4 70.€ 171¢ 56.€ 16.2 176¢ 40.C 0.C
167(C 56.2 71.1 172C 56.2 181 177¢ 49.1 m
1671 56.4 71.0 1721 56.6 20.7 1771 46.2 m
1672 56.7 68.€ 172z 56.1 22.€ 177: 43.1 m
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque

per cent per cent S per cent per cent S per cenper cent

167: 56.¢ 68.€ 172z 56.2 25.¢ 177: 39.¢ m

167¢ 56.€ 68.( 172¢ 56.4 27.1 177¢ 36.€ m

167¢ 56.¢ 65.1 172¢ 56.C 29.7 177¢ 33.€ m

167¢ 56.¢ 60.¢ 172¢ 56.1 32.€ 177¢ 30.t m

1677 57.1 57.4 1727 55.9 34.9 1777 42.8 0.0

167¢ 57.1 54.2 172¢ 55.¢ 36.4 177¢ 55.2 m

1679 57.0 48.6 1729 56.0 39.2 1779 49.9 m

168( 57.4 44.1 173C 55.¢ 41.4 178C 44.C m

1681 57.4 40.2 1731 55.5 442 1781 37.€ m

168 57.€ 36.¢ 173: 55.¢ 46.4 178: 47.2 0.C

168: 57.t 34.z 173: 55.¢ 48.: 178: 56.¢ m

168¢ 57.4 31.1 173¢ 55.€ 49.1 178¢ 475 m

1685 57.5 25.9 1735 55.8 49.3 1785 42.9 m

168¢ 57.t 20.7 173¢ 55.¢ 47.7 178¢ 31.€ m

1687 57.€ 16.2 1737 55.¢ 474 1787 25.¢ m

168¢ 57.€ 12.¢ 173¢ 55.¢ 46.¢ 178¢ 19.¢ m

178¢ 14.C m

1790 8.1 m

1791 2.2 m

179z 0.C 0.C

179: 0.C 0.C

179¢ 0.C 0.C

1795 0.0 0.0

1796 0.0 0.0

1797 0.0 0.0

179¢ 0.C 0.C

179¢ 0.C 0.C

180( 0.C 0.C

m = motoring
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Annex 4

Appendix 2

Measurement equipment

A2.1.

A2.1.1.
A.2.1.2.

Figure 9

This Appendix contains the basic requirerseartd the general descriptions

of the sampling and analyzing systems for gasendsparticulate emissions
measurement. Since various configurations can pedwguivalent results,
exact conformance with the figures of this Appendx not required.
Components such as instruments, valves, solenuinisps, flow devices and
switches may be used to provide additional inforom&ind coordinate the
functions of the component systems. Other companghich are not needed
to maintain the accuracy on some systems may badedif their exclusion
is based upon good engineering judgement.

Analytical system
Description of the analytical system

Analytical system for the determination of the gyass emissions in the raw
exhaust gas (Figure 9) or in the diluted exhaust(g&ure 10) are described
based on the use of:

(@) HFID or FID analyzer for the measurement ofrogdrbons;

(b)  NDIR analyzers for the measurement of carbomorimle and carbon
dioxide;

(c) HCLD or CLD analyzer for the measurement of tddes of
nitrogen.

The sample for all components should be taken wrila sampling probe and
internally split to the different analyzers. Optdly, two sampling probes
located in close proximity may be used. Care slal taken that no
unintended condensation of exhaust components uimgy water and
sulphuric acid) occurs at any point of the analjtaystem.

Schematic flow diagram of raw exhaust gas analysgystem for CO, CQ, NOy, HC

B

0, F——"-

SL

a=vent b = zero, span gas ¢ = exhaust pipe d = optional
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Figure 10
Schematic flow diagram of diluted exhaust gas anadys system for CO, CQ, NO,, HC

a=vent b = zero, span gas ¢ = dilution tunnel d = optional
A.2.1.3. Components of Figures 9 and 10

EP  Exhaust pipe

SP Raw exhaust gas sampling probe (Figure 9 only)

A stainless steel straight closed end multi-halgbp is recommended. The
inside diameter shall not be greater than the éndidmeter of the sampling
line. The wall thickness of the probe shall notdgoeater than 1 mm. There
shall be a minimum of three holes in three différeadial planes sized to
sample approximately the same flow. The probe shdlnd across at least
80 per cent of the diameter of the exhaust pipee @ntwo sampling probes
may be used.

SP2 Dilute exhaust gas HC sampling probe (FigQreriy)
The probe shall:

(a) Be defined as the first 254 mm to 762 mm ofttbated sampling line
HSL1,;

(b) Have a5 mm minimum inside diameter;

(c) Be installed in the dilution tunnel DT (Figut®) at a point where the
diluent and exhaust gas are well mixed (i.e. appmately 10 tunnel
diameters downstream of the point where the exhaustrs the
dilution tunnel);

(d)  Be sufficiently distant (radially) from othergbes and the tunnel wall
so as to be free from the influence of any wake=ddlies;

(e) Be heated so as to increase the gas stream eraime
to 463 K+ 10 K (190 °Ct 10°C) at the exit of the probe, or
to 385 K+ 10 K (112 °Ct 10 °C) for positive ignition engines;

) Non-heated in case of FID measurement (cold).
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SP3 Dilute exhaust gas CO, @O, sampling probe (Figure 10 only)
The probe shall:
€) Be in the same plane as SP2;

(b)  Be sufficiently distant (radially) from othergibes and the tunnel wall
so as to be free from the influence of any wakesdalies;

(c) Be heated and insulated over its entire lengtha minimum
temperature of 328 K (55 °C) to prevent water coisdéon.

HF1 Heated pre-filter (optional)
The temperature shall be the same as HSL1.
HF2 Heated filter

The filter shall extract any solid particles frahe gas sample prior to the
analyzer. The temperature shall be the same as HBhd filter shall be
changed as needed.

HSL1 Heated sampling line

The sampling line provides a gas sample from glsiprobe to the split
point(s) and the HC analyzer.

The sampling line shall:
(a) Have a 4 mm minimum and a 13.5 mm maximum axdidmeter;
(b)  Be made of stainless steel or PTFE;

(c)  Maintain a wall temperature of 463 K + 10 K (1%C + 10 °C) as
measured at every separately controlled heatediosectf the
temperature of the exhaust gas at the samplingepi®lequal to or
below 463 K (190 °C);

(d) Maintain a wall temperature greater than 453(180 °C), if the
temperature of the exhaust gas at the samplingephbove 463 K
(190 °C);

(e) Maintain a gas temperature of 463 K + 10 K (180t 10 °C)
immediately before the heated filter HF2 and théHF

HSL2 Heated NQsampling line
The sampling line shall:

(a) Maintain a wall temperature of 328 K to 47356 C to 200 °C), up
to the converter for dry measurement, and up tcatiayzer for wet
measurement;

(b)  Be made of stainless steel or PTFE.

HP  Heated sampling pump

The pump shall be heated to the temperature of HSL
SL  Sampling line for CO and GO

The line shall be made of PTFE or stainless stkemay be heated or
unheated.

HC  HFID analyzer
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A.2.1.4.

Heated flame ionization detector (HFID) or flanomization detector (FID)
for the determination of the hydrocarbons. The terafure of the HFID shall
be kept at 453 K to 473 K (180 °C to 200 °C).

CO, CQ NDIR analyzer

NDIR analyzers for the determination of carbon mdde and carbon
dioxide (optional for the determination of the ditin ratio for PT
measurement).

NO, CLD analyzer or NDUV analyzer

CLD, HCLD or NDUV analyzer for the determinatiorf the oxides of
nitrogen. If a HCLD is used it shall be kept aemperature of 328 K to 473
K (55 °C to 200 °C).

B Sample dryer (optional for NO measurement)

To cool and condense water from the exhaust saritple optional if the
analyzer is free from water vapour interference destermined in
paragraph 9.3.9.2.2. of this annex. If water isoeed by condensation, the
sample gas temperature or dew point shall be mmuiteither within the
water trap or downstream. The sample gas temperatulew point shall not
exceed 280 K (7 °C). Chemical dryers are not althi@ removing water
from the sample.

BK  Background bag (optional; Figure 10 only)

For the measurement of the background concentiatio
BG Sample bag (optional; Figure 10 only)

For the measurement of the sample concentrations.
Non-methane cutter method (NMC)

The cutter oxidizes all hydrocarbons except, ®HCQO; and HO, so that by
passing the sample through the NMC only,G$idetected by the HFID. In
addition to the usual HC sampling train (see Fig@end 10), a second HC
sampling train shall be installed equipped with @ter as laid out in
Figure 11. This allows simultaneous measurementotd#l HC, CH and
NMHC.

The cutter shall be characterized at or above KQ327 °C) prior to test
work with respect to its catalytic effect on €ldnd GHe at HO values
representative of exhaust stream conditions. The pigint and Q level of
the sampled exhaust stream shall be known. Théwelgesponse of the FID
to CH,; and GHg shall be determined in accordance with paragrap89of
this annex.
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Figure 11
Schematic flow diagram of methane analysis with th&IMC
—>Vent
i R
zero, span gas L I N
= NMC HC [—Vent
Sample
(= @ HC —T>Veni
- R
> Vent
A.2.1.5. Components of Figure 11

NMC Non-methane cutter
To oxidize all hydrocarbons except methane
HC

Heated flame ionization detector (HFID) or flanomization detector (FID)
to measure the HC and gHoncentrations. The temperature of the HFID

shall be kept at 453 K to 473 K (180 °C to 200 °C).

V1  Selector valve

To select zero and span gas

R Pressure regulator

To control the pressure in the sampling line d&dftow to the HFID
A.2.2. Dilution and particulate sampling system
A.2.2.1. Description of partial flow system

A dilution system is described based upon thetidiluof a part of the exhaust
stream. Splitting of the exhaust stream and thlvidhg dilution process

may be done by different dilution system types. $idosequent collection of
the particulates, the entire dilute exhaust gasnty a portion of the dilute

exhaust gas is passed to the particulate sampJstgra. The first method is
referred to as total sampling type, the second atk#s fractional sampling
type. The calculation of the dilution ratio depengsn the type of system
used.

With the total sampling system as shown in Figi®e raw exhaust gas is
transferred from the exhaust pipe (EP) to the iditutunnel (DT) through the
sampling probe (SP) and the transfer tube (TT). tbia flow through the
tunnel is adjusted with the flow controller FC2 &hd sampling pump (P) of
the particulate sampling system (see Figure 16)e Tiluent flow is
controlled by the flow controller FC1, which mayeugew O Graw aNd Qs S
command signals, for the desired exhaust split. Sdraple flow into DT is
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the difference of the total flow and the diluerdvil The diluent flow rate is
measured with the flow measurement device FM1tdtad flow rate with the

flow measurement device FM3 of the particulate damgsystem (see Figure
16). The dilution ratio is calculated from thesetilow rates.

Figure 12
Scheme of partial flow dilution system (total samphg type)

FLC2

DAF FM1 I |

~—ODCH -

|
| . 5F|/ | P
L e |
!

a = exhaust b = optional ¢ = details see Figure 16

With the fractional sampling system as shown iguké 13, raw exhaust gas
is transferred from the exhaust pipe EP to thetidifutunnel DT through the
sampling probe SP and the transfer tube TT. Thal itdw through the
tunnel is adjusted with the flow controller FC1 nented either to the diluent
flow or to the suction blower for the total tunrfilw. The flow controller
FC1 may US@}mew OF Omaw @ndqys @s command signals for the desired exhaust
split. The sample flow into DT is the difference the total flow and the
diluent flow. The diluent flow rate is measured lwihe flow measurement
device FM1, the total flow rate with the flow meesment device FM2. The
dilution ratio is calculated from these two flowtes. From DT, a particulate
sample is taken with the particulate sampling sygee Figure 16).
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Figure 13
Scheme of partial flow dilution system (fractionalsampling type)
I
FC1
b
11004
DAF FM1
o $ () @ ] {f 3 PSP
PB 1 —| SB
0T
PTT Fie
* 1T c
Qmew $d’ £
] ol
L.
EP

?

a
a = exhaust b =to PB or SB c = details see Figure 16 d = to particulate sampling

system e =vent
A.2.2.2. Components of Figures 12 and 13
EP  Exhaust pipe

The exhaust pipe may be insulated. To reduce hbemal inertia of the

exhaust pipe a thickness to diameter ratio of 0.@1Ess is recommended.
The use of flexible sections shall be limited tiergth to diameter ratio of 12
or less. Bends shall be minimized to reduce inedggosition. If the system
includes a test bed silencer the silencer may #&soinsulated. It is

recommended to have a straight pipe of six pipendtars upstream and
three pipe diameters downstream of the tip of tiode.

SP  Sampling probe

The type of probe shall be either of the following

(@) Open tube facing upstream on the exhaust gipgdine;

(b)  Open tube facing downstream on the exhaustqepéeline;

(c)  Multiple hole probe as described under SP nagaph A.2.1.3.;

(d)  Hatted probe facing upstream on the exhaust pgmtreline as shown
in Figure 14.

The minimum inside diameter of the probe tip sball4 mm. The minimum
diameter ratio between exhaust pipe and probe sadbur.

When using probe type (a), an inertial pre-cléssifcyclone or impactor)
with at 50 per cent cut point between 2.5 and 10 shall be installed
immediately upstream of the filter holder.
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Figure 14
Scheme of hatted probe

Crova-secion
oLy

_ehize
31
Jor
H

-

e

TT  Exhaust transfer tube
The transfer tube shall be as short as possibte, b

(a) Not more than 0.26 m in length, if insulated80 per cent of the total
length, as measured between the end of the prothethendilution
stage;

or

(b)  Not more than 1 m in length, if heated abov@ 16 for 90 per cent of
the total length, as measured between the endeoptbbe and the
dilution stage.

It shall be equal to or greater than the probemdiar, but not more
than 25 mm in diameter, and exiting on the cemeetf the dilution tunnel
and pointing downstream.

With respect to (a), insulation shall be done witaterial with a maximum
thermal conductivity of 0.05 W/mK with a radial ulation thickness
corresponding to the diameter of the probe.

FC1 Flow controller

A flow controller shall be used to control the udiht flow through the

pressure blower PB and/or the suction blower SBidy be connected to the
exhaust flow sensor signals specified in paragi@&gtl. of this annex. The
flow controller may be installed upstream or doweam of the respective
blower. When using a pressurized air supply, FQ®ctly controls the

airflow.

FM1 Flow measurement device

Gas meter or other flow instrumentation to measieediluent flow. FM1 is
optional if the pressure blower PB is calibratedneasure the flow.

DAF Diluent filter

The diluent (ambient air, synthetic air, or niteoy shall be filtered with a
high-efficiency (HEPA) filter that has an initial inimum collection

efficiency of 99.97 per cent according to EN 182Z%fitter class H14 or
better), ASTM F 1471-93 or equivalent standard.

FM2 Flow measurement device (fractional samplymet Figure 13 only)
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Gas meter or other flow instrumentation to measheediluted exhaust gas
flow. FM2 is optional if the suction blower SB islibrated to measure the
flow.

PB  Pressure blower (fractional sampling type, FédlB only)

To control the diluent flow rate, PB may be corteddo the flow controllers
FCL1 or FC2. PB is not required when using a bujtedlve. PB may be used
to measure the diluent flow, if calibrated.

SB  Suction blower (fractional sampling type, Figd3 only)

SB may be used to measure the diluted exhaustayasf calibrated.
DT  Dilution tunnel (partial flow)

The dilution tunnel:

(a) Shall be of a sufficient length to cause congpirixing of the exhaust
and diluent under turbulent flow conditions (Reyt®lhumber, Re,
greater than 4,000, where Re is based on the iniadeeter of the
dilution tunnel) for a fractional sampling systeine, complete mixing
is not required for a total sampling system;

(b)  Shall be constructed of stainless steel;

(c) May be heated to no greater than 325 K (52wé&l) temperature;
(d)  May be insulated.

PSP Particulate sampling probe (fractional sargpape, Figure 13 only)

The particulate sampling probe is the leadingisecbf the particulate
transfer tube PTT (see paragraph A.2.2.6.) and:

(a) Shall be installed facing upstream at a poiheng the diluent and
exhaust gas are well mixed, i.e. on the dilutionnil DT centreline
approximately 10 tunnel diameters downstream ofptbiat where the
exhaust enters the dilution tunnel;

(b)  Shall be 8 mm in minimum inside diameter;

(c) May be heated to no greater than 325 K (52W8@l) temperature by
direct heating or by diluent pre-heating, providége diluent
temperature does not exceed 325 K (52 °C) pritihédntroduction of
the exhaust into the dilution tunnel;

(d)  May be insulated.
Description of full flow dilution system

A dilution system is described based upon thetidituof the total amount of
raw exhaust gas in the dilution tunnel DT using @S (constant volume
sampling) concept, and is shown in Figure 15.

The diluted exhaust gas flow rate shall be measeither with a positive
displacement pump (PDP), with a critical flow vemt(CFV) or with a
subsonic venturi (SSV). A heat exchanger (HE) oectebnic flow
compensation (EFC) may be used for proportiondiqdate sampling and
for flow determination. Since particulate mass dateation is based on the
total diluted exhaust gas flow, it is not necesdarycalculate the dilution
ratio.
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For subsequent collection of the particulatesarage of the dilute exhaust
gas shall be passed to the double dilution padteutampling system (see
Figure 17). Although partly a dilution system, ttheuble dilution system is

described as a modification of a particulate samgptystem, since it shares
most of the parts with a typical particulate samgplsystem.

Figure 15
Scheme of full flow dilution system (CVS)
R e e — —
Y ok B _
SP2
j——
[, HVARY
DT
‘ PTT
d
f LN
‘ . p \\
FC2 POP [] E] SV
f/
N b

a = analyzer system b = background air ¢ = exhaust d = details see Figure 17
e = to double dilution system f=if EFC is used i=vent g = optional h =or

A.2.2.4. Components of Figure 15
EP  Exhaust pipe

The exhaust pipe length from the exit of the eagexhaust manifold,

turbocharger outlet or aftertreatment device todigion tunnel shall be not
more than 10 m. If the system exceeds 4 m in lerilgém all tubing in excess
of 4 m shall be insulated, except for an in-lineoke meter, if used. The
radial thickness of the insulation shall be at 1€ mm. The thermal
conductivity of the insulating material shall hawe value no greater
than 0.1 W/mK measured at 673 K. To reduce thentakrinertia of the

exhaust pipe a thickness-to-diameter ratio of 0.6lfess is recommended.
The use of flexible sections shall be limited tteagth-to-diameter ratio of
12 or less.

PDP Positive displacement pump

The PDP meters total diluted exhaust flow from thember of the pump
revolutions and the pump displacement. The exhaystem backpressure
shall not be artificially lowered by the PDP orudiht inlet system. Static
exhaust backpressure measured with the PDP sysiematimg shall remain
within £1.5 kPa of the static pressure measured withouhexiion to the

PDP at identical engine speed and load. The gaguraixtemperature
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immediately ahead of the PDP shall be withéK of the average operating
temperature observed during the test, when no fompensation (EFC) is
used. Flow compensation is only permitted, if taeperature at the inlet to
the PDP does not exceed 323 K (50 °C).

CFV Critical flow venturi

CFV measures total diluted exhaust flow by maiitej the flow at chocked
conditions (critical flow). Static exhaust backmee measured with the
CFV system operating shall remain withit1.5 kPa of the static pressure
measured without connection to the CFV at identizadine speed and load.
The gas mixture temperature immediately ahead ®fGRV shall be within
+11 K of the average operating temperature obsedweihg the test, when
no flow compensation (EFC) is used.

SSV Subsonic venturi

SSV measures total diluted exhaust flow by usirgggas flow function of a
subsonic venturi in dependence of inlet pressurd temperature and
pressure drop between venturi inlet and throatticSexhaust backpressure
measured with the SSV system operating shall remdhin +1.5 kPa of the
static pressure measured without connection toStB¥ at identical engine
speed and load. The gas mixture temperature imedgliahead of the SSV
shall be withint11 K of the average operating temperature obsedueithg
the test, when no flow compensation (EFC) is used.

HE  Heat exchanger (optional)

The heat exchanger shall be of sufficient capdoityaintain the temperature
within the limits required above. If EFC is usele theat exchanger is not
required.

EFC Electronic flow compensation (optional)

If the temperature at the inlet to the PDP, CF\E8WV is not kept within the

limits stated above, a flow compensation systemedgiired for continuous
measurement of the flow rate and control of thepprional sampling into

the double dilution system. For that purpose, th&iouously measured flow
rate signals are used to maintain the proportipnali the sample flow rate

through the particulate filters of the double diat system (see Figure 17)
within +2.5 per cent.

DT  Dilution tunnel (full flow)
The dilution tunnel

(@)  Shall be small enough in diameter to causeutart flow (Reynolds
number, Re, greater than 4,000, where Re is basethe inside
diameter of the dilution tunnel) and of sufficieleingth to cause
complete mixing of the exhaust and diluent;

(b)  May be insulated;

(c) May be heated up to a wall temperature sufiicieo eliminate
aqueous condensation.

The engine exhaust shall be directed downstreatheafpoint where it is
introduced into the dilution tunnel, and thoroughtyxed. A mixing orifice
may be used.
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For the double dilution system, a sample from thkition tunnel is
transferred to the secondary dilution tunnel whers further diluted, and
then passed through the sampling filters (Figure THe secondary dilution
system shall provide sufficient secondary diluemtnaintain the doubly
diluted exhaust stream at a temperature betweerK3#2 °C) and 325 K
(52 °C) immediately before the particulate filter.

DAF Diluent filter

The diluent (ambient air, synthetic air, or niteoy shall be filtered with a
high-efficiency (HEPA) filter that has an initial imimum collection

efficiency of 99.97 per cent according to EN 182Zfitter class H14 or
better), ASTM F 1471-93 or equivalent standard.

PSP Particulate sampling probe
The probe is the leading section of PTT and:

(a) Shall be installed facing upstream at a poiheng the diluent and
exhaust gases are well mixed, i.e. on the dilutimmel DT centreline
of the dilution systems, approximately 10 tunnelandéters
downstream of the point where the exhaust enterdithtion tunnel,

(b)  Shall be of 8 mm minimum inside diameter;

(c) May be heated to no greater than 325 K (52W8&l) temperature by
direct heating or by diluent pre-heating, provided air temperature
does not exceed 325 K (52 °C) prior to the intrdiducof the exhaust
in the dilution tunnel;

(d)  May be insulated.
Description of particulate sampling system

The particulate sampling system is required fdlecting the particulates on
the particulate filter and is shown in Figures 18l d7. In the case of total
sampling partial flow dilution, which consists ofgsing the entire diluted
exhaust sample through the filters, the dilutiod aampling systems usually
form an integral unit (see Figure 12). In the caéefractional sampling

partial flow dilution or full flow dilution, whichconsists of passing through
the filters only a portion of the diluted exhautte dilution and sampling
systems usually form different units.

For a partial flow dilution system, a sample oé thiluted exhaust gas is
taken from the dilution tunnel DT through the peautate sampling probe
PSP and the particulate transfer tube PTT by meftiee sampling pump P,
as shown in Figure 16. The sample is passed thrthefilter holder(s) FH
that contain the particulate sampling filters. Thample flow rate is
controlled by the flow controller FC3.

For of full flow dilution system, a double dilutioparticulate sampling
system shall be used, as shown in Figure 17. A kaofpghe diluted exhaust
gas is transferred from the dilution tunnel DT thgh the particulate
sampling probe PSP and the particulate transfex RIBT to the secondary
dilution tunnel SDT, where it is diluted once mofée sample is then passed
through the filter holder(s) FH that contain thetjalate sampling filters.
The diluent flow rate is usually constant wherelas sample flow rate is
controlled by the flow controller FC3. If electrenflow compensation EFC
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(see Figure 15) is used, the total diluted exhgastflow is used as command
signal for FC3.

Figure 16
Scheme of particulate sampling system

FM3

!

a = from dilution tunnel

Figure 17
Scheme of double dilution particulate sampling sysm

Bvb
a = diluted exhaust from DT b = optional ¢ =vent d = secondary diluent

A.2.2.6. Components of Figure 16 (partial flow gystonly) and Figure 17 (full flow
system only)
PTT Particulate transfer tube
The transfer tube:
(a) Shall be inert with respect to PM,;
(b)  May be heated to no greater than 325 K (52w&l) temperature;
(c) May be insulated.
SDT Secondary dilution tunnel (Figure 17 only)
The secondary dilution tunnel:

(@) Shall be of sufficient length and diameter sot@ comply with the
residence time requirements of paragraph 9.4.& (f)is annex;

(b)  May be heated to no greater than 325 K (52W&l) temperature;
(c)  May be insulated.
FH  Filter holder
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The filter holder:

(a) Shall have a 12.5° (from center) divergent cangle to transition
from the transfer line diameter to the exposed di@mof the filter
face;

(b)  May be heated to no greater than 325 K (52w&l) temperature;
(c) May be insulated.

Multiple filter changers (auto changers) are ataiglp, as long as there is no
interaction between sampling filters.

PTFE membrane filters shall be installed in a Bjpecassette within the
filter holder.

An inertial pre-classifier with a 50 per cent patint between 2.5 pm and 10
pm shall be installed immediately upstream of titterfholder, if an open
tube sampling probe facing upstream is used.

P Sampling pump
FC2 Flow controller

A flow controller shall be used for controllingettparticulate sample flow
rate.

FM3 Flow measurement device

Gas meter or flow instrumentation to determine pheticulate sample flow
through the particulate filter. It may be installepstream or downstream of
the sampling pump P.

FM4 Flow measurement device

Gas meter or flow instrumentation to determine sheondary diluent flow
through the particulate filter.

BV  Ball valve (optional)

The ball valve shall have an inside diameter as$ lthan the inside diameter
of the particulate transfer tube PTT, and a switghiime of less than 0.5
second.
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Annex 4

Appendix 3

Statistics
Mean value and standard deviation

A.3.1.
The arithmetic mean value shall be calculatedbgws:
(102)
(103)
A.3.2. Regression analysis
The slope of the regression shall be calculategdlksvs:
n — -
VYl
— =1
3 D a—
> (x -x)
i=1 (104)

The y intercept of the regression shall be catedias follows:
q, = y_(aixx) (105)
The standard error of estimate (SEE) shall beutatied as follows:

n 2

21y —a, = (axx)]

SEE=+=
n-2 (106)
The coefficient of determination shall be calcethas follows:
n 2
D[y a8 —(ayxx )]
rZ = 1_ i=1 -
—\2
Z (Yi - y)
i=1 (107)
A.3.3. Determination of system equivalency

The determination of system equivalency accordmgharagraph 5.1.1. of
this annex shall be based on a seven sample pdar{gr) correlation study
between the candidate system and one of the accegfierence systems of
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this annex using the appropriate test cycle(s). ddpgvalency criteria to be
applied shall be the F-test and the two-sided Stutest.

This statistical method examines the hypothes# the sample standard
deviation and sample mean value for an emissionsumed with the
candidate system do not differ from the sample dstech deviation and
sample mean value for that emission measured \Wghréference system.
The hypothesis shall be tested on the basis of gel@ent significance level
of the F and t values. The critical F and t valiesseven to ten sample pairs
are given in Table 9. If the F and t values cal@daccording to the equation
below are greater than the critical F and t valtigs,candidate system is not
equivalent.

The following procedure shall be followed. The suiipts R and C refer to
the reference and candidate system, respectively:

(a) Conduct at least seven tests with the candigladereference systems
operated in parallel. The number of tests is reféto asik andng;

(b)  Calculate the mean valueg andz and the standard deviatioss
andsg;

(c) Calculate thé& value, as follows:
2
F _ Smajor
==
Sminor (108)

(the greater of the two standard deviatieasor sc shall be in the
numerator);

(d)  Calculate the value, as follows:
e
2 2
VSe/ne +8% /g (109)
(e)  Compare the calculatédandt values with the criticaF andt values
corresponding to the respective number of testsated in Table 9. If

larger sample sizes are selected, consult statigtidles for 10 per
cent significance (90 per cent confidence) level;

t=

() Determine the degrees of freedodf) (as follows:
For theF-test: dfl=ng-1,df2=nc -1 (110)
For thet-test: df = (nc + ng =2)/2 (111)
(g) Determine the equivalency, as follows:

0] If F <Fgy andt <tgy, then the candidate system is equivalent
to the reference system of this annex;

(ii) If F=F.ort=t. , then the candidate system is different
from the reference system of this annex.
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Table 9
t and F values for selected sample sizes
Sample Size F-test t-test
df Fcrit df terit
7 6, 6 3.055 6 1.943
8 7,7 2.785 7 1.895
9 8,8 2.589 8 1.860
10 9,9 2.440 9 1.833
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Appendix 4

Carbon flow check

A4l

A4.2.

Introduction

All but a tiny part of the carbon in the exhausines from the fuel, and all
but a minimal part of this is manifest in the ex$tagas as CQ This is the
basis for a system verification check based on @@asurements.

The flow of carbon into the exhaust measuremertesysis determined from
the fuel flow rate. The flow of carbon at variousngpling points in the
emissions and particulate sampling systems is mdted from the C®
concentrations and gas flow rates at those points.

In this sense, the engine provides a known soufceacbon flow, and
observing the same carbon flow in the exhaust pipe at the outlet of the
partial flow PM sampling system verifies leak inigg and flow
measurement accuracy. This check has the advathtaighe components are
operating under actual engine test conditions ropterature and flow.

Figure 18 shows the sampling points at which thdara flows shall be
checked. The specific equations for the carbon $lawveach of the sample
points are given below.

Figure 18
Measuring points for carbon flow check

® @
CO, rAW

'

ENGINE

Partial Flow System

Carbon flow rate into the engine (locatign 1
The carbon mass flow rate into the engine for 4@k&,0, is given by:

q. = 12011
™ 12.011+1.00794x +15.999:¢

(01,4 (112)
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A.4.3.

A.4.5.

Where:
On  is the fuel mass flow rate, kg/s
Carbon flow rate in the raw exhaust (locat)

The carbon mass flow rate in the exhaust pipe ef ¢hgine shall be
determined from the raw GQoncentration and the exhaust gas mass flow
rate:

_ [ Ccozr ~Ccoza % % 12.011
= e 113
que [ 100 j qmew M ( )

re
Where:

Ccozr IS the wet C@concentration in the raw exhaust gas, per cent
Ccoz,a IS the wet C@concentration in the ambient air, per cent

Omew IS the exhaust gas mass flow rate on wet basls, kg

M. is the molar mass of exhaust gas, g/mol

If CO, is measured on a dry basis it shall be converte@ wet basis
according to paragraph 8.1. of this annex.

A.5.4. Carbon flow rate in the dilution system @ton 3)

For the partial flow dilution system, the splittingtio also needs to be taken
into account. The carbon flow rate shall be deteedifrom the dilute CO
concentration, the exhaust gas mass flow ratetendample flow rate:

qup - (Ccozd ~Ccoza j X O o X 12'011x Omew

(114)
100 M, Oy

Where:

Ccoza IS the wet CQ@ concentration in the dilute exhaust gas at théebof
the dilution tunnel, per cent

Ccoz.a IS the wet C@concentration in the ambient air, per cent
Omew IS the exhaust gas mass flow rate on wet basls, kg

Om IS the sample flow of exhaust gas into partialmfldilution system,
ka/s

M. is the molar mass of exhaust gas, g/mol

If CO, is measured on a dry basis, it shall be convedseket basis according
to paragraph 8.1. of this annex.

Calculation of the molar mass of the exhgas

The molar mass of the exhaust gas shall be caézllaccording to
equation 41 (see paragraph 8.4.2.4. of this annex).

Alternatively, the following exhaust gas molar mesmay be used:

M, (diesel) = 28.9 g/mol
Me (LPG) = 28.6 g/mol
Me (NG) = 28.3 g/mol
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Appendix 5

Example of calculation procedure

A5.1.

A5.2.

Speed and torque denormalization procedure

As an example, the following test point shall beatenalized:
per cent speed = 43 per cent

per cent torque = 82 per cent

Given the following values:

N = 1,015 mirt
Ny = 2,200 mift
Noret = 1,300 mift
Nge = 600 mirt
results in:

43><(0,45>< 1015+ 0,45x 1300+0,1x 2200- 60@><2 ,O327+

actual speed = 600 =
100

=1,178 mirt

With the maximum torque of 700 Nm observed from thapping curve
at 1,178 miit

actual torque = M = 574 Nm

10C
Basic data for stoichiometric calculations
Atomic mass of hydrogen 1.00794 g/atom
Atomic mass of carbon 12.011 g/atom
Atomic mass of sulphur 32.065 g/atom
Atomic mass of nitrogen 14.0067 g/atom
Atomic mass of oxygen 15.9994 g/atom
Atomic mass of argon 39.9 g/atom
Molar mass of water 18.01534 g/mol
Molar mass of carbon dioxide 44.01 g/mol
Molar mass of carbon monoxide 28.011 g/mol
Molar mass of oxygen 31.9988 g/mol
Molar mass of nitrogen 28.011 g/mol
Molar mass of nitric oxide 30.008 g/mol
Molar mass of nitrogen dioxide 46.01 g/mol
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Molar mass of sulphur dioxide 64.066 g/mol
Molar mass of dry air 28.965 g/mol

Assuming no compressibility effects, all gases Imed in the engine
intake/combustion/exhaust process can be considerdze ideal and any
volumetric calculations shall therefore be based anmolar volume
of 22.414 I/mol according to Avogadro's hypothesis.

A.5.3. Gaseous emissions (diesel fuel)
The measurement data of an individual point oftés cycle (data sampling
rate of 1 Hz) for the calculation of the instantanme mass emission are
shown below. In this example, CO and N&e measured on a dry basis, HC
on a wet basis. The HC concentration is given apane equivalent (C3) and
has to be multiplied by 3 to result in the C1 eqlewnt. The calculation
procedure is identical for the other points of tiyele.
The calculation example shows the rounded interatedresults of the
different steps for better illustration. It shoule noted that for actual
calculation, rounding of intermediate results ist npermitted (see
paragraph 8. of this annex).
Ta,l Ha,l Waci Qmew,l Qmaw,l qu,l CHC,l CCO,l CNOx,l
(K) (9/kg) (kwh) (kgls) (kgls) (kgls) (ppm) (ppm) (ppm)
295 8.0 40 0.155 0.150 0.005 10 40 50({)
The following fuel composition is considered:
Component Molar ratio Per cent mass
H a=1.8529 Wy e = 13.45
C £=1.0000 Wger = 86.50
S y=0.0002 Wgam = 0.050
N J=0.0000 WpeL = 0.000
o} £=0.0000 Weps= 0.000

Step 1: Dry/wet correction (paragraph 8.1. of Hrigex):

Equation 16:
ks = 0.055584 13.45 - 0.0001088 86.5 - 0.0001562 0.05 = 0.7382
Equation 13:
a 1.2434&8+111.12<13.45<w5
Ko™ | 1 0.148 |41 po¢=0.9331

773.41.24348+ O'005><O.7382<1,000
0.148

Equation 12:
Cco,i(wet) = 40 x 0.9331 = 37.3 ppm
Cnox| (wet) = 500 x 0.9331 = 466.6 ppm
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Step 2: NQ correction for temperature and humidity (paragr@ghl. of this
annex):

Equation 23:
= 15698x 8,00+ 0832= 0.9576
’ 1000

Step 3: Calculation of the instantaneous emissfogaoh individual point of
the cycle (paragraph 8.4.2.3. of this annex):

Equation 36:

Myc,; = 10x 3x 0.155 = 4.650

Mo, = 37.3x 0.155 = 5.782

Mhox,| = 466.6x 0.9576x 0.155 = 69.26

Step 4: Calculation of the mass emission over jlidecby integration of the
instantaneous emission values and tlhe values from Table 5
(paragraph 8.4.2.3. of this annex):

The following calculation is assumed for the WHT®le (1,800 s) and the
same emission in each point of the cycle.

Equation 36:

1800
My = 0.00047% Y 4.650= 4.01 gltest

i=1

1800
Mo = 0.000966¢ Y 5.782= 10.05 gtest
i=1

1800
Myox = 0.001586 »_ 69.26= 197.72 gltest
i=1

Step 5: Calculation of the specific emissions (geaph 8.6.3. of this annex):
Equation 69:

€yc =4.01/40=0.10 g/kWh

eco= 10.05 /40 = 0.25 g/kWh

enox = 197.72 1 40 = 4.94 g/kWh

A.5.4. Particulate Emission (diesel fuel)
Pos Poa Wt Clmew, Ol Clmaiw Clmdew, Muncorb Muncor,a Msep
(kPa) | (kPa) (kwh) | (kgls) (kg/s) (kg/s) (kg/s) (mg) (mg) (kg)
99 100 40 0.155 0.005 0.001p 0.002Q 90.0000 91.7P0001.515

Step 1: Calculation afegs (paragraph 8.4.3.2.2. of this annex):
Equation 48:

0.002  _,
(0.002-0.0015

g =
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A.5.5.

Equation 47:
Ormedr) = 0.155x 4 = 0.620 kg/s
Equation 46:

1800
M= » 0.620= 1,116 kg/test
i=1

Step 2: Buoyancy correction of the particulate m@ssagraph 8.3. of this
annex):

Before test:
Equation 26:

_ 99x28.836
~ 8.3144x29E
Equation 25:

Pab =1.164 kg/m

(1- 1164 /8000

mr = 90.0000x
(1- 1164 /2300)

= 90.0325 mg

After test:

Equation 26:
_100%x28.836
© 8.314¢x 29E
Equation 25:

Paa =1.176 kg/m

M, = 91.7000x (1-1176/8000 _ 91.7334 mg

(1- 1176/2300)

Equation 27:
m, = 91.7334 mg — 90.0325 mg = 1.7009 mg

Step 3: Calculation of the particulate mass emisgparagraph 8.4.3.2.2. of
this annex):

Equation 45:

1.7009x1,116
mpy = ——— = 1.253 gltest

1.515x 1000

Step 4: Calculation of the specific emission (pesph 8.6.3. of this annex):

Equation 69:
epy = 1.253 /40 = 0.031 g/kWh

A-Shift factor (%)
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A.5.5.1. Calculation of thi-shift factor ($)*
_ 2
T >
(1_ mertA)j(n +mj _0,
100 4) 100
Where:
S, = A-shift factor;
inert % = per cent by volume of inert gases infimd (i.e. N, CO,,
He, etc.);
O, = per cent by volume of original oxygen in thelfu
nand m = refer to averaggHg, representing the fuel hydrocarbons, i.e:
1x| CHa% +2x"cz% +3x] C3% 4 4] Ca%] 5y [ Cs%],
_ 100 | 100 100 100 100
- 1-diluent%
100
4X{CH4%J+4X'CZH4%J+6X[CZH6%}+m8x{c3H8%}+"
100 100 100 100
- 1-diluent%
100
Where:
CH, = per cent by volume of methane in the fuel;
C, = per cent by volume of all ,Chydrocarbons (e.qg.: ;8s,
C,H,, etc.) in the fuel;
Cs = per cent by volume of all ;Chydrocarbons (e.g.: :8s,
CsHg, etc.) in the fuel,
C, = per cent by volume of all ,Chydrocarbons (e.qg.: 4o,
C4Heg, etc.) in the fuel;
Cs = per cent by volume of all Chydrocarbons (e.g.: s81,,
CsHyo, €etc.) in the fuel,
diluent = per cent by volume of dilution gaseghe fuel (i.e.: G,
Ny, CO,, He, etc.).
A.5.5.2. Examples for the calculation of thehift factor $:
Example 1: G25: Cl= 86 per cent, N= 14 per cent (by volume)
1{(:'*4%}2{02%}_
100 100 _1x0.86_ 0'86:1
1-diluent% 1_& 0.86
10C 10C

1 Stoichiometric Air/Fuel ratios of automotive fuelSAE J1829, June 1987. John B. Heywood,
Internal combustion engine fundamentals, McGraw; 4888, Chapter 3.4 "Combustion
stoichiometry" (pp. 68 to 72).
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4X[CH4%}+4X[C2H4%}+”
100 100 _4x086_,
1-diluent% 0.86

10C

S, = 2 = 2 =1.16

(1_ inert%j(n +mj_& (kﬂjx(“ ﬂj
100 4) 100 100 4
Example 2: G: CH, = 87 per cent, §Hs = 13 per cent (by vol)

CH,% C,%
1% +2x% +..
100 100 - 1x0.87+ 2><0.13: 1.13

- 1-diluent% - 0 -113
10C 10C
4{CH4%}+4>{C2H4%}+“
_ 100 100 _4x0.87+6x0.13_ ,
1-diluent% 1 '
10¢
= 2 = 2 0.91:

(1— inert%)[n + mj —& (1—ij x(1_13+ 4‘26j
100 4) 100 100 4

Example 3: USA: Chl =89 per cent, §Hs = 4.5 per cent, g = 2.3 per
cent, GHy4 = 0.2 per cent, ©= 0.6 per cent, N= 4 per cent

CH,% C,%
IX| — 22— |+ 2% +..
100 100 _1x0.89+2x0.045+3%0.023+ 4% 0.002
1-diluent% 1_O.64+4
10C 10c

x| CH%T, 4 o [CHHT, o [CH%], g, [CaHo%
100 100 100 100

1- diluent%
100

_ 4x 089+4x Q045+8x 0023+14x Q002 _
=25 5 =4,24

= _D6+4 =0.96
> %

L_inert%)(  m)_O, Tpoijx(l.lﬂ 4.24]_%
100 4) 100 100 4 ) 100

=111
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Appendix 6

Installation of auxiliaries and equipment for emssions test

Number Aucxiliaries Fitted for emission test
1 Inlet system
Inlet manifold Yes
Crankcase emission control system Yes
Control devices for dual induction inlet manifagstem | Yes
Air flow meter Yes
Air inlet duct work Yes, or test cell equipment
Air filter Yes, or test cell equipment
Inlet silencer Yes, or test cell equipment
Speed-limiting device Yes
2 Induction-heating device of inlet manifold Yespossible to be set in th
most favourable condition
3 Exhaust system
Exhaust manifold Yes
Connecting pipes Yes
Silencer Yes
Tail pipe Yes
Exhaust brake No, or fully open
Pressure charging device Yes
Fuel supply pump Yes
5 Equipment for gas engines
Electronic control system, air flow meter, etc. sYe
Pressure reducer Yes
Evaporator Yes
Mixer Yes
6 Fuel injection equipment
Prefilter Yes
Filter Yes
Pump Yes
High-pressure pipe Yes
Injector Yes
Air inlet valve Yes
Electronic control system, sensors, etc. Yes
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Number Aucxiliaries Fitted for emission test
Governor/control system Yes
Automatic full-load stop for the control rack depéng | Yes
on atmospheric conditions
7 Liquid-cooling equipment
Radiator No
Fan No
Fan cowl No
Water pump Yes
Thermostat Yes, may be fixed fully open
8 Air cooling
Cowl No
Fan or Blower No
Temperature-regulating device No
9 Electrical equipment
Generator No
Cail or coils Yes
Wiring Yes
Electronic control system Yes
10 Intake air charging equipment
Compressor driven either directly by the engind/an | Yes
by the exhaust gases
Charge air cooler Yes, or test cell system
Coolant pump or fan (engine-driven) No
Coolant flow control device Yes
11 Anti-pollution device (exhaust aftertreatmengteyn) Yes
12 Starting equipment Yes, or test cell system
13 Lubricating oil pump Yes
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Appendix 7

Procedure for the measurement of ammonia

A7.1.

A7.2.

A.7.2.1.
A7.2.1.1.

A.7.2.1.2.

A.7.2.1.3.

A7.2.2.
A.7.2.2.1.
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This appendix describes the procedure forsuement of ammonia (NH
For non-linear analysers, the use of linearisimguiis shall be permitted.

Two measurement principles are specifiedNbl; measurement and either
principle may be used provided it meets the cateypecified in paragraph
A.7.2.1. or A.7.2.2., respectively. Gas dryers lshat be permitted for NH
measurement.

Laser Diode Spectrometer (LDS)
Measurement principle

The LDS employs the single line spectroscopy ppieciThe NH absorption
line is chosen in the near infrared spectral raage scanned by a single-
mode diode laser.

Installation

The analyser shall be installed either directlyhiea exhaust pipe (in-situ) or
within an analyser cabinet using extractive sangplmaccordance with the
instrument manufacturers instructions. If instaliedan analyser cabinet, the
sample path (sampling line, pre-filter(s) and va)veshall be made of
stainless steel or PTFE and shall be heated to1456B{190+10°C) in order
to minimize NH losses and sampling artefacts. In addition, tihepsiag line
shall be as short as practically possible.

Influence from exhaust temperature and pressustaliation environment
and vibrations on the measurement shall be minithize compensation
techniques be used.

If applicable, sheath air used in conjunction wiithsitu measurement for
protection of the instrument, shall not affect domcentration of any exhaust
component measured downstream of the device, golsagrof other exhaust
components shall be made upstream of the device.

Cross interference

The spectral resolution of the laser shall be withi5 cnt in order to
minimize cross interference from other gases ptésghe exhaust gas.

Fourier Transform Infrared (hereinaftedR)Yanalyser
Measurement principle

The FTIR employs the broad waveband infrared spsctipy principle. It

allows simultaneous measurement of exhaust comp®nemhose

standardized spectra are available in the instrtinére absorption spectrum
(intensity/wavelength) is calculated from the meadu interferogram

(intensity/time) by means of the Fourier transfonethod.
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A.7.2.2.2.

A.7.2.2.3.

A.7.3.
A.7.3.1.

A.7.3.2.

A.7.3.3.

A.7.3.4.

A.7.3.4.1.

A.7.3.4.2.

A.7.3.5.

Installation and sampling

The FTIR shall be installed in accordance withitigrument manufacturer's
instructions. The NK wavelength shall be selected for evaluation. The
sample path (sampling line, pre-filter(s) and vajveshall be made of
stainless steel or PTFE and shall be heated to146B{190+10°C) in order

to minimize NH losses and sampling artefacts. In addition, tihepsiag line
shall be as short as practically possible.

Cross interference

The spectral resolution of the Nhvavelength shall be within 0.5 ¢hin
order to minimize cross interference from otheregagresent in the exhaust
gas.

Emissions test procedure and evaluation
Checking the analysers

Prior to the emissions test, the analyser rangd bhaselected. Emission
analysers with automatic or manual range switchshgll be permitted.
During the test cycle, the range of the analyseadi sot be switched.

Zero and span response shall be determined, if phavisions of
paragraph A.7.3.4.2. do not apply for the instrumBEnor the span response, a
NH; gas that meets the specifications of paragrapf.7. shall be used.
The use of reference cells that containgiéian gas is permitted.

Collection of emission relevant data

At the start of the test sequence, the;Ntdta collectiorshall be started,
simultaneously. The NHconcentration shall be measured continuously and
stored with at least 1 Hz on a computer system.

Operations after test

At the completion of the test, sampling shall cond until system response
times have elapsed. Determination of analyserfs attcording to paragraph
A.7.3.4.1. shall only be required if the informatim paragraph A.7.3.4.2. is
not available.

Analyser drift

As soon as practical but no later th@nn3inutes after the test cycle is
complete or during the soak period, the zero arah sgsponses of the
analyser shall be determined. The difference betvike pre-test and post-
test results shall be less than 2 per cent osfidle.

Determination of analyser drift is netjuired in the following situations:

(a) if the zero and span drift specified by thermmsient manufacturer in
paragraphs A.7.4.2.3. and A.7.4.2.4. meets the inmgents of
paragraph A.7.3.4.1.,

(b)  the time interval for zero and span drift sfiedi by the instrument
manufacturer in paragraphs A.7.4.2.3. and A.7.42xéeeds the duration of
the test.

Data evaluation

The average NEconcentration (ppm/test) shall be determined bggrating
the instantaneous values over the cycle. The faliguwequation shall be
applied:
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i=n
Cams = 1Z:CNH3i in ppm/test) (115)
ng o

Where:

Cnhs,iiS the instantaneous Nidoncentration in the exhaust gas, ppm

nis the number of measurements

For the WHTC, the final test result shall be defesd with the following

equation:
CNH3 = (014X CNH3,C0|d) + (0'86x CNH3,hot) (116)
Where:
CNH3,cold is the average Nftoncentration of the cold start test, ppm
CNH3,hot is the average Nftoncentration of the hot start test, ppm
A.7.4. Analyser specification and verification
A.7.4.1. Linearity requirements

The analyser shall comply with the linearity requilents specified in Table
7 of this annex. The linearity verification in acdance with paragraph 9.2.1.
of this annex, shall be performed at least everymiihths or whenever a
system repair or change is made that could inflaecaibration. With the
prior approval of the approval authority, less th@rreference points are
permitted, if an equivalent accuracy can be dematet.

For the linearity verification, a NHgas that meets the specifications of
paragraph A.7.4.2.7. shall be used. The use oferfe cells that contain
NH; span gas shall be permitted.

Instruments, whose signals are used for compemsatgorithms, shall meet
the linearity requirements specified in Table 7 tbfs annex. Linearity
verification shall be done as required by interaatit procedures, by the
instrument manufacturer or in accordance with |900requirements.

A.7.4.2. Analyser specifications

The analyser shall have a measuring range andnesione appropriate for
the accuracy required to measure the concentratfidiH; under transient
and steady state conditions.

A.7.4.2.1. Minimum detection limit

The analyser shall have a minimum detection linfit<o2 ppm under all
conditions of testing.

A.7.42.2. Accuracy

The accuracy, defined as the deviation of the @ealyeading from the
reference value, shall not exceed = 3 per cenhefreading or = 2 ppm,
whichever is larger.

A.7.4.2.3. Zero drift

The drift of the zero response and the related timterval shall be specified
by the instrument manufacturer.
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A.7.4.2.4.

A.7.4.25.

A.7.4.2.6.

A7.4.2.7.

A.7.5.

Span drift

The drift of the span response and the related iimegval shall be specified
by the instrument manufacturer.

System response time
The system response time shalkb20 s.
Rise time
The rise time of the analyser shall$8 s.
NH calibration gas
A gas mixture with the following chemical compositishall be available.
NH; and purified nitrogen.

The true concentration of the calibration gas sballwithin £ 3 per cent of
the nominal value. The concentration of N&hall be given on a volume
basis (volume per cent or volume ppm).

The expiration date of the calibration gases statethe manufacturer shall
be recorded.

Alternative systems

Other systems or analysers may be approved bypir@weal authority, if it is
found that they yield equivalent results in accomawith paragraph 5.1.1.
of this annex.

"Results" shall refer to average cycle specificsdbBincentrations.
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Appendix 8

Particle number emissions measurement equipment

A.8.1.
A.8.1.1.
A.8.1.1.1.

A.8.1.1.2.

A.8.1.2.
A.8.1.2.1.

Specification
System overview

The particle sampling system shall cemsif a probe or sampling point
extracting a sample from a homogenously mixed filow dilution system as
described in Appendix 2, paragraph A.2.2.1. and. A2 or A.2.2.3.
and A.2.2.4., a volatile particle remover (VPR) togam of a particle number
counter (PNC) and suitable transfer tubing.

It is recommended that a particle sieeqlassifier (e.g. cyclone, impactor,
etc.) be located prior to the inlet of the VPR. Hwer, a sample probe acting
as an appropriate size-classification device, swash that shown in

Appendix 2, Figure 14, is an acceptable alternativéhe use of a particle
size pre-classifier. In the case of partial flohution systems it is acceptable
to use the same pre-classifier for particulate masd particle number

sampling, extracting the particle nhumber samplenfritne dilution system

downstream of the pre-classifier. Alternatively aegte pre-classifiers may
be used, extracting the particle number sample ftben dilution system

upstream of the particulate mass pre-classifier.

General requirements
The particle sampling point shall bealsal within a dilution system.

The sampling probe tip or particle sampling p@nd particle transfer tube
(PTT) together comprise the particle transfer systPTS). The PTS
conducts the sample from the dilution tunnel togéh&ance of the VPR. The
PTS shall meet the following conditions:

In the case of full flow dilution systems and perflow dilution systems of
the fractional sampling type (as described in ApipeR, paragraph A.2.2.1.)
the sampling probe shall be installed near the élwentre line, 10 to 20
tunnel diameters downstream of the gas inlet, faajpstream into the tunnel
gas flow with its axis at the tip parallel to thaftthe dilution tunnel. The
sampling probe shall be positioned within the dilntiract so that the sample
is taken from a homogeneous diluent/exhaust mixture

In the case of partial flow dilution systems og ttotal sampling type (as
described in Appendix 2, paragraph A.2.2.1.) theigda sampling point or
sampling probe shall be located in the particutedesfer tube, upstream of
the particulate filter holder, flow measurementiderand any sample/bypass
bifurcation point. The sampling point or samplinglpe shall be positioned
so that the sample is taken from a homogeneousrdikxhaust mixture. The
dimensions of the particle sampling probe shouldsized not to interfere
with the operation of the partial flow dilution sgm.

Sample gas drawn through the PTS shall meet tteviag conditions:
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A.8.1.2.2.

A.8.1.2.3.

A.8.1.2.4.

A.8.1.3.
A.8.1.3.1.

A.8.1.3.2.
A.8.1.3.3.
A.8.1.3.3.1.

A.8.1.3.3.2.

A.8.1.3.3.3.

A.8.1.3.3.4.

In the case of full flow dilution systems, it shalave a flow Reynolds
number (Re) of < 1700;

In the case of partial flow dilution systems, litalf have a flow Reynolds
number (Re) of < 1700 in the PTT i.e. downstreanthefsampling probe or
point;

It shall have a residence time in the PTS 8fseconds.

Any other sampling configuration for the PTS fohieh equivalent particle
penetration at 30 nm can be demonstrated will Insidered acceptable.

The outlet tube (OT) conducting the diluted sanfpden the VPR to the inlet
of the PNC shall have the following properties:

It shall have an internal diameterso#fmm;

Sample Gas flow through the OT shall have a resee time
of < 0.8 seconds.

Any other sampling configuration for the OT for ialn equivalent particle
penetration at 30 nm can be demonstrated will Ibsidered acceptable.

The VPR shall include devices for santilation and for volatile particle
removal.

All parts of the dilution system and thempling system from the exhaust
pipe up to the PNC, which are in contact with ravd diluted exhaust gas,
shall be designed to minimize deposition of thetipias. All parts shall be
made of electrically conductive materials that do react with exhaust gas
components, and shall be electrically grounded tevent electrostatic
effects.

The particle sampling system shall ipooate good aerosol sampling
practice that includes the avoidance of sharp bemdk abrupt changes in
cross-paragraph, the use of smooth internal sisfand the minimisation of
the length of the sampling line. Gradual changeshim cross-section are
permissible.

Specific requirements

The particle sample shall not pass thincas pump before passing through the
PNC.

A sample pre-classifier is recommended.
The sample preconditioning unit shall:

Be capable of diluting the sample me @r more stages to achieve a particle
number concentration below the upper thresholchefdingle particle count
mode of the PNC and a gas temperature below 35 fit2 anlet to the PNC;

Include an initial heated dilution ggawhich outputs a sample at a
temperature o 150 °C andk 400 °C, and dilutes by a factor of at least 10;

Control heated stages to constant mangiperating temperatures, within the
range specified in paragraph A.8.1.3.3.2., to arémice of +10 °C. Provide
an indication of whether or not heated stages attbedr correct operating
temperatures;

Achieve a particle concentration reidurc factor (f(d)), as defined in
paragraph A.8.2.2.2. below, for particles of 30 amd 50 nm electrical
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A.8.1.3.3.5.

A.8.1.3.4.
A.8.1.3.4.1.
A.8.1.3.4.2.

A.8.1.3.4.3.

A.8.1.3.4.4.

A.8.1.3.4.5.
A.8.1.3.4.6.

A.8.1.3.4.7.

A.8.1.3.4.8.

A.8.1.3.4.9.

A.8.1.35.

A.8.1.3.6.

A.8.1.3.7.

mobility diameters, that is no more than 30 pertcand 20 per cent
respectively higher, and no more than 5 per cemétdhan that for particles
of 100 nm electrical mobility diameter for the VR a whole;

Also achieve > 99.0 per cent vapoosatof 30 nm tetracontane
(CH3(CH,)3sCHs) particles, with an inlet concentration »f10,000 cr, by
means of heating and reduction of partial pressofrése tetracontane.

The PNC shall:
Operate under full flow operating citiotis;

Have a counting accuracy of + 10 pemtcacross the range 1 €¢no the
upper threshold of the single particle count modeth@ PNC against a
traceable standard. At concentrations below 108 ereasurements averaged
over extended sampling periods may be requirecboahstrate the accuracy
of the PNC with a high degree of statistical coafide;

Have a readability of at least 0.1 tipms cm® at concentrations
below 100 crif;

Have a linear response to particlecentrations over the full measurement
range in single particle count mode;

Have a data reporting frequency etpual greater than 0.5 Hz;

Have aqd response time over the measured concentrationerafigess
than 5 s;

Incorporate a coincidence correctiancfion up to a maximum 10 per cent
correction, and may make use of an internal cdiimafactor as determined
in paragraph A.8.2.1.3., but shall not make usemf other algorithm to
correct for or define the counting efficiency;

Have counting efficiencies at partislees of 23 nm (+ 1 nm) and 41 nm
(x 1 nm) electrical mobility diameter of 50 per t€hn 12 per cent) and > 90
per cent respectively. These counting efficiencieay be achieved by
internal (for example; control of instrument degign external (for example;
size pre-classification) means;

If the PNC makes use of a working iligut shall be replaced at the
frequency specified by the instrument manufacturer.

Where they are not held at a known eortdevel at the point at which PNC
flow rate is controlled, the pressure and/or terapge at inlet to the PNC
shall be measured and reported for the purposesookcting particle
concentration measurements to standard conditions.

The sum of the residence time of the PMER and OT plus thedtresponse
time of the PNC shall be no greater than 20 s.

The transformation time of the entiretiple number sampling system (PTS,
VPR, OT and PNC) shall be determined by aerosdicéivig directly at the
inlet of the PTS. The aerosol switching shall beelin less than 0.1 s. The
aerosol used for the test shall cause a concemiratiange of at least 60 per
cent full scale (FS).

The concentration trace shall be recorded. Foe tifignment of the particle
number concentration and exhaust flow signals,tthesformation time is
defined as the time from the changg (intil the response is 50 per cent of
the final reading &).
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A.8.1.4.

Recommended system description

The following paragraph contains the recommendechctige for
measurement of particle number. However, any systaseting the
performance specifications in paragraphs A.8.1nd.A.8.1.3. is acceptable.

Figures 19 and 20 are schematic drawings of tltemenended particle
sampling system configures for partial and full wlodilution systems
respectively.

Figure 19
Schematic of Recommended Particle Sampling SystenPartial Flow

Sampling
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Figure 20
Schematic of Recommended Particle Sampling Systenfull Flow
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A.8.1.4.1.

A.8.1.4.2.

Sampling system description

The particle sampling system shall consist ofraging probe tip or particle
sampling point in the dilution system, a partictansfer tube (PTT), a
particle pre-classifier (PCF) and a volatile pagtiemover (VPR) upstream
of the particle number concentration measuremeNC(Punit. The VPR
shall include devices for sample dilution (partiolember diluters: PNDand
PND,) and particle evaporation (Evaporation tube, HRe sampling probe
or sampling point for the test gas flow shall beas@nged within the dilution
tract that a representative sample gas flow isnakem a homogeneous
diluent/exhaust mixture. The sum of the resideimoe bf the system plus the
t90 response time of the PNC shall be no greater 20 s.

Particle transfer system

The sampling probe tip or particle sampling p@intd Particle Transfer Tube
(PTT) together comprise the Particle Transfer Sys{@TS). The PTS
conducts the sample from the dilution tunnel to @mrance to the first
particle number diluter. The PTS shall meet thiofaihg conditions:

In the case of full flow dilution systems and perflow dilution systems of
the fractional sampling type (as described in ApipeR, paragraph A.2.2.1.)
the sampling probe shall be installed near the élentre line, 10 to 20
tunnel diameters downstream of the gas inlet, faajpstream into the tunnel
gas flow with its axis at the tip parallel to thaftthe dilution tunnel. The
sampling probe shall be positioned within the diluttract so that the sample
is taken from a homogeneous diluent/exhaust mixture

In the case of partial flow dilution systems og ttotal sampling type (as
described in Appendix 2 paragraph A.2.2.1.) thdiglarsampling point shall

be located in the particulate transfer tube, upstref the particulate filter

holder, flow measurement device and any sampleAsyéurcation point.

The sampling point or sampling probe shall be pm#éd so that the sample
is taken from a homogeneous diluent/exhaust mixture

Sample gas drawn through the PTS shall meet tteviag conditions:
It shall have a flow Reynolds number (Re) of <@;70
It shall have a residence time in the PTS 8fseconds.

Any other sampling configuration for the PTS fohieh equivalent particle
penetration for particles of 30 nm electrical mitpildiameter can be
demonstrated will be considered acceptable.

The outlet tube (OT) conducting the diluted sanipben the VPR to the inlet
of the PNC shall have the following properties:

It shall have an internal diameter>o#t mm;

Sample gas flow through the POT shall have a eesid time ok 0.8
seconds.

Any other sampling configuration for the OT for ialn equivalent particle
penetration for particles of 30 nm electrical mitpildiameter can be
demonstrated will be considered acceptable.
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A.8.1.4.3. Particle pre-classifier

The recommended particle pre-classifier shall deated upstream of the
VPR. The pre-classifier 50 per cent cut point petidiameter shall be
between 2.5 pm and 10 pm at the volumetric flow smlected for sampling
particle number emissions. The pre-classifier shiédw at least 99 per cent
of the mass concentration of 1 um particles engettie pre-classifier to pass
through the exit of the pre-classifier at the voatric flow rate selected for
sampling particle number emissions. In the caseartial flow dilution
systems, it is acceptable to use the same prefdadsr particulate mass
and particle number sampling, extracting the plertiumber sample from the
dilution system downstream of the pre-classifieiteatively separate pre-
classifiers may be used, extracting the particlenlmer sample from the
dilution system upstream of the particulate massqtassifier.

A.8.1.4.4. Volatile Particle Remover (VPR)

The VPR shall comprise one particle number dil@&MD,), an evaporation
tube and a second diluter (PBDn series. This dilution function is to reduce
the number concentration of the sample enteringpti¢icle concentration
measurement unit to less than the upper threstdliecsingle particle count
mode of the PNC and to suppress nucleation withéthgample. The VPR
shall provide an indication of whether or not PNdhd the evaporation tube
are at their correct operating temperatures.

The VPR shall achieve > 99.0 per cent vaporisatib80 nm tetracontane
(CH3(CH,)3sCH3) particles, with an inlet concentration »f10,000 crii, by
means of heating and reduction of partial pressofethe tetracontane. It
shall also achieve a particle concentration redactactor (f) for particles
of 30 nm and 50 nm electrical mobility diametehgttis no more than 30 per
cent and 20 per cent respectively higher, and neerttan 5 per cent lower
than that for particles of 100 nm electrical mdgitliameter for the VPR as a
whole.

A.8.1.4.4.1. First Particle Number Dilution Devi@@ND,)

The first particle number dilution device shall bpecifically designed to
dilute particle number concentration and operatea giwall) temperature
of 150 °C to 400 °C. The wall temperature setpahould be held at a
constant nominal operating temperature, within tlsisge, to a tolerance
of £10°C and not exceed the wall temperature ofe tHET
(paragraph A.8.1.4.4.2.). The diluter should beptied with HEPA filtered
dilution air and be capable of a dilution factorléfto 200 times.

A.8.1.4.4.2. Evaporation Tube (ET)

The entire length of the ET shall be controllecatavall temperature greater
than or equal to that of the first particle numbd#ution device and the wall
temperature held at a fixed nominal operating teatpee between 300 °C
and 400 °C, to a tolerance of + 10 °C.

A.8.1.4.4.3. Second Particle Number Dilution DeVi&ID,)

PND, shall be specifically designed to dilute partinlember concentration.
The diluter shall be supplied with HEPA filteredution air and be capable
of maintaining a single dilution factor within ange of 10 to 30 times. The
dilution factor of PND shall be selected in the range between 10 andidlb s
that particle number concentration downstream efdécond diluter is less
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A.8.1.45.

A.8.2.

A.8.2.1.

A.8.2.1.1.

A.8.2.1.2.

A.8.2.1.3.

than the upper threshold of the single particlentonode of the PNC and the
gas temperature prior to entry to the PNC is <@5 °

Particle Number Counter (PNC)

The PNC shall meet the requirements of paragraptlf.4.
Calibration/Validation of the Particle Samngl Systerh
Calibration of the Particle Number Counter

The Technical Service shall ensure tistence of a calibration certificate
for the PNC demonstrating compliance with a trateatandard within a
12-month period prior to the emissions test.

The PNC shall also be recalibrated amdbw calibration certificate issued
following any major maintenance.

Calibration shall be traceable to addad calibration method:

(@) By comparison of the response of the PNC undibration with that
of a calibrated aerosol electrometer when simutiasly sampling
electrostatically classified calibration particles;

(b) By comparison of the response of the PNC urdgbration with that
of a second PNC which has been directly calibrdigdhe above
method.

In the electrometer case, calibration shall beeutaten using at least six
standard concentrations spaced as uniformly asilpp@sacross the PNC’s
measurement range. These points will include a nahZero concentration
point produced by attaching HEPA filters of at kadass H13 of
EN 1822:2008, or equivalent performance, to thetinf each instrument.
With no calibration factor applied to the PNC undatfibration, measured
concentrations shall be within £ 10 per cent ofdstendard concentration for
each concentration used, with the exception ofzér® point, otherwise the
PNC under calibration shall be rejected. The gradi®m a linear regression
of the two data sets shall be calculated and recbré calibration factor
equal to the reciprocal of the gradient shall bplied to the PNC under
calibration. Linearity of response is calculatedtlzs square of the Pearson
product moment correlation coefficient3Rf the two data sets and shall be
equal to or greater than 0.97. In calculating b gradient and Rthe
linear regression shall be forced through the origiero concentration on
both instruments).

In the reference PNC case, calibration shall bdettaken using at least six
standard concentrations across the PNC's measuteraege. At least
3 points shall be at concentrations below 1,000°crthe remaining
concentrations shall be linearly spaced betwee®0lghi® and the maximum
of the PNC's range in single particle count modeede points will include a
nominal zero concentration point produced by attagtHEPA filters of at
least class H13 of EN 1822:2008, or equivalentqrernce, to the inlet of
each instrument. With no calibration factor applied the PNC under
calibration, measured concentrations shall be withilO per cent of the
standard concentration for each concentration, thichexception of the zero

1 Example calibration/validation methods are avadati:
http://www.unece.org/es/trans/main/wp29/wp29wgsPgipe/pmpfcp.html.html
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point, otherwise the PNC under calibration shallregcted. The gradient
from a linear regression of the two data sets di@btalculated and recorded.
A calibration factor equal to the reciprocal of tpadient shall be applied to
the PNC under calibration. Linearity of responseaiulated as the square of
the Pearson product moment correlation coeffic{} of the two data sets
and shall be equal to or greater than 0.97. Inutating both the gradient and
R? the linear regression shall be forced throughotiigin (zero concentration
on both instruments).

A.8.2.1.4. Calibration shall also include a checkgainst the requirements in
paragraph A.8.1.3.4.8., on the PNC’'s detectioncigefficy with particles
of 23 nm electrical mobility diameter. A check dfet counting efficiency
with 41 nm particles is not required.

A.8.2.2. Calibration/Validation of the volatile pate remover

A.8.2.2.1. Calibration of the VPR’s particle contration reduction factors across its
full range of dilution settings, at the instrumenfixed nominal operating
temperatures, shall be required when the unitus ared following any major
maintenance. The periodic validation requirement tfee VPR’s particle
concentration reduction factor is limited to a dhat a single setting, typical
of that used for measurement on diesel particiligr equipped vehicles.
The Technical Service shall ensure the existeneecaflibration or validation
certificate for the volatile particle remover witha 6-month period prior to
the emissions test. If the volatile particle remoieorporates temperature
monitoring alarms a 12 month validation intervahlsbe permissible.

The VPR shall be characterised for particle cotre¢ion reduction factor
with solid particles of 30 nm, 50 nm and 100 nnteleal mobility diameter.

Particle concentration reduction factorgdf) for particles of 30 nm and
50 nm electrical mobility diameters shall be no entihan 30 per cent and
20 per cent higher respectively, and no more thaerscent lower than that
for particles of 100 nm electrical mobility diametd-or the purposes of
validation, the mean particle concentration redurctifactor shall be
within £10 per cent of the mean particle conceirateduction factor € )

determined during the primary calibration of theR/P

A.8.2.2.2. The test aerosol for these measurensrd be solid particles of 30, 50
and 100 nm electrical mobility diameter and a mumm concentration
of 5,000 particles cih at the VPR inlet. Particle concentrations shall be
measured upstream and downstream of the components.

The particle concentration reduction factor atheparticle size (fd,) ) shall
be calculated as follows;

N. (d.
f, (d,) = Ny (d) (117)
Nout(di )
Where:
Nin(d) = upstream particle number concentration for pladi of
diameter ¢
Nout(dh) = downstream particle number concentration fotiglas
of diameter d and
d = particle electrical mobility diameter (30, 5010 nm).
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A.8.2.2.3.

A.8.2.3.
A.8.2.3.1.

A.8.2.3.2.

A.8.2.3.3.

A.8.2.3.4.

A.8.2.35.

Nin(di) andN(d;) shall be corrected to the same conditions.

The mean particle concentration reduction X at a given dilution setting
shall be calculated as follows;

T f, GOnm) + f, G0nm) + f._ LOONM)
o 3

It is recommended that the VPR is calibrated aalidated as a complete
unit.

(118)

The Technical Service shall ensure #igt@nce of a validation certificate for
the VPR demonstrating effective volatile partickenioval efficiency within a
6 month period prior to the emissions test. If todatile particle remover
incorporates temperature monitoring alarms a 12tmealidation interval
shall be permissible. The VPR shall demonstratatgrethan 99.0 per cent
removal of tetracontane (GHCH,)ssCHs) particles of at least 30 nm
electrical mobility diameter with an inlet conceaiton of > 10,000 cnt
when operated at its minimum dilution setting anthnufacturers
recommended operating temperature.

Particle number system check procedures

Prior to each test, the particle coustall report a measured concentration
of less than 0.5 particles ¢hwhen a HEPA filter of at least class H13 of
EN 1822:2008, or equivalent performance, is attdctee the inlet of the
entire particle sampling system (VPR and PNC).

On a monthly basis, the flow into thetigte counter shall report a measured
value within 5 per cent of the particle counter imah flow rate when
checked with a calibrated flow meter.

Each day, following the application oH&PA filter of at least class H13 of
EN 1822:2008, or equivalent performance, to thetiof the particle counter,
the particle counter shall report a concentratibs 6.2 cm®. Upon removal
of this filter, the particle counter shall show a@mrease in measured
concentration to at least 100 particles%when challenged with ambient air
and a return tg 0.2 cm® on replacement of the HEPA filter.

Prior to the start of each test it shmdl confirmed that the measurement
system indicates that the evaporation tube, wheaifed in the system, has
reached its correct operating temperature.

Prior to the start of each test it shmdl confirmed that the measurement
system indicates that the diluter PNDas reached its correct operating
temperature.
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Annex 5

Specifications of reference fuels

Technical data on fuels for testing compressiorghition engines
Type: Diesel (B7)

Parameter Unit Limit® Test method
Minimum Maximum
Cetane index 46.0 EN ISO 4264
Cetane numbé&? 52.0 56.0 EN-ISO 5165
Density at 15 °C kg/ﬁ1 833 837 EN-1SO 3675
EN ISO 12185
Distillation:
- 50 % point °C 245 EN-1SO 3405
- 95 % point °C 345 350 EN-1SO 3405
- final boiling point °C 360 EN-ISO 3405
Flash point °C 55 EN 22719
CFPP °C 5 EN 116
Viscosity at 40 °C mits 2.3 3.3 EN-ISO 3104
Polycyclic aromatic % m/m 2.0 4.0 EN 12916
hydrocarbons
Sulphur content mg/kg 10 EN ISO 20846 / EN
ISO 20884
Copper corrosion Rating Class 1 EN-ISO 2160
(3h at 50 °C)
Conradson carbon residue | % m/m 0.2 EN-ISO 10370
(10 % DR)
Ash content % m/m 0.01 EN-ISO 6245
Total contamination mg/kg 24 EN 12662
Water content % m/m 0.02 EN-ISO 12937
Neutralisation (strong acid) | mg KOH/g 0.10 ASTM D 974
number
Oxidation stability mg/ml 0.025 EN-ISO 12205
Lubricity (HFRR wear scan| um 400 EN ISO 12156
diameter at 60 °C)
8xidation stability at 110 °Q H 20.0 EN 15751
FAME® % viv 6.0 7.0 EN 14078
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Notes
1)

(2

[©)

4)

The values quoted in the specifications are “tralees”. In establishment of their limit values teems of
ISO 4259 Petroleum products — Determination andiegin of precision data in relation to methodsest
have been applied and in fixing a minimum valumiaimum difference of 2R above zero has been taken
into account; in fixing a maximum and minimum valtlee minimum difference is 4R (R = reproducibiity
Notwithstanding this measure, which is necessaryeithnical reasons, the manufacturer of fueld shal
nevertheless aim at a zero value where the stgailaaximum value is 2R and at the mean value icdke
of quotations of maximum and minimum limits. Shoitlde necessary to clarify whether a fuel meegs th
requirements of the specifications, the terms &f #259 shall be applied.

The range for cetane number is not in accordarittethie requirements of a minimum range of 4R. Hesve
in the case of a dispute between fuel supplierfaebduser, the terms of ISO 4259 may be used tves
such disputes provided replicate measurementsifia€éisnt number to archive the necessary precijsioa
made in preference to single determinations.

Even though oxidation stability is controlledisitikely that shelf life will be limited. Advicelsll be sought
from the supplier as to storage conditions and life

FAME content to meet the specification of EN 14214
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Type: Ethanol for dedicated compression ignition egines (ED954"

Parameter Unit Limits? Test method
Minimum Maximum

Total alcohol (Ethanol incl. content | % m/m 92.4 EN 15721

on higher saturated alcohols)

Other higher saturated mono-alcohol% m/m 2.0 EN 15721

(C3-C5)

Methanol % m/m 0.3 EN 15721

Density 15°C kg/fﬁ 793.0 815.0 EN ISO 12185

Acidity, calculated as acetic acid % m/m 0.0025 EN 15491

Appearance Bright and clear

Flashpoint °C 10 EN 3679

Dry residue mg/kg 15 EN 15691

Water content % m/m 6.5 EN 15489

EN-1SO 12937
EN15692

Aldehydes calculated as acetaldehyd& m/m 0.0050 ISO 1388-4

Esters calculated as ethylacetat % m/m 0.1 ASTM D1617

Sulphur content mg/kg 10.0 EN 15485

EN 15486

Sulphates mg/kg 4.0 EN 15492

Particulate contamination mg/kg 24 EN 12662

Phosphorus mg/l 0.20 EN 15487

Inorganic chloride mg/kg 1.0 EN 15484 or EN

15492
Copper mg/kg 0.100 EN 15488
Electrical Conductivity pS/cm 2.50 DIN 51627-4 or
prEN 15938

Notes

@ Additives, such as cetane improver as specifiethbyengine manufacturer, may be added to the ethaeip
as long as no negative side effects are knowheEe conditions are satisfied, the maximum alloaredunt
is 10 % m/m.

@ The values quoted in the specifications are “trale@s”. In establishment of their limit values teems of
ISO 4259 Petroleum products — Determination andiegin of precision data in relation to methodsest
have been applied and in fixing a minimum valumiaimum difference of 2R above zero has been taken
into account; in fixing a maximum and minimum valtlee minimum difference is 4R (Rreproducibility).
Notwithstanding this measure, which is necessaryefthnical reasons, the manufacturer of fueld shal
nevertheless aim at a zero value where the stgmilagximum value is 2R and at the mean value icdkse
of quotations of maximum and minimum limits. Shoiilde necessary to clarify whether a fuel meegs th
requirements of the specifications, the terms @f 259 shall be applied.

@ Equivalent EN/ISO methods will be adopted whenésisior properties listed above.

@ Should it be necessary to clarify whether a fuettm¢he requirements of the specifications, thetesf EN
15489 shall be applied.
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Technical data on fuels for testing positive igmion engines

Type: Petrol (E10)

(3h at 50 °C)

Parameter Unit Limit® Test methd®
Minimum Maximum

Research octane number, 95.0 97.0 EN ISO 5164:2005
RON
Motor octane number, 84.0 86.0 EN ISO 5163:2085
MON
Density at 15 °C kg/th 743 756 EN ISO 3675

EN ISO 12185
Vapour pressure kPa 56.0 60.0 EN ISO 13016-1

(DVPE)
Water content % viv 0.015 ASTM E 1064
Distillation:
- evaporated at 70 °C % viv 24.0 44.0 EN-ISO 3405
- evaporated at 100 °C % viv 56.0 60.0 EN-ISO 3405
- evaporated at 150 °C % viv 88.0 90.0 EN-ISO 3405
- final boiling point °C 190 210 EN-1SO 3405
Residue % viv — 2.0 EN-ISO 3405
Hydrocarbon analysis:
- olefins % viv 3.0 18.0 EN 14517

EN 15553
- aromatics % viv 25.0 35.0 EN 14517

EN 15553
- benzene % viv 04 1.0 EN 12177

EN 238, EN 14517
- saturates % v/v Report EN 14517

EN 15553
Carbon/hydrogen ratio Report
Carbon/oxygen ratio Report
Induction perioff) minutes 480 EN-ISO 7536
Oxygen contefi % m/m 3.7 EN 1601

EN 13132

EN 14517
Existent gum mg/ml — 0.04 EN-ISO 6246
Sulphur conteff? ma/kg — 10 EN ISO 20846

EN ISO 20884
Copper corrosion rating — Class 1 EN-ISO 2160
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Lead content mg/l — 5 EN 237
Phosphorus contéft mg/| — 1.3 ASTM D 3231
Ethanof" % viIv 9.5 10.0 EN 1601

EN 13132

EN 14517
Notes

€}

@)
(©)

4)

(5)

(6)
)

The values quoted in the specifications are “talees”. In establishment of their limit values teems of
ISO 4259 Petroleum products - Determination andiegdjon of precision data in relation to methodsest
have been applied and in fixing a minimum valumiaimum difference of 2R above zero has been taken
into account; in fixing @ maximum and minimum valtlee minimum difference is 4R (R = reproducibility
Notwithstanding this measure, which is necessaryefthnical reasons, the manufacturer of fueld shal
nevertheless aim at a zero value where the stgmilagximum value is 2R and at the mean value icdse
of quotations of maximum and minimum limits. Shoiilde necessary to clarify whether a fuel meegs th
requirements of the specifications, the terms @f #259 shall be applied.

Equivalent EN/ISO methods will be adopted whenesisior properties listed above.

A correction factor of 0.2 for MON and RON shadl subtracted for the calculation of the final resul
accordance with EN 228:2008.

The fuel may contain oxidation inhibitors and nhefigactivators normally used to stabilise refingagoline
streams, but detergent/dispersive additives angsbbils shall not be added.

Ethanol meeting the specification of EN 15376is only oxygenate that shall be intentionally adtbethe
reference fuel.

The actual sulphur content of the fuel used ferThpe 1 test shall be reported.

There shall be no intentional addition of compaiadntaining phosphorus, iron, manganese, or e#ud
reference fuel.
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Type: Ethanol (E85)

Parameter Unit Limit$ Test method
Minimum Maximum
Research octane number, 95.0 — EN ISO 5164
RON
Motor octane number, 85.0 — EN ISO 5163
MON
Density at 15C kg/nt Report ISO 3675
Vapour pressure kPa 40.0 60.0 EN ISO 13016-1
(DVPE)
Sulphur conten mg/kg — 10 EN 15485 or EN
15486
Oxidation stability Minutes 360 EN ISO 7536
Existent gum content mg/100ml — 5 EN-1SO 6246
(solvent washed)
Appearance Clear and bright, visibly free of Visual inspection
This shall be determined at suspended or precipitated
ambient temperature or contaminants
15°C whichever is higher.
Ethanol and higher % viv 83 85 EN 1601
alcohol$” EN 13132
EN 14517
E DIN 51627-3
Higher alcohols (C3-C8) % viv — 2.0 E DIN 51627-3
Methanol % viv 1.00 E DIN 51627-3
Petrof? % viv Balance EN 228
Phosphous mg/| 0.20 EN 15487
Water content % viv 0.300 EN 15489 or EN
15692
Inorganic chloride content| mg/I 1 EN 15492
pHe 6.5 9.0 EN 15490
Copper strip corrosion Rating Class 1 EN ISO 2160
(3h at 50°C)
Acidity, (as acetic acid % m/m — 0.0050 EN 15491
CH;COOH)
(mg/l) (40)
Electric Conductivity pS/cm 15 DIN 51627-4 or
prEN 15938
Carbon/hydrogen ratio report
Carbon/oxygen ration report
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Notes
@ The values quoted in the specifications are “tralees”. In establishment of their limit values teems of
ISO 4259 Petroleum products - Determination andiegdjon of precision data in relation to methods o
test have been applied and in fixing a minimum galuminimum difference of 2R above zero has been
taken into account; in fixing a maximum and minimuatue, the minimum difference is 4R (R =
reproducibility). Notwithstanding this measure, alhis necessary for technical reasons, the manuact
of fuels shall nevertheless aim at a zero valueravttee stipulated maximum value is 2R and at therme
value in the case of quotations of maximum and mmimn limits. Should it be necessary to clarify wheeth
fuel meets the requirements of the specificatitmsterms of ISO 4259 shall be applied.

The actual sulphur content of the fuel used foraiméssion tests shall be reported.
The unleaded petrol content can be determined @sniflus the sum of the percentage content of water|
alcohols, MTBE and ETBE.

There shall be no intentional addition of compoucaistaining phosphorus, iron, manganese, or le#ttigo
reference fuel.

@)
(©)

4)

® Ethanol to meet specification of EN 15376 is thlyaxygenate that shall be intentionally addedhie t

reference fuel.
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Type: LPG

Parameter Unit Fuel A Fuel B Test method

Composition: EN 27941

Cs-content % viv 302 852

C,-content % viv Balance Balancé

<G,>C % viv Maximum 2 Maximum 2

Olefins % viv Maximum 12 Maximum 15

Evaporation residue mg/kg Maximum 50 Maximum 50 BM70

Water at 0 °C Free Free EN 15469

Total sulphur content mg/kg Maximum 10 Maximum 10 EN 24260,

including odorant ASTM D

3246, ASTM
6667

Hydrogen sulphide None None EN ISO 881

Copper strip corrosion Rating Class 1 Class 1 ISO 6351

(1h at 40 °C)

Odour Characteristic Characteristic

Motor octane numb@r Minimum 89.0 Minimum 89.0 EN 589

Annex B

Notes

@ Balance shall be read as follows: balance = 109--<C; - >C,.

@ This method may not accurately determine the presehcorrosive materials if the sample contains
corrosion inhibitors or other chemicals which dimeimthe corrosivity of the sample to the coppepstr
Therefore, the addition of such compounds for tiie purpose of biasing the test method is protdbite

® At the request of the engine manufacturer, a high®N could be used to perform the type-approval

tests.
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Type: Natural Gas/ Biomethane

Characteristics Units Basis Limits Test method
minimum maximum

Reference fuel G

Composition:

Methane 87 84 89

Ethane 13 11 15

Balancé” % mole — — 1 ISO 6974

Sulphur content | mg/#? — 10 ISO 6326-5

Notes

@ Inerts + G,

@ Value to be determined at standard conditions2B320 °C) and 101.3 kPa.

Reference fuel Gs

Composition:

Methane 92.5 91.5 93.5

Balancé” % mole — — 1 ISO 6974
N, % mole 7.5 6.5 8.5

Sulphur content | mg/#? — — 10 ISO 6326-5
Notes

@ Inerts (different from B) + G+ C,,
@ Value to be determined at 293.2 K (20 °C) and 36Pa.

Reference fuel Gg

Composition:

Methane % mole 86 84 88

Balancé” % mole — — 1 ISO 6974
N, % mole 14 12 16

Sulphur content mg/Af? — — 10 ISO 6326-5
Notes

b Inerts (different from B) + G+ C,.

@ Value to be determined at 293.2 K (20 °C) and 36Pa.
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Emissions data required at type-approval for roadwaethiness
purposes

Measuring carbon monoxide emissions at idling speed

1. Introduction

1.1. This annex sets out the procedure for meaggwanbon monoxide emissions
at idling speeds (normal and high) for positiveitigm engines fuelled with
petrol or ethanol (E85) or positive ignition engnefuelled with
NG/Biomethane or LPG installed inJMN; or M; vehicles with a maximum
permissible mass not exceeding 7.5 tonnes.

General requirements

2.1. The general requirements shall be those sttiroparagraph 5.3.7. of
Regulation No. 83, with the exceptions set out aragraphs 2.2., 2.3.
and 2.4.

2.2. The atomic ratios set out in paragraph 5.3.@f3Regulation 83 shall be

understood as follows:

Hcv = Atomic ratio of - for petrol (E10) 1.93
hydrogen to carbon _ for LPG 2.525
- for NG/biomethane 4.0
- for ethanol (E85) 2.74

Ocv = Atomic ratio of - for petrol (E10) 0.032
oxygen to carbon _ for LPG 0.0

- for NG/biomethane 0.0
- for ethanol (E85) 0.385

2.3. The table in paragraph 1.4.3. of Annex 2A (@& shall be completed on
the basis of the requirements set out in paragraghsnd 2.4. of this annex.

2.4, The manufacturer shall confirm the accuracthefLambda value recorded at
the time of type-approval in paragraph 2.1. of tlienex as being
representative of typical production vehicles witB4 months of the date of
the granting of type-approval. An assessment si@linade on the basis of
surveys and studies of production vehicles.

Technical requirements

3.1. The technical requirements shall be those @#t in Annex 5 to
Regulation No. 83, with the exception set out iragaaph 3.2.

3.2 The reference fuels specified in paragraph. 204 Annex 5 to
Regulation No. 83 shall be understood as referringthe appropriate
reference fuel specifications set out in Annex &hite Regulation.
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Annex 7

Verifying the durability of engine systems

1. Introduction

1.1. This annex sets out the procedures for satpangines to be tested over a
service accumulation schedule for the purpose téraening deterioration
factors. The deterioration factors shall be appliedaccordance with the
requirements of paragraph 3.6. of this annex to g¢hdssions measured
according to Annex 4.

1.2. This annex also sets out the emission andenugesion-related maintenance
carried out on engines undergoing a service acatioal schedule. Such
maintenance shall conform to the maintenance paddr on in-service
engines and shall be communicated to owners ofergines and vehicles.

Selection of engines for establishing usefuldifdeterioration factors

2.1. Engines shall be selected from the engineljadefined in accordance with
paragraph 7. of this Regulation for emission tegtim order to establish
useful life deterioration factors.

2.2. Engines from different engine families mayfl¢her combined into families
based on the type of exhaust aftertreatment systiised. In order to place
engines with different numbers of cylinders and fedént cylinder
configuration but having the same technical spegiibns and installation for
the exhaust aftertreatment systems into the sanggnesaftertreatment
system family, the manufacturer shall provide datéhe approval authority
that demonstrates that the emissions reductioropeance of such engine
systems is similar.

2.3. One engine representing the engine-aftertemattnmsystem family as
determined in accordance with paragraph 2.2., sieaflelected by the engine
manufacturer for testing over the service accuriariaschedule defined in
paragraph 3.2., and shall be reported to the apprawthority before any
testing commences.

2.3.1. If the approval authority decides that therstrcase emissions of the engine-
aftertreatment system family can be characteristtebby another engine
then the test engine shall be selected jointlyneyapproval authority and the
engine manufacturer.

Establishing useful life deterioration factors
3.1. General

Deterioration factors applicable to an engineraig@atment system family are
developed from the selected engines based on dceeaccumulation
schedule that includes periodic testing for gasemds particulate emissions
over the WHTC and WHSC tests.

3.2. Service accumulation schedule

Service accumulation schedules may be carriedabuhe choice of the
manufacturer by running a vehicle equipped withgékected engine over an
in-service accumulation schedule or by running shkected engine over a
dynamometer service accumulation schedule.
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3.2.1.
3.2.1.1.

3.2.1.2.

3.2.1.3.

3.2.1.4.

3.2.1.5.

3.2.1.6.

3.2.1.7.

3.2.1.8.

In-service and dynamometer service accuinalat

The manufacturer shall determine the fard extent of the distance, the
service accumulation and the ageing cycle for esgiconsistent with good
engineering practice.

The manufacturer shall determine the sints where gaseous and
particulate emissions will be measured over theWBrC and WHSC tests.

The minimum number of test points shall be three at the beginning, one
approximately in the middle and one at the endhefdervice accumulation

schedule.

The emission values at the start point ahdhe useful life end point
calculated in accordance with paragraph 3.5.2.1 shakt the limit values
specified in paragraph 5.3. of this Regulation individual emission results
from the test points may exceed those limit values.

At the request of the manufacturer andh wie agreement of the approval
authority, only one test cycle (either the hot WH®ICWHSC test) needs to
be run at each test point, with the other testecyah only at the beginning
and at the end of the service accumulation schedule

Service accumulation schedules may beerdift for different engine-
aftertreatment system families.

Service accumulation schedules may beteshtitan the useful life period,
but shall not be shorter than shown in Table lairagraph 3.2.1.8.

For engine dynamometer service accumulattbe manufacturer shall
provide the applicable correlation between the iseraccumulation period
(driving distance) and engine dynamometer hours, dsample, fuel
consumption correlation, vehicle speed versus enggrolutions correlation
etc.

Minimum service accumulation period
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Table 1
Minimum service accumulation period

Category of vehicle in which engine will be insell | Minimum service Useful life
accumulation period

Category N vehicles 160,000 km See paragraph 5.4.
of this Regulation

Category N vehicles 188,000 km See paragraph 5.4.
of this Regulation

Category N vehicles with a maximum 188,000 km See paragraph 5[4,

technically permissible mass not exceedjng of this Regulation

16 tonnes

Category N vehicles with a maximum 233,000 km See paragraph 5[4,

technically permissible mass exceeding|16 of this Regulation

tonnes

Category M vehicles 160,000 km See paragraph 5.4.
of this Regulation

Category M vehicles 160,000 km See paragraph 5.4.
of this Regulation

Category M vehicles of classes I, II, A 188,000 km See paragraph 5/4.

and B with a maximum technically of this Regulation

permissible mass not exceeding 7.5 tonnes

Category M vehicles of classes Il and B233,000 km See paragraph 54.

with a maximum technically permissible of this Regulation

mass exceeding 7.5 tonnes

3.2.1.9. Accelerated ageing is permitted by adjgstthe service accumulation
schedule on a fuel consumption basis. The adjuststail be based on the
ratio between the typical in-use fuel consumptiod ¢he fuel consumption
on the ageing cycle, but the fuel consumption @nabeing cycle shall not
exceed the typical in-use fuel consumption by nibas 30 per cent.

3.2.1.9. The service accumulation schedule shalllbe described in the application
for type-approval and reported to the type-apprexahority before the start
of any testing.

3.2.2. If the type-approval authority decides thdtlitional measurements need to
be carried out on the hot WHTC and WHSC tests betvthe points selected
by the manufacturer it shall notify the manufacturEhe revised service
accumulation schedule shall be prepared by the faetwer and agreed by
the approval authority.

3.3. Engine testing
3.3.1. Engine system stabilisation
3.3.1.1. For each engine-aftertreatment system lfamhe manufacturer shall

determine the number of hours of vehicle or engimming after which the
operation of the engine-aftertreatment system tatslised. If requested by
the approval authority the manufacturer shall makeilable the data and

1 As defined in ‘Consolidated Resolution on the Gargtion of Vehicles (R.E.3)’ -
ECE/TRANS/WP.29/78/Rev.2.
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3.3.1.2.

3.3.2.

3.3.2.1.

3.3.2.2.

3.3.2.3.

3.4.
3.4.1.

3.4.2.

3.5.
3.5.1.
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analysis used to make this determination. As arradtive, the manufacturer
may elect to run the engine between 60 and 125shourthe equivalent
mileage on the ageing cycle to stabilise the engftertreatment system.

The end of the stabilisation period deteech in paragraph 3.3.1.1. will be
deemed to be the start of the service accumulatbedule.

Service accumulation testing

After stabilisation, the engine shall b rover the service accumulation
schedule selected by the manufacturer, as desdrbgaragraph 3.2. At the
periodic intervals in the service accumulation stthe determined by the
manufacturer, and, where appropriate, also stipdlaby the approval
authority according to paragraph 3.2.2. the enghal be tested for gaseous
and particulate emissions over the hot WHTC and WHsts. In
accordance with paragraph 3.2.1.4., if it has begneed that only one test
cycle (hot WHTC or WHSC) be run at each test pdimg other test cycle
(hot WHTC or WHSC) shall be run at the beginning &md of the service
accumulation schedule.

During the service accumulation schedmiaintenance shall be carried out
on the engine according to the requirements ofguapd 4.

During the service accumulation schedutesscheduled maintenance on the
engine or vehicle may be performed, for exampléhd OBD system has
specifically detected a problem that has resultethé malfunction indicator
(hereinafter MI) being activated.

Reporting

The results of all emission tests (hot WHar@ WHSC) conducted during
the service accumulation schedule shall be mad#éahie to the approval

authority. If any emission test is declared to @& ythe manufacturer shall
provide an explanation of why the test has beetadst void. In such a case,
another series of emission tests over the hot WHRE€CWHSC tests shall be
carried out within the following 100 hours of se@iaccumulation.

The manufacturer shall retain records ofirdbrmation concerning all the
emission tests and maintenance carried out onribme during the service
accumulation schedule. This information shall bbnsitted to the approval
authority along with the results of the emissiostgeconducted over the
service accumulation schedule.

Determination of deterioration factors

For each pollutant measured on the hot Widii€ WHSC tests at each test
point during the service accumulation schedul&pest fit' linear regression
analysis shall be made on the basis of all tesfteesThe results of each test
for each pollutant shall be expressed to the samber of decimal places as
the limit value for that pollutant, as shown in ggmaph 5.3. of this
Regulation, plus one additional decimal place.dooadance with paragraph
3.2.1.4. of this annex, if it has been agreed tidy one test cycle (hot
WHTC or WHSC) be run at each test point and theerotbst cycle (hot
WHTC or WHSC) run only at the beginning and at &mel of the service
accumulation schedule, the regression analysid beamade only on the
basis of the test results from the test cycle tuerah test point.

At the request of the manufacturer and with therpapproval of the
approval authority a non linear regression shafédxenitted.
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3.5.2. The emission values for each pollutant atsthrt of the service accumulation
schedule and at the useful life end point thatpplieable for the engine
under test shall be calculated from the regressigumation. If the service
accumulation schedule is shorter than the usefel gderiod, the emission
values at the useful life end point shall be deteeah by extrapolation of the
regression equation as determined in paragraph. 3.5.

3.5.3. The deterioration factor for each pollutémtdefined as the ratio of the
applied emission values at the useful life end fpaimd at the start of the
service accumulation schedule (multiplicative detation factor).

At the request of the manufacturer and with therpapproval of the

approval authority, an additive deterioration fadtwr each pollutant may be
applied. The additive deterioration factor shall bensidered as the
difference between the calculated emission valtidiseauseful life end point
and at the start of the service accumulation sdeedu

If the calculation results in a value of less tHa®0 for a multiplicative DF,
or less than 0.00 for an additive DF, then therdatstion factor shall be 1.0
or 0.00, respectively.

An example for determination of deterioration &ast by using linear
regression is shown in Figure 1.

Mixing of multiplicative and additive deterioratidactors within one set of
pollutants shall not be permitted.

In accordance with paragraph 3.2.1.4., if it hasrbagreed that only one test
cycle (hot WHTC or WHSC) be run at each test paimd the other test cycle
(hot WHTC or WHSC) run only at the beginning andl esf the service
accumulation schedule, the deterioration factocutated for the test cycle
that has been run at each test point shall becgigéi also for the other test
cycle.
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Figure 1

Example of deterioration factor determination
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3.6. Assigned deterioration factors
3.6.1. As an alternative to using a service accatiorl schedule to determine
deterioration factors, engine manufacturers maysédo use the following
assigned multiplicative deterioration factors:
Table 2
Deterioration factors
Testcycle| CO THE NMHC® CH,® NO, NH; PM PM
mass | number
WHTC | 1.3 13 14 14 1.15 1.0 106 1.0
WHSC | 1.3 1.3 14 1.4 1.15| 1.0 1.05 1.0
Notes

1)

Applies in case of a compression ignition engine.

@ Applies in case of a positive ignition engine.

3.7.
3.7.1.

Assigned additive deterioration factors are ngegi It shall not be permitted
to transform the assigned multiplicative deteriaratfactors into additive
deterioration factors.

Application of deterioration factors

The engines shall meet the respective eonidshits for each pollutant, as
given in paragraph 5.3. of this Regulation, aftgpliation of the
deterioration factors to the test result as measimmraccordance with Annex
Il (eqas &wm). Depending on the type of deterioration factorFYDthe
following provisions shall apply:

(@) Multiplicative: (gasOr &) * DF < emission limit
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3.7.2.

3.7.3.

3.8.
3.8.1.

3.8.2.

3.8.3.

4.1.
4.1.1.

4.12.

(b)  Additive: (gas0r en) + DF< emission limit

The manufacturer may choose to carry acttessDFs determined for an
engine after treatment system family to an engiystesn that does not fall
into the same engine-aftertreatment system famlity.such cases, the
manufacturer shall demonstrate to the approval caityhthat the engine
system for which the aftertreatment system famigsweriginally tested and
the engine system for which the DFs are being edraicross have the same
technical specifications and installation requirataeon the vehicle and that
the emissions of such engine or engine systemimikas

The deterioration factors for each pollutamthe appropriate test cycle shall
be recorded in paragraphs 1.4.1. and 1.4.2. ofAtdendum to Annex 2A
and in paragraphs 1.4.1. and 1.4.2. of the AddenduPart 2 of Annex 2C.

Checking of conformity of production

Conformity of production for emissions corapte shall be checked on the
basis of the requirements of paragraph 8. of teiguRation.

The manufacturer may choose to measuredigant emissions before any
exhaust aftertreatment system at the same timbeasype-approval test is
being performed. In doing so, the manufacturer rdayelop an informal
deterioration factor separately for the engine Hred aftertreatment system
that may be used by the manufacturer as an aidchdooé production line
auditing.

For the purposes of type-approval, onlydégerioration factors according to
paragraphs 3.5. or 3.6. shall be recorded in papdgr1.4.1. and 1.4.2. of the
Addendum to Annex 2A and paragraphs 1.4.1. an®.1of.the Addendum
to Part 2 of Annex 2C.

Maintenance

For the purpose of the service accumulation sdeedoaintenance shall be
performed in accordance with the manufacturer’s uaaror service and
maintenance.

Emission-related scheduled maintenance

Emission-related scheduled maintenance for purpafsesnducting a service
accumulation schedule shall occur at the same miistaor equivalent

intervals to those that will be specified in the nafacturer's maintenance
instructions to the owner of the engine or vehitleis maintenance schedule
may be updated as necessary throughout the seawaenulation schedule
provided that no maintenance operation is deletedh fthe maintenance
schedule after the operation has been performéheotest engine.

The engine manufacturer shall specify for thrgise accumulation schedule
the adjustment, cleaning and maintenance (wheressaty) and scheduled
exchange of the following items:

(a) Filters and coolers in the exhaust gas re-itian system;

(b)  Positive crankcase ventilation valve, if apabte;

(c) Fuel injector tips (cleaning only);

(d)  Fuel injectors;

(e)  Turbocharger;

) Electronic engine control unit and its assoeihsensors and actuators;
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4.1.3.

4.2.

4.2.1.

4.3.

4.3.1.

4.4,

4.4.1.

4.4.2.

(g)  Particulate aftertreatment system (includingtesl components);
(h)  deNQ system;

0] Exhaust gas re-circulation system, includinigrelated control valves
and tubing;

) Any other exhaust aftertreatment system.

Critical emission-related scheduled maimenashall only be performed if
being performed in-use and being communicateddmtiner of the vehicle.

Changes to scheduled maintenance

The manufacturer shall submit a requesth® approval authority for
approval of any new scheduled maintenance thaisihes to perform during
the service accumulation schedule and subsequattiynmend to owners of
engines.or vehicles. The request shall be accoragdni data supporting the
need for the new scheduled maintenance and thetemaimce interval.

Non-emission-related scheduled maintenance

Non-emission-related scheduled maintenandéchwis reasonable and
technically necessary such as oil change, oilrftteange, fuel filter change,
air filter change, cooling system maintenance, idjgeed adjustment,
governor, engine bolt torque, valve lash, injedésh, timing, adjustment of
the tension of any drive-belt, etc may be perforroadengines or vehicles
selected for the service accumulation scheduléeatdast frequent intervals
recommended by the manufacturer to the owner.

Repair

Repairs to the components of an engine teeldor testing over a service
accumulation schedule other than the engine emigsiatrol system or fuel
system shall be performed only as a result of corapbfailure or engine
system malfunction.

If the engine itself, the emission contydtem or the fuel system fail during
the service accumulation schedule, the service mglaiion shall be
considered void, and a new service accumulatiofl bhastarted with a new
engine system.
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Annex 8

Conformity of in-service engines or vehicles

1.
11

1.2.
2.1.

2.2.

2.3.

2.4.

2.5,

2.6.

Introduction

This annex sets out requirements for checkind demonstrating the
conformity of in-service engines and vehicles.

Procedure for in-service conformity

The conformity of in-service vehicles or erggirof an engine family shall be
demonstrated by testing vehicles on the road opegrawer their normal

driving patterns, conditions and payloads. Theervdge conformity test

shall be representative for vehicles operated ein teal driving routes, with

their normal load and with the usual professionatad of the vehicle. When

the vehicle is operated by a driver other thanugigal professional driver of
the particular vehicle, this alternative driver Ithmse skilled and trained to
operate vehicles of the category subject to bedest

If the normal in-service conditions of a pautar vehicle are considered to be
incompatible with the proper execution of the tettte manufacturer or the

approval authority may request that alternativevidg routes and payloads

are used.

The manufacturer shall demonstrate to theoyapauthority that the chosen
vehicle, driving patterns, conditions and payloads representative for the
engine family. The requirements as specified irageaphs 4.1. and 4.5. shall
be used to determine whether the driving patternd payloads are

acceptable for in-service conformity testing.

The manufacturer shall report the schedule #ed sampling plan for
conformity testing at the time of the initial typgproval of a new engine
family.

Vehicles without a communication interface ethpermits the collection of
the necessary ECU data as specified in paragrapt&s R and 9.4.2.2. of this
Regulation, with missing data or with a non-stadddata protocol shall be
considered as non compliant.

Vehicles where the collection of ECU datauefices the vehicle emissions
or performance shall be considered as non compliant

Engine or vehicle selection

After the granting of type-approval for an exgfamily the manufacturer
shall perform in-service testing on this engine ifgiwithin 18 months from

first registration of a vehicle fitted with an engifrom that family. In case of
multistage type-approval first registration mearnistf registration of a
completed vehicle.

The testing shall be repeated at least every wassyfor each engine family
periodically on vehicles over their useful life et as specified in paragraph
5.4. of this Regulation.

At the request of the manufacturer the testing stap five years after the
end of production.
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3.1.1.

3.1.2.

3.1.3.

3.2.

3.3.

3.4.

With a minimum sample size of three engitessampling procedure shall
be set so that the probability of a lot passingsa with 20 % of the vehicles
or engines defective is 0.90 (producer's risk 2d)0while the probability of
a lot being accepted with 60 % of the vehicles myirees defective is 0.10
(consumer's risk = 10 %).

The test statistic quantifying the cumulatiumber of nonconforming tests
at the n-th test shall be determined for the sample

The pass or fail decision of the lot shallrbade according to the following
requirements.

(@) if the test statistic is less than or equah®pass decision number for
the sample size given in Table 1, a pass decisioggiched for the lot;

(b) if the test statistic is greater than or eqoathe fail decision number
for the sample size given in Table 1, a fail dewiss reached for the lot;

(c) otherwise, an additional engine is tested atiogrto this annex and
the calculation procedure is applied to the sarmaeeased by one more unit.

In Table 1 the pass and fail decision numbers aleutated by means of the
International Standard ISO 8422/1991.

Table 1
Pass and fail decision numbers of the sampling plan
Minimum sample size: 3

Cumulative number of
engines tested Pass decision number Fail decision numbe
(sample size)

[Co 2 e o2 NI @0 &) [ I SNR IOV

WIN|IN|FP|FP]|O]|O
I N R Y

10

The approval authority shall approve the selectedires and vehicle

configurations before the launch of the testingcpdures. The selection shall
be performed by presenting to the approval auththi¢ criteria used for the

selection of the particular vehicles.

The engines and vehicles selected shall be aisé registered in the region
(e.g. European Union). The vehicle shall have bieeservice for at least
25,000 km.

Each vehicle tested shall have a maintenawad to show that the vehicle
has been properly maintained and serviced in aeocel with the
manufacturer's recommendations.

The OBD system shall be checked for propectfaning of the engine. Any
malfunction indications and the readiness codénén@BD memory shall be
recorded and any required repairs shall be caotgd
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3.5.

3.6.

3.7.

4.2.

4.3.

4.4,

Engines presenting a Class C malfunction shallbeoforced to be repaired
before testing. The Diagnostic Trouble Code (DTi@llsnot be cleared.
Engines having one of the counters required byipiavs of Annex 11 not at
"0" may not be tested. This shall be reported to pipeaval authority.

The engine or vehicle shall exhibit no indimas of abuse (such as
overloading, misfuelling, or other misuse), or othiactors (such as
tampering) that could affect emission performar@BD system fault code

and engine running hours information stored in ¢bmputer shall be taken
into account.

All emission control system components on thehicle shall be in
conformity with those stated in the applicable tgpproval documents.

In agreement with the approval authority, thanufacturer may run in-
service conformity testing comprising fewer engir@svehicles than the
number given in paragraph 3.1., if the number ofimes manufactured
within an engine family is less than 500 units yesar.

Test conditions

Vehicle payload

For the purpose of in- service conformity testirge tpayload may be
reproduced and an artificial load may be used.

In the absence of statistics to demonstrate tleap#yload is representative
for the vehicle, the vehicle payload shall be B0 per cent of the maximum
vehicle payload.

The maximum payload is the difference between tieeliy permissible
maximum laden mass of the vehicle and the maskeof/¢hicle in running
order as specified in Annex 3 to UN/ECE Special dRé®on No.1
(TRANS/WP.29/1045).

Ambient conditions

The test shall be conducted under ambient conditioeeting the following
conditions:

Atmospheric pressure greater than or equal to &5

Temperature greater than or equal to 266 K (-71@) lass than or equal to
the temperature determined by the following equmatai the specified
atmospheric pressure:

T =-0.4514 * (101.3 — pb) + 311
Where:

T is the ambient air temperature, K
pb is the atmospheric pressure, kPa
Engine coolant temperature

The engine coolant temperature shall be in accomlanith paragraph
A.1.2.6.1. of Appendix 1 to this Annex.

The lubricating oil, fuel and reagent shallvii¢hin the specifications issued
by the manufacturer.
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4.4.1.

4.4.2.

4.4.2.1.

4.4.3.

4.5.

45.1.

4.5.2.

4.5.3.

4.5.4.

45.5
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Lubricating oil
Oil samples shall be taken.
Fuel

The test fuel shall be market fuel covered by thkevant standards or
reference fuel as specified in Annex 5 to this Ratipn. Fuel samples shall
be taken.

If the manufacturer in accordance withagaaph 4. to this Regulation has
declared the capability to meet the requirementsisfRegulation on market
fuels declared in paragraph 3.2.2.2.1. of Part Arofex 1 to this Regulation,
tests shall be conducted on at least one of therdetmarket fuels or blend
between the declared market fuels and the marle&ls foovered by the
relevant standards.

Reagent

For exhaust aftertreatment systems that use ame&geeduce emissions, a
sample of the reagent shall be taken. The reagaifitreot be frozen.

Trip requirements

The shares of operation shall be expressed ascamage of the total trip
duration.

The trip shall consist of urban driving followed lyral and motorway
driving according to the shares specified in paapgs 4.5.1. to 4.5.4. In the
case another testing order is justified for pradticcasons and after the
agreement of the approval authority another orderurban, rural and
motorway operation may be used.

For the purpose of this paragraptapproximately shall mean the target
value £ 5 per cent.

Urban operation is characterised by vehicle spéetiseen 0 and 50 km/h,
Rural operation is characterised by vehicle sp&etween 50 and 75 km/h,
Motorway operation is characterised by vehicle dpebove 75 km/h.

For M and N vehicles the trip shall consist of approximateb ger cent
urban, 25 per cent rural and 30 per cent motorveyaiion.

For M and M; vehicles the trip shall consist of approximatefy ger cent
urban, 25 per cent rural and 30 per cent motorwgsragion. M and M
vehicles of Class |, Il or Class A shall be testedpproximately 70 per cent
urban and 30 per cent rural operation.

For N vehicles the trip shall consist of approximateb/pker cent urban, 25
per cent rural and followed by 30 per cent motorwpgration.

For N vehicles the trip shall consist of approximated/gr cent urban, 25
per cent rural and followed by 55 per cent motorwpgration.

The following distribution of the charactéidstrip values from the WHDC
database may serve as additional guidance fongleation of the trip:

(a) accelerating: 26.9 per cent of the time;

(b)  decelerating: 22.6 per cent of the time;

(c) cruising: 38.1 per cent of the time;

(d)  stop (vehicle speed=0): 12.4 per cent of theeti
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4.6.
4.6.1.

4.6.2.

4.6.3.

4.6.4.

4.6.5.

4.6.6.

4.6.7.

4.6.8.

4.6.9.

4.6.10.

51.1.

5.1.1.1.

51.1.1.1.

51.1.1.2.

5.1.2

5.1.2.1.

Operational requirements

The trip shall be selected in such a way ttea testing is uninterrupted and
the data continuously sampled to reach the minirtesnduration defined in
paragraph 4.6.5.

Emissions and other data sampling shall gtaor to starting the engine. Any
cold start emissions may be removed from the emissievaluation, in
accordance with paragraph A.1.2.6. of Appendix thi® Annex.

It shall not be permitted to combine dataliffierent trips or to modify or
remove data from a trip.

If the engine stalls, it may be restarted{ the sampling shall not be
interrupted.

The minimum test duration shall be long @toto complete five times the
work performed during the WHTC or produce five terthe CQ reference
mass in kg/cycle from the WHTC as applicable.

The electrical power to the PEMS system|dtmlsupplied by an external
power supply unit, and not from a source that driisvenergy either directly
or indirectly from the engine under test.

The installation of the PEMS equipment shmdt influence the vehicle
emissions and/or performance.

It is recommended to operate the vehicledeumormal daytime traffic
conditions.

If the approval authority is not satisfiedthwthe data consistency check
results according to paragraph A.1.3.2. of Appentlito this annex, the
approval authority may consider the test to be .void

The same route shall be used for the tfsigehicles within the sample
described in paragraphs 3.1.1. to 3.1.3.

ECU data stream

Verification of the availability and conformitof the ECU data-stream
information required for in-service testing.

The availability of the data stream inforimataccording to the requirements
of paragraph 9.4.2. of this Regulation shall be aestrated prior to the in-
service test.

If that information cannot be retrieved tye PEMS system in a proper
manner, the availability of the information shadl demonstrated by using an
external OBD scan-tool as described in Annex 9B.

In the case where this information benretrieved by the scan-tool in a
proper manner, the PEMS system is considered laggfaind the test is void.

In the case where that information oare retrieved in a proper manner
from two vehicles with engines from the same endameily, while the scan-
tool is working properly, the engine is consideaschon compliant.

The conformity of the torque signal calcethby the PEMS equipment from
the ECU data-stream information required in panalgr®.4.2.1. of this
Regulation shall be verified at full load.

The method used to check this conformityeiscribed in Appendix 4.
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5.1.2.2.

5.1.2.3.

6.2.

6.3.

8.2.
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The conformity of the ECU torque signatamsidered to be sufficient if the
calculated torque remains within the full load teegtolerance specified in
paragraph 9.4.2.5. of this Regulation.

If the calculated torque does not remathimvthe full load torque tolerance
specified in paragraph 9.4.2.5. of this Regulatibe, engine is considered to
have failed the test.

Emissions evaluation

The test shall be conducted and the test teesliall be calculated in
accordance with the provisions of Appendix 1 ts #nnex.

The conformity factors shall be calculated anelsented for both the GO
mass based method and the Work based method. Feégidadecision shall
be made on the basis of the results of the Workdagethod.

The 90 % cumulative percentile of the exhaumsission conformity factors
from each engine system tested, determined in danoe with the
measurement and calculation procedures specifigsppendix 1, shall not
exceed any of the values set out in Table 2.

Table 2
Maximum allowed conformity factors for in-service mnformity emission
testing

Pollutant Maximum allowed conformitl/
factor
CO 1.50
THC 1.50
NMHC 1.50
CH, 1.50
NOy 1.50
PM mass -
PM number -

Evaluation of in-service conformity results

On the basis of the in-service conformity répeferred to in paragraph 10,
the approval authority shall either:

(a) decide that the in-service conformity testinigam engine system
family is satisfactory and not take any furtheli@at

(b)  decide that the data provided is insufficiemtréach a decision and
request additional information and test data froenrhanufacturer;

(c) decide that the in-service conformity of an iaegsystem family is
unsatisfactory and proceed to the measures refeoréd paragraph
9.3. of this Regulation and in paragraph 9. of #nsex.

Confirmatory vehicle testing

Confirmatory testing is done for the purpokeanmfirmation of the in-service
emission functionality of an engine family.

Approval authorities may conduct confirmattasting.
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8.3.

8.4.

9.2.

9.3.

9.4.

9.4.1.

9.4.2.

9.4.3.

9.4.4.

9.4.5.

9.4.6.
9.4.7.

The confirmatory test shall be performed aisicle testing as specified in
paragraphs 2.1. and 2.2. Representative vehicla@ lsh selected and used
under normal conditions and be tested accordirigagrocedures defined in
this Annex.

A test result may be regarded as non-sat@faethen, from tests of two or
more vehicles representing the same engine fanidy, any regulated

pollutant component, the limit value as determiaedording to paragraph 6.
is exceeded significantly.

Plan of remedial measures

The manufacturer shall submit a report toapproval authority where the
engines or vehicles subject to remedial actionragéstered or used when
planning to conduct remedial action, and shall stiihis report when

deciding to take action. The report shall specify tetails of the remedial
action and describe the engine families to be oheluin the action. The
manufacturer shall report regularly to the apprauhority after the start of
the remedial action.

The manufacturer shall provide a copy of alihmunications related to the
plan of remedial measures, and shall maintain ardeof the recall
campaign, and supply regular status reports tapipeoval authority.

The manufacturer shall assign a unique idgngf name or number to the
plan of remedial measures.

The manufacturer shall present a plan of rémhadeasures which shall
consist of the information specified in paragraphsl. to 9.4.11.

A description of each engine system typéuted in the plan of remedial
measures.

A description of the specific modificatioraterations, repairs, corrections,
adjustments, or other changes to be made to bimay engines into
conformity including a brief summary of the dataldachnical studies which
support the manufacturer's decision as to thequdati measures to be taken
to correct the non-conformity.

A description of the method by which the ofanturer informs the engine or
vehicle owners about the remedial measures.

A description of the proper maintenance e, uif any, which the
manufacturer stipulates as a condition of eligipifor repair under the plan
of remedial measures, and an explanation of theufaaturer's reasons for
imposing any such condition. No maintenance or ceditions may be
imposed unless it is demonstrably related to the-canformity and the
remedial measures.

A description of the procedure to be follows engine or vehicle owners to
obtain correction of the non-conformity. This dégiion shall include a date
after which the remedial measures may be takenestiemated time for the
workshop to perform the repairs and where theytmadone. The repair shall
be done expediently, within a reasonable time aitdivery of the vehicle.

A copy of the information transmitted to #regine or vehicle owner.

A brief description of the system which thanufacturer uses to assure an
adequate supply of components or systems for lfodfithe remedial action.

It shall be indicated when there will be an adegusipply of components or
systems to initiate the campaign.
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9.4.8.

9.4.9.

9.4.10.

9.4.11.

9.5.

10.
10.1.

10.1.1.

10.1.1.1.
10.1.1.2.
10.1.1.3.

10.1.1.4.
10.1.1.5.
10.1.1.6.
10.1.1.7.
10.1.1.8.

10.1.1.9.

10.1.1.10.
10.1.1.11.

10.1.1.12.

10.1.1.13.

10.1.1.14.

A copy of all instructions to be sent toghgersons who are to perform the
repair.

A description of the impact of the proposesnedial measures on the
emissions, fuel consumption, driveability, and bafef each engine or
vehicle type, covered by the plan of remedial mezswith data, technical
studies, etc. which support these conclusions.

Any other information, reports or data &épproval authority may reasonably
determine is necessary to evaluate the plan ofd@imeasures.

Where the plan of remedial measures insl@deecall, a description of the
method for recording the repair shall be submittethe approval authority.
If a label is used, an example of it shall be sutadi

The manufacturer may be required to conduasaeably designed and
necessary tests on components and engines inctingoeaproposed change,
repair, or modification to demonstrate the effestigss of the change, repair,
or madification.

Reporting procedures

A technical report shall be submitted to Hpproval authority for each
engine family tested. The report shall show théviets and results of the in-
service conformity testing. The report shall inawat least the following:
General

Name and address of the manufacturer

Address(es) of assembly plant(s)

The name, address, telephone and fax engnand e-mail address of the
manufacturer’s representative

Type and commercial description (mengion variants)
Engine family

Parent engine

Engine family members

The vehicle identification number (VINddes applicable to the vehicles
equipped with an engine that is part of the inisereonformity check.

Means and location of identificationyge, if marked on the vehicle
Category of vehicle

Type of engine: petrol, ethanol (E85gsel/NG /LPG /ethanol (ED95)
(Delete as appropriate)

The numbers of the type-approvals agipléicto the engine types within the
in-service family, including, where applicable, thembers of all extensions
and field fixes/recalls (re-works)

Details of extensions, field fixes/rézao those type-approvals for the
engines covered within the manufacturer’s inforomati

The engine build period covered withie manufacturer’s information (e.g.
“vehicles or engines manufactured during the 2Cdldrdar year”).
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10.1.2.

10.1.2.1.
10.1.2.2.
10.1.2.3.

10.1.3.

10.1.3.1.
10.1.3.2.
10.1.3.3.
10.1.3.4.

10.1.4.

10.1.4.1.
10.1.4.2.
10.1.4.3.
10.1.4.4.
10.1.4.5.
10.1.4.6.
10.1.4.7.
10.1.4.8.

10.1.5.

10.1.5.1.
10.1.5.2.
10.1.5.3.
10.1.5.4.
10.1.5.5.
10.1.5.6.
10.1.5.7.
10.1.5.8.
10.1.5.9.

10.1.5.10.
10.1.5.11.
10.1.5.12.
10.1.5.13.
10.1.5.14.
10.1.5.15.
10.1.5.16.

Engine / Vehicle selection
Vehicle or engine location method
Selection criteria for vehicles, engiriesservice families

Geographical areas within which the mactufer has collected vehicles

Equipment

PEMS Equipment, brand and type

PEMS calibration

PEMS power supply

Calculation software and version usegl @MROAD 4.0)

Test data

Date and time of test

Location of test including details infation about the test route
Weather / ambient conditions (e.g. teaipee, humidity, altitude)
Distances covered per vehicle on the teté

Test fuel specifications characteristics

Reagent specification (if applicable)

Lubrication oil specification

Emission test results according to Appehdo this annex

Engine information

Engine fuel type (e.g. diesel, ethano®&EING, LPG, petrol, E85)
Engine combustion system (e.g. compragséibn or positive ignition)
Type-approval number

Engine rebuilt

Engine manufacturer

Engine model

Engine production year and month

Engine identification number

Engine displacement [litres]

Number of cylinders

Engine rated power: [kW @ rpm]

Engine peak torque: [Nm @ rpm]

Idle speed [rpm]

Manufacturer supplied full-load torqueve available (yes/no)
Manufacturer supplied full-load torqueve reference number
DeNQ@system (e.g. EGR, SCR)
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10.1.5.17.
10.1.5.18.
10.1.5.19.
10.1.5.20.

10.1.6.
10.1.6.1.
10.1.6.2.

10.1.6.3.
10.1.6.4.
10.1.6.5.
10.1.6.6.
10.1.6.7.
10.1.6.8.
10.1.6.9.

10.1.6.10.
10.1.6.11.
10.1.6.12.
10.1.6.13.
10.1.6.14.
10.1.6.15.
10.1.6.16.
10.1.6.17.
10.1.6.18.

10.1.7.

10.1.7.1.
10.1.7.2.
10.1.7.3.

10.1.7.4.
10.1.7.5.
10.1.7.6.

10.1.7.7.
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Type of catalytic converter
Type of Particulate trap
Aftertreatment modified with respectyipe-approval? (yes/no)

Engine ECU information (Software calilina number)

Vehicle information
Vehicle owner

Vehicle type (e.g.4VINs;) and application (e.g. rigid or articulated trucky
bus)

Vehicle manufacturer

Vehicle Identification Number

Vehicle registration number and counfrgegistration
Vehicle model

Vehicle production year and month
Transmission type (e.g. manual, autoneatather)
Number of forward gears

Odometer reading at test start [km]

Gross vehicle combination weight ra@yW) [kg]
Tire size [Not mandatory]

Tail pipe diameter [mm] [Not mandatory]
Number of axles

Fuel tank(s) capacity [litres] [Not mataty]
Number of fuel tanks [Not mandatory]

Reagent tank(s) capacity [litres] [Netnaatory]

Number of reagent tanks [Not mandatory]

Test route characteristics
Odometer reading at test start [km]
Duration [s]

Average ambient conditions(as calculdtenh the instantaneous measured
data)

Ambient conditions sensor informatiorpé&ynd location of sensors)
Vehicle speed information (for examplenalative speed distribution)

Shares of the time of the trip charasg¢etiby urban, rural and motorway
operation as described in paragraph 4.5.

Shares of the time of the trip charasteriby accelerating, decelerating,
cruising and stop as described in paragraph 4.5.5.
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10.1.8.

10.1.8.1.
10.1.8.2.
10.1.8.3.
10.1.8.4.
10.1.8.5.
10.1.8.6.
10.1.8.7.
10.1.8.8.
10.1.8.9.

10.1.8.10.
10.1.8.11.
10.1.8.12.
10.1.8.13.
10.1.8.14.
10.1.8.15.
10.1.8.16.

10.1.8.17.

10.1.9.

10.1.9.1.
10.1.9.2.
10.1.9.3.
10.1.9.4.
10.1.9.5.
10.1.9.6.
10.1.9.7.
10.1.9.8.
10.1.9.9.

10.1.9.10.
10.1.9.11.
10.1.9.12.
10.1.9.13.
10.1.9.14.
10.1.9.15.
10.1.9.16.
10.1.9.17.

Instantaneous measured data

THC concentration [ppm]

CO concentration [ppm]

NQ concentration [ppm]

CQ@concentration [ppm]

CH concentration [ppm] for natural gas fuelled engioaly
Exhaust gas flow [kg/h]

Exhaust temperature [°C]

Ambient air temperature [°C]

Ambient pressure [kPa]

Ambient humidity [g/kg] [Not mandatory]
Engine torque [Nm]

Engine speed [rpm]

Engine fuel flow [g/s]

Engine coolant temperature [°C]

Vehicle ground speed [km/h] from ECU @RS

Vehicle latitude [degree]( Accuracy redd be sufficient to enable the
traceability of the test route)

Vehicle longitude [degree]

Instantaneous calculated data

THC mass [g/s]

CO mass [g/s]

NQ@ mass [g/s]

C@mass [g/s]

CH mass [g/s] for P.1. engines only

THC cumulated mass [g]

CO cumulated mass [g]

NQcumulated mass [g]

CQ@cumulated mass [g]

Chllcumulated mass [g] for natural gas fuelled engordg
Calculated fuel rate[g/s]

Engine power [kW]

Engine work [kWh]

Work window duration [s]

Work window average engine power [%]
Work window THC conformity factor [-]

Work window CO conformity factor [-]
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10.1.9.18.
10.1.9.19.
10.1.9.20.
10.1.9.21.
10.1.9.22.
10.1.9.23.
10.1.9.24.

10.1.10.

10.1.10.1.
10.1.10.2.
10.1.10.3.
10.1.10.4.
10.1.10.5.

10.1.10.6.
10.1.10.7.
10.1.10.8.
10.1.10.9.
10.1.10.10.
10.1.10.11.
10.1.10.12.

10.1.11.

10.1.11.1.
10.1.11.2.
10.1.11.3.
10.1.11.4.
10.1.11.5.
10.1.11.6.
10.1.11.7.
10.1.11.8.
10.1.11.9.

10.1.11.10.
10.1.11.11.
10.1.11.12.
10.1.11.13.

Work window NQconformity factor [-]

Work window CHconformity factor [-] for natural gas fuelled engs only
C@mass window duration [s]

C@mass window THC conformity factor [-]

C@mass window CO conformity factor [-]

C@mass window NQconformity factor [-]

C@mass window Cllconformity factor [-] for natural gas fuelled engs
only

Averaged and integrated data

Average THC concentration [ppm] [Not wfetory]

Average CO concentration [ppm] [Not netod/]

Average N(roncentration [ppm] [Not mandatory]

Average C{zoncentration [ppm] [Not mandatory]

Average CHconcentration [ppm] for natural gas fuelled engioaly [Not
mandatory]

Average Exhaust gas flow [kg/h] [Not wiatory]
Average Exhaust temperature [°C] [Nobaadory]
THC emissions [g]

CO emissions [g]

NQ@emissions [g]

C@emissions [g]

Chlemissions [g] for natural gas fuelled engines only

Pass-Fail results

Minimum, maximum, and 90 % cumulativecpatile for:

Work window THC conformity factor [-]

Work window CO conformity factor [-]

Work window NQconformity factor [-]

Work window CHconformity factor [-] for natural gas fuelled engs only
C@mass window THC conformity factor [-]

C@mass window CO conformity factor [-]

C@mass window N@conformity factor [-]

C@mass window CHlconformity factor [-] for natural gas fuelled engs
only

Work window: Minimum and maximum averagndow power [%]
C®mass window: Minimum and maximum window duratieh [
Work window: Percentage of valid window

Comass window: Percentage of valid windows
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10.1.12.

10.1.12.1.
10.1.12.2.
10.1.12.3.
10.1.12.4.
10.1.12.5.

10.1.12.6.

10.1.12.6.1.

10.1.12.6.2.

10.1.12.6.3.

10.1.12.6.4.

10.1.12.6.5.

10.1.13.

Test verifications

THC analyser zero, span and audit sequi¢ and post test
CO analyser zero, span and audit repuéisand post test
NQ@analyser zero-span and audit results, pre andgstst
CQ@analyser zero, span and audit results, pre artdgxsis

CH analyser zero, span and audit results, pre andtessfor natural gas
fuelled engines only

Data consistency check results, accgridirparagraph A.1.3.2. of Appendix
1 to this annex.

Results of the linear regression deedr in paragraph A.1.3.2.1. of
Appendix 1 to this annex including the slope of tiegression line, m,
coefficient of determination, r2 and the intercelpt, of the y-axis of the
regression line.

Result of the consistency check of B@U data in accordance with
paragraph A.1.3.2.2. of Appendix 1 to this Annex.

Result of the consistency check of Bheke-specific fuel consumption in
accordance with paragraph A.1.3.2.3. of Appendig fhis annex, including
the calculated Brake-specific fuel consumption #redratio of the calculated
Brake-specific fuel consumption from the PEMS measent and the
declared Brake-specific fuel consumption for the WHest.

Result of the consistency check of @#@ometer in accordance with
paragraph A.1.3.2.4. of Appendix 1 to this annex.

Result of the consistency check ofaimbient pressure in accordance with
paragraph A.1.3.2.5. of Appendix 1 to this annex.

List of further attachments where thesstex
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Annex 8

Appendix 1

Test procedure for vehicle emissions testing witportable
emissions measurement systems

Al.1l. Introduction
This appendix describes the procedure to deterg@seous emissions from
on-vehicle on-road measurements using Portable dionis Measurement
Systems (hereinafter PEMS). The gaseous emissidms measured from the
exhaust of the engine include the following compuasecarbon monoxide,
total hydrocarbons and nitrogen oxides with theitamid of methane for
natural gas fuelled engines.
For engines fuelled with gases other than natues, ghe manufacturer,
technical service or approval authority may chotsemeasure the total
hydrocarbon (THC) emissions instead of measuring tion-methane
hydrocarbon emissions. In this case, the emissimit Ifor the total
hydrocarbon emissions is the same as shown in grag5.3. of this
Regulation for non-methane hydrocarbon emissiohg dpplicable limit in
the calculations of the Conformity Factors in A.2.3. and A.1.4.3.2. shall
in that case be the non-methane emission limit.
Additionally, carbon dioxide shall be measured talde the calculation
procedures described in paragraphs A.1.3. and A.1.4

Al1.2. Test Procedure

A.1.2.1. General requirements
The tests shall be carried out with a PEMS comgrise

Al211. Gas analysers to measure the concemisatif regulated gaseous pollutants
in the exhaust gas;

A.1.2.1.2.  An exhaust mass flow meter based onaweraging Pitot or equivalent
principle;

A.1.2.1.3. A Global Positioning System (hereinaftePS");

A.1.2.1.4.  Sensors to measure the ambient temperahd pressure;

A.1.2.1.5. A connection with the vehicle ECU).

A.1.2.2. Test parameters
The parameters summarized in Table 1 shall be medsund recorded:

Table 1

Test parameters

Parameter Unit Source

THC concentratiofY ppm Analyser
CO concentratiof ppm Analyser
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Parameter Unit Source
NO, concentratior” ppm Analyser
CO, concentratiof”) ppm Analyser
CH4 concentration (1) (2) ppm Analyser
Exhaust gas flow kg/h Exhaust Flow Meter

(hereinafter EFM)

Exhaust temperature °K EFM
Ambient temperature(3) °K Sensor
Ambient pressure kPa Sensor
Engine torque(4) Nm ECU or Sensor
Engine speed rpm ECU or Sensor
Engine fuel flow als ECU or Sensor
Engine coolant temperature °K ECU or Sensor
Engine intake air °K Sensor
temperature(3)
Vehicle ground speed km/h ECU and GPS
Vehicle latitude degree GPS
Vehicle longitude degree GPS

Notes

) Measured or corrected to a wet basis

@ Only for gas engines fuelled with natural gas

® Use the ambient temperature sensor or an intakteraperature sensor

@ The recorded value shall be either (a) the nejumror (b) the net torque calculated from

the actual engine per cent torque, the frictiogque and the reference torque, according to
the SAE J1939-71 standard.

A1.2.3.

Preparation of the vehicle

The preparation of the vehicle shall include tHéofaing:

(@)  The check of the OBD system: any identifiedbfems once solved
shall be recorded and presented to the approviabstyt;

(b)  The replacement of oil, fuel and reagent, if.an

Al.2.4.

A.1.2.4.1. Main Unit

Installation of the measuring equipment

Whenever possible, PEMS shall be installed in atioa where it will be
subject to minimal impact from the following:

(@)  Ambient temperature changes;

(b)  Ambient pressure changes;

(c)  Electromagnetic radiation;

(d)  Mechanical shock and vibration;

(e)  Ambient hydrocarbons — if using a FID analytett uses ambient air
as FID burner air.
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A.1.2.4.2.

A.1.2.4.3.

Al.2.4.4.

A.1.2.45.

A.1.2.5.
A.1.2.5.1.

A.1.2.5.2.

A.1.2.5.3.

A.1.2.5.4.

The installation shall follow the instructions issu by the PEMS
manufacturer.

Exhaust flow meter

The exhaust flow meter shall be attached to théciesh tailpipe. The EFM

sensors shall be placed between two pieces ofgktrailbe whose length
should be at least 2 times the EFM diameter (upstrand downstream). It is
recommended to place the EFM after the vehiclesdg to limit the effect

of exhaust gas pulsations upon the measuremerglsign

Global Positioning System

The antenna shall be mounted at the highest pedsitation, without risking
interference with any obstructions encounteredrduan-road operation.

Connection with the vehicle ECU

A data logger shall be used to record the engimenpeters listed in Table 1.
This data logger can make use of the Control Aresirk (hereinafter
CAN) bus of the vehicle to access the ECU datadwasted on the CAN
according to standard protocols such as SAE J1B3®8 or ISO 15765-4.

Sampling of gaseous emissions

The sample line shall be heated according to teeiigations of paragraph
A.2.2.3. of Appendix 2 to this annex and properisuilated at the connection
points (sample probe and back of the main unit)atoid the presence of
cold spots that could lead to a contamination & sampling system by
condensed hydrocarbons.

The sample probe shall be installed in the exhgipstin accordance with the
requirements of paragraph 9.3.10. of Annex 4.

If the length of the sample line is changed, the&teay transport times shall be
verified and if necessary corrected.

Pre-test procedures
Starting and stabilizing the PEMS ingteunts

The main units shall be warmed up and stabilizecbomling to the
instrument manufacturer specifications, until puess, temperatures and
flows have reached their operating set points.

Cleaning the sampling system

To prevent system contamination, the sampling lirdfs the PEMS
instruments shall be purged until sampling begiascording to the
instrument manufacturer specifications.

Checking and calibrating the analysers

The zero and span calibration and the linearityckbef the analysers shall
be performed using calibration gases meeting theirements of paragraph
9.3.3. of Annex 4.

Cleaning the EFM

The EFM shall be purged at the pressure transdeosnections in
accordance with the instrument manufacturer smtifins. This procedure
shall remove condensation and diesel particulatdéem&om the pressure
lines and the associated flow tube pressure maasumteports.
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A.1.2.6.
A.1.2.6.1.

A.1.2.6.2.

A.1.2.6.3.

A1.2.7.
A1.2.7.1.

A1.2.7.2.

A.1.2.7.3.

A.1.2.7.4.

Emissions test run
Test start

Emissions sampling, measurement of the exhausiredeas and recording
of the engine and ambient data shall start priostéoting the engine. The
data evaluation shall start after the coolant taatpee has reached 343K
(70°C) for the first time or after the coolant tesmgture is stabilized
within +/- 2K over a period of 5 minutes whichevames first but no later
than 20 minutes after engine start.

Test run

Emission sampling, measurement of the exhaust paesmand recording of
the engine and ambient data shall continue throughite normal in-use
operation of the engine. The engine may be stopgped started, but
emissions sampling shall continue throughout thiestest.

Periodic checks of the PEMS gas analysers shalbhducted at least every
two hours. The data recorded during the checkd badlagged and shall not
be used for the emission calculations.

End of test sequence

At the end of the test, sufficient time shall bgegi to the sampling systems
to allow their response times to elapse. The engiag be shut down before
or after sampling is stopped.

Verification of the measurements
Checking of the analysers

The zero, span and linearity checks of the anadyasidescribed in paragraph
A.1.2.5.3. shall be performed using -calibration egasmeeting the
requirements of paragraph 9.3.3. of Annex 4.

Zero drift

Zero response is defined as the mean responsadinglnoise, to a zero gas
during a time interval of at least 30 seconds. dti& of the zero response
shall be less than 2 per cefitfull scale on the lowest range used.

Span drift

Span response is defined as the mean responsglimginoise, to a span gas
during a time interval of at least 30 seconds. dti#& of the span response
shall be less than 2 per cefitfull scale on the lowest range used.

Drift verification
This shall apply only if, during the test, no zeélrdft correction was made.

As soon as practical but no later than 30 minuties the test is complete the
gaseous analyser ranges used shall be zeroed amukespto check their drift
compared to the pre-test results.

The following provisions shall apply for analyseifid

(a) If the difference between the pre-test and-pestresults is less than 2
per cent as specified in paragraphs A.1.2.7.2. Arid2.7.3., the
measured concentrations may be used uncorrectedybe corrected
for drift according to paragraph A.1.2.7.5;

(b) If the difference between the pre-test and -pest results is equal to
or greater than 2 per cent as specified in par&grapl.2.7.2. and
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A.1.2.7.5.

A.1.3.

A.1.3.1.

A.13.1.1.

A.1.3.1.2.

A.1.3.1.3.

A.1.3.1.4.

A.1.2.7.3., the test shall be voided or the measwencentrations
shall be corrected for drift according to paragraph.2.7.5.

Drift correction

If drift correction is applied in accordance witlarpgraph A.1.2.7.4., the
corrected concentration value shall be calculatecbring to paragraph
8.6.1. of Annex 4.

The difference between the uncorrected and theeciad brake-specific
emission values shall be within + 6 per cent ofuheorrected brake-specific
emission values. If the drift is greater than 6 qgemt, the test shall be voided.
If drift correction is applied, only the drift-cacted emission results shall be
used when reporting emissions.

Calculation of the emissions

The final test result shall be rounded in one $tethe number of places to
the right of the decimal point indicated by the laggble emission standard
plus one additional significant figure, in accordarwith ASTM E 29-06b.
No rounding of intermediate values leading to tlealf brake-specific
emission result shall be allowed.

Time alignment of data

To minimize the biasing effect of the time lag beém the different signals
on the calculation of mass emissions, the datavaate for emissions
calculation shall be time aligned, as describeganagraphs A.1.3.1.1. to
A.1.3.1.4.

Gas analysers data

The data from the gas analysers shall be propédyexd using the procedure
in paragraph 9.3.5. of Annex 4.

Gas analysers and EFM data

The data from the gas analysers shall be propédged with the data of the
EFM using the procedure in paragraph A.1.3.1.4.

PEMS and engine data

The data from the PEMS (gas analysers and EFM) bbgbroperly aligned
with the data from the engine ECU using the procedin paragraph
A.1.3.1.4.

Procedure for improved time-alignmenthaf PEMS data
The test data listed in Table 1 are split intof8edént categories:

1: Gas analysers (THC, when applicable ;,CHCO, CQ, NO
concentrations);

Exhaust Flow Meter (Exhaust mass flow and extigmsperature);

Engine (Torque, speed, temperatures, fuel nahicle speed from
ECU).

The time alignment of each category with the othategories shall be
verified by finding the highest correlation coeféiot between two series of
parameters. All the parameters in a category $leafhifted to maximize the
correlation factor. The following parameters shal used to calculate the
correlation coefficients:



ECE/TRANS/WP.29/2012/45

A.1.3.2.
A.1.3.2.1.

A.1.3.2.2.

A.1.3.2.3.

To time-align:

(@) Categories 1 and 2 (Analysers and EFM datd) eategory 3 (Engine
data): the vehicle speed from the GPS and fronkE®de;

(b)  Category 1 with category 2: the €@oncentration and the exhaust
mass;

(c)  Category 2 with category 3: the €€bncentration and the engine fuel
flow.

Data consistency checks
Analysers and EFM data

The consistency of the data (exhaust mass flow unedsby the EFM and
gas concentrations) shall be verified using a ¢tatin between the
measured fuel flow from the ECU and the fuel floalctlated using the
formula in paragraph 8.4.1.6. of Annex 4. A lingagression shall be
performed for the measured and calculated fuel vatees. The method of
least squares shall be used, with the best fittexjuhaving the form:

y=mx+b

Where:

y is the calculated fuel flow [g/s]

m is the slope of the regression line

X is the measured fuel flow [g/s]

b is the y intercept of the regression line

The slope (m) and the coefficient of determinaiigh shall be calculated for
each regression line. It is recommended to perfiisnanalysis in the range
from 15 per cent of the maximum value to the maximualue and at a
frequency greater or equal to 1 Hz. For a testeocbnsidered valid, the
following two criteria shall be evaluated:

Table 2

Tolerances
Slope of the 09to1.1-
regression line, m Recommended
Coefficient of min. 0.90 -
determination Mandatory

ECU torque data

The consistency of the ECU torque data shall béieerby comparing the
maximum ECU torque values at different engine speedth the
corresponding values on the official engine fuldotorque curve according
to paragraph 5. of this Annex.

Brake-Specific Fuel Consumption
The Brake Specific Fuel Consumption (BSFC) shaltiecked using:

(@) The fuel consumption calculated from the emissi data (gas
analyser concentrations and exhaust mass flow,datadprding to the
formulae in paragraph 8.4.1.6. of Annex 4;

(b)  The work calculated using the data from the HEUWgine torque and
engine speed).
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A.1.3.2.4.

A.1.3.25.

A.1.3.3.

A.1.3.4.

A.1.3.5.

Al.4.
A.14.1.

Odometer

The distance indicated by the vehicle odometerl ffechecked against the
GPS data and verified.

Ambient pressure

The ambient pressure value shall be checked aghmsttitude indicated by
the GPS data.

Dry-Wet correction

If the concentration is measured on a dry basihall be converted to a wet
basis according to the formula in paragraph 8. Arofex 4.

NQ correction for humidity and temperature

The NQ, concentrations measured by the PEMS shall notobesated for
ambient air temperature and humidity.

Calculation of the instantaneous gasemissons

The mass emissions shall be determined as desdrilpadagraph 8.4.2.3. of
Annex 4.

Determination of emissions and conformity fetors

Averaging window principle

The emissions shall be integrated using a movirgaging window method,
based on the reference €Mass or the reference work. The principle of the
calculation is as follows: The mass emissions ase aalculated for the
complete data set, but for sub-sets of the complata set, the length of
these sub-sets being determined so as to mata@ntiee CQ mass or work
measured over the reference laboratory transiesiecyhe moving average
calculations are conducted with a time increméit equal to the data
sampling period. These sub-sets used to averageertiigsions data are
referred to a8averaging windowsin the following Sections.

Any Section of invalidated data shall not be coestd for the calculation of
the work or CQ mass and the emissions of the averaging window.

The following data shall be considered as invaéidadata:

(@)  The periodic verification of the instrumentslér after the zero drift
verifications;

(b)  The data outside the conditions specified irmgeaphs 4.2. and 4.3. of
this annex.

The mass emissions (mg/window) shall be determiasddescribed in
paragraph 8.4.2.3. of Annex 4.
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Figure 1.

Vehicle speed versus time and Vehicle averaged esiimns, starting from the first averaging
window, versus time.
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A1.4.2.1.

A.1.4.2.2.

A14.2.2.1.

A1.4.2.2.2.
A.1.4.2.2.3.

A.1.4.2.3.

A.1.4.3.

The duration(t,; —t,;) of the I" averaging window is determined by:
W(t,,;) ~W(t,;) 2W,

Where:

ef

W(tj ’i) is the engine work measured between the startiawed;;, KWh;

W, is the engine work for the WHTC, kWh.

It

t2,i shall be selected such that:

W(tz,i - At) _W(tl,i) <W, SVv(tz,i ) _W(tl,i)

ef

where Olis the data sampling period, equal to 1 secondss. |
Calculation of the specific emissions

The specific emissionsy,s (mg/kWh) shall be calculated for each window
and each pollutant in the following way:

m
egas ST o s
W(tZ,i ) _W(tl,i)
Where:

mis the mass emission of the component, mg/window
W(t,;) ~W(t,;) is the engine work during thé averaging window, kWh

Selection of valid windows

The valid windows are the windows whose averagegp@xceeds the power
threshold of 20 % of the maximum engine power. pkecentage of valid
windows shall be equal or greater than 50 per cent.

If the percentage of valid windows léss than 50 per cent, the data
evaluation shall be repeated using lower powerstiokls. The power
threshold shall be reduced in steps of 1 per cetiltthe percentage of valid
windows is equal to or greater than 50 per cent.

In any case, the lower threshold statllbe lower than 15 per cent.

The test shall be void if the percgataf valid windows is less than 50 per
cent at a power threshold of 15 per cent.

Calculation of the conformity factors

The conformity factors shall be calculated for eaatividual valid window
and each individual pollutant in the following way:

cF=2
L

Where:
e is the brake-specific emission of the compormagtkWh;
L is the applicable limit, mg/kWh.

CQ mass based method
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Figure 3.

CO, mass based method.
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The duration(t,; —t;;) of the I averaging window is determined by:

Meoa(ts) = Meoa(tyi) = Mooy et
Where:

Moz (8 ;) is the CQ mass measured between the test start and;inkg;

Moo rer IS the CQ mass determined for the WHTC, kg;

t,; shall be selected such as:
rTEoz(tz,i _At) - nboz(tj,i) < Mooy et < ITl:oz(tz,i) - m:oz(t],i)

Where At is the data sampling period, equal to 1 secondss. |

The CQ masses are calculated in the windows by integratine
instantaneous emissions calculated according toetfpgirements introduced
in paragraph A.1.3.5.

Selection of valid windows

The valid windows shall be the windows whose doratioes not exceed the
maximum duration calculated from:

W
D, =36000—<
02[P,

b max
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A1.4.3.1.1.

A.1.4.3.1.2.
A.1.4.3.1.3.

A.1.4.3.2.

Where:
Dmax is the maximum window duration, s;

Frvax is the maximum engine power, kW.

If the percentage of valid windowseiss than 50 %, the data evaluation shall
be repeated using longer window durations. Thiacisieved by decreasing
the value of 0.2 in the formula given in paragraph.4.3.1. by steps of 0.01
until the percentage of valid windows is equal tgeater than 50 %.

In any case, the lowered value in alfovmula shall not be lower than 0.15.

The test shall be void if the percgataf valid windows is less than 50 % at
a maximum window duration calculated in accordamdgéh paragraphs
A1431,A1431.1 and A.1.4.3.1.2.

Calculation of the conformity factors

The conformity factors shall be calculated for eautividual window and
each individual pollutant in the following way:

CF= CF
CF.
_ m

=
With Mooz(z;) = Meoa(ty;) (in service ratio) and
CF, = —1t

Mooz ret (certification ratio)
Where:

mis the mass emission of the component, mg/window;

Meoa(tsi) = Meos(ty;) is the CQ mass during the"iaveraging window,
kg;

Meoa e IS the engine COmass determined for the WHTC, kg;

M is the mass emission of the component correspgridithe applicable
limit on the WHTC, mg.
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Annex 8

Appendix 2

Portable measurement equipment

A2.1.

A.2.2.

A2.2.1.

A.2.2.2.

A.2.2.3.

A.2.2.4.

A.2.3.

A.2.3.1.

A.2.3.2.

A.2.3.3.

General

The gaseous emissions shall be measured accoalihg {procedure set out
in Appendix 1 to this annex. The present appendescdbes the
characteristics of the portable measurement equipthat shall be used to
perform such tests.

Measuring Equipment

Gas analysers general specifications

The PEMS gas analysers specifications shall meetettpuirements set out in
paragraph 9.3.1. of Annex 4.

Gas analysers technology

The gases shall be analysed using the technolegiesified in paragraph
9.3.2.0f Annex 4.

The oxides of nitrogen analyser may also be of Nloa-Dispersive Ultra
Violet (NDUV) type.

Sampling of gaseous emissions

The sampling probes shall meet the requirementmetefin paragraph
A.2.1.2. of Appendix 2 to Annex 4. The samplingelishall be heated to
190°C (+/-10°C).

Other instruments

The measuring instruments shall satisfy the requargs given in Table 7 in
Annex 4 and paragraph 9.3.1. to Annex 4.

Auxiliary Equipment

Exhaust Gas Flow Meter (EFM) tailpipe cection

The installation of the EFM shall not increase blaekpressure by more than
the value recommended by the engine manufactuoerincrease the length
of the tailpipe by more than 1.2 m. As for the thé components of the
PEMS equipment, the installation of the EFM shalinply with the locally
applicable road safety regulations and insurangeirements.

PEMS location and mounting hardware

The PEMS equipment shall be installed as specifiggthragraph A.1.2.4. of
Appendix 1.

Electrical power

The PEMS equipment shall be powered using the mdlettescribed in
paragraph 4.6.6. of this annex.
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Appendix 3

Calibration of portable measurement equipment

A.3.1. Equipment calibration and verification
A.3.1.1. Calibration gases

The PEMS gas analysers shall be calibrated usirgesganeeting the
requirements as set out in paragraph 9.3.3. of Adne

A.3.1.2. Leakage test

The PEMS leakage tests shall be conducted follovthrgy requirements
defined in paragraph 9.3.4. of Annex 4.

A.3.1.3. Response time check of the analyticalesyst

The response time check of the PEMS analyticalkesysthall be conducted
in accordance with the requirements set out ingragh 9.3.5. of Annex 4.
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Annex 8

Appendix 4

Method to check the conformity of the ECU torquesignal

A.4.1. Introduction
This Appendix describes in a non-detailed mannemtiethod used to check
the conformity of the ECU torque-signal during IBEMS testing.
The detailed applicable procedure is left to thgime manufacturer, subject
to approval of the approval authority.

A.4.2. The "Maximum torque" method

A4.2.1. The "Maximum torque" method consists afndestrating that a point on the
reference maximum torque curve as a function ofethgine speed has been
reached during vehicle testing.

A.4.2.2. If a point on the reference maximum torgueve as a function of the engine

speed has not been reached during the ISC PEMSsiensstesting, the
manufacturer is entitled to modify the load of trehicle and/or the testing
route as necessary in order to perform that demadiet after the ISC PEMS
emissions test has been completed.
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Annex 9A

On-board diagnostic systems (OBD)

1.
1.1.

2.2.
2.3.
2.3.1.
2.3.1.1.

2.3.1.2.

2.3.1.2.1.

2.3.2.
2321

2.3.2.2.

2.4.
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Introduction

This annex sets out the functional aspectemboard diagnostic (OBD)
systems for the control of emissions from engirgtesyps which are covered
by this Regulation.

General requirements

The general requirements, including the speo#quirements for electronic
system security, shall be those set out in parégdapf Annex 9B and those
described in paragraph 2. of this annex.

Reserved
Additional provisions concerning monitoringjuérements.
Malfunctioning injectors

The manufacturer shall submit to the eygirauthority an analysis of the
long-term effects on the emission control systemnwflfunctioning fuel
injectors (for example clogged or soiled injectarggn if the OBD Threshold
Limits (OTLs) are not exceeded as a consequentteesé malfunctions.

After the period set out in paragraphO4.1 of this Regulation the
manufacturer shall submit to the approval authazitylan of the monitoring
technigues he intends to use in addition to thesgired by Appendix 3 of
Annex 9B in order to diagnose the effects considiémgparagraph 2.3.1.1.

After approval of this plan by the awity, the manufacturer shall implement
those techniques in the OBD system in order tadgpe-approval.

Monitoring requirements concerning partitailafter treatment devices

The performance of the particulate afteattnent device including the
filtration and continuous regeneration processesl & monitored against
the OBD threshold limit specified in Table 1.

In the case of a wall flow diesel partelfilter (DPF), the manufacturer
may choose to apply the performance monitoring ireqents set out in
Appendix 8 of Annex 9B instead of the requiremenitparagraph 2.3.2.1., if
he can demonstrate with technical documentationithease of deterioration
there is a positive correlation between the losEltoation efficiency and the
loss of pressure drop ("delta pressure") acrosDIPE under the operating
conditions of the engine specified in the test dbsd in Appendix 8 of
Annex 9B.

Alternative approval
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2.4.1. Reserved

2.4.2. As an alternative to the requirements setroparagraph 4. of Annex 9B and
those described in this annex, engine manufactundrese world-wide
annual production of engines within an engine typleject to this Regulation
is less than 500 engines per year, may obtain aypeeval on the basis of
the requirements of this Regulation when the emissbntrol components of
the engine-system are at least monitored for dircontinuity, and for
rationality and plausibility of sensor outputs, awtien the aftertreatment
system is at least monitored for total functioralure. Engine manufacturers
whose world-wide annual production of engines witlin engine type
subject to this Regulation is less than 50 engpersyear, may obtain type-
approval on the basis of the requirements of théguRation when the
emission control components of the engine systeratteast monitored for
circuit continuity, and for rationality and plaudity of sensor outputs
("component monitoring").

A manufacturer shall not be permitted to use thermdtive provisions
specified in this paragraph for more than 500 eggjper year.

2.4.3. The approval authority shall inform the otl@@ontracting Parties of the
circumstances of each type-approval granted ung@rafraph 2.4.1. and]
paragraph 2.4.2.

2.5. Conformity of production

The OBD system is subject to the requirements éoffarmity of production
specified in paragraph 8.4. of this Regulation.

If the approval authority decides that verificatiof the conformity of
production of the OBD system is required, the veaitfon shall be conducted
in accordance with the requirements specified inag@ph 8.4. of this

Regulation.

3. Performance requirements

3.1. The performance requirements shall be thaseusén paragraph 5. of Annex
9B.

3.2. OBD threshold limits

3.2.1. The OBD threshold limits (hereinafter OTlagplicable to the OBD system

are those specified in the rows "general requiregienf Table 1 for
compression ignition engines and of Table 2 for-fgafled engines and
positive ignition engines fitted to vehicles belorgyto category M to N,
vehicles having a maximum permissible mass exceedib tonnes, and to
N3 vehicles.

3.2.2. Until the end of the phase-in period set iouparagraph 4.10.7. of this
Regulation, the OBD threshold limits specified aws "phase-in period" of
Table 1 for compression ignition engines and of l&ab for gas fuelled
engines and positive ignition engines fitted toiekds belonging to category
M3, to N; vehicles having a maximum permissible mass exogedi tonnes
and, to N vehicles shall apply.

1 This paragraph has been reserved for future altemapprovals (e.g. transposition of Euro VI into
regulation 83).
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Table 1

OTLs (Compression ignition engines)

Limit in mg/kWh

NO, PM Mass
Phase-in period 1,500 25
General requirements 1,200 25

Table 2

OTLs (all gas fuelled engines and positive ignitioengines fitted to vehicles belonging
to category M3, to N vehicles having a maximum permissible mass exceadi
7.5 tonnes, and to Klvehicles)

Limit in mg/kWh

NG, cov
Phase-in period 1,500
General requirements 1,200

(3]

6.1.

6.1.1.

6.1.2.
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The OTL for CO shall be set at a later stage.

Demonstration requirements

The demonstration requirements and test puvesdshall be those set out in
paragraphs 6 and 7 of Annex 9B.

Documentation requirements

The documentation requirements shall be tlseteout in paragraph 8. of
Annex 9B.

In-use performance requirements

The requirements of this paragraph shall applyheo@BD system monitors
in accordance with the provisions of Annex 9C.

Technical requirements

The technical requirements for assessingirthese performance of OBD
systems including requirements concerning commitioita protocols,
numerators, denominators and their increment shallthose set out in
Annex 9C.

In particular, the in-use performance r@tiPR,,) of a specific monitor m of
the OBD system shall be calculated by the followfiorgnula:

IUPR,, = Numeratoy, / Denominatay,
Where

“Numeratof,” means the numerator of a specific monitor m and tounter
indicating the number of times a vehicle has bgeerated in such a way that
all monitoring conditions necessary for that sgecihonitor to detect a
malfunction have been encountered;
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and “Denominatqy” means the denominator of a specific monitor m &nal
counter indicating the number of vehicle drivingles that are of relevance
to that specific monitor (or, "in which events ocdbat are of relevance to
that specific monitor. ).

6.1.3. The in-use performance ratio (IPRf a group g of monitors on board a
vehicle is calculated by the following formula:

IUPRy = Numeratay/ Denominataqy
Where

“Numeratop” means the numerator of a group g of monitorsiartde actual
value (Numeratgy) of the specific monitor m that has the lowestuge
performance ratio as defined in paragraph 6.1.allomonitors within that
group g of monitors on board a particular vehicle;

and

“Denominatog” means the denominator of a group g of monitord isnthe
actual value (Denominatgy of the specific monitor m that has the lowest in-
use performance ratio as defined in paragraph .6df.2ll monitors within
that group g of monitors on board a particular gkhi

6.2. Minimum in-use performance ratio

6.2.1. The in-use performance ratio IUPE a monitor m of the OBD system as
defined in paragraph 5. of Annex 9C, shall be gnetftan or equal to the
minimum in-use-performance ratio IUREnin) applicable to the monitor m
throughout the useful life of the engine as spediin paragraph 5.4. of this

Regulation.

6.2.2. The value of minimum in-use-performanceorddPR(min) is 0.1 for all
monitors.

6.2.3. The requirement of paragraph 6.2.1. is deeimde fulfilled if for all groups

of monitors g the following conditions are met:

6.2.3.1. The average vall&JPR; of the values IUPRof all vehicles equipped

with engines belonging to the OBD engine family eindonsideration is
equal to or above IUPR(min), and

6.2.3.2. More than 50 % of all engines considemegaragraph 6.2.3.1. have an
IUPRg equal to or above IUPR(min).

6.3. Documentation requirements

6.3.1. The documentation associated with each mm@utcomponent or system and

required by paragraph 8. of Annex 9B shall incltigefollowing information
concerning in-use performance data:

a) The criteria used for incrementing the numeratat the denominator;

b) Any criterion for disabling incrementation ofetmumerator or of the
denominator.

6.3.1.1. Any criterion for disabling incrementatiohthe general denominator shall
be added to the documentation referred to in papg6.3.1.

6.4. Statement of OBD in-use Performance compliance
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6.4.1.

6.4.2.

6.4.3.

6.4.4.

6.5.
6.5.1.

6.5.2.

6.5.2.1.

6.5.2.2.

6.5.2.3.

6.5.3.

In the application for type-approval, the nufacturer shall provide a
statement of OBD in-use Performance compliancecto@ance with the
model set out in Appendix 2 to this annex. In additto this statement,
compliance with the requirements of paragraph €hall be verified through
the additional assessment rules specified in papg8.5.

This statement referred to in paragraphl6.4hall be attached to the
documentation related to the OBD engine-family rexfliby paragraphs 5.
and 6.3. of this annex.

The manufacturer shall maintain records Whigontain all test data,
engineering and manufacturing analyses, and oth&rmation which
provides the basis for the OBD in-use performanoepiance statement.
The manufacturer shall make such information al#glao the approval
authority upon request.

During the phase-in period set out in paalg 4.10.7. of this Regulation, the
manufacturer shall be exempted from providing tteesnent required by
paragraph 6.4.1.

Assessment of the in-use performance

The OBD in-use performance and compliandé waragraph 6.2.3. of this
annex shall be demonstrated at least accordinhpeqgtocedure set out in
Appendix 1 to this annex.

National authorities and their delegates massue further tests to verify
compliance with paragraph 6.2.3. of this annex.

To demonstrate non-compliance with thelireqnents of paragraph 6.2.3. of
this annex, based on the provision of paragrapt26& this annex, the
authorities must show for at least one of the mesménts of paragraph 6.2.3.
of this annex non-compliance with a statistical faence level of 95 %,
based on a sample of at least 30 vehicles.

The manufacturer shall have the opporuniestablish compliance with the
requirements of paragraph 6.2.3. of this annex,whbich non-compliance
was demonstrated according to paragraph 6.5.2.thifannex, by using a
test based on a sample of at least 30 vehicled) witbetter statistical
confidence than the test mentioned in paragrap.6.5

For tests performed according to paragrap!p.2.1. and 6.5.2.2. both
authorities and manufacturers must disclose retedatails, such as those
relating to the selection of the vehicles, to ttieeo party.

If non-compliance with the requirements afggraph 6.2.3. of this annex is
established according to paragraphs 6.5.1. or .6d.this annex, remedial
measures in accordance with paragraph 9.3. oRtbgulation shall be taken.
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Annex 9A

Appendix 1

Assessment of the in-use performance of the on-drol
diagnostic system

Al.1l.
Al.1.1.

A1.2.
Al1.2.1.

Figure 1

General

This Appendix sets out the procedure téotlewed when demonstrating the
OBD in-use performance with regard to the provisieat out in paragraph 6.
of this annex.

Procedure for demonstrating OBD in-use perfonance

The OBD in-use performance of an engineilfashall be demonstrated by
the manufacturer to the approval authority thahtgd the type-approval for
the vehicles or engines concerned. The demonstrasball require
consideration of the OBD in-use performance ofGBD engine families
within the engine family under consideration (Fgyy).

Two OBD engine families within one engine family

Engine
family

OBD engine family
In-use Conformity

of each OBD
engine family must

OBD engine family 2 be assessed

Al1.2.1.1.

A1.2.1.2.

The demonstration of OBD in-use perfanoe shall be organised and
conducted by the manufacturer, in close cooperatidth the approval
authority.

The manufacturer may use in the dematistr of conformity relevant
elements that were used to demonstrate the cortioiwhian OBD engine
family within another engine family provided thais earlier demonstration
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Al1.2.1.2.1.

Figure 2

took place no more than two years before the curdgmonstration
(Figure 2).

A manufacturer may not, however, thea these elements in demonstrating
conformity of a third or subsequent, engine familyless each of these
demonstrations takes place within two years ofiitise use of the elements in
a demonstration of conformity.

Previously demonstrated conformity of an OBD enginéamily

In use Conformity ¢ Conformity of OBD engin

each OBD engine fami family 1 may only b

must be assess demonstrated once

Engine Engine
family 1 family 2

OBD engine family 1

OBD engine family :

Al1.2.2.

A1.2.3.

Al.2.4.

The demonstration of OBD in-use perforngasball be performed at the
same time and at the same frequency as the inesergonformity
demonstration specified in Annex 8.

The manufacturer shall report the inisahedule and the sampling plan for
conformity testing to the approval authority at tivee of the initial type-
approval of a new engine family.

Vehicle types without a communication ifaee which permits the
collection of the necessary in-use performance dsspecified in Annex 9C,
with missing data or with a non-standard data pwitshall be considered as
non-compliant.
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Al1.2.4.1.

A.1.2.5.

A.1.3.
A.1.3.1.

Al4.
Al14.1.
A14.1.1.

A14.1.2.

A1.4.2.
A14.2.1.
A1.4.2.1.1.

A14.21.2.
A1.4.2.1.3.
A.14.21.4.

A.1.4.2.2.
A14.22.1.

A1.4.2.2.2.

Individual vehicles with mechanical dedrical faults which prevent the
collection of the necessary in-use performance datspecified in Annex 9C
shall be excluded from the conformity testing syresd the vehicle type
shall not be considered non-compliant unless ingafft vehicles that meet
the sampling requirements can be found to permitstirvey to be properly
conducted.

Engine or vehicle types where the coltactof in-use performance data
influences the OBD monitoring performance shall dmnsidered as non-
compliant.

OBD in-use performance data

The OBD in-use performance data to be idensd for assessing the
conformity of an OBD engine family shall be thoszorded by the OBD
system according to paragraph 6. of Annex 9C, aadamavailable according
to paragraph 7. of that annex.

Engine or vehicle selection

Engine selection

In the case where an OBD engine fanslysed in several engine families
(Figure 2), engines from each of these engine fasghall be selected by the
manufacturer for demonstrating the in-use perfoceanf that OBD engine
family.

Any engine of a particular OBD-enginenfly may be included in the same
demonstration even if the monitoring systems witticlw they are equipped
are of different generations or at different magdifion states.

Vehicle selection
Vehicle segments

For the purpose of classifying theiglels subject to demonstration, 6 vehicle
segments shall be considered:

(a)  for vehicles of class N: long-haul vehiclesstdbution vehicles, and
others, such as construction vehicles.

(b)  for vehicles of class M: coaches and inter-titises, city buses, and
others, such as M1 vehicles.

Where possible, vehicles shall becsetefrom each segment in a survey.
There shall be a minimum of 15 vetigler segment.

In the case where an OBD engine-faiisilysed in several engine families
(Figure 2), the number of engines from each ofdtergyine families within a
vehicle segment shall be as representative ashp@ssi their volume share,
in terms of vehicles sold and in use, for that gkhsegment.

Vehicle qualification

The engines selected shall be fitedvehicles registered and used in a
country of the Contracting Parties.

Each vehicle selected shall have anteaance record to show that the
vehicle has been properly maintained and servioedctordance with the
manufacturer's recommendations.
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A1.4.2.2.3.

A.1.4.2.2.4.

A.1.4.2.2.5.

A.l1.5.

A.1.5.1.
A.1.5.1.1.

A.1.5.1.2.

A.1.5.2.
A.1.5.2.1.

A.1.5.2.2.

A.1.5.2.3.

The OBD system shall be checked foper functioning. Any malfunction
indications relevant to the OBD system itself tha¢ stored in the OBD
memory shall be recorded and the required rephat lse carried out.

The engine and vehicle shall exhibit imdications of abuse such as
overloading, misfueling, or other misuse, or otfators, such as tampering
that could affect the OBD performance. OBD systemultf codes and
information on operating hours stored in the corapunemory shall be
amongst the evidence taken into account in deténgiwhether the vehicle
has been subject to abuse or is otherwise inadigdslinclusion in a survey.

All emission control system and OBDnpmnents on the vehicle shall be as
stated in the applicable type-approval documents.

In-use performance surveys

Collection of in-use performance data

In accordance with the provisions ofgggaph A.1.6., the manufacturer shall
retrieve the following information from the OBD $gm of each vehicle in
the survey:

(@) the VIN (vehicle identification number);

(b)  the numeratgrand denominatgrfor each group of monitors recorded
by the system in accordance with the requiremehfaagraph 6. of
Annex 9C;

(c)  the general denominator;
(d)  the value of the ignition cycle counter;
(e) the total engine running hours.

The results from the group of monitonsler evaluation shall be disregarded
if a minimum value of 25 for its denominator has been reached.

Assessment of the in-use performance

The actual performance ratio per grofimonitors of an individual engine
(IUPRg) shall be calculated from the numergamd denominatgiretrieved
from the OBD system of that vehicle.

The assessment of the in-use performafickhe OBD engine family in
accordance with the requirements of paragraph .6d.this annex shall be
made for each group of monitors within the OBD-aegiamily considered
in a vehicle segment.

For any segment of vehicles defined Bragraph A.1.4.2.1. of this
Appendix, the OBD in-use performance is considereteing demonstrated
for the purposes of paragraph 6.5.1. of this anfieand only if, for any
group g of monitors the following conditions aretme

(@ the average valulJPR, of the IUPRg values of the considered
sample is greater than 88 per cent of IUPR(ming; an

(b)  more than 34 per cent of all engines in thesaered sample have an
IUPRg value of more or equal than IUPR(min).
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A.l.6.

A.1.6.1.

A.1.6.2.

A.1.6.3.

A.1.6.4.

Report to the approval authority

The manufacturer shall provide the approval authevith a report on the in-
use performance of the OBD engine family that dostahe following
information:

The list of the engine families within tleensidered OBD engine family
(Figure 1)

The following information concerning theehicles considered in the
demonstration:

(@) the total number of vehicles considered indbmonstration;
(b)  the number and the type of vehicle segments;

(c) the VIN, and a short description (type-varigatsion) of each
vehicle.

In-use performance information for eachivle:

(a)  the numeratgy denominatqy; and in-use performance ratio (IUPRQ)
for each group of monitors;

(b)  the general denominator, the value of the ignitycle counter, the
total engine running hours.

The results of the in-use performancesiies for each group of monitors:

(@  The average valubJPR, of the IUPRg values of the sample;

(b)  The number and the percentage of engines isdhgple that have an
IUPRg equal to or above [IUPRmM(min).
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Appendix 2

Model of an OBD in-use performance compliance steament

"(Name of manufacturer) attests that the engingkinvithis OBD engine family have been
so designed and manufactured as to comply withealiirements of paragraphs 6.1. and
6.2. of Annex 9A.

(Name of manufacturer) makes this statement in gadtl, after having performed an
appropriate engineering evaluation of the OBD ia-pgrformance of the engines within
the OBD engine family over the applicable rangemérating and ambient conditions.”

[date]
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Annex 9B

Technical requirements for on-board diagnostic sstems

(OBD)

1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

Introduction

This annex sets out the technical requirementmdioard diagnostic (OBD)
systems for the control of emissions from engirgteays which are covered
by this Regulation.

This annex is based on the world-wide harmoniz&D@lobal technical
regulation (gtr) No. 5.

Reservel

Definitions

"Alert systeimeans a system on-board the vehicle which infdtresdriver
of the vehicle or any other interested party that®BD system has detected
a malfunction.

"Calibration verification numbérmeans the number that is calculated and
reported by the engine system to validate the i@ldm/software integrity.

"‘Component monitorifgmeans the monitoring of input components for
electrical circuit failures and rationality faileeand monitoring of output
components for electrical circuit failures and fuiocality failures. It refers to
components that are electrically connected to tivgroller(s) of the engine
system.

"Confirmed and active DTOneans a DTC that is stored during the time the
OBD system concludes that a malfunction exists.

‘Continuous-MI means the malfunction indicator showing a steady
indication at all times while the key is in the @an) position with the engine
running (ignition on - engine on).

'Deficiency means an OBD monitoring strategy or other OBDidea that
does not meet all the detailed requirements ofahiex.

‘Electrical circuit failuré' means a malfunction (e.g. open circuit or short
circuit) that leads to the measured signal (i.étages, currents, frequencies,
etc.) being outside the range where the transfection of the sensor is
designed to operate.

"Emission OBD familymeans a manufacturer's grouping of engine systems
having common methods of monitoring/diagnosing eioisrelated
malfunctions.

'Emission threshold monitoriigmeans monitoring of a malfunction that
leads to an excess of the OBD threshold limits (§Tdnd which consists of
either or both of the following:

The numbering of this annex is consistent withrthmbering of gtr No. 5 on WWH-OBD. However,

some paragraphs of the WWH-OBD gtr are not neealéis annex.
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(@) direct emissions measurement via a tailpipessions sensor(s) and a
model to correlate the direct emissions to spedfitissions of the
applicable test-cycle;

(b)  indication of an emissions increase via coti@faof computer input
and output information to test-cycle specific enuss.

3.10. 'Functionality failure’ means a malfunction where an output componers doe
not respond to a computer command in the expecésd w

3.11. '‘Malfunction emission control strategy (MEC®)eans a strategy within the
engine system that is activated as a result oh@aston-related malfunction.

3.12. 'MI status means the command status of the MI, being eitioetinuous-
MI, Short-Ml, on-demand-Ml, or off.

3.13. '‘Monitoring" (see “"emission threshold monitoring”, "performanc
monitoring”, and "total functional failure monitag")

3.14. 'OBD test-cyclé means the cycle over which an engine system &ated
on an engine test-bed to evaluate the responsen @EBD system to the
presence of a qualified deteriorated component.

3.15. 'OBD-parent engine systémrmeans an engine system that has been selected
from an emission-OBD family for which most of itBD elements of design
are representative of that family.

3.16. 'On-demand-M! means the malfunction indicator showing a steady
indication in response to a manual demand fromdtinng position when
the key is in the on (run) position with the engwofé (ignition on - engine
off).

3.17. 'Pending DTC means a DTC that is stored by the OBD system umxa
monitor has detected a situation where a malfunatiay be present during
the current or last completed operating sequence.

3.18. 'Potential DTC means a DTC that is stored by the OBD system umca
monitor has detected a situation where a malfunctimy be present but
requires further evaluation to be confirmed. A ptied DTC is a pending
DTC which is not a confirmed and active DTC.

3.19. 'Previously active DTCmeans a formerly confirmed and active DTC that
remains stored after the OBD system has conclutdtie malfunction that
caused the DTC is no longer present.

3.20. '‘Rationality failur¢ means a malfunction where the signal from an
individual sensor or component is at variance wiiht expected when
assessed against signals available from other eosa@omponents within
the control system. Rationality failures includelfimactions that lead to the
measured signal (i.e. voltages, currents, freqesna@tc.) being inside the
range where the transfer function of the sensdesgned to operate.

3.21. 'Readiness means a status indicating whether a monitor ogreup of
monitors have run since the last erasing by anrexteequest or command
(for example through an OBD scan-tool).

3.22. 'Short-MI' means the malfunction indicator showing a steawjication
from the time the key is moved to on (run) positeord the engine is started
(ignition on - engine on) and extinguishing aftéy deconds or the key is
moved to off, whichever occurs first.
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3.23.

3.24.

3.25.

3.26.

'Software calibration identification means a series of alphanumeric
characters that identifies the emission-relatetbiaion / software version(s)
installed in the engine system.

"Total functional failure monitoringmeans monitoring a malfunction which
is leading to a complete loss of the desired fuomctf a system.

‘Warm-up cyclé means sufficient engine operation such that tbelant
temperature has risen by at least 22 K (22 °C YHdrom engine starting
and reaches a minimum temperature of 333 K (60 T4D/°F¥.

Abbreviations

AES Auxiliary Emission Strategy
CV  Crankcase Ventilation
DOC Diesel Oxidation Catalyst

DPF Diesel Particulate Filter or Particulate Trapliding catalyzed DPFs
and Continuously Regenerating Traps (CRT)

DTC Diagnostic trouble code

EGR Exhaust Gas Recirculation

HC  Hydrocarbon

LNT Lean NQ Trap (or NQ absorber)
LPG Liquefied Petroleum Gas

MECS Malfunction Emission Control Strategy
NG Natural Gas

NO, Oxides of Nitrogen

OTL OBD Threshold Limit

PM  Particulate Matter

SCR Selective Catalytic Reduction

SW  Screen Wipers

TFF Total Functional Failure monitoring
VGT Variable Geometry Turbocharger
VVT Variable Valve Timing

General requirements

In the context of this annex, the OBD system shalle the capability of
detecting malfunctions, of indicating their occurce by means of a
malfunction indicator, of identifying the likely @a of the malfunctions by
means of information stored in computer memory, eachmunicating that
information off-board.

2 This definition does not imply that a temperatse@sor is necessary to measure the coolant

temperature.
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4.1.
4.1.1.

4.1.2.

4.1.2.1.

4.1.2.2.

The OBD system shall be designed and construatedssto enable it to
identify types of malfunctions over the complefe bf the vehicle/engine. In
achieving this objective, the Approval AuthoritylMrecognize that engines
which have been used in excess of their regulatseful life may show

some deterioration in OBD system performance anditeity such that the

OBD thresholds may be exceeded before the OBD mysgnals a

malfunction to the driver of the vehicle.

The above paragraph does not extend the enginefawuarer's compliance
liability for an engine beyond its regulated usdifigl (i.e. the time or distance
period during which emission standards or emishinits continue to apply).

Application for approval of an OBD system
Primary approval

The manufacturer of an engine system may applyhapproval of its OBD
system in one of the three following manners:

(@)  The manufacturer of an engine system applieshi® approval of an
individual OBD system by demonstrating that OBDtsgs complies
with all the provisions of this annex;

(b)  The manufacturer of an engine system applieshi® approval of an
emission-OBD family by demonstrating that the OB&remt engine
system of the family complies with all the provissoof this annex.

The manufacturer of an engine system appliesterapproval of an OBD
system by demonstrating that OBD system meetsritezia for belonging to
an emission-OBD family that has already been dedtif

Extension / Modification of an existing décate
Extension to include a new engine systémadn emission-OBD family

At the request of the manufacturer and upon amprod the Approval

Authority, a new engine system may be included azeeber of a certified
emission-OBD family if all the engine systems withthe so-extended
emission-OBD family still have common methods ofnitaring / diagnosing

emission-related malfunctions.

If all OBD elements of design of the OBD-parentgiee system are
representative of those of the new engine systéen the OBD-parent
engine system shall remain unchanged and the matotga shall modify the
documentation package according to paragraphtBiannex.

If the new engine system contains elements ofgdetsiat are not represented
by the OBD-parent engine system but itself woulgresent the whole
family, then the new engine system shall becomeéve OBD-parent engine
system. In this case the new OBD elements of desligii be demonstrated
to comply with the provisions of this annex, and ttocumentation package
shall be modified according to paragraph 8. of #nsex.

Extension to address a design changafiests the OBD system

At the request of the manufacturer and upon ampraod the Approval
Authority, an extension of an existing certificatgy be granted in the case
of a design change of the OBD system if the marnufac demonstrates that
the design changes comply with the provisions isf dimnnex.
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4.1.2.3.

4.2.

4.2.1.

4.2.1.1.

The documentation package shall be modified adegrth paragraph 8. of
this annex.

If the existing certificate applies to an emiss@BD family, the
manufacturer shall justify to the Approval Authgrithat the methods of
monitoring/diagnosing emission-related malfunctioase still common
within the family and that the OBD-parent enginesteyn remains
representative of the family.

Certificate modification to address a nmadtion reclassification

This paragraph applies when, following a requegttie authority that
granted the approval, or at its own initiative, thanufacturer applies for a
modification of an existing certificate in order teclassify one or several
malfunctions.

The compliance of the new classification shall nthee demonstrated
according to the provisions of this annex and tbeudhentation package
shall be modified according to paragraph 8. of #nsex.

Monitoring requirements

All emission-related components and systems irduich an engine system
shall be monitored by the OBD system in accordamite the requirements
set in Appendix 3. However, the OBD system is rofuired to use a unique
monitor to detect each malfunction referred to ppandix 3.

The OBD system shall also monitor its own compatgien

The items of Appendix 3 list the systems or congyds required to be
monitored by the OBD system and describes the typesnonitoring

expected for each of these components or systemsefnission threshold
monitoring, performance monitoring, total functibriailure monitoring, or

component monitoring).

The manufacturer can decide to monitor additieyatems and components.
Selection of the monitoring technique

Approval authorities may approve a manufacturess af another type of
monitoring technique than the one mentioned in Aylpe 3. The chosen
type of monitoring shall be shown by the manufamtuto be robust, timely
and efficient (i.e. through technical consideragiomest results, previous
agreements, etc.).

In case a system and/or component is not coveredifpendix 3 the
manufacturer shall submit for approval to the AmaloAuthority an
approach to monitoring. The Approval Authority wapbprove the chosen
type of monitoring and monitoring technique (i.emission threshold
monitoring, performance monitoring, total functibriailure monitoring, or
component monitoring) if it has been shown by thanuofacturer, by
reference to those detailed in Appendix 3, to bdmusg timely and efficient
(i.e. through either technical considerations, testilts, previous agreements,
etc.).

Correlation to actual emissions

In the case of emission threshold monitoring, aredation to test-cycle
specific emissions shall be required. This corretatwould typically be
demonstrated on a test engine in a laboratoryngetti
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4.2.2.

In all other monitoring cases (i.e. performance iooimg, total functional
failure monitoring, or component monitoring), normdation to actual
emissions is necessary. However, the Approval Aitthonay request test
data to verify the classification of the malfunctieffects as described in
paragraph 6.2. of this annex.

Examples:

An electrical malfunction may not require a cortiela because this is a
yes/no malfunction. A DPF malfunction monitored walta pressure may
not require a correlation because it anticipatesmtunction.

If the manufacturer demonstrates, according to ttemonstration

requirements of this annex, that emissions woultl exceed the OBD

threshold limits upon total failure or removal oftamponent or system, a
performance monitoring of this component or syssé@l be accepted.

When a tailpipe emission sensor is used for manigothe emissions of a
specific pollutant all other monitors may be exeedptfrom further

correlation to the actual emissions of that pohttaNevertheless, such
exemption shall not preclude the need to incluésehmonitors, using other
monitoring techniques, as part of the OBD systenthasmonitors are still
needed for the purpose of malfunction isolation.

A malfunction shall always be classified accordingaragraph 4.5. based on
its impact on emissions, regardless of the typenohitoring used to detect
the malfunction.

Component monitoring (input/output compos&syistems)

In the case of input components that belong toetingine system, the OBD
system shall at a minimum detect electrical cirdailures and, where
feasible, rationality failures.

The rationality failure diagnostics shall then ifiethat a sensor output is
neither inappropriately high nor inappropriatelyi¢.e. there shall be "two-
sided" diagnostics).

To the extent feasible, and with the agreemeth@fApproval Authority, the
OBD system shall detect separately, rationalitjufas (e.g. inappropriately
high and inappropriately low), and electrical citdailures (e.g. out-of-range
high and out-of-range low). Additionally, unique D3 for each distinct
malfunction (e.g. out-of-range low, out-of-ranggthiand rationality failure)
shall be stored.

In the case of output components that belongdcetigine system, the OBD
system shall at a minimum detect electrical cirdaifures, and, where
feasible, if the proper functional response to corap commands does not
occur.

To the extent feasible, and with the agreemeth@fApproval Authority, the

OBD system shall detect separately functionalityufas, electrical circuit

failures (e.g. out-of-range high and out-of-rang@)l and store unique DTCs
for each distinct malfunction (e.g. out-of-rangewjoout-of-range high,

functionality failure).

The OBD system shall also perform rationality nboring on the information
coming from or provided to components that do nelbbg to the engine
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system when this information compromises the emssiontrol system
and/or the engine system for proper performance.

4.2.2.1. Exception to component monitoring

Monitoring of electrical circuit failures, and tthe extent feasible,
functionality, and rationality failures of the engi system shall not be
required if all the following conditions are met:

(@)  The failure results in an emission increaseamy pollutant of less
than 50 per cent of the regulated emission linmit] a

(b)  The failure does not cause any emission to exkcie regulated
emission limif; and

(c)  The failure does not affect a component oresyseénabling the proper
performance of the OBD system; and

(d)  The failure does not substantially delay oreeffthe ability of the
emission control system to operate as originalkigieed (for example
a breakdown of the reagent heating system undet cohditions
cannot be considered as an exception).

Determination of the emissions impact shall be grened on a stabilized
engine system in an engine dynamometer test celtording to the
demonstration procedures of this annex.

When such a demonstration would not be conclustganding criterion (d),
the manufacturer shall submit to the approval aitth@ppropriate design
elements such as good engineering practice, temhrgonsiderations,
simulations, test results, etc.

4.2.3. Monitoring frequency

Monitors shall run continuously, at any time wh#re monitoring conditions
are fulfilled, or once per operating sequence (emgmonitors that lead to an
increase of emission when it runs).

At the request of the manufacturer, the approvwahaity may approve
monitors that do not run continuously. In that case manufacturer shall
clearly inform the Approval Authority and descriliee conditions under
which the monitor runs and justify the proposal &gpropriate design
elements (such as good engineering practice).

The monitors shall run during the applicable OBBticycle as specified in
paragraph 7.2.2.

A monitor shall be regarded as running continuguslit runs at a rate not

less than twice per second and concludes the presanthe absence of the
failure relevant to that monitor within 15 secondéfsa computer input or

output component is sampled less frequently tharetywer second for engine
control purpose, a monitor shall also be regardedianing continuously, if

the system concludes the presence or the abserte dilure relevant to

that monitor each time sampling occurs.

3 The measured value shall be considered takingantmunt the relevant precision tolerance of the
test-cell system and the increased variabilithimtest results due to the malfunction.
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4.3.

4.4,

For components or systems monitored continuouslis not required to
activate an output component/system for the sotpgae of monitoring that
output component/system.

Requirements for recording OBD information

When a malfunction has been detected but is rnotgmfirmed, the possible
malfunction shall be considered as a "Potential DB@d accordingly a
"Pending DTC" status shall be recorded. A "PotémiBC" shall not lead to
an activation of the alert system according to giaajgh 4.6.

Within the first operating sequence, a malfunctitay be directly considered
"confirmed and active" without having been consédea "potential DTC". It
shall be given the "Pending DTC" and a "confirmad active DTC" status.

In case a malfunction with the previously actitatiss occurs again, that
malfunction may at the choice of manufacturer edly given the "Pending
DTC" and "confirmed and active DTC" status withbawing been given the
"potential DTC" status. If that malfunction is givehe potential status, it
shall also keep the previously active status dutimg time it is not yet

confirmed and active.

The monitoring system shall conclude whether afunation is present
before the end of the next operating sequencevioilpits first detection. At
this time, a "confirmed and active" DTC shall berst and the alert system
be activated according to paragraph 4.6.

In case of a recoverable MECS (i.e. the operagiotomatically returns to
normal and the MECS is de-activated at the nexinen@N), a "confirmed

and active" DTC need not be stored unless the MEC8&gain activated

before the end of the next operating sequencease of a non-recoverable
MECS, a "confirmed and active" DTC shall be stoasdsoon as the MECS is
activated.

In some specific cases where monitors need moa@ tiwo operating
sequences to accurately detect and confirm a neifum (e.g. monitors
using statistical models or with respect to flumhsumption on the vehicle),
the Approval Authority may permit the use of morean two operating
sequences for monitoring provided the manufactuistifies the need for the
longer period (e.g. by technical rationale, expenl results, in house
experience, etc.).

When a confirmed and active malfunction is no lordgtected by the system
during a complete operating sequence, it shallibenghe previously active
status by the start of the next operating sequandekeep that status until the
OBD information associated with this malfunctioreimsed by a scan tool or
erased from the computer memory according to papdgd.4.

Note: The requirements prescribed in this paragraph ibwstrated in
Appendix 2.

Requirements for erasing OBD information

DTC and the applicable information (inclusive #gsociated freeze frame)
shall not be erased by the OBD system itself froendomputer memory until
that DTC has been in the previously active statrsat least 40 warm-up
cycles or 200 engine operating hours, whichevemscdirst. The OBD
system shall erase all the DTCs and the applidabdéemation (inclusive the
associated freeze frame) upon request of a scaprtaamaintenance tool.
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4.5,

45.1.

4.5.2.

4.5.3.

4.5.4.

Requirements for malfunction classification

Malfunction classification specifies the class which a malfunction is
assigned, when such a malfunction is detected dicwpto the requirements
of paragraph 4.2. of this annex.

A malfunction shall be assigned to one classHteractual life of the vehicle
unless the authority that granted the certificate tbe manufacturer
determines that reclassification of that malfunci®necessary.

If a malfunction would result in a different clé#&sation for different
regulated pollutant emissions or for its impactotimer monitoring capability,
the malfunction shall be assigned to the class tthle#s precedence in the
discriminatory display strategy.

If an MECS is activated as a result of the detectif a malfunction, this
malfunction shall be classified based on either éh@ssion impact of the
activated MECS or its impact on other monitoringpatsility. The
malfunction shall then be assigned to the classtties precedence in the
discriminatory display strategy.

Class A malfunction

A malfunction shall be identified as Class A whére relevant OBD
threshold limits (OTLs) are assumed to be exceeded.

It is accepted that the emissions may not be ablw@®©TLs when this class
of malfunction occurs.

Class B1 malfunction

A malfunction shall be identified as Class B1 wheircumstances exist that
have the potential to lead to emissions being albeeOTLs but for which
the exact influence on emission cannot be estimatadl thus the actual
emissions according to circumstances may be abolelow the OTLs.

Examples of Class B1 malfunctions may include oraifions detected by
monitors that infer emission levels based on reggliof sensors or restricted
monitoring capability.

Class B1 malfunctions shall include malfunctiohattrestrict the ability of
the OBD system to carry out monitoring of ClassrB& malfunctions.

Class B2 malfunction

A malfunction shall be identified as Class B2 whcumstances exist that
are assumed to influence emissions but not toel that exceeds the OTL.

Malfunctions that restrict the ability of the OBBystem to carry out
monitoring of Class B2 malfunctions of shall bessified into Class B1 or
B2.

Class C malfunction

A malfunction shall be identified as Class C wiegmumstances exist that, if
monitored, are assumed to influence emissionsdatlevel that would not
exceed the regulated emission limits.

Malfunctions that restrict the ability of the OBBystem to carry out
monitoring of Class C malfunctions shall be claesdiinto Class B1 or B2.
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4.6.

4.6.1.

4.6.2.

Alert system

The failure of a component of the alert systemllshat cause the OBD
system to stop functioning.

MI specification

The malfunction indicator shall be a visual sigttet is perceptible under all
lighting conditions. The malfunction indicator shabmprise a yellow or
amber (as defined in UN/ECE Regulation No. 37) wagrsignal identified

by the 0640 symbol in accordance with ISO Stand&@D:2004.

Ml illumination schemes

Depending on the malfunction(s) detected by thddQBstem, the MI shall
be illuminated according to one of the activationd®s described in the
following table:

Activation mode 1

Activation mode 2

Activation ;8d

Activation mode 4

Class B malfunction

Class A malfunction

C(;rclg\lfzir:)s;]of No malfunction mz?l!‘if\sct(if)n and B1 counters or B1 counter
<200 h >200h
Key on engine . Discriminatory | Discriminatory display Discriminatory display
No display .
on display strategy strategy strategy
Key on engine Harmonized Harmonized Harmonized display| Harmonized display
off display strategy | display strategy strategy strategy

The display strategy requires the Ml to be acéidadccording to the class in
which a malfunction has been classified. This eggtshall be locked by
software coding that shall not be routinely avd#ala the scan tool.

The MI activation strategy at key on, engine off described in
paragraph 4.6.4.

Figures B1 and B2 illustrate the prescribed atitivastrategies at key on,
engine on or off.
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Figure B1
Bulb test and readiness indication

ENGINE ON ENGINE OFF

a) MI (bulb) functioning, no malfunction to repogind the readiness of all monitored componentsifdete”.

M On; I On.:PBuIb_Test Ready Mode 1 : No DTCs

& <

> O:

g 8

' H eparator
MI Off _ i ofch Separator | Separat { ]
Trip Duration 5s 10s 5s 58" 1s '5s

b) MI (bulb) functioning, no malfunction to reppdnd at least one component with readiness "noptate".

o “Ready Status” reporting is
O3 not supported while engine is on.

Trip Duration

C) MI (bulb) non operational

Trip Duration

1 Bulb Test

M| On es———

Not Ready

Mode 1 - No DTCs

Separator Separator

1 Bulb Test

10s 5s

5s” 1s '5s

10s 5s

5s Discriminatory
status
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Figure B.2
Malfunction display strategy: only the discriminatory strategy is applicable

WWH Harmonized
Non-Discriminatory System

Discriminatory System

ENGINE ON ENGINE OFF
d) Activation mode 4
MI O MI On §Bu|b Test Ready Mode 4 - Continuous Ml
n »
c o
9, I
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H Separator Separator
Ml Off MI Off =
Trip Duration 5s 10s 5s 5s
e) activation mode 3
H .
MI On == MI On +Bulb Test Ready Mode 3 - Short:MI
& >
i Q:
.L H Separator Separator
MI Off - 7 MI Offe= |
15 seconds 5s 10s 5s 5s 5s 5s
f) Activation mode 2
H Bulb Test Ready Mode 2 - On Deman M
MI One=—
MI On o
5 S
[e] a
3 XE Separator Separator
* MI Off== -
Ml Off 5s 10 55  °5s ' 3s \5s
9) Activation mode 4 with "not ready" status.
MI On { Bulb Test Not Ready Mode 4 - Continuous MI
- Ml OnT—
Q o
g i
MI Off zg Separator
MI Off =
Trip Duration 5s 10s 5s 5s
h) Activation mode 3 with "not ready" status.
1]
MI On : Bulb Test Not Ready Mode 3 - Short'MI
i Mi On-!—
o “Ready Status” reporting is &
B not supported while engine is on. q>,:
g 4 Se
H parator
MI Off =) MI Offs=
15 seconds 5s 10s 5s 5s 5s 5s
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4.6.3. MI activation at "engine on"

When the key is placed in the on position andehgine is started (engine
on), the MI shall be commanded off unless the mions of
paragraph 4.6.3.1. have been met.

4.6.3.1. Ml display strategy

For the purpose of activating the MlI, continuoukdtiall take precedence to
short-MI and on-demand-MI. For the purpose of atihng the Ml, short-Ml
shall take precedence to on-demand-Ml.




ECE/TRANS/WP.29/2012/45

4.6.3.1.1. Class A malfunctions

The OBD system shall command a continuous-Ml upborage of a
confirmed DTC associated with a Class A malfunction

4.6.3.1.2. Class B malfunctions

The OBD system shall command a "short-MI" at thextnkey-on event
following storage of a confirmed and active DTCaasated with a Class B
malfunction.

Whenever a B1 counter reaches 200 hours, the @B@rs shall command a
continuous-Ml.

4.6.3.1.3. Class C malfunctions

The manufacturer may make available informationCtesss C malfunctions
through the use of an on-demand-MI that shall zlable until the engine is
started.

4.6.3.1.4. MI de-activation scheme

The "continuous-MI" shall switch to a "short-MIf & single monitoring
event occurs and the malfunction that originalltiveted the continuous-Ml
is not detected during the current operating secgi@md a continuous-MI is
not activated due to another malfunction.

The "short-MI" shall be deactivated if the malftion is not detected during
the 3 subsequent sequential operating sequenckmwifty the operating
sequence when the monitor has concluded the abs#nttee considered
malfunction and the MI is not activated due to &eotClass A or B
malfunction.

Figures 1, 4A and 4B in Appendix 2 to this annéusirate respectively the
short and continuous MI deactivation in differesetcases.

4.6.4. MI activation at key-on/engine-off

The MI activation at key-on/engine-off shall catsiof two sequences
separated by a 5 seconds MI off:

(@) The first sequence is designed to provide alication of the Ml
functionality and the readiness of the monitorechponents;

(b)  The second sequence is designed to providendication of the
presence of a malfunction.

The second sequence is repeated until enginaitedt(engine-on) or the
key is set to the key-off position.

At the request of the manufacturer, this activatimay only occur once
during an operating sequence (for example in chstad-stop systems).

4.6.4.1. MI functionality/readiness

The MI shall show a steady indication for 5 secotalindicate that the Ml is
functional.

The MI shall remain at the off position for 10 sads.

4 An engine may be considered started during thekimg phase.
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4.6.4.2.

4.6.4.2.1.

4.6.4.2.2.

4.6.4.2.3.

4.6.4.2.4.

4.6.5.
4.6.5.1.
4.6.5.1.1.

The MI shall then remain at the on position f@egonds to indicate that the
readiness for all monitored components is complete.

The MI shall blink once per second for 5 seconadlsindicate that the
readiness for one or more of the monitored compisnemot complete.

The MI shall then remain off for 5 seconds.
Presence / absence of a malfunction

Following the sequence described in paragrapi4.6the Ml shall indicate

the presence of a malfunction by a series of flasbe a continuous
illumination, depending on the applicable activatimode, as described in
the following paragraphs; or the absence of a matfan by a series of
single flashes. When applicable, each flash cansita 1s Ml-on followed

by a one second MI-off, and the series of flashiisoe followed by a period

of four seconds with the Ml off.

Four activation modes are considered, where dmiivamode 4 shall take
precedence over activation modes 1, 2 and 3, gictivanode 3 shall take
precedence over activation modes 1 and 2, andagictivmode 2 shall take
precedence over activation mode 1.

Activation mode 1 - absence of malfworcti
The MI shall blink for one flash.
Activation mode 2 - "On-demand-MI"

The MI shall show blink for two flashes if the OBYstem would command
an on-demand-MI according to the discriminatorypliiy strategy described
in paragraph 4.6.3.1.

Activation mode 3 - "short-MI"

The MI shall blink for three flashes if the OBDssgm would command a
short-MI according to the discriminatory displayraségy described in
paragraph 4.6.3.1.

Activation mode 4 - "continuous-MI"

The MI shall remain continuously ON ("continuousg*Mf the OBD system
would command a continuous-MI according to the rilisinatory display
strategy described in paragraph 4.6.3.1.

Counters associated with malfunctions
MI counters
Continuous-MI Counter

The OBD system shall contain a continuous-MI ceuid record the number
of hours during which the engine has been openatelg a continuous-Ml is
activated.

The continuous-MI counter shall count up to theximaim value provided in
a 2 byte counter with 1 hour resolution and holdt thalue unless the
conditions allowing the counter to be reset to zFmet.

The continuous-MI counter shall operate as follows

(@) If starting from zero, the continuous-MI counsdall begin counting
as soon as a continuous-Ml is activated;
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Figure C1

(b)

(©

(d)

(e)

The continuous-MI counter shall halt and hatdgresent value when
the continuous-Ml is no longer activated;

The continuous-MI counter shall continue coogtfrom the point at
which it had been held if a malfunction that resifta continuous-MI
is detected within 3 operating sequences;

The continuous-MI counter shall start againrtng from zero when
a malfunction that results in a continuous-MI isted¢ed after 3
operating sequences since the counter was last held

The continuous-MI counter shall be reset t@ zenen:

0] No malfunction that results in a continuous-hl detected
during 40 warm-up cycles or 200 engine operatingrhisince
the counter was last held whichever occurs finst; o

(i)  The OBD scan tool commands the OBD Systeml¢arcOBD
information.

lllustration of the MI counters activation principl es

»
»

cumulative Ml
counter

Continuous-MI
counter

Continuou-MI

3 op. sequences 40 op. sequences
 or 200 op. hours

<3 op. >3 op. ~ > 40 op. R
gequenceg sequences - sequences '
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Figure C2
lllustration of the B1 counter activation principles
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4.6.5.1.2. Cumulative continuous-MI counter

The OBD system shall contain a cumulative contirsabll counter to record
the cumulative number of hours during which theieadras been operated
over its life while a continuous-Ml is activated.

The cumulative continuous-MI counter shall couptto the maximum value
provided in a 2-byte counter with 1 hour resolutéord hold that value.

The cumulative continuous-MI counter shall not feset to zero by the
engine system, a scan tool or a disconnectionbatizry.

The cumulative continuous-MI counter shall opeestéollows:

(@)  The cumulative continuous-MI counter shall Imegpounting when the
continuous-MlI is activated;

(b)  The cumulative continuous-MI counter shall Faid hold its present
value when the continuous-MI is no longer activated

(c)  The cumulative continuous-MI counter shall come counting from
the point it had been held when a continuous-Micisvated.

Figure C1 illustrates the principle of the cumiviatcontinuous-MI counter
and Appendix 2 contains examples that illustragel digic.
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4.6.5.2.
4.6.5.2.1.

4.6.5.2.2.

4.7.
4.7.1.

Counters associated with Class B1 malfonst
Single B1-counter

The OBD system shall contain a B1 counter to me¢be number of hours
during which the engine has operated while a CB&smalfunction is
present.

The B1 counter shall operate as follows:

(@ The B1 counter shall begin counting as soonaa<lass Bl
malfunction is detected and a confirmed and acbBMeC has been
stored,;

(b)  The B1 counter shall halt and hold its preseite if no Class B1
malfunction is confirmed and active, or when allagd Bl
malfunction have been erased by a scan tool;

(c)  The B1 counter shall continue counting from g@nt it had been
held if a subsequent Class B1 malfunction is detkatithin 3
operating sequences.

In the case where the B1 counter has exceededr#fl@e running hours, the
OBD system shall set the counter to 190 engineingnimours when the OBD
system has determined that a Class B1 malfuncsamoilonger confirmed
and active, or when all Class B1 malfunctions hbgen erased by a scan
tool. The B1 counter shall begin counting from E@ine running hours if a
subsequent Class B1 malfunction is present withoperating sequences.

The B1 counter shall be reset to zero when thresecutive operating
sequences have occurred during which no Class Bflimeéions have been
detected.

Note: The B1 counter does not indicate the number ofrenginning hours
with a single Class B1 malfunction present.

The B1 counter may accumulate the number of hoti&s or more different
Class B1 malfunctions, none of them having readhedtime the counter
indicates.

The B1 counter is only intended to determine wtiencontinuous-MI shall
be activated.

Figure C2 illustrates the principle of the B1 ctarrand Appendix 2 contains
examples that illustrate the logic.

Multiple B1-counters

A manufacturer may use multiple B1 counters. lat tase the system shall
be capable of assigning a specific B1 counter ¢t €dass B1 malfunction.

The control of the specific B1 counter shall falldhe same rules as the
single B1 counter, where each specific B1 courttafl &egin counting when
the assigned Class B1 malfunction is detected.

OBD information
Recorded information

The information recorded by the OBD system shallavailable upon off-
board request in the following packages manner:

(a) Information about the engine state;
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4.7.1.1.

4.7.1.2.

(b) Information about active emission-related madtions;
(c) Information for repair.
Information about the engine state

This information will provide an enforcement agghwith the malfunction
indicator status and associated data (e.g. conts¥ul counter, readiness).

The OBD system shall provide all information (actog to the applicable
standard set in Appendix 6) for the external ragelsiheck test equipment to
assimilate the data and provide an enforcementtagéh the following
information:

(a) Discriminatory/non-discriminatory display segy;
(b)  The VIN (vehicle identification number);

(c) Presence of a continuous-Mil;

(d)  The readiness of the OBD system;

(e)  The number of engine operating hours duringctviai continuous-MlI
was last activated (continuous-MI counter).

This information shall be read only access (iceclearing).
Information about active emission-relatadfunctions

This information will provide any inspection staif with a subset of engine
related OBD data including the malfunction indicastatus and associated
data (MI counters), a list of active/confirmed roal€tions of classes A and B
and associated data (e.g. B1-counter).

The OBD system shall provide all information (aating to the applicable
standard set in Appendix 6) for the external insipactest equipment to
assimilate the data and provide an inspector wighfollowing information:

(@  The gtr (and revision) number, to be integramto Regulation No. 49
type-approval marking;

(b)  Discriminatory/ non-discriminatory display s&gy;
(c)  The VIN (vehicle identification number);

(d)  The Malfunction Indicator status;

(e)  The Readiness of the OBD system;

) Number of warm-up cycles and number of engimperating hours
since recorded OBD information was last cleared;

(@  The number of engine operating hours duringcWla continuous-Ml
was last activated (continuous-MI counter);

(h)  The cumulated operating hours with a contindgiis(cumulative
continuous-MI counter);

® A typical use of this information package may beestablish basic emission road-worthiness of the

engine system.

® A typical use of this information package may bestablish detailed understanding of the emission

road-worthiness of the engine system.
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4.7.1.3.

0
(k)
o

(m)
(n)

The value of the B1 counter with the highestmiver of engine
operating hours;

The confirmed and active DTCs for Class A matftions;

The confirmed and active DTCs for Classes B (Bid B2)
malfunctions;

The confirmed and active DTCs for Class B1 matftions;
The software calibration identification(s);

The calibration verification number(s).

This information shall be read only access (iceclearing).

Information for repair

This information will provide repair technicianstiwall OBD data specified
in this annex (e.g. freeze frame information).

The OBD system shall provide all information (acting to the applicable
standard set in Appendix 6) for the external repaist equipment to
assimilate the data and provide a repair technicidth the following

information:

(@  gtr (and revision) number, to be integrated iRtegulation No. 49
type-approval marking;

(b)  VIN (vehicle identification number);

(c)  Malfunction indicator status;

(d) Readiness of the OBD system;

(e) Number of warm-up cycles and number of engiperating hours
since recorded OBD information was last cleared;

) Monitor status (i.e. disabled for the rest bistdrive cycle complete
this drive cycle, or not complete this drive cychkdice last engine
shut-off for each monitor used for readiness status

(@ Number of engine operating hours since the umalion indicator has
been activated (continuous M| counter);

(h)  Confirmed and active DTCs for Class A malfuoct;

0] Confirmed and active DTCs for Classes B (B1 &2) malfunctions;

0] Cumulated operating hours with a continuous-Ntumulative
continuous-MI counter);

(k) Value of the B1 counter with the highest numbg&engine operating
hours;

0] Confirmed and active DTCs for Class Bl malfuos and the
number of engine operating hours from the B1-cays)e

(m) Confirmed and active DTCs for Class C malfuons;

(n)  Pending DTCs and their associated class;

(o)  Previously active DTCs and their associateds;la

(p)  Real-time information on OEM selected and sufgzbsensor signals,

internal and output signals (see paragraph 4.A® Appendix 5);

303



ECE/TRANS/WP.29/2012/45

304

4.7.1.4.

4.7.15.

4.7.1.5.1.

(q) Freeze frame data required by this annex (seagpaph 4.7.1.4. and
Appendix 5);

n Software calibration identification(s);
(s) Calibration verification number(s).

The OBD system shall clear all the recorded malions of the engine
system and related data (operating time informaticeeze frame, etc.) in
accordance with the provisions of this annex, wties request is provided
via the external repair test equipment accordintpéoapplicable standard set
in Appendix 6.

Freeze frame information

At least one "freeze frame" of information shadl stored at the time that
either a potential DTC or a confirmed and activeTB stored at the
decision of the manufacturer. The manufacturerliewad to update the
freeze frame information whenever the pending D3 Gdtected again.

The freeze frame shall provide the operating dams of the vehicle at the
time of malfunction detection and the DTC assodatath the stored data.
The freeze frame shall include the information aswa in Table 1 in

Appendix 5 of this annex. The freeze frame shabahclude all of the

information in Tables 2 and 3 of Appendix 5 of thisnex that are used for
monitoring or control purposes in the specific cohunit that stored the
DTC.

Storage of freeze frame information associatedh &itClass A malfunction
shall take precedence over information associatéth va Class Bl
malfunction which shall take precedence over infmion associated with a
Class B2 malfunction and likewise for informatiossaciated with a Class C
malfunction. The first malfunction detected shalké precedence over the
most recent malfunction unless the most recentunation is of a higher
class.

In case a device is monitored by the OBD systethiamot be covered by
Appendix 5 the freeze frame information shall imgu elements of
information for the sensors and actuators of tlegick in a way similar to
those described in Appendix 5. This shall be suleahifor approval by the
Approval Authority at the time of approval.

Readiness

With the exceptions specified in paragraphs 45711, 4.7.1.5.2. and
4.7.1.5.3., a readiness shall only be set to "cetaplwhen a monitor or a
group of monitors addressed by this status have amgh concluded the
presence (that means stored a confirmed and &afi¥®) or the absence of
the failure relevant to that monitor since the lasasing by an external
request or command (for example through an OBD -toal). Readiness
shall be set to "not complete" by erasing the faudde memory (see
paragraph 4.7.4.) by an external request or comr(fanéxample through an
OBD scan-tool).

Normal engine shutdown shall not cause the readiteechange.

The manufacturer may request, subjectapproval by the Approval
Authority, that the ready status for a monitor le¢ ® indicate "complete"
without the monitor having run and concluded thespnce or the absence of
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the failure relevant to that monitor, if monitoriig disabled for a multiple
number of operating sequences (minimum 9 operas@guences or 72
operation hours) due to the continued presence xtferee operating
conditions (e.g. cold ambient temperatures, higitudes). Any such request
must specify the conditions for monitoring systemsabdlement and the
number of operating sequences that would pass witim@nitor completion
before ready status would be indicated as "compldiee extreme ambient
or altitude conditions considered in the manufaatarrequest shall never be
less severe than the conditions specified by thiaea for temporary
disablement of the OBD system

4.7.1.5.2. Monitors subject to readiness

Readiness shall be supported for each of the wrsndr groups of monitors
that are identified in this annex and that are ireguwhen and by referring to
this annex, with the exception of items 11 and 12Appendix 3 to this
annex.

4.7.1.5.3. Readiness for continuous monitors

Readiness of each of the monitors or groups ofitmienthat are identified in
items 1, 7 and 10 of Appendix 3 to this annex, msglwhen and by
referring to this annex, and that are consideredhiy annex as running
continuously, shall always indicate "complete".

4.7.2. Data stream information

The OBD system shall make available to a scan btooteal time the
information shown in Tables 1 to 4 in Appendix &h& annex, upon request
(actual signal values should be used in favounuafogate values).

For the purpose of the calculated load and torpaeameters, the OBD
system shall report the most accurate values tteatalculated within the
applicable electronic control unit (e.g. the enginatrol computer).

Table 1 in Appendix 5 gives the list of mandat@BD information relating
to the engine load and speed.

Table 3 in Appendix 5 shows the other OBD inforimratwhich must be
included if used by the emission or OBD systemriabde or disable any
OBD monitors.

Table 4 in Appendix 5 shows the information whish required to be
included if the engine is so equipped, senses louleges the informatidn
At the decision of the manufacturer, other freermme or data stream
information may be included.

In case a device is monitored by the OBD systenh iannot covered by
Appendix 5 (e.g. SCR), the data-stream informasieall include elements of
information for the sensors and actuators of tiegick in a way similar to
those described in Appendix 5. This shall be suiechifor approval by the
Approval Authority at the time of approval.

7 ltis not required to equip the engine for theegmiirpose of providing the information data mergibn
in Tables 3 and 4 of Annex 5.
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4.7.3. Access to OBD information

Access to OBD information shall be provided omyaccordance with the
standards mentioned in Appendix 6 to this annex #uedfollowing sub-
paragraph%

Access to the OBD information shall not be depahda any access code or
other device or method obtainable only from the wufacturer or its
suppliers. Interpretation of the OBD informatioramot require any unique
decoding information, unless that information idlxly available.

A single access method (e.g. a single access/poitd) to OBD information
shall be supported to retrieve all OBD informatidhis method shall permit
access to the complete OBD information requiredhisyannex. This method
shall also permit access to specific smaller infttion packages as defined
in this annex (e.g. road worthiness informationkages in case of emission
related OBD).

Access to OBD information shall be provided usiigleast one of the
following series of standards mentioned in Appergiix

(@)  1SO 27145 with ISO 15765-4 (CAN-based);
(b)  1SO 27145 with I1SO 13400 (TCP/IP-based);
(c) SAE J1939-73.

Manufacturers shall use appropriate 1ISO or SAHReef fault codes (for
example, POxxx, P2xxx, etc.) whenever possiblsutth identification is not
possible, the manufacturer may use diagnostic teoctdes according to the
relevant clauses in 1ISO 27145 or SAE J1939. Th €mdes must be fully
accessible by standardized diagnostic equipment pyamg with the
provisions of this annex.

The manufacturer shall provide the ISO or SAE stagidation body through
the appropriate 1ISO or SAE process with emissideted diagnostic data not
specified by ISO 27145 or SAE J1939 but relatethimannex.

Access to OBD information shall be possible by theans of a wired
connection.

OBD data shall be provided by the OBD system uggiuest using scan tool
that complies with the requirements of the applieatandards mentioned in
Appendix 6 (communication with external tester).

4.7.3.1. CAN based wired communication

The communication speed on the wired data linkhefOBD system shall be
either 250 kbps or 500 kbps.

It is the manufacturer's responsibility to sebbet baud-rate and to design the
OBD system according to the requirements specifiedthe standards
mentioned in Appendix 6, and referred to in thise&n The OBD system
shall be tolerant against the automatic detecteiwéen these two baud-rates
exercised by the external test equipment.

8 The manufacturer is allowed to use an additionaboard diagnostic display, such as a dashboard
mounted video display device, for providing acdes®BD information. Such an additional device is
not subject to the requirements of this annex.
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The connection interface between the vehicle hAedekternal diagnostic test
equipment (e.g. scan-tool) shall be standardiset shall meet all of the
requirements of 1SO 15031-3 Type A (12 VDC powepmy), Type B
(24 VDC power supply) or SAE J1939-13 (12 or 24 Vpawer supply).

4.7.3.2. Reserved for TCP/IP (Ethernet) based witedmunication.
4.7.3.3. Connector location

The connector shall be located in the driver's dmbt-well region of the

vehicle interior in the area bound by the driveite of the vehicle and the
driver's side edge of the centre console (or theiclee centreline if the

vehicle does not have a centre console) and atadiém no higher than the
bottom of the steering wheel when in the lowesustdjble position. The

connector may not be located on or in the centresae (i.e. neither on the
horizontal faces near the floor-mounted gear setepiarking brake lever, or
cup holders nor on the vertical faces near theesteadio, climate system, or
navigation system controls). The location of tharerctor shall be capable of
being easily identified and accessed (e.g. to atnae off-board tool). For

vehicles equipped with a driver's side door, theneator shall be capable of
being easily identified and accessed by someonwisig (or "crouched")

outside the driver's side of the vehicle with theet's side door open.

The Approval Authority may approve upon requesthef manufacturer an
alternative location provided the installation posi shall be easily
accessible and protected from accidental damagegloormal conditions of
use, e.g. the location as described in ISO 1508&ssef standards.

If the connector is covered or located in a speefuipment box, the cover
or the compartment door must be removable by hatitbut the use of any
tools and be clearly labelled "OBD" to identify tlegation of the connector.

The manufacturer may equip vehicles with additiatiagnostic connectors
and data-links for manufacturer-specific purposésemthan the required
OBD functions. If the additional connector confortosone of the standard
diagnostic connectors allowed in Appendix 6, otilg tonnector required by
this annex shall be clearly labelled "OBD" to digflish it from other similar
connectors.

4.7.4. Erasing / resetting OBD information by anstzol

On request of the scan tool, the following datalldbe erased or reset to the
value specified in this annex from the computer mgm

OBD information data Erasable Resetable
Malfunction indicator status X
Readiness of the OBD system X

Number of engine operating hours since the
malfunction indicator has been activated X
(continuous MI counter)

All DTCs X

® To the value specified in the appropriate seatibthis annex.
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4.8.

4.9.

OBD information data Erasable Resetable
The value of the B1 counter with the highest X
number of engine operating hours

The number of engine operating hours from X

the B1-counter(s)

The freeze frame data requested by this annpex X

OBD information shall not be erased by disconmectof the vehicle's
battery(s).

Electronic security

Any vehicle with an emission control unit must lude features to deter
modification, except as authorized by the manufactuThe manufacturer
shall authorize modifications if these modificasoare necessary for the
diagnosis, servicing, inspection, retrofitting epair of the vehicle.

Any reprogramable computer codes or operatingmerers shall be resistant
to tampering and afford a level of protection askeas good as the provisions
in 1SO 15031-7 (SAE J2186) or J1939-73 providedt thee security
exchange is conducted using the protocols and d&ignconnector as
prescribed in this annex. Any removable calibratimemory chips shall be
potted, encased in a sealed container or protdzyeelectronic algorithms
and shall not be changeable without the use of ialmed tools and
procedures.

Computer-coded engine operating parameters shatll be changeable
without the use of specialised tools and proced(ees soldered or potted
computer components or sealed (or soldered) compatdosures).

Manufacturers shall take adequate steps to priteanaximum fuel delivery
setting from tampering while a vehicle is in-seevic

Manufacturers may apply to the Approval Authoffity an exemption from
one of these requirements for those vehicles thatualikely to require
protection. The criteria that the Approval Authgriwill evaluate in
considering an exemption will include, but are fotited to, the current
availability of performance chips, the high-perfamoe capability of the
vehicle and the projected sales volume of the Vehic

Manufacturers using programmable computer codéesys (e.g. electrical
erasable programmable read-only memory, EEPROM)II slkigter
unauthorized reprogramming. Manufacturers shalupie enhanced tamper-
protection strategies and write protect featuregliireng electronic access to
an off-site computer maintained by the manufactubdternative methods
giving an equivalent level of tamper protection niag approved by the
Approval Authority

Durability of the OBD system

The OBD system shall be designed and construatedssto enable it to
identify types of malfunctions over the complefe bf the vehicle or engine
system.



ECE/TRANS/WP.29/2012/45

5.2.

5.2.1.

5.2.2.

Any additional provisions addressing the durapilif OBD systems are
contained in this annex.

An OBD system shall not be programmed or otherwlisgigned to partially
or totally deactivate based on age and/or miledgie vehicle during the
actual life of the vehicle, nor shall the systemrmtain any algorithm or
strategy designed to reduce the effectivenesseoDBD system over time.

Performance requirements
Thresholds

The OTLs for the applicable monitoring criteriafided in Appendix 3 are
defined in the main part of this Regulation

Temporary disablement of the OBD system

Approval authorities may approve that an OBD gystbe temporarily
disabled under the conditions specified in theofsihg sub-paragraphs.

At the time of type-approval, the manufacturerlisheovide the Approval
Authority with the detailed description of each tiie OBD system's
temporary disablement strategies and the data medfineering evaluation
demonstrating that monitoring during the applicabtnditions would be
unreliable or impractical.

In all cases, monitoring shall resume once thelitioms justifying temporary
disablement are no longer present.

Engine/vehicle operational safety

Manufacturers may request approval to disableaffected OBD monitoring
systems when operational safety strategies aresded.

The OBD monitoring system is not required to eatducomponents during
malfunction if such evaluation would result in akrito the safe use of the
vehicle.

Ambient temperature and altitude conditions
Manufacturers may request approval to disable Gfdem monitors:

(@) at ambient temperatures below 266 K (-7 degBsius) in the case
where the coolant temperature has not reached amonim
temperature of at least 333 K (60 degrees Celsius);

(b)  at ambient temperatures below 266K (-7 degf&ssius) in the case
of frozen reagent; or

(c)  atambient temperatures above 308 K (35 dsdtedsius); or
(d) atelevations above 2,500 meters above sed lev

A manufacturer may further request approval thha®8D system monitor be
temporarily disabled at other ambient temperatamed altitude conditions
upon determining that the manufacturer has demetestiwith data and/or an
engineering evaluation that misdiagnosis would ocati those ambient
conditions because of its effect on the compontsalfi (e.g. component
freezing, effect on the compatibility with sensoletances).

Note: Ambient conditions may be estimated by indirecetmods. For
example ambient temperature conditions may be mé@ted based on intake
air temperature.
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5.2.3. Low fuel level
Manufacturers may request approval to disable toong systems that are
affected by low fuel level / pressure or running oifuel (e.g. diagnosis of a
malfunction of the fuelling system or misfiring) fdlows:
Diesel Gas
NG LPG
(@)  The low fuel level considered for such a disai#nt
shall not exceed 100 litres or 20 per cent of the X X
nominal capacity of the fuel tank, whichever is éw|
(b)  The low fuel pressure in the tank consideredsteh
a disablement shall not exceed 20 per cent of the X
usable range of fuel tank pressure.
5.2.4. Vehicle battery or system voltage levels
Manufacturers may request approval to disable taong systems that can
be affected by vehicle battery or system voltagelte
5.2.4.1. Low voltage
For monitoring systems affected by low vehicletdrgt or system voltages,
manufacturers may request approval to disable miong systems when the
battery or system voltage is below 90 per cenhefrtominal voltage (or 11.0
volts for a 12 volt battery, 22.0 volts for a 24ltvbattery). Manufacturers
may request approval to utilize a voltage threshmigher than this value to
disable system monitoring.
The manufacturer shall demonstrate that monitoainipe voltages would be
unreliable and that either operation of a vehicidolw the disablement
criteria for extended periods of time is unlikelytbe OBD system monitors
the battery or system voltage and will detect afumation at the voltage used
to disable other monitors.
5.2.4.2. High voltage
For emission related monitoring systems affectgdhigh vehicle battery or
system voltages, manufacturers may request apptowdisable monitoring
systems when the battery or system voltage excgedanufacturer-defined
voltage.
The manufacturer shall demonstrate that monitoaingve the manufacturer-
defined voltage would be unreliable and that eittier electrical charging
system/alternator warning light is illuminated {@itage gauge is in the "red
zone") or the OBD system monitors the battery mtesy voltage and will
detect a malfunction at the voltage used to disatiler monitors.
5.2.5. Active PTO (power take-off units)

The manufacturer may request approval to tempyrafisable affected
monitoring systems in vehicles equipped with a PUAt, under the
condition where that PTO unit is temporarily active



ECE/TRANS/WP.29/2012/45

5.2.6.

5.2.7.

5.2.8.

6.1.

6.1.1.

Forced regeneration

The manufacturer may request approval to disahle affected OBD
monitoring systems during the forced regeneratibraro emission control
system downstream of the engine (e.g. a particfiltee).

Auxillary Emissions Strategy (AES)

The manufacturer may request approval to disalB® @ystem monitors
during the operation of an AES, including MECS, endonditions not
already covered in paragraph 5.2. if the monitodapgability of a monitor is
affected by the operation of an AES.

Re-fuelling

After a refuelling, the manufacturer of a gasefusdled vehicle may
temporarily disable the OBD system when the systa® to adapt to the
recognition by the ECU of a change in the fuel fiyand composition.

The OBD system shall be re-enabled as soon aeeWefuel is recognized
and the engine parameters are readjusted. Thislelisant shall be limited to
a maximum of 10 minutes.

Demonstration requirements

The basic elements for demonstrating the compdiari@an OBD system with
the requirements of this annex are as follows:

(a) Procedure for selecting the OBD-parent engiystesn. The OBD-
parent engine system is selected by the manufacturagreement
with the Approval Authority;

(b)  Procedure for demonstrating the classificattbra malfunction. The
manufacturer submits to the Approval Authority tassification of
each malfunction for that OBD-parent engine systamd the
necessary supporting data in order to justify edabsification;

(c)  Procedure for qualifying a deteriorated compiwn&he manufacturer
shall provide, on request of the Approval Authagrigeteriorated
components for OBD testing purposes. These compsnane
qualified on the basis of supporting data providég the
manufacturer;

(d)  Procedure for selecting the reference fuebisecof a gas engine.
Emission-OBD family

The manufacturer is responsible for determining ttomposition of an
emission-OBD family. Grouping engine systems withim emission-OBD
family shall be based on good engineering judgenssmt be subject to
approval by the Approval Authority.

Engines that do not belong to the same enginelyamay still belong to the
same emission-OBD family.

Parameters defining an emission-OBD family

An emission-OBD family is characterised by basé&sign parameters that
shall be common to engine systems within the family

In order that engine systems are considered tongeto the same OBD-
engine family, the following list of basic paramatshall be similar:
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6.1.2.

6.2.

(a) Emission control systems;

(b)  Methods of OBD monitoring;

(c)  Criteria for performance and component monitgyi
(d)  Monitoring parameters (e.g. frequency).

These similarities shall be demonstrated by theufscturer by means of
relevant engineering demonstration or other apjmtgprprocedures and
subject to the approval of the Approval Authority.

The manufacturer may request approval by the AggrAuthority of minor
differences in the methods of monitoring/diagnosthg engine emission
control system due to engine system configuratianation, when these
methods are considered similar by the manufacamdr

(@)  They differ only to match specificities of thensidered components
(e.g. size, exhaust flow, etc.); or

(b)  Their similarities are based on good enginegjitigement.
OBD-parent engine system

Compliance of an emission-OBD family with the regments of this annex
is achieved by demonstrating the compliance of @&D-parent engine
system of this family.

The selection of the OBD-parent engine systemaderby the manufacturer
and subject to the approval of the Approval Auttyori

Prior to testing the Approval Authority may decide request the
manufacturer to select an additional engine for aiestration.

The manufacturer may also propose to the Approvathority to test
additional engines to cover the complete emissi&D@amily.

Procedures for demonstrating the malfunctlassification

The manufacturer shall provide the documentatiastifying the proper
classification of each malfunction to the Apprové&uthority. This
documentation shall include a failure analysis @ample elements of a
"failure mode and effect analysis") and may alsiuide:

(a) Simulation results;
(b)  Testresults;
(c) Reference to previously approved classification

In the following paragraphs the requirements femdnstrating the correct
classification are listed, including requirements festing. The minimum
number of tests is four and the maximum numberesfstis four times the
number of engine families considered within the sioin OBD family. The
Approval Authority may decide to curtail the testeamy time before this
maximum number of failure tests has been reached.

In specific cases where the classification tesisnigot possible (for example,
if an MECS is activated and the engine cannot henapplicable test, etc.),
the malfunction may be classified based on technjgstification. This
exception shall be documented by the manufactundr ia subject to the
agreement of the Approval Authority.
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6.2.1. Demonstration of classification into Class A

The classification by the manufacturer of a mattion into Class A shall not
be subject to a demonstration test.

If the Approval Authority disagrees with a manufaer's classification of a
malfunction as Class A, the Approval Authority reqs the classification of
the malfunction into Class B1, B2 or C, as apprateri

In that case the approval document shall recomt the malfunction
classification has been assigned according to ¢geest of the Approval
Authority.

6.2.2. Demonstration of classification into Clask @istinguishing between A and
B1)

In order to justify the classification of a malfition into Class Bl the
documentation shall clearly demonstrate that, innesaxircumstancég, the
malfunction results in emissions that are lowenttiee OTLs.

In the case that the Approval Authority requires @mission test for
demonstrating the classification of a malfunctiontoi Class Bl the
manufacturer shall demonstrate that the emissiares td that particular
malfunction are, in selected circumstances, bel@evQTLs:

(@)  The manufacturer selects the circumstancedeoftdast in agreement
with the Approval Authority;

(b)  The manufacturer shall not be required to destrate that in other
circumstances the emissions due to the malfunetieractually above
the OTLs.

If the manufacturer fails to demonstrate the d&sdion as Class B1, the
malfunction is classified as Class A.

6.2.3. Demonstration of classification into Clags(Bistinguishing between B2 and
B1)

If the Approval Authority disagrees with a manutaer's classification of a

malfunction as Class B1 because it considers teaOITLs are not exceeded,
the Approval Authority requires the reclassificatiof that malfunction into

Class B2 or C. In that case the approval documsh#dl record that the

malfunction classification has been assigned adegrtb the request of the
Approval Authority.

6.2.4. Demonstration of classification into Clags(Bistinguishing between B2 and
B1)

In order to justify the classification of a malfition into Class B2 the
manufacturer shall demonstrate that emissionsoaverlthan the OTLs.

In case the Approval Authority disagrees with tbkassification of a
malfunction as Class B2 because it considers tigaOfTLs are exceeded, the
manufacturer may be required to demonstrate byngeshat the emissions
due to the malfunction are below the OTLs. If thesttfails, then the
Approval Authority shall require the reclassifieatiof that malfunction into

10 Examples of circumstances that may influence if when OTLs are exceeded are the age of the
engine system or whether the test is conductedavitaw or aged component.
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6.2.5.

6.2.6.

6.3.

6.3.1.

A or B1 and the manufacturer shall subsequentlyatestnate the appropriate
classification and the documentation shall be wgdiat

Demonstration of classification into Clas2 @listinguishing between B2
and C)

If the Approval Authority disagrees with a manutaer's classification of a

malfunction as Class B2 because it considers thelated emission limits

are not exceeded, the Approval Authority requitesreclassification of that

malfunction into Class C. In that case the appral@uments shall record
that the malfunction classification has been assigiccording to the request
of the Approval Authority.

Demonstration of classification into Class C

In order to justify the classification of a malfition into Class C the
manufacturer shall demonstrate that emissionsawerlthan the regulated
emission limits.

In case the Approval Authority disagrees with tbkassification of a
malfunction as Class C the manufacturer may beiredjio demonstrate by
testing that the emissions due to the malfunction lzelow the regulated
emission limits.

If the test fails, then the Approval Authority $h@quest the reclassification
of that malfunction and the manufacturer shall sgbgntly demonstrate the
appropriate reclassification and the documentatail be updated.

Procedures for demonstrating the OBD perfornaan

The manufacturer shall submit to the Approval Awity a complete
documentation package justifying the compliancettef OBD system as
regards its monitoring capability, which may inatud

(@)  Algorithms and decision charts;
(b)  Tests and/or simulation results;
(c) Reference to previously approved monitoringtems, etc.

i- In the following paragraphs the requirements fomdaestrating the
OBD performance are listed, including requiremédatgesting. The number
of tests shall be four times the number of engamailies considered within
the emission OBD family, but shall not be less taayint.

The monitors selected shall reflect the differigpies of monitors mentioned
in paragraph 4.2. (i.e. emission threshold momtpri performance
monitoring, total functional failure monitoring, somponent monitoring) in
a well balanced manner. The monitors selected skl reflect the different
items listed in Appendix 3 to this annex in a wielanced manner.

Procedures for demonstrating the OBD peréorce by testing

In addition to the supporting data referred to paragraph 6.3., the
manufacturer shall demonstrate the proper mongodh specific emission
control systems or components by testing them oneagine test-bed
according to the test procedures specified in papig7.2. of this annex.

In that case, the manufacturer shall make availgi® qualified deteriorated
components or the electrical device which would used to simulate a
malfunction.
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6.3.2.

6.3.2.1.

6.3.2.1.1.

6.3.2.1.2.

6.3.2.1.3.

6.3.2.2.

6.3.2.3.

The proper detection of the malfunction by the O8Btem and its proper
response to that detection (cf. Ml indication, DE@rage, etc.) shall be
demonstrated according to paragraph 7.2.

Procedures for qualifying a deteriorated jponent (or system)

This paragraph applies to the cases where theunwibn selected for an
OBD demonstration test is monitored against tadpgmission’s (emission
threshold monitoring - see paragraph 4.2.) andsitrequired that the
manufacturer demonstrates, by an emission testgqtiadification of that
deteriorated component.

In very specific cases the qualification of deieated components or systems
by testing may not be possible (for example, iMEECS is activated and the
engine cannot run the applicable test, etc.). kchstases, the deteriorated
component shall be qualified without testing. Thégception shall be
documented by the manufacturer and is subject ¢oatpreement of the
Approval Authority.

Procedure for qualifying a deterioratedhponent used to demonstrate the
detection of classes A and B1 malfunctions

Emission threshold monitoring

In the case the malfunction selected by the Apgrdwthority results in
tailpipe emissions that may exceed an OBD threshwiit, the manufacturer
shall demonstrate by an emission test accordinga@graph 7. that the
deteriorated component or device does not resuthénrelevant emission
exceeding its OTL by more than 20 per cent.

Performance monitoring

At the request of the manufacturer and with theeagrent of the Approval
Authority, in the case of performance monitoringg OTL may be exceeded
by more than 20 per cent. Such request shall b#igason a case by case
basis.

Component monitoring

In the case of component monitoring, a deterioratemponent is qualified
without reference to the OTL.

Qualification of deteriorated componergsdito demonstrate the detection of
Class B2 malfunctions

In the case of Class B2 malfunctions, and upomuestof the Approval

Authority, the manufacturer shall demonstrate byeanission test according
to paragraph 7. that the deteriorated componemnievice does not lead the
relevant emission to exceed its applicable OTL.

Qualification of deteriorated componergsdito demonstrate the detection of
Class C malfunctions

In the case of Class C malfunctions, and upon eggof the Approval
Authority, the manufacturer shall demonstrate byeanission test according
to paragraph 7. that the deteriorated componemntevice does not lead the
relevant emission to exceed its applicable regdlataission limit.

11 This paragraph will be extended to other monitbas emission threshold monitors at a later stage.
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6.3.3.

6.4.

6.4.1.

6.4.2.

6.5.

Test report

The test report shall contain, at a minimum, théorimation set out in
Appendix 4.

Approval of an OBD system containing deficiesc

Approval authorities may approve upon regoés manufacturer an OBD
system even though the system contains one or dafigencies.

In considering the request, the Approval Authoshall determine whether
compliance with the requirements of this annexeasible or unreasonable.

The Approval Authority shall take into consideosti data from the
manufacturer that details such factors as, but limited to, technical
feasibility, lead time and production cycles indhgl phase-in or phase-out
of engines designs and programmed upgrades of demspuhe extent to
which the resultant OBD system will be effective domplying with the
requirements of this annex and that the manufactuas demonstrated an
acceptable level of effort toward meeting the regients of the annex.

The Approval Authority will not accept any defioey request that includes
the complete lack of a required diagnostic mor(iter a complete lack of the
monitors required in Appendix 3).

Deficiency period

A deficiency is granted for a period of one yefierathe date of approval of
the engine system.

If the manufacturer can adequately demonstratine¢oApproval Authority
that substantial engine modifications and additioead time would be
necessary to correct the deficiency, then thiscagfcy can be granted again
for an additional one year, provided that the tdificiency period does not
exceed three years (i.e. three times one year igefig allowance is
permitted).

The manufacturer cannot apply for a renewal ofdéfeciency period.
Procedure for selecting the reference fuebse of a gas engine

Demonstration of the OBD performance and malfamctlassification shall
be performed by using one of the reference fuelstimeed in Annex 5 on
which the engine is designed to operate.

The selection of this reference fuel is done by type-approval authority,
who shall provide sufficient time for the test ladiry to supply the selected
reference fuel.

Test procedures
Testing process

The demonstration by testing of the proper malfioncclassification and the
demonstration by testing of the proper monitorimgfgrmance of an OBD
system are issues that shall be considered selyacieng the testing
process. For example, a Class A malfunction witl mguire a classification
test while it may be subject to an OBD performatecet.
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7.1.1.

7.1.2.

Where appropriate, the same test may be used rtmrdggrate the correct
classification of a malfunction, the qualificatiofia deteriorated component
provided by the manufacturer and the correct monigoby the OBD system.

The engine system on which the OBD system isdesttiall comply with the
emission requirements of this Regulation.

Testing process for demonstrating the matfan classification

When, according to paragraph 6.2., the ApprovathArty requests the
manufacturer to justify by testing the classifioatiof a specific malfunction,
the compliance demonstration will consist of aesenf emission tests.

According to paragraph 6.2.2., when testing isuiregl by the Approval
Authority to justify the classification of a malfation into Class B1 rather
than in Class A, the manufacturer shall demonstratethe emissions due to
that particular malfunction are, in selected cirstemces, below the OTLs:

(& The manufacturer selects these circumstancegsbfin agreement
with the Approval Authority;

(b)  The manufacturer shall not be required to destrate that in other
circumstances the emissions due to the malfunetieractually above
the OTLs.

The emission test may be repeated upon requetsieofnanufacturer up to
three times.

If any of these tests leads to emissions belowctresidered OTL, then the
malfunction classification into Class B1 shall ippeoved.

When testing is required by the Approval Authoritg justify the
classification of a malfunction into Class B2 ratligan in Class B1 or into
Class C rather than in Class B2, the emissionstesit not be repeated. If the
emissions measured in the test are above the OTiheoemission limit,
respectively, then the malfunction shall require@assification.

Note: According to paragraph 6.2.1., this paragraph does apply to
malfunctions classified into Class A.

Testing process for demonstrating the OBifopmance

When the Approval Authority requests to test tH@DOsystem performance
according to paragraph 6.3., the compliance deratitst shall consist of
the following phases:

(@) A malfunction is selected by the Approval Auibhp and a
corresponding deteriorated component or systeml dtel made
available by the manufacturer;

(b) When appropriate and if requested, the manufact shall
demonstrate by an emission test that the detegidrabmponent is
qualified for a monitoring demonstration;

(c)  The manufacturer shall demonstrate that the @R&em responds in
a manner that complies with the provisions of thisex (i.e. Ml
indication, DTC storage, etc.) At the latest by #m of a series of
OBD test-cycles.
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7.1.2.1.

7.1.2.2.

7.2.

7.2.1.

Qualification of the deteriorated compdnen

When the Approval Authority requests the manufeatuto qualify a
deteriorated component by testing according to gragh 6.3.2., this
demonstration shall be made by performing an eonssiest.

If it is determined that the installation of a el@rated component or device
on an engine system means that a comparison vatlBD threshold limits
is not possible (e.g. because the statistical tiomdi for validating the
applicable emission test cycle are not met), thelfumetion of that
component or device may be considered as qualifigzh the agreement of
the Approval Authority based on technical rationgleovided by the
manufacturer.

In the case that the installation of a deteriatatemponent or device on an
engine means that the full load curve (as deterthingth a correctly

operating engine) cannot be attained during the, tése deteriorated
component or device may be considered as qualifjenh the agreement of
the Approval Authority based on technical rationgeovided by the

manufacturer.

Malfunction detection

Each monitor selected by the Approval Authoritybi tested on an engine
test-bed, shall respond to the introduction of aalifjed deteriorated
component in a manner that meets the requireméntssoannex within two
consecutive OBD test-cycles according to paragiapi?. of this annex.

When it has been specified in the monitoring dpon and agreed by the
Approval Authority that a specific monitor needs ren¢han two operating
sequences to complete its monitoring, the numb&RiD test-cycles may be
increased according to the manufacturer's request.

Each individual OBD test-cycle in the demonstnatiest shall be separated
by an engine shut-off. The time until the next tstgr shall take into
consideration any monitoring that may occur aftegiee shut-off and any
necessary condition that must exist for monitotiogccur at the next start
up.

The test is considered complete as soon as the §B@m has responded in
a manner that meets the requirements of this annex.

Applicable tests
In the context of this annex:

(@  The emission test-cycle is the test-cycle dsedhe measurement of
the regulated emissions when qualifying a detetéotaomponent or
system;

(b)  The OBD test-cycle is the test-cycle used tmaolestrate the capacity
of the OBD monitors to detect malfunctions.

Emission test cycle

The test-cycle considered in this annex for meaguemissions is the
WHTC test-cycle as described in Annex 4.
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7.2.2.

7.2.3.

7.3.

7.4.

OBD test cycle

The OBD test-cycle considered in this annex istbe part of the WHTC
cycle as described in Annex 4.

On request of the manufacturer and after approVathe type-approval
authority, an alternative OBD test-cycle can bedugeg. the cold part of the
WHTC cycle) for a specific monitor. The request Ishaontain
documentation (technical considerations, simulatidest results, etc.)
showing that:

(&)  The requested test-cycle appropriate to demairsmonitoring occurs
under real world driving conditions; and

(b)  The hot part of the WHTC cycle appears as &gzopriate for the
considered monitoring (e.g. fluid consumption moriitg).

Test operating conditions

The conditions (i.e. temperature, altitude, fughligy etc.) for conducting the
tests referred to in paragraphs 7.2.1. and 7.hall e those required for
operating the WHTC test cycle as described in Arthex

In the case of an emission test aimed at justifyime classification of a
specific malfunction into Class B1, the test opergatconditions may, per
decision of the manufacturer, deviate from the dnebe paragraphs above
according to paragraph 6.2.2.

Demonstration process for performance momitpri

The manufacturer may use the demonstration reqeinésnas set out in
Appendix 7 in case of performance monitoring.

Approval authorities may approve a manufacturerse wf a type of

performance monitoring technique other than thereferred to in Appendix

7. The chosen type of monitoring shall be demotedtrdy the manufacturer
by a robust technical case based upon the desigradteristics, or by

presentation of test results, or by reference ¢éwipus approvals, or by some
other acceptable method, to be at least as rotwngtly and efficient as the

ones mentioned in Appendix 7.

Test reports

The test report shall contain, at a minimum, thérimation set out in
Appendix 4.

Documentation requirements
Documentation for purpose of approval

The manufacturer shall provide a documentatiorkage that includes a full
description of the OBD system. The documentatiockage shall be made
available in two parts:

(@ A first part, which may be brief, provided thatexhibits evidence
concerning the relationships between monitors, @sfectuators, and
operating conditions (i.e. describes all enableditns for monitors
to run and disable conditions that cause monitaista run). The
documentation shall describe the functional operatif the OBD,
including the malfunction ranking within the hiechical
classification. This material shall be retained by Approval
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8.1.1.

8.1.2.

8.1.3.

Authority. This information may be made available interested
parties upon request;

(b) A second part containing any data, includindaite of qualified
deteriorated components or systems and associgedesults, which
are used as evidence to support the decision groeésred to above,
and a listing of all input and output signals tha¢ available to the
engine system and monitored by the OBD system. $&i®nd part
shall also outline each monitoring strategy anddsgision process.

This second part shall remain strictly confideintla may be kept by the
Approval Authority, or, at the discretion of the grqoval Authority, may be
retained by the manufacturer but shall be made dpeimspection by the
Approval Authority at the time of approval or atyaime during the validity
of the approval.

Documentation associated with each monitooseiponent or system

The documentation package included in the secart ghall contain but
shall not be limited to the following informationorf each monitored
component or system:

(@)  The malfunctions and associated DTC(s);
(b)  The monitoring method used for malfunction dét;

(c)  The parameters used and the conditions nege$samalfunction
detection and when applicable the fault criteriaité (performance
and component monitoring);

(d)  The criteria for storing a DTC;

(e) The monitoring "time length" (i.e. the operatigime/procedure
necessary to complete the monitoring) and the raong "frequency"
(e.g. continuous, once per trip, etc.).

Documentation associated with the malfumctiassification

The documentation package included in the secant ghall contain but
shall not be limited to the following informationorf malfunction
classification:

The malfunction classification of each DTC sha#é Hocumented. This
classification may be different for different engitypes (e.g. different engine
ratings) within the same emission-OBD family.

This information shall include the technical jfistition required in
paragraph 4.2. of this annex for classificatioo iGitass A, Class B1 or Class B2.

Documentation associated with the emissi8D@mily

The documentation package included in the secant ghall contain but
shall not be limited to the following informationrfemission OBD-family:

A description of the emission-OBD family shall hberovided. This
description shall include a list and a descriptibthe engine types within the
family, the description of the OBD-parent enginesteyn, and all elements
that characterise the family according to paragffti. of this annex.

In the case where the emission-OBD family includegines belonging to
different engine families, a summary descriptiontloése engine families
shall be provided.
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8.2.

In addition, the manufacturer shall provide adiall electronic input, output
and identification of the communication protocoliz¢d by each emission-
OBD family.

Documentation for installing in a vehicle aB@equipped engine system

The engine manufacturer shall include in the if&tian documents of its
engine system the appropriate requirements thaenglure the vehicle, when
used on the road or elsewhere as appropriate, acathply with the

requirements of this annex. This documentation |simalude but is not

limited to:

(@)  The detailed technical requirements, includhmgy provisions ensuring
the compatibility with the OBD system of the enggystem;

(b)  The verification procedure to be completed.

The existence and the adequacy of such installagguirements may be
checked during the approval process of the engisies.

Note: In the case a vehicle manufacturer applies farectapproval of the
installation of the OBD system on the vehicle, tdiscumentation is not
required.
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Appendix 1

Approval of installation of OBD systems

This appendix considers the case where the vemeerufacturer requests
approval of the installation on a vehicle of (anBID system(s) within an
emission OBD family that is (are) certified to tleguirements of this annex

In this case, and in addition to the general regménts of this annex, a
demonstration of the correct installation is regdirThis demonstration shall
be done on the basis of the appropriate elementlesign, results of
verification tests, etc. and address the conformoftyhe following elements
to the requirements of this annex:

(@)  The installation on-board the vehicle as regatslcompatibility with
the OBD system of the engine-system;

(b)  The MI (pictogram, activation schemes, etc.);
(c)  The wired communication interface.

Correct MI illumination, information storage and-board off-board OBD
communication will be checked. But any check shall force dismounting
the engine system (e.g. an electric disconnectiay lne selected).
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Annex 9B
Appendix 2
Malfunctions
lllustration of the DTC status

[llustration of the MI and counters activation schemes

This appendix aims at illustrating the requiremesgsin paragraphs 4.3. and 4.6.5. of this
annex.

It contains the following figures:

Figure 1: DTC status in case of a Class B1 malfanct
Figure 2 DTC status in case of 2 consecutive diffeClass B1 malfunctions
Figure 3: DTC status in case of the re-occurrerige@lass B1 malfunction

Figure 4A: Class A malfunction -activation of thd &hd MI counters

Figure 4B: lllustration of the continuous MI deaetiion principle
Figure 5: Class B1 malfunction - activation of 8 counter in 5 use cases.
Figure 1
DTC status in case of a Class B1 malfunction
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Notes:
Z
N, M

Figure 2

Means the point a monitoring of the concerned nmaifion occurs

The annex requires the identification of "kegperating sequences during
which some events occurs, and the counting of thEsexjuent operating
sequences. For the purpose of illustrating thisuireqnent, the "key"
operating sequences have been given the values Man

E.g. M means the first operating sequence follgwihe detection of a
potential malfunction, and N means the operatirgusace during which the
MI is switched OFF.

DTC status in case of 2 consecutive different Clagl malfunctions
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Means the point a monitoring of the concerned omaifion occurs

The annex requires the identification of Ykeoperating sequences during
which some events occurs, and the counting of thEsexjuent operating
sequences. For the purpose of illustrating thisuireqnent, the "key"
operating sequences have been given the valuesdNMaror the first
malfunction, respectively N' and M' for the secame.

E.g. M means the first operating sequence follgwihe detection of a
potential malfunction, and N means the operatirgueace during which the
Ml is switched OFF.

the fortieth operating sequence after thst fxtinction of the MI or 200
engine operating hours, whichever the earliest.
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Figure 3
DTC status in case of the re-occurrence of a Cla81 malfunction
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Notes:
e Means the point a monitoring of the concerned amalfion occurs.
N, M,
N', M' The annex requires the identification of Ykeoperating sequences during which

some events occurs, and the counting of the subségperating sequences. For the
purpose of illustrating this requirement, the "keyfierating sequences have been
given the values N and M for the first occurrenéea onalfunction, respectively N'
and M’ for the second one.

E.g. M means the first operating sequence follgwihe detection of a potential
malfunction, and N means the operating sequendagiwhich the Ml is switched
OFF.
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Figure 4A
Class A malfunction - activation of the Ml and MI counters

Operation of Continuous MI Counters for Four Use Cases
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Note Details related to the deactivation of the cambms MI are illustrated in Figure 4B below in thpesific case where a
potential state is present.
Figure 4B
lllustration of the continuous MI deactivation principle
Deactivation of the Continuous MI for Three Use Cases
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Notes
< Means the point where monitoring of the concemmadfunction occurs.
M Means the operating sequence when the monitarlgdes for the first time that a

confirmed and active failure is no longer present.

case 1 Means the case where the monitor does mofucke the presence of failure
during the operating sequence M.

case 2 Means the case where the monitor has pebyiconcluded, during the operating
sequence M, the presence of the malfunction.

case 3 Means the case where the monitor concludagydhe operating sequence M the
presence of the malfunction after having first doded to its absence.

Figure 5
Class B1 malfunction - activation of the B1 countein 5 use Cases

Operation of B1 Counter for Five Use Cases
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Note: In this example, it is assumed that there is alsiBd counter.
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Appendix 3

Monitoring requirements

The items of this appendix list the systems or comemts required to be monitored by the
OBD system, according to paragraph 4.2. of thiseantnless specified otherwise, the
requirements apply to all engine types.

Appendix 3 - ltem 1
Electric / electronic components monitoring

Electric/electronic components used to control anitor the emission control systems
described in this appendix shall be subject to Gmmept Monitoring according to the
provisions of paragraph 4.2. of this annex. Thidudes, but is not limited to, pressure
sensors, temperature sensors, exhaust gas sendaogyaen sensors when present, knock
sensors, in-exhaust fuel or reagent injector(sgxinaust burners or heating elements, glow
plugs, intake air heaters.

Wherever a feedback control loop exists, the OBfiesy shall monitor the system's ability
to maintain feedback control as designed (e.g. nterefeedback control within a
manufacturer specified time interval, system fédlsmaintain feedback control, feedback
control has used up all the adjustment allowed by manufacturer) - component
monitoring.

In particular, in the case where the control ofgezd injection is performed by means of a
closed loop system, the monitoring requirementsosetin this item shall apply, but the
failures detected shall not be classified as Gla&slures.

Note These provisions apply to all electric-electroo@mponents, even if they belong to
any of the monitors described in the other itemthisf appendix.

Appendix 3 - Item 2

DPF system

The OBD system shall monitor the following elemeotshe DPF system on engines so-
equipped for proper operation:

(a) DPF substrate: the presence of the DPF substratotal functional failure
monitoring;

(b)  DPF performance: clogging of the DPF - totaddiional failure;

(cl) DPF filtering performance: the filtering andntinuous regeneration process of the
DPF. This requirement would apply to PM emissioméy ¢ emission threshold
monitoring.

Alternatively, as appropriatethe OBD system shall monitor:

Clis applicable to Stages B and C as shown ifeThbf Annex 3. C2 is applicable to Stage A as
shown in Table 1 of Annex 3.
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(c2) DPF performance: filtering and regenerationocpsses (e.g. particulate
accumulation during the filtering process and pattite removal during a forced
regeneration process) - performance monitoring raicg to Appendix 8 to this
annex.

Note

The periodic regeneration shall be monitored agaiesability of the device to perform as
designed (for example to perform regeneration witai manufacturer-specified time
interval, to perform regeneration upon demand, dta)s will constitute one element of the
component monitoring associated with the device.

Appendix 3 - Item 3

Selective Catalytic Reduction (SCR) monitoring

For the purpose of this item, SCR means select@alytic reduction or other lean NO
catalyst device. The OBD system shall monitor wiWwing elements of the SCR system
on engines so-equipped for proper operation:

(a)  Activelintrusive reagent injection system: testem's ability to regulate reagent
delivery properly, whether delivered via an in-en$iainjection or an in-cylinder
injection - performance monitoring;

(b)  Activelintrusive reagent: the on-board avalibi of the reagent, the proper
consumption of the reagent if a reagent other thaei is used (e.g. urea) -
performance monitoring;

(c) Active/intrusive reagent: to the extent feasitiie quality of the reagent if a reagent
other than fuel is used (e.g. urea) - performancgitoring;

(d) SCR catalyst conversion efficiency: the catidysSCR ability to convert
NO, emission threshold monitoring.

Appendix 3 - Item 4

Lean-NQ, Trap /LNT, or NQ adsorber);

The OBD system shall monitor the following elemeoftghe LNT system on engines so-
equipped for proper operation:

(a) LNT capability: the LNT system's ability to adb/store and convert NO-
performance monitoring;

(b) LNT active/intrusive reagent injection systethe system's ability to regulate
reagent delivery properly, whether delivered viaimagxhaust injection or an in-
cylinder injection - performance monitoring.

Appendix 3 - Item 5

Oxidation catalysts (incl. Diesel Oxidation CatalysDOC) monitoring

This item applies to oxidation catalysts that apasate from other after treatment systems.
Those that are included in the canning of an dfeatment system are covered within the
appropriate item of this appendix.

The OBD system shall monitor the following elemenitshe oxidation catalysts on engines
so-equipped for proper operation:

(a) HC conversion efficiency: the oxidation cat#yability to convert HC upstream of
other after treatment devices - total functiondufe monitoring;
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(b)  HC conversion efficiency: the oxidation catayability to convert HC downstream
of other after treatment devices - total functioi@@lire monitoring.

Appendix 3 - Item 6

Exhaust Gas Recirculation (EGR) system monitoring

The OBD system shall monitor the following elemeofithe EGR system on engines so-
equipped for proper operation:

Diesel Gas

(al) EGR low/high flow: the EGR system's abilityrt@intain
the commanded EGR flow rate, detecting both "flater
too low" and "flow rate too high" conditions — esimn
threshold monitoring.

(@2) EGR low/high flow: the EGR system's abilityrtmintain
the commanded EGR flow rate, detecting both "flater
too low" and "flow rate too high" conditions - permance
monitoring.

(@a3) EGR low flow: the EGR system's ability to mtain the
commanded EGR flow rate, detecting "flow rate toa'l
conditions — total functional failure or performanc
monitoring as specified in this item.

(b)  Slow response of the EGR actuator: the EGResyst
ability to achieve the commanded flow rate within
manufacturer specified time interval following the
command - performance monitoring.

V)

D

(cl) EGR cooler under cooling performance: the EcaRler
system's ability to achieve the manufacturer's ifipec X X
cooling performance - performance monitoring.

(c2) EGR cooler under cooling performance: the EcaRler
system's ability to achieve the manufacturer's ifpec
cooling performance - total functional failure miming
as specified in this item.

(a3) EGR low flow (total functional failure or perimance monitoring)

In the case where the emissions would not excee@BD threshold limits even upon total
failure of the EGR system's ability to maintain tbemmanded EGR flow rate (for

example, because of the correct functioning of @R System downstream of the engine),
then:

1. Where the control of the EGR flow rate is parfed by means of a closed-loop system,
the OBD system shall detect a malfunction whenBRdR system cannot increase the
EGR flow to achieve the demanded flow rate.

Such a malfunction shall not be classified as a<€@& failure.

2. Where the control of the EGR flow rate is parfed by means of an open-loop system,
the OBD system shall detect a malfunction whensygem has no detectable amount
of EGR flow when EGR flow is expected.

Such a malfunction shall not be classified as a<€@& failure.
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(c2) EGR cooler under cooling performance ( tataictional failure monitoring)

In the case where total failure of the EGR coolgstam's ability to achieve the
manufacturer's specified cooling performance wauddl result in the monitoring system
detecting a failure (because the resulting incré@asamissions would not reach the OBD
threshold limit for any pollutant), the OBD systeshall detect a malfunction when the
system has no detectable amount of EGR cooling.

Such a malfunction shall not be classified as a<@& failure.
Appendix 3 - Item 7

Fuel System monitoring

The OBD system shall monitor the following elemeotshe fuel system on engines so-
equipped for proper operation:

Diesel Gas

(a) Fuel system pressure control: fuel system tgbit
achieve the commanded fuel pressure in closed lgop X
control - performance monitoring.

(b)  Fuel system pressure control: fuel system tgbit
achieve the commanded fuel pressure in closed Igop
control in the case where the system is so coristiug X
that the pressure can be controlled independeffitly| o
other parameters - performance monitoring.

(c)  Fuel injection timing: fuel system ability tetdieve
the commanded fuel timing for at least one of the
injection events when the engine is equipped with t
appropriate sensors - performance monitoring.

(d)  Fuel injection system: ability to maintain ttesired
air-fuel ratio (incl. but not limited to self adapibn X
features) — performance monitoring.

Appendix 3 - Item 8

Air Handling and Turbocharger/Boost Pressure Coigystem

The OBD system shall monitor the following elemerdf the Air Handling and
Turbocharger/Boost Pressure Control System on eagio-equipped for proper operation:
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Diesel Gas

(al) Turbo under/over boost: turbo boost systetiktyato
maintain the commanded boost pressure, detectitig ho X
"boost pressure too low" and "boost pressure tgb"hi
conditions — emission threshold monitoring.

(a2) Turbo under/over boost: turbo boost systetikityato
maintain the commanded boost pressure, detectitig ho X
"boost pressure too low" and "boost pressure tgb"hi
conditions — performance monitoring.

(a3) Turbo under boost: turbo boost system's gbild
maintain the commanded boost pressure, detecting
"boost pressure too low" conditions — total funeéb
failure or performance monitoring as specified st
item.

(b)  Variable Geometry Turbo (VGT) slow response: VG
system's ability to achieve the commanded geometry x X
within a manufacturer specified time-performang
monitoring.

D

(©) Charge air cooling: Charge air cooling systdficiency X X
- total functional failure.

(@a3) Turbo under boost (total functional failuremnitoring)

1. In the case where the emissions would not exteeddBD threshold limits even
upon total failure of the boost system's ability mmintain the demanded boost
pressure and the control of the boost pressureri®nmed by means of a closed-
loop system, the OBD system shall detect a malfancivhen the boost system
cannot increase the boost pressure to achievesthartled boost pressure.

Such a malfunction shall not be classified as a<@& failure.

2. In the case where the emissions would not exteeddBD threshold limits even
upon total failure of the boost system's ability nmintain the demanded boost
pressure and the control of the boost pressurerfonmed by means of an open-
loop system, the OBD system shall detect a malfoncivhen the system has no
detectable amount of boost pressure when boostymets expected.

Such a malfunction shall not be classified as a<@& failure.
Appendix 3 - Item 9

Variable Valve Timing (VVT) System

The OBD system shall monitor the following elemepfsthe Variable Valve Timing

(VVT) System on engines so-equipped for proper ajam:

(@)  VVT target error: VVT system’s ability to ackiethe commanded valve timing -
performance monitoring;

(b)  VVT slow response: VVT system’s ability to aehe the commanded valve timing
within a manufacturer specified time interval follmg the command-performance
monitoring.
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Appendix 3 - Item 10

Misfire Monitoring

Diesel Gas

(@)  No prescriptions. X

(b)  Misfire that may cause catalyst damage (e.gmbyitoring
a certain percentage of misfiring in a certain @ef time) X
— performance monitoring.

Appendix 3 - Item 11

Crankcase Ventilation System Monitoring

No prescriptions.
Appendix 3 - Item 12

Engine Cooling System Monitoring

The OBD system shall monitor the following elemeatsthe engine cooling system for
proper operation:

(a) Engine coolant temperature (thermostat): Stapkn thermostat. Manufacturers
need not monitor the thermostat if its failure wibt disable any other OBD
monitors - total functional failure.

Manufacturers need not monitor the engine coolaniperature or the engine coolant
temperature sensor if the engine coolant temperadurthe engine coolant temperature
sensor is not used to enable closed-loop/feedbatkat of any emissions control systems
and/or will not disable any other monitor.

Manufacturers may suspend or delay the monitothfertime to reach close loop to enable

temperature if the engine is subjected to condititvat could lead to false diagnosis (e.g.

vehicle operation at idle for more than 50 to 7bgent of the warm-up time).
Appendix 3 - Item 13

Exhaust Gas and Oxygen Sensors Monitoring

The OBD system shall monitor:

Diesel Gas

(@)  The electrical elements of the exhaust gasosers engines
so-equipped for proper operation according to iterto this X X
appendix — component monitoring.

(b)  Both the primary and secondary (fuel controlygen sensors.
These sensors are considered as exhaust gas sémsbes X
monitored for proper operation according to itentolthis
appendix — component monitoring.
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Appendix 3 - Item 14

Idle Speed Control System Monitoring

The OBD system shall monitor the electrical elermeitthe idle speed control systems on
engines so-equipped for proper operation accordiriigm 1 to this appendix.

Appendix 3 — Item 15

Three-way catalyst
The OBD system shall monitor the three-way catatystengines so-equipped for proper

operation:
Diesel Gas
(@ Three-way Catalyst Conversion efficiency: tlaatyst ability X
to convert NQ and CO — performance monitoring.
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Annex 9B
Appendix 4

Technical compliance report

This report is issued by the Approval Authority, caaling to

paragraphs 6.3.3. and 7.3. of this annex, aftemexation of an OBD system
or an emission OBD family when that system or fgngibmplies with the
requirements of this appendix.

The exact reference (including its version numiaérhis appendix shall be
included in this report.

The exact reference (including its version numberthis Regulation shall be
included.

This report contains a cover page indicating thalfcompliance of the OBD
system or emission OBD family and the followingéns:

Item 1 Information concerning the OBD system

Item 2 Information concerning the conformity of tB8D system
Item 3 Information concerning deficiencies

Item 4 Information concerning demonstration te$the OBD system
Item 5 Test protocol

The content of the technical report, includingliesns, shall, at a minimum,
include the elements given in the following exarsple

This report shall state that reproduction or pwilan in extracts of this
report is not permitted without the written consevit the undersigned
Approval Authority.

Final compliance report

The documentation package and the herewith descrbBD system /
emission OBD family comply with the requirements thfe following
regulation:

Regulation ... / version .../ enforcement date ... / tgpéuel ...
This regulation transposes the following gtr:

gtr .../ A+ B/ version .../ date ....

The technical compliance report encompasses ... pages
Place, date: .............

Author (name and signature)

Approval Authority (name, stamp)
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Item 1 to the technical compliance report (example)
Information concerning the OBS system

1. Type of requested approval

Requested Approval
- Approval of an individual OBD system
- Approval of an emission OBD family

- Approval of an OBD system as member of a cedif@amission OBD
family

- Extension to include a new engine system interaission OBD family
- Extension to address a design change that atfeet®BD system
- Extension to address a malfunction reclassificati

YES /NO
YES /NO
YES /NO

YES /NO
YES /NO
YES /NO

2. Information concerning the OBD system

Approval of an individual OBD system

of this annex), or type(spf the single engine system(s)
- OBD description (issued by the manufacturer)erefice and date

- type(s} of the engine system family (where applicable, gaeagraph 6.1.

Approval of an emission OBD family

- List of the engine families concerned by the emis OBD family
(when applicable, see paragraph 6.1.)

- Typ€' of the parent engine system within the emissioDG&nily
- List of the engine typésvithin the emission OBD family
- OBD description (issued by the manufacturer)erefice and date

Approval of an OBD system as member of a certdiagssion OBD family

- List of the engine families concerned by the emis OBD family
(when applicable, see paragraph 6.1.)

- Typ€e' of the parent engine system within the emissioDG&nily
- List of the engine typésvithin the emission OBD family

- Name of the engine system family concerned by rteev OBD
system (when applicable)

- Typ€' of the engine system concerned by the new OBeByst

- Extended OBD description (issued by the manufeacjureference
and date

1 As reported in the approval document.
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Extension to include a new engine system into aeséon OBD family

- List (extended if necessary) of the engine fagsilconcerned by the
emission OBD family (when applicable, see parag@b)

- List (extended if necessary) of the engine typeighin the emission OBD
family
- Actualised (new or unchanged) typef the parent engine system
within the emission OBD family

- Extended OBD description (issued by the manufacjureference
and date

Extension to address a design change that affeet®BD system

- List of the engine families (when applicable) camesl by the design
change

- List of the engine typésoncerned by the design change

- Actualised (when applicable, new or unchangedg'tgp the parent engine
system within the emission OBD family

Modified OBD description (issued by the manufactyreeference and
date

Extension to address a malfunction reclassification

- List of the engine families (when applicable) camesl by the
reclassification

- List of the engine typésoncerned by the reclassification

Modified OBD description (issued by the manufactureeference and
date

Item 2 to the technical compliance report (example)
Information concerning the conformity of the OBDstgym

1. Documentation package

The elements provided by the manufacturer in thmich@ntation package of the
emission OBD family, is complete and complies witte requirements of
paragraph 8. of this annex, on the following issues

- Documentation associated with each monitored coeapioor system YES / NO
- Documentation associated with each DTC YES / NO
- Documentation associated with the malfunction diassion YES / NO
- Documentation associated with the emission OBD lfami YES / NO

- The documentation required in paragraph 8.2. af #nnex for installing
an OBD system in a vehicle has been provided byrtheufacturer in the YES / NO
documentation package, is complete, and compliéis the requirements
of this annex:

- The installation of the engine system equipped wita OBD system
complies with Appendix 1 of this annex. YES / NO
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Content of the documentation

Monitoring

The monitors comply with the requirements of paapbr4.2. of this YES / NO
annex:

Classification

The malfunction classification complies with thequeements of YES / NO

paragraph 4.5. of this annex:

MI activation scheme

According to paragraph 4.6.3. of this annex, theagtivation scheme
is:

The activation and the extinguishing of the maltiow indicator
comply with the requirements of paragraph 4.6hif annex:

Discriminatory /
Non-discriminatory

YES / NO

DTCs recording & erasing

The recording and erasing of DTCs comply with thquirements of
paragraphs 4.3. and 4.4. of this annex:

YES / NO

Disablement of the OBD system

The strategies described in the documentation pgcta a momentary
disconnection or disablement of the OBD system dpnwith the
requirements of paragraph 5.2. of this annex:

YES / NO

Electronic system security

The measures described by the manufacturer fortretec system
security comply with the requirements of paragrdgh of this annex:

YES /NO
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Item 3 to the technical compliance report (example)

Information concerning deficiencies

Number of deficiencies of OBD system (ex: 4 deficies)

The deficiencies comply with the requirements of YES/NO
paragraph 6.4. of this annex

Deficiency No. 1

- Object of the deficiency e.g. measuring of the urea
concentration (SCR) within
defined tolerances

- Period of the deficiency e.g. one year / six months after
the date of approval

(Description of deficiencies 2 to n-1)

Deficiency No. n

- Object of the deficiency e.g. measuring of NH3
concentration behind SCR system

- Period of the deficiency e.g. one year / six mouatfer
the date of approval

Item 4 to the technical compliance report (example)
Demonstration tests of the OBD system

1. Test result of the OBD system

Results of the tests

The OBD system described in the above complyingudmntation
package has been tested with success accordingragrpph 6. of YES / NO
this annex for demonstrating the compliance of twosi and of
malfunction classifications as listed in item 5:
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Details to the conducted demonstration tests amengh item 5.

1.1. OBD system tested on the engine test-bed

Engine

- Engine name (manufacturer and commercial names):
- Engine type (as reported in the approval docujnent

- Engine number (serial number):

Control units concerned by this annex (incl. endt@Us)
- Main functionality:
- ldentification number (software and calibration):

Diagnostic tool (scan tool used during testing)
- Manufacturer:

- Type:

- Software / version

Test information

- Ambient testing conditions (temperature, humidity
pressure):

- Place of test (incl. altitude):
- Reference fuel:
- Engine lubricating oil:

- Date of test:

2. Demonstration tests of the installation of tH&B0system

In addition to the demonstration of the OBD systemission
OBD family, the installation of the OBD system /thé OBD YES / NO
systems within the emission OBD family has beetetésn a

vehicle, according to the provisions of AppenditoJAnnex 9B

2.1. Testresult of the installation of the OBDtsys

Results of the test

If the installation of the OBD system has beereigsin a YES / NO
vehicle, the installation of the OBD system hasbested
with success according to Appendix 1 to Annex 9B
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2.2. Tested installation

If the installation of the OBD system has beeret@sin a vehicle:

Tested vehicle

- Vehicle name (manufacturer and commercial names):
- Vehicle type:

- Vehicle Identification Number (VIN):

Diagnostic tool (scan tool used for testing)
- Manufacturer:

- Type:

- Software / version:

Test information
- Place and date:
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Item 5 to the technical compliance report (example)

Test protocol

OBD System Demonstration Test

I - General - - Demonstration of the Failure Classification - - Demonstration of the OBD Performance -
- Test - I - Emission Level - I - Classification - - Qualification of the Deteriorated Component - I - MI Activation -
Tested et Manufacturer Final e aeean, Tested
Failure Mode | Fault Code according | Test Cycle | above OTL [below OTL| o7 % proposed | Classification o point 9] Testoysls qualified according | Test Cycle | Tpur sttt | oot | oo
to point Classification ) 1o point
SCR System
Dosing Valva {12l not tested - - - A A 6321 WHTC yos 621 WHTC 2nd
Eaietiabe: | g o Teste] A Bl 8.3.21 WHTC yos 831 WHTC 1st
Electrical
EgRYaRe | py et tadie B1 BA 5.3.21 WHTC yos 531 WHTC 2nd
Mechanical
EGRValve
Wechanical P1._ 822 WHTC X B1 B1 not tested yos
ESReles | gy, 622 WHTC X B1 B1 6.3.2.1 WHTC yos O S 2nid
Mechanical
Air Termp.
Sensor P1 Mot tested B2 B2 5.3.2.2 WHTC yes 631 WHTC 1st
Electrical
Oil Temp.
Sensor 4 628 ETC X c c not tested yos
Electrical

Remmarks: 1) Upon request of the sertification autherity the failure may be re-classified into a dass difsrent from the one proposed by the manufacturer

Only the failures that have been tested sither for classification or for performance and the failures

that have been reclassified atthe cerification authority request are listed in this sheet

A malfunction may be tested either for ts dassification, or forits performan ce, or for both

Example given of the EGR mechanical valve gives the way sach of these 3 cases are considered in the table

¥/2102/3d499/6Z'dM/SNVH1/303
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Annex 9B

Appendix 5

Freeze frame and data stream information

The following tables list the pieces of informatitbrat are considered in paragraphs 4.7.1.4.

and 4.7.2. of this annex.

Table 1
Mandatory requirements

Freeze frame

Data strean|

Calculated load (engine torque as a percentagearinmum X X
torque available at the current engine speed)

Engine speed X X
Engine coolant temperature (or equivalent) X X
Barometric pressure (directly measured or estin)ated X X

Table 2
Optional engine speed and load information

Freeze frame

Data strean|

Driver's demand engine torque (as a percentageagfmum
engine torque)

Actual engine torque (calculated as a percentageagimum
engine torque, e.g. calculated from commandedtiojeduel
quantity)

Reference engine maximum torque

Reference maximum engine torque as a function gihen
speed

Time elapsed since engine start
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Table 3

Optional information, if used by the emission or tle OBD system to enable or disable any OBD
information

Freeze frame Data stream

Fuel level (e.g. percentage of the nominal capadfithe fuel
tank) or tank fuel pressure (e.g. percentage ofifadle X X
range of fuel tank pressure), as appropriate

Engine oil temperature X X

Vehicle speed X X

Status of the fuel quality adaptation (active / axctive) in
case of gas engines

Engine control computer system voltage (for themeaintrol

chip) X X
Table 4
Optional information, if the engine is so equippedsenses or calculates the information
Freeze frame Data stream
Absolute throttle position / intake air throttleggon X "
(position of valve used to regulate intake air)
Diesel fuel control system status in case of aeclosp X .
system (e.g. in case of a fuel pressure closesgsgem)
Fuel rail pressure X X
Injection control pressure (i.e. pressure of thedfl X .
controlling fuel injection)
Representative fuel injection timing (beginningficét main X X
injection)
Commanded fuel rail pressure X X
Commanded injection control pressure (i.e. pressiitee X X
fluid controlling fuel injection)
Intake air temperature X X
Ambient air temperature X X
Turbocharger inlet / outlet air temperature (corspog and X X
turbine)
Turbocharger inlet / outlet pressure (compressdrtarbine) X X
Charge air temperature (post intercooler if fitted) X X
Actual boost pressure X X
Air flow rate from mass air flow sensor X X
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Freeze frame Data stream
_Commanded EGR valve duty cycle/position (provid€&Re x X
is so controlled)
Actual EGR valve duty cycle/position X X
PTO status (active or not active) X X
Accelerator pedal position X X
Redundant absolute pedal position X if sensed
Instantaneous fuel consumption X X
Commanded/target_boost pressure (if boost pressat to x X
control turbo operation)
DPF inlet pressure X X
DPF outlet pressure X X
DPF delta pressure X X
Engine-out exhaust pressure X X
DPF inlet temperature X X
DPF outlet temperature X X
Engine-out exhaust gas temperature X X
Turbocharger/turbine speed X X
Variable geometry turbo position X X
Commanded variable geometry turbo position X X
Wastegate valve position X X
Air/fuel ratio sensor output X
Oxygen sensor output X
Secondary oxygen sensor output (when fitted) X
NO, sensor output X

345



ECE/TRANS/WP.29/2012/45

Annex 9B
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Appendix 6

Reference standard documents

This appendix contains the references to the imgustindards that are to be used in
accordance to the provisions in this annex to pl®whe serial communications interface to
the vehicle/engine. There are two allowed solutidesitified:

(a) 1SO 27145 with either 1ISO 15765-4 (CAN based)with ISO 13400 (TCP/IP
based);

(b)  SAE J1939-73.

In addition there are other ISO or SAE standahds &re applicable in accordance with the
provisions of this annex.

Reference by this annex to ISO 27145 means referen

(a) ISO 27145-1 Road vehicles — Implementation ofWWOBD communication
requirements — Part 1 — General Information andoase definitions;

(b) ISO 27145-2 Road vehicles — Implementation ofMAOBD communication
requirements — Part 2 — Common emissions-relatéal diationary;

(c) ISO 27145-3 Road vehicles — Implementation ofWWOBD communication
requirements — Part 3 — Common message dictionary;

(d) ISO 27145-4 Road vehicles — Implementation ofMAtOBD communication
requirements — Part 4 — Connection between vehiotbtest equipment.

Reference by this annex to J1939-73 means refertenc
J1939-73 "APPLICATION LAYER - DIAGNOSTICS", datezh year 2011.
Reference by this annex to ISO 13400 means referen

(a) FDIS 13400-1: 2011 Road vehicles — Diagnosticnmunication over Internet
Protocol (DolP) — Part 1: General information arsé gase definition;

(b)  FDIS 13400-3: 2011 Road vehicles — Diagnostienmunication over Internet
Protocol (DolP) — Part 2 — Network and transpoyelarequirements and services;

(©) FDIS 13400-3: 2011 Road vehicles — Diagnostiecnmunication over Internet
Protocol (DolP) — Part 3: IEEE 802.3 based wirelisle interface;

(d)  [not yet finalized] 13400-4: 2011 Road vehiclesDiagnostic communication over
Internet Protocol (DolP) — Part 4: Ethernet-basieghtspeed data link connector.
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Annex 9B

Appendix 7

Performance monitoring

A7.1.
A.7.1.1.

A.7.2.
A7.2.1.
A7.2.1.1.

A7.2.2.
A.7.2.2.1.

A7.2.2.2.

A.7.2.2.2.1.

A7.2.2.2.2.

A.7.2.2.3.

A.7.2.2.4.

A.7.2.2.4.1.

A.7.2.3.
A.7.2.3.1.

General

This Appendix sets out provisions relgtito the demonstration process
applicable in some cases of performance monitoring.

Demonstration of performance monitoring
Approval of the failure classification

As specified in paragraph 4.2.1.1.hi$ annex, in the case of performance
monitoring no correlation to actual emissions icassary. However, the
approval authority may request test data in ordeetify the classification of
the malfunction effects as described in paragraphd this annex.

Approval of the performance monitoringeséed by the manufacturer

In arriving at an approval decision tre choice of the performance
monitoring selected by the manufacturer, the apgroauthority shall
consider technical information provided by the nfanturer.

The performance threshold selected Hey manufacturer for the monitor
under consideration shall be determined on thenpaegine of the OBD
engine family during a qualification test performeifollows:

The qualification test is performadlie same way as specified in paragraph
6.3.2. of this annex.

The decrease of performance of thewpoment under consideration is
measured and subsequently serves as the perforntareghold for the
parent engine of the OBD engine family.

The performance monitoring criteria rqwed for the parent engine will be
considered to be applicable to all other memberth@fOBD engine family
without further demonstration.

Upon agreement between the manufactaret the approval authority,
adaptation of the performance threshold to diffemmembers of the OBD
engine family in order to cover different designrgraeters (for example
EGR cooler size) shall be possible. Such agreersbatl be based on
technical elements showing its pertinence.

At the request of the approval autlypd second member of the OBD engine
family may be subject to the approval process desdrin paragraph
A7.2.2.2.

Qualification of a deteriorated component

For the purpose of demonstrating theDOferformance of the selected
monitor of an OBD engine family, a deteriorated poment shall be
qualified on the parent engine of the OBD engimailfigin accordance with
paragraph 6.3.2. of this annex.
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A.7.2.3.2.

A.7.2.4.
A.7.2.4.1.

In case of a second engine tested iordaace with paragraph A.7.2.2.4.1.,
the deteriorated component shall be qualified oat thecond engine in
accordance with paragraph 6.3.2. of this annex.

Demonstration of the OBD performance

The demonstration of the OBD perforngsball be conducted according to
the requirements of paragraph 7.1.2. of this anoskg the qualified
deteriorated component that is qualified for uskhwhe parent engine.
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Annex 9B
Appendix 8

Demonstration requirements in case of performance
monitoring of a wall-flow diesel particulate filter

A.8.1. General

A.8.1.1. This Appendix specifies the OBD demorigtra process applicable in the
case where the filtering process of a wall-flowseieparticulate filter (DPF)
is subject to performance monitoring.

A.8.1.1. A deteriorated wall-flow DPF can be ceghtfor example, by drilling holes
into the DPF substrate or by grinding the end cdjie DPF substrate.

A.8.2. Quialification test

A.8.2.1. Principle

A.8.2.1.1. A deteriorated wall-flow DPF is congigé as a "Qualified Deteriorated
Component" if, under the operating conditions & #mgine specified for the
purpose of that test, the pressure drop ("deltassure™) across that
deteriorated wall-flow DPF exceeds or is no lesmtb0 % of the pressure
drop measured across a clean and non-deterioragdleflow DPF of the
same type.

A.8.2.1.1.1. The manufacturer shall demonstradéttiis clean and non-deteriorated wall-
flow DPF leads to the same back-pressure as tlegidketted one before its
deterioration.

A.8.2.2. Qualification process

A.8.2.2.1. For qualifying a deteriorated wall-fldwPF, the engine equipped with that
wall-flow DPF shall be operated under stabilisezhdy-state conditions, set
at the speed and load values specified for mode thé WHSC test cycle
specified in Annex 4B to this Regulation (55 % nalised speed and 50 %
normalised torque).

A.8.2.2.2. To qualify a deteriorated wall-flow DP&s a "Qualified Deteriorated
Component", the manufacturer shall demonstrate that pressure drop
across that deteriorated wall-flow DPF, measuredniimne engine system is
operated under the conditions specified in pardgr&a8.2.2.1., is no less
than the percentage of the pressure drop acroksaa and non-deteriorated
DPF under the same conditions which is applicablea¢cordance with
paragraphs A.8.2.1.1. and A.8.2.1.2. of this Append

A.8.2.3. Demonstration of the OBD performance

A.8.2.3.1.  The demonstration of the OBD perforneasicall be conducted in
accordance with the requirements of paragraph .71 this annex with the
qualified deteriorated wall-flow DPF mounted on ff@ent engine system.
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Technical requirements for assessing the in-usegormance
of on-board diagnostic systems (OBD)

1.

3.2.

3.3.

3.4.

3.5.

4.1.

4.1.1.

Applicability

In its current version, this annex is only appieato road-vehicles equipped
with a compression-ignition engine.

Reserved

Definitions
'In-Use performance ratfo

The in-use performance ratio (IUPR) of a speaifionitor m of the OBD
system is: IUPR = Numeratoy, / Denominata,

‘Numeratof

The numerator of a specific monitor m (Numerg}as a counter indicating
the number of times a vehicle has been operated that all monitoring

conditions necessary for that specific monitor édedt a malfunction have
been encountered.

'Denominatot

The denominator of a specific monitor m (Denonongt is a counter
indicating the number of vehicle driving eventskitg into account
conditions specific to that specific monitor.

'General Denominatdr

The general denominator is a counter indicating tlumber of times a
vehicle has been operated, taking into accountrgeoenditions.

Abbreviations
IUPR In-Use Performance Ratio

IUPR,In-Use Performance Ratio of a specific monitor m

General requirements

The OBD system shall have the capability of tragkand recording in-use
performance data (paragraph 6.) of the OBD monigpscified in this
paragraph, of storing these data in computer menaoy communicating
them off-board upon request (paragraph 7.).

The in-use performance data of a monitor con$tshe numerator and
denominator enabling the calculation of the IUPR.

IUPR monitors

Groups of monitors
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4.1.2.

4.2.

5.1.1.

5.2.

Manufacturers shall implement software algorithimshe OBD system to
individually track and report in-use performancetadaf the groups of
monitors mentioned in Appendix 1 of this annex.

Manufacturers are not required to implement safévwadgorithms in the OBD
system to individually track and report in-use periance data of monitors
running continuously as defined in paragraph 4.8f3Annex 9B if these
monitors are already part of one of the groups ohitors mentioned in
Appendix 1 of this annex.

In-use performance data of monitors associatedifferent exhaust lines or
engine banks within a group of monitors shall backed and recorded
separately as specified in paragraph 6. and repoae specified in
paragraph 7.

Multiple monitors

For each group of monitors which are required ® teported by
paragraph 4.1.1., the OBD system shall separatetk tin-use performance
data, as specified in paragraph 6., for each ogpleeific monitors belonging
to that group.

Limitation of the use of in-use performanceada

In-use performance data of a single vehicle aredufr the statistical
evaluation of the in-use performance of the OBOiesysof a larger group of
vehicles.

Contrary to other OBD data, in-use performancea dannot be used to draw
conclusions concerning the road-worthiness of dividual vehicle.
Requirements for calculating in-use performace ratios

Calculation of the in-use performance ratio

For each monitor m considered in the present grthexin-use performance
ratio is calculated with the following formula:

IUPR,, = Numeratay, / Denominatay,

where the Numeratgrand Denominatgy are incremented according to the
specifications of this paragraph.

Requirements for the ratio when calculated stored by system

Each IUPR, ratio shall have a minimum value of zero and aimar value
of 7.99527 with a resolution of 0.000122

A ratio for a specific component shall be consédeto be zero whenever the
corresponding numerator is equal to zero and thesponding denominator
is not zero.

A ratio for a specific component shall be constdeto be the maximum
value of 7.99527 if the corresponding denominasoréro or if the actual
value of the numerator divided by the denominatareeds the maximum
value of 7.99527.

Requirements for incrementing the numerator

1 This value corresponds to a maximum hexadecimakvaf OXFFFF with a resolution of 0x1.
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5.3.
53.1.

5.3.2.

5.3.2.1.
5.3.2.2.
5.3.2.3.

The numerator shall not be incremented more timae per driving cycle.

The numerator for a specific monitor shall be émsented within 10 seconds
if and only if the following criteria are satisfieuh a single driving cycle:

(a) Every monitoring condition necessary for thenitar of the specific
component to detect a malfunction and store a piatddTC has been
satisfied, including enable criteria, presence bseace of related
DTCs, sufficient length of monitoring time, and glestic executive
priority assignments (e.g., diagnostic "A" shalleewte prior to
diagnostic "B").

Note: For the purpose of incrementing the numeratoa alpecific
monitor, it may not be sufficient to satisfy all ethmonitoring
conditions necessary for that monitor to deterntime absence of a
malfunction.

(b)  For monitors that require multiple stages cerés in a single driving
cycle to detect a malfunction, every monitoring dition necessary
for all events to have been completed shall befgedi

(c) For monitors which are used for failure ideindtion and that run
only after a potential DTC has been stored, the erator and
denominator may be the same as those of the moaétiarcting the
original malfunction.

(d)  For monitors that require an intrusive operatio further investigate
the presence of a malfunction, the manufacturer swymit to the
type-approval authority an alternative way to imceat the
numerator. This alternative should be equivalerth&d which would,
had a malfunction been present, have permittedntoeiment the
numerator.

For monitors that run or complete during engineepferation, the numerator
shall be incremented within 10 seconds after thenitoo has completed

during engine-off operation or during the first 4€conds of engine start on
the subsequent driving cycle.

Requirements for incrementing the denominator
General incrementing rules

The denominator shall be incremented once peindrigycle, if during this
driving cycle:

(@) The general denominator is incremented as fpeciin
paragraph 5.4.; and

(b)  The denominator is not disabled according tageaaph 5.6.; and

(c)  When applicable, the specific additional incesting rules specified
in paragraph 5.3.2. are met.

Additional monitor specific incrementingesl
Specific denominator for evaporative sysfeeserved)
Specific denominator for secondary aitesys (reserved)

Specific denominator for components /eystthat operate at engine start-up
only
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In addition to the requirements of paragraph 5.3d) and (b), the
denominator(s) for monitors of components or systéhat operate only at
engine start-up shall be incremented if the compbner strategy is
commanded "on" for a time greater than or equabltgeconds.

For purposes of determining this commanded "omietithe OBD system
may not include time during intrusive operationaofy of the components or
strategies later in the same driving cycle solety the purposes of
monitoring.

5.3.2.4. Specific denominator for components otesys that are not continuously
commanded to function

In addition to the requirements of paragraph 5.34) and (b), the
denominator(s) for monitors of components or systethat are not
continuously commanded to function (e.g. Variablvwé Timing systems -
VVT- or EGR valves), shall be incremented if thatmponent or system is
commanded to function (e.g., commanded "on", "op&elbsed"”, "locked")

on two or more occasions during the driving cydefor a cumulative time
greater than or equal to 10 seconds, whicheverrsdist.

5.3.2.5. Specific denominator for DPF

In addition to the requirements of paragraph 5.@gland (b), in at least one
driving cycle the denominator(s) for DPF shall beremented if at least 800
cumulative  kilometres of vehicle operation or aiwively at
least 750 minutes of engine run time have beenrequeed since the last
time the denominator was incremented.

5.3.2.6. Specific denominator for oxidation cattdys

In addition to the requirements of paragraph 5.@gland (b), in at least one
driving cycle the denominator(s) for monitors ofidation catalyst used for
the purpose of DPF active regeneration shall beeinented if a regeneration
event is commanded for a time greater than or eguid seconds.

5.3.2.7. Specific denominator for hybrids (resejved
5.4. Requirements for incrementing the general denator

The general denominator shall be incremented withi seconds, if and only
if, all the following criteria are satisfied on egle driving cycle:

(a) Cumulative time since start of driving cyclegreater than or equal
to 600 seconds while remaining:

0] At an elevation of less than 2,500 meters alsmaelevel; and

(i) At an ambient temperature of greater than quad to 266 K
(-7 degrees Celsius); and

(i) At an ambient temperature of lower than oruafjto 308 K
(35 degrees Celsius).

()  Cumulative engine operation at or above 1,150'nfor greater than
or equal to 300 seconds while under the conditgpecified in the
above subparagraph (a); as alternatives left tonthaufacturer an
engine operation at or above 15 per cent calculai@d or a vehicle
operation at or above 40 km/h may be used in Ifethhe 1,150 mitt
criterion.
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5.5.

5.6.

5.6.1.

5.6.2.

5.6.3.

5.6.4.

2

(c)  Continuous vehicle operation at idle (e.g.,ed@@tor pedal released
by driver and either vehicle speed less than omlketpu 1.6 km/h or
engine speed less than or equal to 200’rainove normal warmed-up
idle) for greater than or equal to 30 seconds winilder the conditions
specified in the above subparagraph (a).

Requirements for incrementing the ignitionleyamunter

The ignition cycle counter shall be incremented¢eomnd only once per
engine start.

Incrementing disablement of the numeratorghefdenominators and of the
general denominator

Within 10 seconds of a malfunction beingedetd (i.e. a potential or a
confirmed and active DTC is stored), which disakdesonitor, the OBD
system shall disable further incrementing of theesponding numerator and
denominator for each monitor that is disabled.

When the malfunction is no longer detected (dng.ptotential DTC is erased
through self-clearing or through a scan-tool comd)aimcrementing of all
corresponding numerators and denominators shaihresvithin 10 seconds.

Within 10 seconds of the start of operattbm Power Take-Off unit (PTO)
that disables a monitor as permitted in paragra@tb5of Annex 9B, the
OBD system shall disable further incrementing of thorresponding
numerator and denominator for each monitor thdisabled.

When the PTO operation ends, incrementing of@llesponding numerators
and denominators shall resume within 10 seconds.

In the case of a malfunction (i.e. a potnti confirmed and active DTC has
been stored) preventing determination of whether thiteria for the
Denominatay, of a monitor m mentioned in paragraph 5.3. arsfied?, the
OBD system shall disable further incrementing theimdratof, and
Denominatay, within 10 seconds.

Incrementing the Numeratprand Denominatgr shall resume within
10 seconds when the malfunction is no longer ptegeg., pending code
erased through self-clearing or by a scan tool candj

In the case of a malfunction (i.e. a potnti confirmed and active DTC has
been stored) preventing determination of whetherctiiteria for the General
denominator mentioned in paragraph 5.4. are satisthe OBD system shall
disable further incrementing the general denommatthin 10 seconds.

Incrementing the general denominator shall reswitigin 10 seconds when
the malfunction is no longer present (e.g., pendiode erased through self-
clearing or by a scan tool command).

The general denominator may not be disabled froonementing for any
other condition.

e.g. vehicle speed / engine speed / calculatet] &vabient temperature, elevation, idle operaton,

time of operation.
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7.1.

Requirements for tracking and recording in-uge performance data

For each group of monitors listed in Appendix 1thés annex, the OBD
system shall separately track numerators and devators for each of the
specific monitors listed in Appendix 3 to Annex @Rd belonging to that
group.

It shall report only the corresponding numeratod alenominator for the
specific monitor that has the lowest numericalorati

If two or more specific monitors have identicatioa, the corresponding
numerator and denominator for the specific monttwt has the highest
denominator shall be reported for the specific grobimonitors.

In order to determine without bias the lowestaadf a group, only the
monitors specifically mentioned in that group shdle taken into
consideration (e.g. a N&ensor when used to perform one of the monitors
listed in Annex 9B, Appendix 3, item 3 "SCR" willebtaken into
consideration into the "exhaust gas sensor" grédupanmitors and not in the
"SCR" group of monitors)

The OBD system shall also track and report theeggrdenominator and the
ignition cycle counter.

Note: according to paragraph 4.1.1., manufactueees not required to
implement software algorithms in the OBD systenintdividually track and
report numerators and denominators of monitorsingioontinuously.
Requirements for storing and communicating iruse performance data

Communication of the in-use performance data ew use-case and is not
included in the three existing use-cases whichdadicated to the presence
of possible malfunctions

Information about in-use performance data

The information about in-use performance datandsxb by the OBD system
shall be available upon off-board request accortbngaragraph 7.2.

This information will provide type-approval autit@s with in-use
performance data.

The OBD system shall provide all information (acting to the applicable
standard set in Appendix 6 to Annex 9B) for the eexal IUPR test
equipment to assimilate the data and provide gpeittsr with the following
information:

(@  The VIN (vehicle identification number);

(b)  The numerator and denominator for each groumanfitors recorded
by the system according to paragraph 6.;

(c)  The general denominator;

(d)  The value of the ignition cycle counter;

(e)  The total engine running hours;

() Confirmed and active DTCs for Class A malfunct;

(g Confirmed and active DTCs for Class B (B1 arg] Bialfunctions.

355



ECE/TRANS/WP.29/2012/45

7.2.

7.3.
7.3.1.

7.3.2.

This information shall be available through "ready" access (i.e. no
clearing).

Access to in-use performance data

Access to in-use performance data shall be pravigidy in accordance with
the standards mentioned in Appendix 6 to Annex 88 the following sub-
paragraphs

Access to the in-use performance data shall nadpendent on any access
code or other device or method obtainable only ftbenmanufacturer or its

suppliers. Interpretation of the in-use performadata shall not require any
unique decoding information, unless that informai publicly available.

The access method (i.e. the access point/node)-use performance data
shall be the same as the one used to retrieve BID @formation. This
method shall permit access to the complete in-estpnance data required
by this annex.

Reinitialising in-use performance data
Reset to zero

Each number shall be reset to zero only when aWaatile Random Access
Memory (NVRAM) reset occurs (e.g., reprogrammingm@y. Numbers may
not be reset to zero under any other circumstaincisding when a scan tool
command to clear fault codes is received.

Reset in case of memory overflow

If either the numerator or denominator for a sfiecmonitor reaches
65,535+ 2, both numbers shall be divided by twdotee either is
incremented again to avoid overflow problems.

If the ignition cycle counter reaches the maximwaiue of 65,535 + 2, the
ignition cycle counter may rollover and incrememzero on the next ignition
cycle to avoid overflow problems.

If the general denominator reaches the maximumevaf 65,535 + 2, the
general denominator may rollover and incrementei@ on the next driving
cycle that meets the general denominator definitionavoid overflow
problems.

% The manufacturer is allowed to use an additionaboard diagnostic display, such as a dashboard
mounted video display device, for providing acdesis-use performance data. Such an additional
device is not subject to the requirements of thisex.
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Annex 9C
Appendix 1

Groups of monitors

The groups of monitors considered in this annextedollowing:
A. Oxidation catalysts

The monitors specific to that group are thoseetish item 5 of Appendix 3
to Annex 9B.

B. Selective Catalytical Reduction systems (SCR)

The monitors specific to that group are thosestish item 3 of Appendix 3
to Annex 9B.

C. Exhaust gas and oxygen sensors

The monitors specific to that group are thosedish item 13 of Appendix 3
to Annex 9B.

D. EGR systems and VVT

The monitors specific to that group are thoseadish items 6 and 9 and of
Appendix 3 to Annex 9B.

E. DPF systems

The monitors specific to that group are thosestish item 2 of Appendix 3
to Annex 9B.

F. Boost pressure control system

The monitors specific to that group are thosestish item 8 of Appendix 3
to Annex 9B.

G. NQ, adsorber

The monitors specific to that group are thosestish item 4 of Appendix 3
to Annex 9B.

H. Three-way catalyst

The monitors specific to that group are thosedish item 15 of Appendix 3
to Annex 9B.

l. Evaporative systems (reserved)

J. Secondary Air system (reserved)

A specific monitor shall belong only to one of thagoups.
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Requirements to limit Off-Cycle Emissions (OCE) ad in-use
emissions

3.2.

3.3.

3.4.

4.1.

Applicability

This annex sets out the performance requiremerdspaohibition of defeat
strategies for engines and vehicles type-approvedording to this

Regulation so as to achieve effective control ofissions under a broad
range of engine and ambient operating conditiom®@mered during normal
in-use vehicle operation. This annex also setstlattest procedures for
testing off-cycle emissions during type-approval @an actual use of the
vehicle.

This annex is based on the world-wide harmonizedEO@lobal technical
regulation (gtr) No. 10.

Reserved

Definitions

'Engine startinj means the process from the initiation of engingnking
until the engine reaches a speed 150" ntielow the normal, warmed up idle
speed (as determined in the drive position for aleki equipped with an
automatic transmission).

'Engine warm-up means sufficient vehicle operation such that ¢belant
temperature reaches a minimum temperature of sit 7€a°C.

'Rated speédmeans the maximum full load speed allowed bygbeernor
as specified by the manufacturer in his sales andce literature, or, if such
a governor is not present, the speed at which #sdmum power is obtained
from the engine, as specified by the manufactunehis sales and service
literature.

'Regulated emissiohgneans "gaseous pollutants" and "particulate matte
(PM) as defined in paragraph 2 of this Regulation.
General requirements

Any engine system and any element of design lisbkgffect the emission of
regulated pollutants shall be designed, construassembled and installed
SO as to enable the engine and vehicle to comply thie provisions of this

annex.

Prohibition of defeat strategies

Engine systems and vehicles shall not be equipirda defeat strategy.

1 The numbering of this annex is consistent withrthebering of gtr No.10 on OCE. However, some

paragraphs of the OCE gtr are not needed in this»an
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4.2. Reserved

Performance requirements
5.1. Emission strategies

Emission strategies shall be designed so as toletiae engine system, in
normal use, to comply with the provisions of thimex. Normal use is not
restricted to the conditions of use as specifiegaragraph 6.

5.1.1. Requirements for Base Emission Strategi&SiB

A BES shall not discriminate between operation amn applicable type-

approval or certification test and other operatod provide a lesser level of
emission control under conditions not substantigtjuded in the applicable
type-approval or certification tests.

5.1.2. Requirements for Auxiliary Emission Stragsg{AES)

An AES shall not reduce the effectiveness of timéssion control relative to
a BES under conditions that may reasonably be ¢éggeo be encountered in
normal vehicle operation and use, unless the AESfigs one the following

specific exceptions:

(a) Its operation is substantially included in #pplicable type-approval
tests, including the off-cycle test procedures undgagraph 7. of this
annex and the in-service provisions set out in gragh 9. of this
Regulation;

(b) Itis activated for the purposes of protectihg engine and/or vehicle
from damage or accident;

(c) It is only activated during engine startingwarm up as defined in
this annex;

(d) Its operation is used to trade-off the contsbbne type of regulated
emissions in order to maintain control of anothgyet of regulated
emissions under specific ambient or operating dom not
substantially included in the type-approval or ifiedtion tests. The
overall effect of such an AES shall be to compengat the effects of
extreme ambient conditions in a manner that pravideceptable
control of all regulated emissions.

5.2. World-harmonized Not-To-Exceed limits for gase and particulate exhaust
emissions
5.2.1. Exhaust emissions shall not exceed the caipé emission limits specified in

paragraph 5.2.2.
5.2.2. The applicable emission limits shall beftiiwing:
(@  for CO: 2,000 mg/kWh;
(b)  for THC: 220 mg/kWh;
(c)  for NQ: 600 mg/kWh;

2 The numbering of this annex is consistent withrthmbering of gtr No.10 on OCE. However, some
paragraphs of the OCE gtr are not needed in thisxan
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Figure 1
lllustration of atmospheric pressure and temperatue conditions
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(d)  for PM: 16 mg/kwh.

Ambient and operating conditions
The WNTE emission limits shall apply at:
(@  All atmospheric pressures greater than or epud?.5 kPa;

(b)  All temperatures less than or equal to the emanpre determined by
equation 5 at the specified atmospheric pressure:

T=-0.4514 x (101.3 —p+ 311 (5)
Where:
T is the ambient air temperature, K

Po is the atmospheric pressure, kPa
(c)  All engine coolant temperature above 343 K (70°C)

The applicable ambient atmospheric pressure angeeature conditions are
shown in Figure 1.

WNTE Atmospheric Pressure and Temperature Range

P—

-

80

85 90 95 100
Atmospheric Pressure (kPa)

‘—WNTE Maximum Temperature ‘

Off-cycle laboratory testing and vehicle testig of engines at type-
approval

The off-cycle laboratory test requirements shalt apply for the type-
approval of positive ignition engine under this Riagjon.
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7.1.

7.1.1.

7.1.2.

7.1.3.

7.1.4.

World-harmonized Not-To-Exceed control area

The WNTE control area consists of the engine spaebload points defined
in paragraphs 7.1.1. through 7.1.6. Figure 2 igxample illustration of the
WNTE control area.

Engine speed range

The WNTE control area shall include all operatappeds between the ™30
percentile cumulative speed distribution over thdMZ test cycle, including
idle, (o) and the highest speed where 70 per cent of thenmian power
occurs (g). Figure 3 is an example of the WNTE cumulativeeesp
frequency distribution for a specific engine.

Engine torque range

The WNTE control area shall include all enginedigaints with a torque
value greater than or equal to 30 per cent of tlimum torque value
produced by the engine.

Engine power range

Notwithstanding the provisions of paragraphs 7.51Ad 7.1.2., speed and
load points below 30 per cent of the maximum powadue produced by the
engine shall be excluded from the WNTE control dogall emissions.

Application of engine family concept

In principal, any engine within a family with aigoe torque/power curve
will have its individual WNTE control area. For use testing, the individual
WNTE control area of the respective engine shatilyapFor type-approval
(certification) testing under the engine family cept of the WHDC gtr the
manufacturer may optionally apply a single WNTE tcoharea for the
engine family under the following provisions:

(@ A single engine speed range of the WNTE corgreh may be used;
if the measured engine speeds n30 and nhi arenwiti per cent of
the engine speeds as declared by the manufactitke. tolerance is
exceeded for any of the engine speeds, the measmgide speeds
shall be used for determining the WNTE control area

(b) A single engine torque/power range of the WNEDBtrol area may be
used, if it covers the full range from the highiesthe lowest rating of
the family. Alternatively, grouping of engine rag# into different
WNTE control areas is permitted.
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Figure 2
Example of WNTE control area
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Figure 3
Example of WNTE cumulative speed frequency distribtion
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7.1.5.

7.2.

7.2.1.

7.2.2.

7.2.3.

7.3.

7.3.1.

7.3.2.

7.4.

7.4.1.

Compliance exclusion from certain WNTE ogiatapoints

The manufacturer may request that the approvailosity excludes operating
points from the WNTE control area defined in paagpips 7.1.1. through
7.1.4. during the certification/type-approval. Thpproval authority may
grant this exclusion if the manufacturer can dertrates that the engine is
never capable of operating at such points when usecny vehicle
combination.

Minimum World-harmonized Not-To-Exceed eventration and data
sampling frequency

To determine compliance with the WNTE enaissi limits specified in
paragraph 5.2., the engine shall be operated wittéenWNTE control area
defined in paragraph 7.1. and its emissions slealnbasured and integrated
over a minimum period of 30 seconds. A WNTE evendéfined as a single
set of integrated emissions over the period of tiFoe example, if the engine
operates for 65 consecutive seconds within the WNDRBtrol area and
ambient conditions this would constitute a singlNTE event and the
emissions would be averaged over the full 65 seqmrtbd. In the case of
laboratory testing, the integrating period definedparagraph 7.5. shall
apply.

For engines equipped with emission contrtiat include periodic

regeneration events, if a regeneration event ocdursng the WNTE test,

then the averaging period shall be at least as &nthe time between the
events multiplied by the number of full regenemtievents within the

sampling period. This requirement only applies émgines that send an
electronic signal indicating the start of the regration event.

A WNTE event is a sequence of data colleetethe frequency of at least
1 Hz during engine operation in the WNTE contrataarfor the minimum
event duration or longer. The measured emissioa sl#ll be averaged over
the duration of each WNTE event.

In-use testing

A PEMS demonstration test shall be performed ag-pproval by testing
the parent engine in a vehicle using the procedaseribed in Appendix 1 to
this annex.

The manufacturer may select the vehicleghall be used for testing but the
vehicle choice shall be subject to the agreemerthefapproval authority.
The characteristics of the vehicle used for the BEMmonstration test shall
be representative for the category of vehicle idéshfor the engine system.
The vehicle may be a prototype vehicle.

At the request of the approval authority, afditional engine within the
engine family or an equivalent engine representinglifferent vehicle
category may be tested in a vehicle.

World-harmonized Not-To-Exceed laboratoryitest

Where the provisions of this annex are used abdkes for laboratory testing
the following provision shall apply:

The specific mass emissions of regulatetufaoits shall be determined on
the basis of randomly defined test points distedutacross the WNTE
control area. All the test points shall be contdiméthin 3 randomly selected
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7.4.2.

7.4.3.

7.4.4.

7.4.5.

7.5.

7.5.1.

7.5.2.

7.5.3.

7.5.4.

7.5.5.

grid cells imposed over the control area. The ghdll comprise of 9 cells for
engines with a rated speed less than 3,000 miml 12 cells for engines with
a rated speed greater than or equal to 3,000.riihe grids are defined as
follows:

(@)  The outer boundaries of the grid are alignetiedVNTE control area;

(b) 2 vertical lines spaced at equal distance betwengine speeds n30
and n; for 9 cell grids, or 3 vertical lines spaced atu@qgdistance
between engine speeds n30 apdion 12 cell grids; and

() 2lines spaced at equal distance of engineutolg) at each vertical
line within the WNTE control area.

Examples of the grids applied to specific engeresshown in Figures 5 and 6.

The 3 selected grid cells shall each inclidandom test points, so a total
of 15 random points shall be tested within the WNBBtrol area. Each cell
shall be tested sequentially; therefore all 5 gointone grid cell are tested
before transiting to the next grid cell. The tesinps are combined into a
single ramped steady state cycle.

The order in which each of the grid cells tasted, and the order of testing
the points within the grid cell, shall be randorditermined. The 3 grid cells
to be tested, the 15 test points, the order oinigshe grid cells, and the order
of the points within a grid cell shall be selectey the Type-Approval or
Certification Authority using acknowledged statisfi methods of
randomization.

The average specific mass emissions of aggpilgaseous pollutants shall not
exceed the WNTE limit values specified in paragr&h when measured
over any of the cycles in a grid cell with 5 tesints.

The average specific mass emissions of agglilparticulate pollutants shall
not exceed the WNTE limit values specified in paaap 5.2. when
measured over the whole 15 test point cycle.

Laboratory test procedure

After completion of the WHSC cycle, the emgshall be preconditioned at
mode 9 of the WHSC for a period of three minutdse Test sequence shall
start immediately after completion of the precoioding phase.

The engine shall be operated for 2 minutesaeh random test point. This
time includes the preceding ramp from the previsteady state point. The
transitions between the test points shall be lifieaengine speed and load
and shall last 20 = 1 seconds.

The total test time from start until finishall be 30 minutes. The test of each
set of 5 selected random points in a grid celllsba@l10 minutes, measured
from the start of the entry ramp to the 1st pointiluthe end of the steady

state measurement at the 5th point. Figure 5 iilitest the sequence of the
test procedure.

The WNTE laboratory test shall meet thedadion statistics of paragraph
7.8.7. of Annex 4.

The measurement of the emissions shall ledaout in accordance with
paragraphs 7.5., 7.7. and 7.8. of Annex 4.
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7.5.6. The calculation of the test results shallcheried out in accordance with
paragraph 8. of Annex 4.

Figure 4
Schematic example of the start of the WNTE test cye
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(WHSC Mode 9)
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WNTE test cycle grids
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n30 Engine Speed [rpm] nHigh

Rounding

Each final test result shall be rounded in one stethe number of places to
the right of the decimal point indicated by the laggble WHDC emission

standard plus one additional significant figure aotordance with ASTM E

29-06. No rounding of intermediate values leadimghee final brake specific

emission result is permitted.

Reserved

Reserved

Statement of off-cycle emission compliance

In the application for type-approval, the manufiaet shall provide a
statement that the engine family or vehicle conspligh the requirements of
this Regulation limiting off-cycle emissions. Indition to this statement,
compliance with the applicable emission limits amdise requirements shall
be verified through additional tests.

Example statement of Off-Cycle Emission coanule
The following is an example compliance statement:

"(Name of manufacturer) attests that the enginikinwvthis engine family
comply with all requirements of this annex. (Nanfar@anufacturer) makes
this statement in good faith, after having perfadman appropriate
engineering evaluation of the emissions performasfcthe engines within
the engine family over the applicable range of apieg and ambient
conditions."

Basis for Off-Cycle Emission compliance statat

The manufacturer shall maintain records at theufzaturer's facility which
contain all test data, engineering analyses, aim@roinformation which
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11.

provides the basis for the OCE compliance statenidm manufacturer shall
provide such information to the Certification or peyApproval Authority
upon request.

Documentation

The Approval Authority may decide to require this@ manufacturer provides
a documentation package. This should describe &gemt of design and
emission control strategy of the engine system tiedmeans by which it
controls its output variables, whether that conisalirect or indirect.

The information may include a full description tife emission control
strategy. In addition, this could include inforneettion the operation of all
AES and BES, including a description of the paramsethat are modified by
any AES and the boundary conditions under which AES operate, and
indication of which AES and BES are likely to beiee under the conditions
of the test procedures in this annex.
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Appendix 1

PEMS demonstration test at type-approval

Al.l

Al.2.

Al1.2.1.

Al1.2.2.

A.1.3.

A.1.3.1.

A.1.3.2.

A.1.3.3.

A.1.3.4.

A.1.3.5.

A.l4.

Al14.1.

A.1.5.

A.1.5.1.

Introduction

This Appendix describes the procedure for PEMS destnation test at type-
approval.

Test vehicle

The vehicle used for demonstrating the BEd&monstration test shall be
representative for the vehicle category intendedtlie installation of the

engine system. The vehicle may be a prototype lehic an adapted

production vehicle.

The availability and conformity of the EQlata-stream information shall be
demonstrated (for example following the provisidrparagraph 5 of Annex
8 to this Regulation).

Test conditions
Vehicle payload

The vehicle payload shall be 50-60 % of the maximwghicle payload in
accordance with Annex II.

Ambient conditions

The test shall be conducted under ambient conditien described in
paragraph 4.2. of Annex 8.

The engine coolant temperature shall becoordance with paragraph 4.3. of
Annex 8.

Fuel, lubricants and reagent

The fuel, lubricating oil and reagent for the exttaaftertreatment system
shall follow the provisions of paragraph 4.4. ofnéx 8.

Trip and operational requirements

The trip and operational requirements shall beahdescribed in paragraphs
4.5.t0 4.6.8. of Annex 8.

Emissions evaluation

The test shall be conducted and the &esitlts calculated in accordance with
paragraph 6 of Annex 8.

Report

A technical report describing the PEMS dastration test shall show the
activities and results and give at least the foillgnnformation:

(@) General information as described in paragrdpl.1. of Annex 8;
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(b)

(©

(d)

(e)

()

)

(h)

0
0

Explanation as to why the vehicle(s) used fbe ttest can be
considered to be representative for the categonyebicles intended
for the engine system;

Information about test equipment and test dasa described in
paragraphs 10.1.3. and 10.1.4. of Annex 8§;

Information about the tested engine as desdribgparagraph 10.1.5.
of Annex 8;

Information about the vehicle used for the tast described in
paragraph 10.1.6. of Annex 8;

Information about the route characteristicsdascribed in paragraph
10.1.7. of Annex 8;

Information about instantaneous measured adduleted data as
described in paragraphs 10.1.8. and 10.1.9. of A8ne

Information about averaged and integrated dagadescribed in
paragraph 10.1.10. of Annex 8;

Pass-fail results as described in paragraph.10. of Annex 8;

Information about test verifications as desedbn paragraph 10.1.12.
of Annex 8.
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Requirements to ensure the correct operation of @x control
measures

2.1.

2.1.1.

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

Introduction

This annex sets out the requirements to ensureditect operation of NO
control measures. It includes requirements foralekithat rely on the use of
a reagent in order to reduce emissions.

General requirements

Any engine system falling within the scope of thisnex shall be designed,
constructed and installed so as to be capable etingethese requirements
throughout the normal life of the engine under rargonditions of use. In
achieving this objective it is acceptable that eegiwhich have been used in
excess of the appropriate durability period refétein paragraph 5.4. of this
Regulation may show some deterioration in perforreaand sensitivity of
the monitoring system.

Alternative approval
Reserved
Required information

Information that fully describes the funotb operational characteristics of
an engine system covered by this annex shall beiiggd by the
manufacturer in the form set out in Annex 1.

In its application for type-approval, the mafacturer shall specify the
characteristics of all reagents consumed by ang®ar control system. This
specification shall include types and concentratiamperational temperature
conditions, and references to international stadslar

Detailed written information fully descrilginthe functional operation
characteristics of the driver warning system asvigierd in accordance with
paragraph 4. and of the driver inducement systepr@agded in accordance
with paragraph 5. shall be submitted to the apgrauthority at the time of
application for the type-approval.

When a manufacturer applies for an appro¥/an engine or engine family
as a separate technical unit, it shall includeh@ documentation package
referred to in paragraphs 3.1.3., 3.2.3. or 3.8f3.this Regulation the

appropriate requirements that will ensure thatuwéleicle, when used on the
road or elsewhere as appropriate, will comply wita requirements of this
anneXx. This documentation shall include the folloyvi

(@) the detailed technical requirements including provisions ensuring
the compatibility with the monitoring, warning, andducement

1 This paragraph has been reserved for future altemapprovals (e.g. transposition of Euro VI into
Regulation 83).
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2.3.
2.3.1.

2.3.2.

2.4.
2.4.1.

24.1.1.

2.4.2.

2.4.2.1.

2.4.2.2.

24.2.2.1.

2.4.2.2.2.

2.4.2.2.3.

systems present in the engine system for the parpbsomplying
with the requirements of this annex;

(b)  the verification procedure to be complied witin installation of the
engine in the vehicle.

The existence and the adequacy of such installagguirements may be
checked during the approval process of the engisies.

The documentation referred to in points (a) andsfiall not be required if the
manufacturer applies for a type-approval of a Mehiwith regard to
emissions.

Operating conditions

Any engine system falling within the scodetlis annex shall retain its
emission control function during all conditions wéagly pertaining within

the territory of the relevant region (e.g. Europé&hrion), especially at low
ambient temperatures, in line with Annex 10.

The emission control monitoring system shalbperational:

(a) at ambient temperatures between 266 K and 3@8°%C and 35°C);
(b)  atall altitudes below 1600 m;

(c) at engine coolant temperatures above 343 KQy.0°

This paragraph shall not apply in the case of nooimigy for reagent level in
the storage tank, where monitoring shall be coretucinder all conditions
where measurement is technically feasible includiigconditions when a
liquid reagent is not frozen.

Reagent freeze protection

The manufacturer may use a heated or a eateth reagent tank and dosing
system, in accordance with the general requiremehfsaragraph 2.3.1. A
heated system shall meet the requirements of Eghd.4.2. A non heated
system shall meet the requirements of paragrapB.2.4

The use of a non-heated reagent tank asidgisystem shall be indicated in
written instructions to the owner of the vehicle.

Heated reagent tank and dosing system

If the reagent has frozen, the manufactstall ensure that reagent is
available for use within a maximum of 70 minutesenfthe start of the
vehicle at 266 K (- 7 °C) ambient temperature.

Demonstration

The reagent tank and dosing system bhadbaked at 255 K (- 18°C) for 72
hours or until the bulk of the reagent becomedisoli

After the soak period provided in paapgr 2.4.2.2.1. the engine shall be
started and operated at 266 K (- 7 °C) ambient &atpre as follows:10 to
20 minutes idling, followed by up to 50 minutesnat more than 40 per cent
load.

The reagent dosing system shall be flhctional at the end of the test
procedures described in paragraphs 2.4.2.2.1. dn@.2.2.
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2.4.2.2.4.

2.4.3.
2.4.3.1.

2.4.3.2.

2.5.

3.2.

3.3.

3.4.

3.5.

3.6.

Demonstration of compliance with theuisgments of paragraph 2.4.2.2.
may be done in a cold chamber test cell equipped an engine or vehicle
dynamometer or may be based on vehicle field testsapproved by the
approval authority.

Non-heated reagent tank and dosing system

The driver warning system described iragaph 4. shall be activated if no
reagent dosing occurs at an ambient temper&at@&s K (- 7°C).

The severe inducement system describpdregraph 5.4. shall be activated
if no reagent dosing occurs at an ambient temperat@66 K (- 7°C) within
a maximum of 70 minutes after vehicle start.

Each separate reagent tank installed on aleebhall include a means for
taking a sample of any fluid inside the tank anddioing so without the need
for information not stored on-board the vehicleeTampling point shall be
easily accessible without the use of any speciltsel or device. Keys or
systems which are normally carried on the vehioleldécking access to the
tank shall not be considered to be specialisedtootlevices for the purpose
of this paragraph.

Maintenance requirements

The manufacturer shall furnish or cause téubsished to all owners of new
vehicles or new engines type-approved in accordavitte this Regulation
written instructions about the emission control tsys and its correct
operation.

Those instructions shall state that if the vehét@ssion control system is not
functioning correctly the driver will be informed a problem by the driver

warning system, and that operation of the drivefucement system as a
consequence of ignoring this warning will resultfie vehicle being unable
to efficiently conduct its mission.

The instructions shall indicate requirements the proper use and
maintenance of vehicles in order to maintain tlerissions performance,
including, where relevant, the proper use of corslmreagents.

The instructions shall be written in clear ammh-technical language and in
the official language or languages of the MembeateStin which a new
vehicle or engine is sold or registered.

The instructions shall specify if consumaldagents have to be refilled by
the vehicle operator between normal maintenanevials. The instructions

shall also specify the required reagent qualityeyfBhall indicate how the

operator should refill the reagent tank. The infation shall also indicate a
likely rate of reagent consumption for the typevehicle and how often it is

likely to need to be replenished.

The instructions shall specify that use ofd asfilling with, a required
reagent of the correct specifications is essemtiarder for the vehicle to
comply with the requirements for the issuing of teetificate of conformity
for that vehicle type.

The instructions shall state that it may heiminal offence to use a vehicle
that does not consume any reagent if the reageatisred for the reduction
of emissions.
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3.7.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.

4.8.

4.9.

The instructions shall explain how the warrsggtem and driver inducement
systems work. In addition, the consequences, mdeaf vehicle performance

and fault logging, of ignoring the warning systemdanot replenishing the

reagent or rectifying a problem shall be explained.

Driver warning system

The vehicle shall include a driver warningtsgs using visual alarms that
informs the driver when a low reagent level, inectrreagent quality, too
low a rate of reagent consumption, or a malfungtimas been detected that
may be due to tampering and that will lead to ofp@naof the driver
inducement system if not rectified in a timely mannThe warning system
shall also be active when the driver inducementtesysdescribed in
paragraph 5. has been activated.

The vehicle On-Board Diagnostics (OBD) disgggtem described in Annex
9B shall not be used for the purpose of providimg tisual alarms described
in paragraph 4.1. The warning shall not be the sasnthe warning used for
the purposes of OBD (that is, the MI — malfunctindicator) or other engine
maintenance. It shall not be possible to turn loéf warning system or visual
alarms by means of a scan-tool if the cause ofsdsing activation has not
been rectified. Conditions for activation and daetion of the warning
system and visual alarms are described in Appeddixthis annex.

The driver warning system may display shorssages, including messages
indicating clearly the following:

(@  The remaining distance or time before activaid the low-level or
severe inducements,

(b)  The level of torque reduction,
(c)  The conditions under which vehicle disablenmemt be cleared.

The system used for displaying the messages rdféorm this point may be
the same as the one used for OBD or other maintenaurposes.

At the choice of the manufacturer, the warngygtem may include an
audible component to alert the driver. The camglbf audible warnings by
the driver is permitted.

The driver warning system shall be activated@ecified in paragraphs 6.2.,
7.2.,8.4., and 9.3.

The driver warning system shall be deactivatben the conditions for its
activation have ceased to exist. The driver warrsggtem shall not be
automatically deactivated without the reason ferdttivation having been
remedied.

The warning system may be temporarily inteledy other warning signals
providing important safety-related messages.

A facility to permit the driver to dim the wvial alarms provided by the
warning system may be provided on vehicles forhysthe rescue services or
on vehicles designed and constructed for use byatheed services, civil

defence, fire services and forces responsible fintaining public order.

Details of the driver warning system activateind deactivation procedures
are specified in Appendix 2 to this annex.
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4.10.

5.2.

5.3.

5.4.

54.1.

54.2.

5.4.3.

5.4.4.

5.5.

5.5.1.

As part of the application for type-approvaider this Regulation, the
manufacturer shall demonstrate the operation ofither warning system, as
specified in Appendix 1 to this annex.

Driver inducement system

The vehicle shall incorporate a two-stageeatrimducement system starting
with a low-level inducement (a performance reswit followed by a severe
inducement (effective disablement of vehicle opergt

The requirement for a driver inducement sysstall not apply to engines or
vehicles for use by the rescue services or to esgan on vehicles designed
and constructed for use by the armed serviced,defence, fire services and
forces responsible for maintaining public orderrrPe&nent deactivation of
the driver inducement system shall only be doneheyengine or vehicle
manufacturer.

Low-level inducement system

The low-level inducement system shall reduce theimtiam available engine
torque across the engine speed range by 25 pebetmeéen the peak torque
speed and the governor breakpoint as describegperdix 3 to this annex.
The maximum available reduced engine torque bel@wpeak torque speed
of the engine before imposition of the torque reiducshall not exceed the
reduced torque at that speed.

The low-level inducement system shall be activatelden the vehicle
becomes stationary for the first time after the dittons specified in
paragraphs 6.3., 7.3., 8.5. and 9.4., have occurred

Severe inducement system

The vehicle or engine manufacturer shall incorporat least one of the
severe inducement systems described in paragragt %0 5.4.3. and the
"disable on time limit" system described in parpigré.4.4.

A "disable after restart" system shall lirtiie vehicle speed to 20 km/h
("creep mode") after the engine has been shut dawthe request of the
driver ("key-off").

A “disable after fuelling” system shall linthe vehicle speed to 20 km/h
("creep mode") after the fuel tank level has riganeasurable amount, which
shall not be more than 10 per cent of the fuel teagacity and shall be
approved by the approval authority based on thienieal capabilities of the

fuel level meter and a declaration by the manufactu

A “disable after parking” system shall lintite vehicle speed to 20 km/h
("creep mode") after the vehicle has been statiof@rmore than one hour.

A “disable on time limit” system shall limibe vehicle speed to 20 km/h
("creep mode") on the first occasion when the Jehimecomes stationary
after eight hours of engine operation if none @& gystems described in
paragraphs 5.4.1. to 5.4.3. has been previously adetvated.

The driver inducement system shall be enabkdpecified in paragraphs
6.3.,7.3.,,8.5., and 9.4.

When the driver inducement system has datednthat the severe
inducement system shall be activated, the low-legvdlicement system shall
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5.6.

5.7.

5.8.

6.2.

6.2.1.

6.2.2.

6.2.3.

6.2.4.

remain activated until the vehicle speed has bieiteld to 20 km/h ("creep
mode").

The driver inducement system shall be deaetivavhen the conditions for
its activation have ceased to exist. The driveugainent system shall not be
automatically deactivated without the reason ferdttivation having been
remedied.

Details of the driver inducement system atitiva and deactivation
procedures are described in Appendix 2 to thisanne

As part of the application for type-approvaider this Regulation, the
manufacturer shall demonstrate the operation of dhger inducement
system, as specified in Appendix 1 to this annex.

Reagent availability
Reagent indicator

The vehicle shall include a specific indicator &xe tdashboard that clearly
informs the driver of the level of reagent in tleagent storage tank. The
minimum acceptable performance level for the retgadicator is that it
shall continuously indicate the reagent level whte driver warning system
referred to in paragraph 4. is activated to indicptoblems with reagent
availability. The reagent indicator may be in tleeni of an analogue or
digital display, and may show the level as a prtporof the full tank
capacity, the amount of remaining reagent, or gtemated driving distance
remaining.

The reagent indicator shall be placed in close ipnitx to the fuel level
indicator.

Activation of the driver warning system

The driver warning system specified in peaph 4. shall be activated when
the level of reagent is less than 10 per centefcdpacity of the reagent tank
or a higher percentage at the choice of the matwiac

The warning provided shall be sufficientlgar for the driver to understand
that the reagent level is low. When the warningesysincludes a message
display system, the visual warning shall displajm@ssage indicating a low
level of reagent. (for example, "urea level lowAdBlue level low", or
"reagent low").

The driver warning system does not initialged to be continuously
activated, however activation shall escalate iensity so that it becomes
continuous when the level of the reagent is appiogc a very low
proportion of the capacity of the reagent tank #rpoint where the driver
inducement system will come into effect is appreatht shall culminate in a
driver notification at a level that is at the ctmiof the manufacturer, but is
sufficiently more noticeable than the point whehe tdriver inducement
system in paragraph 6.3. comes into effect.

The continuous warning shall not be easidallled or ignored. When the
warning system includes a message display systemxgalicit message shall
be displayed (for example. "fill up urea", "fill updBlue", or "fill up
reagent"). The continuous warning may be tempgranierrupted by other
warning signals providing important safety relateglssages.
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6.2.5.

6.3.
6.3.1.

6.3.2.

6.3.3.

7.1.1.

7.1.1.1.

7.1.1.2.

7.1.2.

7.1.3.

7.1.4.

7.1.5.

7.2.

It shall not be possible to turn off thevdriwarning system until the reagent
has been replenished to a level not requiringdtivation.

Activation of the driver inducement system

The low-level inducement system describedpamagraph 5.3. shall be
enabled, and subsequently activated according eéoréljuirements of that
section, if the reagent tank level goes below 2.5f6ts nominally full
capacity or a higher percentage at the choiceeofithnufacturer.

The severe inducement system describedragpph 5.4. shall be enabled,
and subsequently activated according to the rempeinés of that section, if
the reagent tank is empty (that is, the dosingesyss unable to draw further
reagent from the tank) or at any level below 2.50f4ts nominally full
capacity at the discretion of the manufacturer.

It shall not be possible to turn off the H@wvel or severe driver inducement
system until the reagent has been replenishedléwed not requiring their
respective activation.

Reagent quality monitoring

The vehicle shall include a means of detemgjthe presence of an incorrect
reagent on board a vehicle.

The manufacturer shall specify a minimumeptable reagent concentration
CDmin, Which results in tailpipe emissions not exceedihg limit values
specified in paragraph 5.3. of this Regulation.

During the phase-in period specified inageaph 4.10.7. of this Regulation

and upon request of the manufacturer for the perpdparagraph 7.1.1. the

reference to the NQemission limit specified in paragraph 5.3. to this
Regulation shall be replaced by the value of 90¢kkivdp.

The correct value of G shall be demonstrated during type-approval by the
procedure defined in Appendix 6 to this annex awbrded in the extended
documentation package as specified in paragrap#.Sdlthis Regulation.

Any reagent concentration lower than §zDshall be detected and be
regarded, for the purpose of paragraph 7.1., agybecorrect reagent.

A specific counter ("the reagent quality mteu") shall be attributed to the
reagent quality. The reagent quality counter stmlint the number of engine
operating hours with an incorrect reagent.

Details of the reagent quality counter atton and deactivation criteria and
mechanisms are described in Appendix 2 to this»@anne

The reagent quality counter information kHz made available in a
standardised manner in accordance with the progsad Appendix 5 to this
annex.

Activation of the driver warning system

When the monitoring systems detects or, as apgteprconfirms that the
reagent quality is incorrect, the driver warningtsyn described in paragraph
4. shall be activated. When the warning systenuges a message display
system, it shall display a message indicating dason for the warning (for
example: "incorrect urea detected”, "incorrect AdBI detected", or
"incorrect reagent detected").
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7.3.

7.3.1.

7.3.2.

7.3.3.

8.2.

8.2.1.

8.2.2.

8.2.3.

8.3.

8.3.1.

8.3.2.

8.4.

8.4.1.

Activation of the driver inducement system

The low-level inducement system describedp@émagraph 5.3. shall be
enabled, and subsequently activated according g¢oreéljuirements of that
section, if the reagent quality is not rectifiedhin 10 engine operating hours
after the activation of the driver warning systeesatibed in paragraph 7.2.

The severe inducement system describedragmph 5.4. shall be enabled,
and subsequently activated according to the rempgings of that section, if

the reagent quality is not rectified within 20 emgioperating hours after the
activation of the driver warning system describegaragraph 7.2.

The number of hours prior to activation lvé inducement systems shall be
reduced in case of a repetitive occurrence of tadumction, in accordance
with the mechanism described in Appendix 2 to émigex.

Reagent consumption monitoring

The vehicle shall include a means of detemmgimeagent consumption and
providing off-board access to consumption informiati

Reagent consumption and dosing activity caante

A specific counter shall be attributed te tfeagent consumption (the
"reagent consumption counter") and another to tbeing activity (the

"dosing activity counter"). These counters shalirtothe number of engine
operating hours which occur with an incorrect redgeonsumption and,
respectively, an interruption of the reagent dosictivity.

Details of the reagent consumption coumerdosing counter activation and
deactivation criteria and mechanisms are descrihedppendix 2 to this
annex.

The reagent consumption counter and thendasiunter information shall be
made available in a standardised manner accordinthe provisions of
Appendix 5 to this annex.

Monitoring conditions

The maximum detection period for insuffitieeagent consumption is 48
hours or the period equivalent to a demanded reagersumption of at least
15 litres, whichever is longer.

In order to monitor reagent consumption,legtst one of the following
parameters within the vehicle or engine shall baitoced:

(@) the level of reagent in the on-vehicle stortge;

(b)  the flow of reagent or quantity of reagent atggl at a position as
close as technically possible to the point of iti@cinto an exhaust
aftertreatment system.

Activation of the driver warning system

The driver warning system described in panaly 4. shall be activated if a
deviation of more than 20 % between the averaggergaconsumption and
the average demanded reagent consumption by theeesgstem over a
period to be defined by the manufacturer, whicHlsiat be longer than the
maximum period defined in paragraph 8.3.1., isadett When the warning
system includes a message display system, it shigfilay a message
indicating the reason for the warning (for examplairea dosing

377



ECE/TRANS/WP.29/2012/45

8.4.1.1.

8.4.2.

8.5.
8.5.1.

8.5.2.

8.5.3.

9.2.
9.2.1.
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malfunction”, "AdBlue dosing malfunction”, or ‘"reagt dosing
malfunction").

Until the end of the phase-in period dpestiin paragraph 4.10.7. of this
Regulation the driver warning system described amagraph 4. shall be
activated if a deviation of more than 50 % betwéled average reagent
consumption and the average demanded reagent cptisarby the engine
system over the period to be defined by the matwfag which shall not be
longer than the maximum period defined in parag@&ghl. is detected.

The driver warning system described in paxgiy 4. shall be activated in the
case of interruption in reagent dosing. When thenimg system includes a
message display system, it shall display a mesgaliEating an appropriate
warning. This activation shall not be required veheghe interruption is
demanded by the engine ECU because the vehiclatopgerconditions are
such that the vehicle’s emission performance doéseguire reagent dosing.

Activation of the driver inducement system

The low-level inducement system describedpamagraph 5.3. shall be
enabled, and subsequently activated according eéoréljuirements of that
section, if an error in the reagent consumptiommrinterruption in reagent
dosing is not rectified within 10 engine operathmrs after the activation of
the driver warning system specified in paragrapAsi8and 8.4.2.

The severe inducement system describedragpph 5.4. shall be enabled,
and subsequently activated according to the reangings of that section, if an
error in the reagent consumption or an interruptiomeagent dosing is not
rectified within 20 engine operating hours aftee #ctivation of the driver

warning system in paragraphs 8.4.1. and 8.4.2.

The number of hours prior to activation loé inducement systems shall be
reduced in case of a repetitive occurrence of thdfunction in accordance
with the mechanism described in Appendix 2 to #migex.

Monitoring failures that may be attributed to tampering

In addition to the level of reagent in thegeat tank, the reagent quality, and
the reagent consumption, the following failureslisba monitored by the
anti-tampering system because they may be attdidoteampering:

(@) Impeding of the EGR valve operation;

(b)  failures of the anti-tampering monitoring systeas described in
paragraph 9.2.1.

Monitoring requirements

The anti-tampering monitoring system shadl tmonitored for electrical
failures and for removal or deactivation of anys@nthat prevents it from
diagnosing any other failures mentioned in pardgga. to 8. (component
monitoring).

A non-exhaustive list of sensors that affect tregdbstic capability are those
directly measuring NQconcentration, urea quality sensors, ambient $snso
and sensors used for monitoring reagent dosingiggtreagent level, or
reagent consumption.
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9.2.2.

9.2.2.1.

9.2.2.2.

9.2.2.3.

9.2.3.

9.2.3.1.

9.2.3.2.

9.2.3.3.

9.3.

9.4.
9.4.1.

9.4.2.

9.4.3.

EGR valve counter

A specific counter shall be attributedatoimpeded EGR valve. The EGR
valve counter shall count the number of engine atpgy hours when any
DTC associated with an impeded EGR valve is cordno be active.

Details of the EGR valve counter activatend deactivation criteria and
mechanisms are described in Appendix 2 to thisxanne

The EGR valve counter information shalhiee available in a standardised
manner in accordance with the provisions of Appedio this annex.

Monitoring system counters

A specific counter shall be attributedetach of the monitoring failures
considered in point (b) of paragraph 9.1. The nmwitig system counters
shall count the number of engine operating hoursnwthe DTC associated
with a malfunction of the monitoring system is domid to be active.
Grouping of several faults into a single countgrasmitted.

Details of the criteria for activation asehctivation of the monitoring system
counters and the associated mechanisms are dekaniBgpendix 2 to this
annex.

The monitoring system counter informatsirall be made available in a
standardised manner in accordance with the provgdsid Appendix 5 to this
annex.

Activation of the driver warning system

The driver warning system described in paragrapghdll be activated in the
case where any of the failures specified in pam@g@ 1. occurs, and shall
indicate that an urgent repair is required. Whenvtarning system includes a
message display system, it shall display a mes#adjeating either the
reason for the warning (for example, "reagent dpsiave disconnected", or
"critical emission failure").

Activation of the driver inducement system

The low-level inducement system describedp@amagraph 5.3. shall be
enabled, and subsequently activated according g¢oreéljuirements of that
section, if a failure specified in paragraph 94.not rectified within 36
engine operating hours after the activation of dnger warning system in
paragraph 9.3.

The severe inducement system describedragmph 5.4. shall be enabled,
and subsequently activated according to the reongines of that section, if a
failure specified in paragraph 9.1. is not rectifigithin 100 engine operating
hours after the activation of the driver warningteyn in paragraph 9.3.

The number of hours prior to activation leé inducement systems shall be
reduced in case of a repetitive occurrence of tadunction in accordance
with the mechanism described in Appendix 2 to émisex.
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Appendix 1

Demonstration requirements

A.l.1
All1l

Al1.1.2.

Table 1

General

The manufacturer shall submit to the Apptowuthority a complete
documentation package justifying the compliancéhefSCR system with the
requirements of this annex as regards its capakiliffior monitoring and
activation of the driver warning and inducementeys which may include:

(a) algorithms and decision charts
(b)  tests and/or simulation results
(c) reference to previously approved monitoringaiys, etc.

Compliance with the requirements of thisex shall be demonstrated during
type-approval by performing, as illustrated in Talll and specified in this
Appendix, the following demonstrations:

(a) a demonstration of the warning system activatio
(b)  ademonstration of the low level inducementeysactivation

(c) a demonstration of the severe inducement syatgivation

lllustration of the content of the demonstration process in accordance with the provisions in
paragraphs A.1.3., A.1.4. and A.1.5.

Mechanism Demonstration elements

Warning system activatio
specified in paragraph

=]

(@) 4 activation tests (incl. lack of reagent)

A13 (b)  Supplementary demonstration elements,
B appropriate
Low-level inducement (@) 2 activation tests (incl. lack of reagent)
activation specified in .
paragraph A.1.4. (b)  Supplementary demonstration elements

(c) 1torque reduction test

Severe inducement (@) 2 activation tests (incl. lack of reagent)
activation specified in
paragraph A.1.5.

(b)  Supplementary demonstration elements,
appropriate

(c) Demonstration elements of correct vel
behavior during inducement
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A.l.2. Engine families or OBD engine families

The compliance of an engine family or an OBD endiamily with the
requirements of this annex may be demonstratedekjing one of the
members of the family under consideration, provideat the manufacturer
demonstrates to the approval authority that theitoong systems necessary
for complying with the requirements of this anne® aimilar within the

family.

A.1.2.1. This demonstration may be performed bysg@néng to the approval
authorities such elements as algorithms, functianalyses, etc.

A.1.2.2. The test engine is selected by the matwfac in agreement with the
approval authority. It may or may not be the paemgine of the considered
family.

A.1.2.3. In the case where engines of an enginedlyabelong to an OBD engine

family that has already been type-approved, theptiamce of that engine
family is deemed to be demonstrated without furthesting (Figure 1),
provided the manufacturer demonstrates to the &tghtbat the monitoring
systems necessary for complying with the requirdmenf this annex are
similar within the engine and OBD engine familieslar consideration.

Figure 1
Previously demonstrated conformity of an OBD enginéamily

Conformity of Engine Conformity of OBD Engine family
family 1 is considered as4#— has been demonstrated for Engine
demonstrated family 2

Engine Engine

family 1 family 2

OBD engine family 1

A.1.3. Demonstration of the warning system actation

A.1.3.1. The compliance of the warning system attbn shall be demonstrated by
performing one test for each of the failure categorconsidered in
paragraphs 6. to 9. of this annex such as: lackagfent, low reagent quality,
low reagent consumption, failure of componentshefronitoring system.

A.1.3.2. Selection of the failures to be tested
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A.1.3.2.1.

A.1.3.2.2.

A.1.3.2.2.1.

A.1.3.2.3.

A.1.3.2.3.1.

A.1.3.2.3.2.

A.1.3.3.

A.1.3.3.1.

A.1.3.3.2.

A.1.3.3.3.
A.1.3.3.4.

A.1.3.35.

A.1.3.3.5.1.

A.1.3.3.6.

A.1.3.3.6.1.

A.1.3.3.6.2.

For the purpose of demonstrating thivaiion of the warning system in case
of a wrong reagent quality, a reagent shall becsetiewith a concentration of
the active ingredient equal to or higher than theimum acceptable reagent
concentration CRy,, communicated by the manufacturer in accordantle wi
the requirements of paragraph 7.1.1. of this annex.

For the purpose of demonstrating thévaiton of the warning system in the
case of an incorrect rate of reagent consumptioshall be sufficient to
arrange an interruption of the dosing activity.

Where activation of the warning systdras been demonstrated by
interruption of the dosing activity, the manufaetushall, in addition, present
the approval authority with evidence such as algors, functional analyses,
the results of previous tests, etc. to show thattarning system will activate
correctly in the case of an incorrect rate of reagensumption due to other
causes.

For the purpose of demonstrating thivaiion of the warning system in case
of failures that may be attributed to tamperingdaBned in paragraph 9. of
this annex, the selection shall be performed iroatance with the following
requirements:

The manufacturer shall provide therap@l authority with a list of such
potential failures.

The failure to be considered in thst tghall be selected by the approval
authority from this list referred to in paragraphl/.2.3.1.

Demonstration

For the purposes of this demonstratibrthe activation of the warning
system a separate test shall be performed for efattte failures considered
in paragraph A.1.3.1.

During a test, no failure shall be presgther than the one addressed by the
test.

Prior to starting a test, all DTC shedve been erased.

At the request of the manufacturer, witth the agreement of the approval
authority, the failures subject to testing may ineutated.

For failures other than lack of reag@mce the failure has been induced or
simulated, the detection of that failure shall leefgrmed in accordance with
paragraph 7.1.2.2. of Annex 9B.

The detection sequence shall be stbppee the DTC of the selected failure
has got the "confirmed and active" status.

For the purpose of demonstrating thivaiion of the warning system in case
of lack of reagent availability, the engine systenall be operated over one
or more operating sequences at the discretioneofrtnufacturer.

The demonstration shall start witleeel of reagent in the tank to be agreed
between the manufacturer and the approval authiovityepresenting not less
than 10 per cent of the nominal capacity of thétan

The warning system is deemed to haviopmed in the correct manner if the
following conditions are met simultaneously:
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A.1.3.4.

A.1.3.5.

A.l.4.
A14.1.

Al14.1.1.

A1.4.1.2.

A.14.2.

A.1.4.3.

A.l.4.4.

(@ The warning system has been activated withagenat availability
greater or equal to 10 per cent of the capacithefeagent tank;

(b)  The "continuous" warning system has been atiavith a reagent
availability greater or equal to the value declabgdhe manufacturer
according to the provisions of paragraph 6. of #msex.

The demonstration of the warning systentivation is deemed to be
accomplished for reagent level events if, at thet @reach demonstration test
performed according to paragraph A.1.3.2.1., thenimg system has been
properly activated.

The demonstration of the warning systentivation is deemed to be
accomplished for DTC triggered events if, at thd eh each demonstration
test performed according to paragraph A.1.3.2He, warning system has
been properly activated and the DTC for the setefddure has got the status
shown in Table 1 in Appendix 2 to this annex.

Demonstration of the inducement system

The demonstration of the inducement systemall be done by tests
performed on an engine test bench.

Any additional vehicle components or -sybtems, such as ambient
temperature sensors, level sensors, and driver imgarand information
systems, that are required in order to performdémonstrations shall be
connected to the engine system for that purposshali be simulated, to the
satisfaction of the approval authority.

If the manufacturer chooses, and sulijgdhe agreement of the approval
authority, the demonstration tests may be performed complete vehicle

either by mounting the vehicle on a suitable test br by running it on a test
track under controlled conditions.

The test sequence shall demonstrate tiieaion of the inducement system
in case of lack of reagent and in case of one ef fHilures defined in
paragraphs 7., 8., or 9. of this annex.

For the purpose of this demonstration,

(&  The approval authority shall select, in additio the lack of reagent,
one of the failures defined in paragraphs 7., &.@f this annex that
has been previously used in the demonstrationeofdrning system,

(b)  The manufacturer shall be permitted to simylateagreement with
the approval authority, the achievement of a certaumber of
operating hours,

(c)  The achievement of the torque reduction reguice low-inducement
may be demonstrated at the same time as the geeagihe
performance approval process performed in accoedamith this
Regulation. Separate torque measurement duringirtlecement
system demonstration is not required in this c@ibe.speed limitation
required for severe inducement shall be demonsiristeaccordance
with the requirements of paragraph 5. of this annex

The manufacturer shall, in addition, desimate the operation of the
inducement system under those failure conditiorfimee in paragraphs 7., 8.
or 9. of this annex which have not been chosemserin demonstration tests
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Al14.4.1.

A.1.4.5.
A.1.4.5.1.

A.1.4.5.2.

A.1.4.5.2.1.

A.1.4.53.

A.1.4.54.

A.1.4.6.
A.1.4.6.1.

A.1.4.6.2.

A.1.4.6.2.1.

A.1.4.6.3.

described in paragraphs A.1.4.1., A.1.4.2. and 4A31. These additional
demonstrations may be performed by presentatichecapproval authority
of a technical case using evidence such as algasittiunctional analyses,
and the results of previous tests.

These additional demonstrations shall, particular, demonstrate to the
satisfaction of the approval authority the inclusiof the correct torque
reduction mechanism in the engine ECU.

Demonstration test of the low level induesit system

This demonstration starts when the weyréystem, or when appropriate
"continuous” warning system, has been activated essult of the detection
of a failure selected by the approval authority.

When the system is being checked fometction to the case of lack of
reagent in the tank, the engine system shall be until the reagent

availability has reached a value of 2.5 per cerihefnominal full capacity of

the tank or the value declared by the manufactimeaccordance with

paragraph 6.3.1. of this annex at which the loveléamducement system is
intended to operate.

The manufacturer may, with the agregmef the approval authority,
simulate continuous running by extracting reageaomf the tank, either
whilst the engine is running or whilst it is stogpe

When the system is checked for its readh the case of a failure other than
a lack of reagent in the tank, the engine systeafl le run for the relevant
number of operating hours indicated in Table 2 gpéndix 2 or, at the
choice of the manufacturer, until the relevant ¢euhas reached the value at
which the low-level inducement system is activated.

The demonstration of the low level ingloent system shall be deemed to be
accomplished if, at the end of each demonstratiest performed in
accordance with paragraphs A.1.4.5.2. and A.1.4.5h8 manufacturer has
demonstrated to the approval authority that therengCU has activated the
torque reduction mechanism.

Demonstration test of the severe inducémgstem

This demonstration shall start from andibon where the low-level

inducement system has been previously activatetjray be performed as a
continuation of the tests undertaken to demonsthetdow-level inducement
system.

When the system is checked for its feadh the case of lack of reagent in
the tank, the engine system shall be run untilréfzgent tank is empty (that
is, until the dosing system cannot draw furthegesd from the tank), or has
reached the level below 2.5 per cent of nomindl dapacity of the tank at
which the manufacturer has declared that the semdreement system will
be activated.

The manufacturer may, with the agregmef the approval authority,
simulate continuous running by extracting reageaomf the tank, either
whilst the engine is running or whilst it is stoppe

When the system is checked for its feadh the case of a failure that is not
a lack of reagent in the tank, the engine systeall shen be run for the
relevant number of operating hours indicated inl&&bof Appendix 2 or, at
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A.1.4.6.4.

A.1.5.

A.1.5.1.

A.1.5.1.1.

A.1.5.2.

A.1.5.3.

A.1.5.4.

A.1.5.4.1.

A.1.5.4.2.

A.1.5.4.3.

A.1.5.4.4.

the choice of the manufacturer, until the relevamtinter has reached the
value at which the severe inducement system igatetd.

The demonstration of the severe inducgrsgstem shall be deemed to be
accomplished if, at the end of each demonstratiest performed in
accordance with paragraphs A.1.4.6.2. and A.1.4168 manufacturer has
demonstrated to the type-approval authority thatrédquired vehicle speed
limitation mechanism has been activated.

Demonstration of the vehicle speed limitatiofollowing activation of the
severe inducement system

The demonstration of the vehicle speedtdition following activation of the
severe inducement system shall be performed byptesentation to the
approval authority of a technical case using ewidesuch as algorithms,
functional analyses, and the result of previoutstes

Alternatively, if the manufacturer cheesand subject to the agreement of
the approval authority, the demonstration of vehipeed limitation may be
performed on a complete vehicle in accordance whith requirements of
paragraph A.1.5.4., either by mounting the vehiciea suitable test bed or by
running it on a test track under controlled corudi§.

When the manufacturer applies for an apgdrof an engine or engine family
as a separate technical unit, the manufactured ghavide the approval
authority with evidence that the installation do@mntation package complies
with the provisions of paragraph 2.2.4. of this@nooncerning the measures
to ensure that the vehicle, when used on the roatsewhere as appropriate,
will comply with the requirements of this annex aeding severe
inducement.

If the approval authority is not satisfiith the evidence of proper operation
of the severe inducement system that is providedheymanufacturer, the
approval authority may request a demonstration @ingle representative
vehicle in order to confirm proper operation of thgstem. The vehicle
demonstration shall be performed in accordance with requirements of
paragraph A.1.5.4.

Additional demonstration for confirmingetleffect of activation of the severe
inducement system on a vehicle

This demonstration shall be performedttet request of the approval
authority when it is not satisfied with the evideraf proper operation of the
severe inducement system provided by the manufctlihis demonstration
shall be performed at the earliest opportunitygreament with the approval
authority.

One of the failures defined in paragsgh to 9. of this annex shall be
selected by the manufacturer, and shall be intreduar simulated on the
engine system, as the manufacturer and the appaotadrity agree.

The inducement system shall be brougtihb manufacturer to a state where
the low-level inducement system has been activeaed the severe
inducement system has not yet been activated.

The vehicle shall be operated until tbeinter associated with the selected
failure has reached the relevant number of opegdtours indicated in Table
2 of Appendix 2 or, as appropriate, until eithes teagent tank is empty or,
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A.1.5.45.

A.1.5.4.6.

A.1.5.4.7.

has reached the level below 2.5 per cent of nonifilatapacity of the tank
at which the manufacturer has chosen to activate sétvere inducement
system.

If the manufacturer has opted for thisdble after restart" approach referred
to in paragraph 5.4.1. of this annex, the vehibkdlde operated until the end
of the current operating sequence, which must dela demonstration that
the vehicle is capable of exceeding 20 km/h. Afestart, the vehicle speed
shall be limited to no more than 20 km/h.

If the manufacturer has opted for thésdble after fuelling" approach
referred to in paragraph 5.4.2. of this annex,vttgcle shall be operated for
a short distance, chosen by the manufacturer, afteas been brought to a
state where there is sufficient spare capacityhan tank to permit it to be
refuelled with the amount of fuel defined in paggn 5.4.2. of this annex.
The vehicle operation before refuelling shall imgdua demonstration that the
vehicle is capable of exceeding 20 km/h. After uelling the vehicle with
the amount of fuel defined in paragraph 5.4.2haf &nnex, the vehicle speed
shall be limited to no more than 20 km/h.

If the manufacturer has opted for thésddle after parking” approach
referred to in paragraph 5.4.3. of this annexviitgcle shall be stopped after
having been run for a short distance, chosen bymaeufacturer, which is

sufficient to demonstrate that the vehicle is cépaib exceeding a speed of
20 km/h. After the vehicle has been stationaryrfmre than one hour, the
vehicle speed shall be limited to no more than ghk
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Annex 11

Appendix 2

Description of the driver warning and inducementactivation
and deactivation mechanisms

A.2.1.

A.2.2.
A2.2.1.

A.2.2.1.1.

A.2.2.2.

A.2.2.2.1.
A.2.2.21.1.

A2.2.2.1.2.

To complement the requirements specifiedthis annex concerning the
driver warning and inducement activation and deatitn mechanisms, this
Appendix specifies the technical requirements fomaplementation of those
activation and deactivation mechanisms consistétiit the OBD provisions

of Annex 9B.
All definitions used in Annex 9B are applicabletlis Appendix.

Activation and deactivation mechanisms dhe driver warning system

The driver warning system shall be act&datvhen the diagnostic trouble
code (DTC) associated with a malfunction justifyiitg activation has the
status defined in Table 1.

Table 1
Activation of the driver warning system

Failure type DTC status for activation of the wargi
system

poor reagent quality confirmed and active

low reagent consumption potential (if detecteéraft

10 hours), potential or confirmed
and active otherwise

absence of dosing confirmed and active
impeded EGR valve confirmed and active
malfunction of the confirmed and active

monitoring system

If the counter associated with the refevfailure is not at zero, and is
consequently indicating that the monitor has detket situation where the
malfunction may have occurred for a second or sylesat time, the driver
warning system shall be activated when the DTCtiastatus "potential.

The driver warning system shall be deat@id when the diagnostic system
concludes that the malfunction relevant to thatnivay is no longer present
or when the information, including DTCs relativethe failures, justifying its

activation is erased by a scan tool.
Erasing of failure information by meadfis scan tool

Erasing of information, including DT@slative to failures justifying the
activation of a driver warning signal and of thessociated data, by means of
a scan tool shall be performed in accordance withex 9B.

The erasing of failure information lealy be possible under "engine-off"
conditions.
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A.2.2.2.1.3.

A.2.3.
A.2.3.1.

A.2.3.2.

A.2.3.3.

A.2.4.
A2.4.1.
A2.4.1.1.

A2.4.1.2.

A.2.4.1.3.

A.2.41.3.1.

A.2.4.2.
A.2.4.2.1.
A24.21.1.

When failure information, including DS, is erased, any counter associated
with these failures and which is specified in thimex as one that must not
be erased shall not be erased.

Activation and deactivation mechanism dahe driver inducement system

The driver inducement system shall bevatdid when the warning system is
active and the counter relevant to the type of omalfion justifying its
activation has reached the value specified in Table

The driver inducement system shall be tiested when the system no
longer detects a malfunction justifying its actieat or if the information,
including the DTCs, relative to the failures jugiifg its activation has been
erased by a scan tool or maintenance tool.

The driver warning and inducement systsimal be immediately activated
or deactivated as appropriate in accordance wétptiovisions of paragraph
6. of this annex after assessment of the reageanitifyl in the reagent tank.
In that case, the activation or deactivation metdmas shall not depend upon
the status of any associated DTC.

Counter mechanism

General

To comply with the requirements of thisnex, the system shall contain at
least 5 counters to record the number of hoursndurihich the engine has
been operated while the system has detected ahg ébllowing:

(@  Anincorrect reagent quality;

(b)  Anincorrect reagent consumption;

(c)  Aninterruption of reagent dosing activity;
(d)  Animpeded EGR valve;

(e) A failure of the monitoring system as defined point (b) of
paragraph 9.1. of this annex.

Each of these counters shall count uthéomaximum value provided in a
2 byte counter with 1 hour resolution, and shalldhihat value unless the
conditions allowing the counter to be reset to zFBmMet.

A manufacturer may use a single or rpldtmonitoring system counters.

A single counter may accumulate the number of hotis or more different
malfunctions relevant to that type of counter.

When the manufacturer decides to ugkipte monitoring system counters,
the system shall be capable of assigning a speuffigitoring system counter
to each malfunction that is relevant, in accordawit@ this annex, to that
type of counter.

Principle of counter mechanisms
Each of the counters shall operate ksis:

If starting from zero, the counter IsHaegin counting as soon as a
malfunction relevant to that counter is detected dahe corresponding
diagnostic trouble code (DTC) has the status desdrin Table 1.
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A2.4.2.1.2.

The counter shall halt and hold itsrent value if a single monitoring event
occurs and the malfunction that originally activatee counter is no longer
detected or if the failure has been erased bymtewd or a maintenance tool.

A.2.4.2.1.2.1. If the counter stops counting whiea severe inducement system is active,

the counter shall be kept frozen at the value deffin Table 2.

A.2.4.2.1.2.2. In the case of a single monitoriggtem counter, that counter shall continue

counting if a malfunction relevant to that countas been detected and its
corresponding Diagnostic trouble code (DTC) hasstla¢us "confirmed and
active". It shall halt and hold the value specifie¢paragraph A.2.4.2.1.2., or
A.2.4.2.1.2.1. as appropriate, if no malfunctioatttvould justify the counter
activation is detected or if all the failures redat to that counter have been
erased by a scan tool or a maintenance tool.

Table 2
Counters and inducement
Frozen value held by the
Counter value for counter during the period
DTC status for first low-level Counter value for just after severe
activation of the counter | inducement severe inducement | inducement
Reagent Confirmed and 10 hours 20 hours 18 hours
guality counter| active
Reagent Potential or 10 hours 20 hours 18 hours
consumption | confirmed and active
counter (see Table 1)
Dosing counterl  Confirmed and 10 hours 20 hours 18 hours
active
EGR valve Confirmed and 36 hours 100 hours 95 hours
counter active
Monitoring Confirmed and 36 hours 100 hours 95 hours
system counter active
A.2.4.2.1.3. Once frozen, the counter shall betreseero when the monitors relevant to

A.2.4.21.4.

that counter have run at least once to completfoth@r monitoring cycle
without having detected a malfunction and no malfiom relevant to that
counter has been detected during 36 engine opgratiars since the counter
was last held (see Figure 1).

The counter shall continue countirapfrthe point at which it had been held
if a malfunction relevant to that counter is detelctiuring a period when the
counter is frozen (see Figure 1).
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Figure 1
Reactivation and resetting to zero of a counter aftr a period when its value has been
frozen
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A.2.5. lllustration of the activation and deactvation and counter mechanisms
A.2.5.1. This paragraph illustrates the activatiand deactivation and counter
mechanisms for some typical cases. The figuresdasdriptions given in
paragraphs A.2.4.2.,, A.2.4.3. and A.2.4.4. are idext solely for the
purposes of illustration in this annex and shoulit be referenced as
examples of either the requirements of this Regulabr as definitive
statements of the processes involved. For simatifim purposes, for
example, the fact that the warning system will also active when the
inducement system is active has not been mentionine illustrations given.
A.2.5.2. Figure 2 illustrates the operation of tlaetivation and deactivation

mechanisms when monitoring the reagent availalfibityfive cases:

(@ Use case 1: the driver continues operatingvétecle in spite of the
warning until vehicle operation is disabled;

(b)  Repair case 1 ("adequate" refilling): the drivefills the reagent tank
so that a level above the 10 % threshold is reacWéakning and
inducement are de-activated;

(c) Repair cases 2 and 3 (“inadequate" refillinge warning system is
activated. The level of warning depends on the arhofi available
reagent;

(d)  Repair case 4 ("very inadequate" refilling)e tlow-level inducement
is activated immediately.



ECE/TRANS/WP.29/2012/45

Figure 2
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Figure 3 illustrates three cases of wrorga quality:

@

(b)

(©

Use case 1: the driver continues operatingvdtecle in spite of the
warning until vehicle operation is disabled;

Repair case 1 ("bad" or "dishonest" repairjeraflisablement of the
vehicle, the driver changes the quality of the essigbut, soon after,
changes it again for a poor quality one. The incheat system is
immediately reactivated and vehicle operation isabied after
2 engine operating hours;

Repair case 2 ("good" repair): after disableimefthe vehicle, the
driver rectifies the quality of the reagent. Howeveome time
afterwards, he refills again with a poor qualitggent. The warning,
inducement, and counting processes restart from zer
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A.2.5.4. Figure 4 illustrates three cases of failof the urea dosing system. This
figure also illustrates the process that applieth&n case of the monitoring
failures described in paragraph 9. of this annex:

(a) Use case 1: the driver continues operatingvdiecle in spite of the
warning until vehicle operation is disabled;

(b)  Repair case 1 ("good" repair): after disablemafnthe vehicle, the
driver repairs the dosing system. However, some @fterwards, the
dosing system fails again. The warning, inducemant] counting
processes restart from zero;

(c) Repair case 2 ("bad" repair): during the loweleinducement time
(torque reduction), the driver repairs the dosiggtesm. Soon after,
however, the dosing system fails again. The lovellamducement
system is immediately reactivated and the courgstarts from the
value it had at the time of repair.

Figure 4
Failure of the reagent dosing system

y > 36 op hours esc 3‘5 op hours 2s
36 operating ‘36 operating
houre ! hours
2 20 hrs /,a‘/ Lo
S 18 hrs
o 10 hrs
O !
= CREEP
] Mode
e TORQUE
8 Reduction
=] WARNING
o
£ NO
Repair Repair
oE 2YES ™ Ty
o=
825 no [
[7) ; i
Repair Repair
(Case 1) (Case z

392



ECE/TRANS/WP.29/2012/45

Annex 11
Appendix 3

Low level induc

ement torque reduction scheme

This diagram illustrates the provisions of paragr&8. of this annex on torque reduction.

Torque
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---at Governor Break
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Appendix 4

Demonstration of correct installation on a vehia@ in the case
of engines type-approved as a separate technicalitin

This Appendix applies when the vehicle manufactueguests type-approval of a vehicle
with an approved engine with regard to emissiorecitordance with this Regulation.

In this case, and in addition to the installati@guirements of paragraph 6. of this
Regulation, a demonstration of the correct indialtais required. This demonstration shall
be performed by the presentation to the approvéhoaily of a technical case using
evidence such as engineering drawings, functionalyaes, and the results of previous
tests.

Where appropriate, and if the manufacturer chodasesgevidence presented may include
installations of systems or components on realimuksted vehicles, provided that the
manufacturer can present evidence that the presémséallation properly represents the
standard that will be achieved in production.

The demonstration shall address the conformity loé following elements to the
requirements of this annex:

(@ The installation on board the vehicle as regatsl compatibility with the engine-
system (hardware, software and communication);

(b)  The warning and inducement systems (for exangit®ograms, activation schemes,
etc.);

(c)  The reagent tank and the elements (for exarsplesors) mounted on the vehicle for
the purpose of complying with this annex.

Correct activation of the warning and inducemerstesyis, and of the information storage
and on-board and off-board communication systenas; be checked. No check of these
systems shall require the dismounting of the engiysem or components, nor shall it
generate unnecessary testing burden by requiriogepses such as changing of the urea
quality or running of the vehicle or engine for ¢gpperiods of time. In order to minimise the
burden upon the vehicle manufacturer, electricatisections and simulation of counters
with high operating hours shall be selected aslchen these systems if possible.
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Appendix 5

Access to "NQ control information"

A5.1.

A5.2.

A5.2.1.

A5.2.2.

A5.2.3.

A5.2.4.

A5.2.5.

A.5.3.

A.5.3.1.

This appendix describes the specificatioegmitting access to information
required in order to check the status of the vehigth regard to the correct
operation of the NQcontrol system ("N@control information™).

Access methods

The "NQ control information" shall be provided only in acdance with the
standard or standards used in association withetnval of engine system
information from the OBD system.

Access to the "NQOcontrol information” shall not be dependent on any
access code or other device or method obtainalyefram the manufacturer
or the manufacturer’s suppliers. Interpretationttaft information shall not
require any specialised or unique decoding infoiomat unless that
information is publicly available.

It shall be possible to retrieve all "N€ntrol information™ from the system
using the access method that is used to retrievé® QBormation in
accordance with Annex 9A.

It shall be possible to retrieve all "Né&»ntrol information” from the system
using the test equipment that is used to retrie\@DQnformation in
accordance with Annex 9A.

The "NQ control information" shall be available througledd-only" access
(that is, it shall not be possible to clear, resegse, or modify any of the
data).

Information content

The "NQ control information" shall contain at least thelldwing
information:

(@)  The VIN (vehicle identification number);
(b)  The status of the warning system (active; nctive);

(c)  The status of the low-level inducement systewtiye; enabled; non-
active);

(d)  The status of the severe inducement systenivéactnabled; non-
active);

(e) Number of warm-up cycles and number of engiperating hours
since recorded "NOx control information" was clehokie to service
or repair;

)] The types of the counters relevant to this anfreeagent quality,
reagent consumption, dosing system, EGR valve, tomong system)
and the number of engine operating hours indicatecach of the
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)

these counters; in the case of multiple countensgbesed, the value
to be considered for the purposes of the yN@ntrol information” is
the value of each of the counters relative to théufe under
consideration having the highest value;

The DTCs associated with the malfunctions rahévto this annex and
their status (“potential”, “confirmed and activeitc.);



ECE/TRANS/WP.29/2012/45

Annex 11
Appendix 6

Demonstration of the minimum acceptable reagent
concentration CDy,n

A.6.1. The manufacturer shall demonstrate the cowalue of CLQy, during type-
approval by performing the hot part of the WHTC leyén accordance with
the provisions of Annex 4, using a reagent withdbecentration C[.

A.6.2. The test shall follow the appropriate prexditioning cycle, permitting a
closed loop NQ control system to perform adaptation to the quadit the
reagent with the concentration GR

A.6.3. The pollutant emissions resulting from thést shall be lower than the
emission limits specified in paragraphs 7.1.1. @dd1.1. of this annex.
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CO, emissions and fuel consumption

1.
1.1.

3.1.1.

3.1.2.

3.1.3.

398

Introduction

This annex sets out the provisions and testegutures for reporting GGemissions
and fuel consumption.

General requirements

CQ emissions and fuel consumption shall be determioeet the WHTC and
WHSC test cycles in accordance with paragraphst@.2.8. of Annex 4.

The test results shall be reported as cyckraged brake specific values and
expressed in the unit of g/kWh.

Determination of CQ emissions

Raw measurement

This paragraph shall apply, if G& measured in the raw exhaust gas.
Measurement

CG; in the raw exhaust gas emitted by the engine stdminfor testing shall be
measured with a non-dispersive infrared (NDIR) gl in accordance with
paragraph 9.3.2.3. and Appendix 2 to Annex 4.

The measurement system shall meet the linearityinegents of paragraph 9.2. and
Table 7 of Annex 4.

The measurement system shall meet the requirenoémtaragraphs 9.3.1., 9.3.4.
and 9.3.5. of Annex 4.

Data evaluation

The relevant data shall be recorded and storeddnrdance with paragraph 7.6.6.
of Annex 4. The traces of the recorded concentnatend the trace of the exhaust
gas mass flow rate shall be time aligned with taedformation time as defined in
paragraph 3.1. of Annex 4.

Calculation of cycle averaged emission

If measured on a dry basis, the dry/wet correctionording to paragraph 8.1. of
Annex 4 shall be applied to the instantaneous curaton values before any
further calculation is done.

The mass of CQ(g/test) shall be determined by calculating treantaneous mass
emissions from the raw GQoncentration and the exhaust gas mass flow, edign
with respect to their transformation times as dwieed in accordance with
paragraph 8.4.2.2. of Annex 4, integrating theainttneous values over the cycle,
and multiplying the integrated value with tlevalues of CQ from Table 5 of
Annex 4.

The following equation shall be applied:

i=n

1
Meoz = Z Ucoz X Ceozi X Urew; X T (in g/test)
=
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Where:

Uco2 is the ratio between GQlensity and density of the exhaust gas
Ccoz,i IS the instantaneous G@oncentration in the exhaust gas, ppm
Omew,i IS the instantaneous exhaust mass flow, kg/s

f is the data sampling rate, Hz

n is the number of measurements

Optionally, the C@ mass may be calculated in accordance with parag8ap?2.4.
of Annex 4 by using a CaOmolar massNico,) of 44.01 g/mol.

3.2. Dilute measurement
This paragraph applies, if G& measured in the dilute exhaust gas.
3.2.1. Measurement

CG; in the dilute exhaust gas emitted by the engirmrsited for testing shall be
measured with a non-dispersive infrared (NDIR) wsml in accordance with
paragraph 9.3.2.3. and Appendix 2 to Annex 4. @ituof the exhaust shall be done
with filtered ambient air, synthetic air or nitrageThe flow capacity of the full flow
system shall be large enough to completely eliminaater condensation in the
dilution and sampling systems.

The measurement system shall meet the linearityinements of paragraph 9.2. and
Table 7 of Annex 4.

The measurement system shall meet the requirenoémtaragraphs 9.3.1., 9.3.4.
and 9.3.5. of Annex 4.

3.2.2. Data evaluation
The relevant data shall be recorded and storeddnrdance with paragraph 7.6.6.
of Annex 4.

3.2.3. Calculation of cycle averaged emission

If measured on a dry basis, the dry/wet correctionording to paragraph 8.1. of
Annex 4 shall be applied.

For systems with constant mass flow (with heat arger), the mass of GQy/test)
shall be determined with the following equation:

Mcoz = 0.00151X Cccoz2 X Meg (in gltest)

Where:

Ccoz Iis the average background corrected, €C@nhcentration, ppm
0.001519 is the ratio between €@ensity and density of aiu factor)
myy IS the total diluted exhaust mass over the cyde,

For systems with flow compensation (without heath@nger), the mass of GO
(gltest) shall be determined by calculating theantneous mass emissions and
integrating the instantaneous values over the cydko, the background correction
shall be applied directly to the instantaneous eatration values. The following
equation shall be applied:

Mco2
= Zn: [(mEd,i XCeoze X 0'001519] - [(med XCeozg % (1_ ]-/D) X 0'001519]
i=1
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3.3.

3.3.1.

Where:

Ccoze IS the CQ concentration measured in the diluted exhaustpyas,
Ccozd IS the CQconcentration measured in the dilution air, ppm
0.001519 is the ratio between £@ensity and density of aiu factor)
Mg IS the instantaneous mass of the diluted exhasstky

My is the total mass of diluted exhaust gas ovectiote, kg

D is the dilution factor

Optionally, theu factor may be calculated with equation 57 in peaph
8.5.2.3.1. of Annex 4 by using a g®olar massNlco,) of 44.01 g/mol.

CO, background correction shall be applied in accordawith paragraph
8.5.2.3.2. of Annex 4.

Calculation of brake specific emissions

The cycle work needed for the calculation of brakecific CQ emissions
shall be determined in accordance with paragraie.7of Annex 4.

WHTC

The brake specific emissiobso, (9/kWh) shall be calculated as follows:

— (014)( mCOZCOId ) + (0'86x mCOZhOt)

ooz = (0'14xWactcold)+ (0'86xwacth0t)

Where:

Mco2, cold is the CQ mass emissions of the cold start test, g/test
Mco2, hot is the CQ mass emissions of the hot start test, g/test
Wet, cold is the actual cycle work of the cold start te¥t/rk

W,et noiS the actual cycle work of the hot start test,rkW
3.3.2. WHSC

The brake specific emissiorgo, (g/kWh) shall be calculated as follows:

Where:
Mco2iS the CQ mass emissions, gltest
W, is the actual cycle work, kWh

Determination of fuel consumption
Measurement

Measurement of the instantaneous fuel flow shaldbee by systems that
preferably measure mass directly such as the fatigw

(@  mass flow sensor;
(b)  fuel weighing;

(c) Coriolis meter.
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4.2.

4.3.

4.4,

4.4.1.

The fuel flow measurement system shall have tHewviihg:

(@) an accuracy of £ 2 per cent of the reading @&.3 per cent of full
scale whichever is better;

(b)  a precision of + 1 per cent of full scale ottee
(c) arise time that does not exceed 5 s.

The fuel flow measurement system shall meet theatity requirements of
paragraph 9.2. and Table 7 of Annex 4.

Precautions shall be taken to avoid measurementserSuch precautions
shall at least include the following:

(@) the careful installation of the device accogdito the instrument
manufacturers” recommendations and to good engiggpractice;

(b)  flow conditioning as needed to prevent wakeddies, circulating
flows, or flow pulsations that affect accuracy eegsion of the fuel
flow system;

(c) account for any fuel that bypasses the engineeturns from the
engine to the fuel storage tank.

Data evaluation

The relevant data shall be recorded and storeddardance with paragraph
7.6.6. of Annex 4.

Calculation of cycle averaged fuel consumption

The mass of fuel (g/test) shall be determined leysilim of the instantaneous
values over the cycle, as follows:

O = iqmﬂi x 1 %1000
= f
Where:
Oni IS the instantaneous fuel flow, kg/s
f is the data sampling rate, Hz
n is the number of measurements

Calculation of brake specific fuel consumption

The cycle work needed for the calculation of thekkr specific fuel
consumption shall be determined in accordance w#hagraph 7.8.6. of
Annex 4.

WHTC

The brake specific fuel consumptiog (g/kwh) shall be calculated as
follows:

_ (014X qu,cold)+ (0'86x qu,hot)

= (014w, )+ (086xW, )

Where

O, cold is the fuel mass of the cold start test, g/test
O, hot is the fuel mass of the hot start test, g/test
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Wt cold is the actual cycle work of the cold start te¥t/rk
Wet, hot is the actual cycle work of the hot start te®¥rk
4.4.2. WHSC

The brake specific fuel consumptiog (g/kwh) shall be calculated as
follows:

_ O
& W
Where
Onr is the fuel mass, g/test

W,is the actual cycle work, kWh
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Annex 12

Appendix 1

Provisions on CQ emissions and fuel consumption for
extension of a type-approval for a vehicle type-appved
under this regulation with a reference mass exceeuy
2,380 kg but not exceeding 2,610 kg

A.l.1
Al.1.1.

A.l.2.
Al1.2.1.

A1.2.1.2.

A.1.2.1.3.

Introduction

This appendix sets out the provisions &sd procedures for reporting O
emissions and fuel consumption for extension oétgipproval for a vehicle
type-approved under this Regulation to a vehicl¢hva reference mass
exceeding 2,380 kg but not exceeding 2,610 kg.

General requirements

In order to receive an extension of a tgpproval for a vehicle in respect of
its engine type-approved under this Regulation tekicle with a reference
mass exceeding 2,380 kg but not exceeding 2,61&gnanufacturer shall
meet the requirements of Regulation 101 with theeptions specified

below.

Paragraph 5.2.4. of Regulation 101 dimlinderstood as follows:

(1) density: measured on the test fuel accordingS® 3675 or an
equivalent method. For petrol, diesel, ethanol |E&3d ethanol for
dedicated C.I. engines (ED95) the density measar&t88 K (15°C)
will be used; for LPG and natural gas/biomethamefarence density
shall be used, as follows:

0.538 kg/litre for LPG
0.654 kg/ni for NG

(2)  hydrogen-carbon-oxygen ratio: fixed values kbalused which are:

C1H1 0800 03ofor petrol (E10),
C1H1,8600_006f0r diesel (B?),

CiHz sosfor LPG (liquefied petroleum gas),
CH, for NG (natural gas) and biomethane,

C1H3.7400 385 for ethanol (E85),
C1H, 6:0, 4¢ for ethanol for dedicated C.I. engines (ED95)
Paragraph 1.4.3. of Annex 6. of RegatatiO1 shall be understood as:

“1.4.3. The fuel consumption, expressed in litres P00 km (in the case of
petrol, LPG, ethanol (E85 and ED95) and dieselpan® per 100 km (in the
case of NG/biomethane) is calculated by meanseofdtiowing formulae:

(@  for vehicles with a positive ignition enginesfied with petrol (E10):
FC =(0.120/D) [(0.831- HC) + (0.429 CO) + (0.273 CO,))]
(b)  for vehicles with a positive ignition engineefled with LPG:
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FChom = (0.1212/0.538) [(0.825- HC) + (0.429- CO) + (0.273:
CO)]

If the composition of the fuel used for the tedfeds from the composition
that is assumed for the calculation of the norrmedlisonsumption, on the
manufacturer’s request a correction factor cf maapplied, as follows:

FChom = (0.1212/0.538) (cf) - [(0.825- HC) + (0.429 CO) + (0.273 CO,)]
The correction factor cf, which may be appliedjésermined as follows:
cf = 0.825 + 0.0693 fua

Where:

Nacual1S the actual H/C ratio of the fuel used

(c) for wvehicles with a positive ignition engine efled with
NG/biomethane:

FChorm = (0.1336/0.654) [(0.749- HC) + (0.429 CO) + (0.273 CO,)]
(d)  for vehicles with a positive ignition engineefled with ethanol (E85):
FC =(0.1742/D) [(0.574- HC) + (0.429 CO) + (0.273 CO,)]

(e)  for vehicles with a compression ignition engfoelled with diesel
(B7):

FC = (0.1165/D) [(0.859- HC) + (0.429 CO) + (0.273 CO,)]

) for vehicles with a dedicated compression igmitengine fuelled with
ethanol (ED95)

FC = (0.186/D) [(0.538:- HC) + (0.429 CO) + (0.273 CGO,)]
In these formulae:

FC is the fuel consumption in litre per 100 km (ive case of petrol,
ethanol, LPG, diesel or biodiesel) or irf per 100 km (in the case of natural

gas)

HC is the measured emission of hydrocarbons in g/km

CO is the measured emission of carbon monoxidékim g

CO, is the measured emission of carbon dioxide in g/km
D is the density of the test fuel.

In the case of gaseous fuels this is the densi2BaK (15°C).
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Annex 13

Type-approval of replacement pollution control deices as
separate technical unit

1.
1.1.

1.2.

1.2.1.

2.1.
2.11

2.1.2.

2.2.

2.2.1.

Introduction

This annex contains additional requirements tiee type-approval of
replacement pollution control devices as sepagatiertical units.

Definition

‘Type of pollution control deviteneans catalytic converters and particulate
filters which do not differ in any of the followingssential aspects:

(a) number of substrates, structure and material;
(b)  type of activity of each substrate;

(c) volume, ratio of frontal area and substratythb;
(d)  catalyst material content;

(e) catalyst material ratio;

) cell density;

(g) dimensions and shape;

(h)  thermal protection.

General requirements
Marking

Each replacement pollution control devicellshear at least the following
identifications:

(@)  The manufacturer's name or trade mark;

(b)  The make and identifying part number of thelaepment pollution
control device as recorded in the information doenmissued in
accordance with the model set out in Appendix thi® annex.

Each original replacement pollution contdelvice shall bear at least the
following identifications:

(@  The vehicle or engine manufacturer’'s nameaatemmark;

(b)  The make and identifying part number of thegiodl replacement
pollution control device as recorded in the infotima referred to in
paragraph 2.3.

Documentation

Each replacement pollution control devicallshe accompanied by the
following information:

(@  The manufacturer’s name or trade mark;
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2.2.2.

2.3.

3.2.

3.2.1.

(b)  The make and identifying part number of thelaepment pollution
control device as recorded in the information doenmissued in
accordance with the model set out in Appendix thi® annex;

(c)  The vehicles or engines including year of mantire for which the
replacement pollution control device is approvet;liding, where
applicable, a marking to identify if the replacermeollution control
device is suitable for fitting to a vehicle thatequipped with an on-
board diagnostic (OBD) system;

(d) Installation instructions.

The information referred to in this point shall Beailable in the product
catalogue distributed to points of sale by the nfeacturer of replacement
pollution control devices.

Each original replacement pollution conttelice shall be accompanied by
the following information:

(@)  The vehicle or engine manufacturer’'s nameastemark;

(b)  The make and identifying part number of thegioal replacement
pollution control device as recorded in the infotima mentioned in
paragraph 2.3.;

(c)  The vehicles or engines for which the origingblacement pollution
control device is of a type covered by paragrahl2.2.1. of Part 1
of Annex 1, including, where applicable, a markingdentify if the
original replacement pollution control device istahle for fitting to a
vehicle that is equipped with an on-board diageg€BD) system;

(d) Installation instructions.

This information referred to in this point shall beailable in the product
catalogue distributed to points of sale by the elehdr engine manufacturer.

For an original replacement pollution contdelvice, the vehicle or engine
manufacturer shall provide to the approval authorthe necessary
information in electronic format which makes theklibetween the relevant
part numbers and the type-approval documentation.

This information shall contain the following:

(@) Make(s) and type(s) of vehicle or engine;

(b)  Make(s) and type(s) of original replacementytan control device;
(c)  Part number(s) of original replacement pollatamntrol device;

(d)  Type-approval number of the relevant engineeaticle type(s).

Separate technical unit type-approval mark

Every replacement pollution control devicefooming to the type approved
under this Regulation as a separate technicalshail bear a type-approval
mark.

The type-approval mark referred to in paralgrad. shall consist of:

A circle surrounding the letter "E" followég the distinguishing number of
the country which has granted the type-approva (sagraph 4.12.3.1. of
this Regulation);



ECE/TRANS/WP.29/2012/45

3.2.2.

3.2.3.

3.3.

3.4.

3.5.

4.1.

4.1.1.

4.1.2.

4.1.3.

4.1.4.

4.2.

The number of this Regulation, followed b tetter "R", a dash and the
approval number to the right of the circle presediln paragraph 3.2.1.;

The letters “RD” after the national symbtile purpose of which is to
distinguish that the type-approval has been grarfteda replacement
pollution control device.

The type-approval mark shall be affixed to téylacement pollution control
device in such a way as to be clearly legible amilible. It shall, wherever
possible, be visible when the replacement pollutiontrol device is installed
on the vehicle.

An example of the type-approval mark for aasate technical unit is given
in Appendix 3 to this annex.

Notice of approval or of extension or of reflusf approval or production
definitively discontinued of a replacement pollatioontrol device pursuant
to this Regulation shall be communicated to theti®arto the 1958
Agreement which apply this Regulation, by means é6rm conforming to
the model in Appendix 2. Values measured duringtype test shall also be
shown.

Technical requirements
General requirements

The replacement pollution control devicellsha designed, constructed and
capable of being mounted so as to enable the emgidevehicle to comply
with the rules with which it was originally in cotignce and that pollutant
emissions are effectively limited throughout themal life of the vehicle
under normal conditions of use.

The installation of the replacement pollatimontrol device shall be at the
exact position of the original equipment polluticontrol device, and the
position on the exhaust line of the exhaust gampérature and pressure
sensors shall not be modified.

If the original equipment pollution contralevice includes thermal
protections, the replacement pollution control deéhall include equivalent
protections.

Upon request of the applicant for the typpraval of the replacement
component, the approval authority that grantedattiginal type-approval of
the engine system shall make available on a naridigatory basis, the
information referred to in paragraphs 3.2.12.21618.and 3.2.12.2.6.8.2.1. in
Part 1 of the information document contained in é&xA for each engine to
be tested.

General durability requirements

The replacement pollution control device shall leablle, that is designed,
constructed and capable of being mounted so thabreble resistance to the
corrosion and oxidation phenomena to which it igased is obtained, having
regard to the conditions of use of the vehicle.

The design of the replacement pollution controliceshall be such that the
elements active in controlling emissions are adedyaprotected from
mechanical shock so as to ensure that pollutansssonis are effectively
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4.3.
4.3.1.

4.3.1.1.

4.3.1.2.

4.3.2.

4.3.2.1.

4.3.2.2.

408

limited throughout the normal life of the vehiclader normal conditions of
use.

The applicant for type-approval shall provide te #pproval authority details
of the test used to establish robustness to mecdilastiock and the results of
that test.

Requirements regarding emissions
Outline of procedure for evaluation of erass

The engines indicated in paragraph 3.4.4. (a) f Regulation equipped
with a complete emissions control system includitie replacement
pollution control device of the type for which appal is requested, shall be
subjected to tests appropriate for the intendedicgtjpn as described in
Annex 4, in order to compare its performance with briginal emissions
control system according to the procedure desciisdalv.

Where the replacement pollution controVicke does not comprise the
complete emissions control system, only new origeguipment or new
original replacement pollution control componeritalsbe used to provide a
complete system.

The emissions control system shall be agexbrding to the procedure
described in paragraph 4.3.2.4. and retested &blest the durability of its
emissions performance.

The durability of a replacement pollution contrelvite is determined from a
comparison of the 2 successive sets of exhaustrgassions tests.

(@)  The first set is that made with the replacenpatittion control device
which has been run in with 12 WHSC Cycles;

(b)  The second set is that made with the replacemeitution control
device which has been aged by the procedures elgtadlow.

Where approval is applied for different types ofgiees from the same
engine manufacturer, and provided that these diftetypes of engines are
fitted with an identical original equipment polloti control system, the
testing may be limited to at least two enginescietk after agreement with
the approval authority.

Procedure for evaluation of emissions perforce of a replacement
pollution control device

The engine or engines shall be fitted witiew original equipment pollution
control device according to paragraph 4.11.4. isf regulation.

The exhaust aftertreatment system shall be pretondd with 12 WHSC
cycles. After this preconditioning, the engineslisha tested according to the
WHDC test procedures specified in Annex 4. Threlgaeist gas tests of each
appropriate type shall be performed.

The test engines with the original exhaust aftattnent system or original
replacement exhaust aftertreatment system shalplyowith the limit values
according to the type-approval of the engine oiicleh

Exhaust gas test with replacement poliutiantrol device

The replacement pollution control device to be eatdd shall be fitted to the
exhaust aftertreatment system tested accordinghéo requirements of
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4.3.2.3.

4.3.2.4.

4.3.2.5.

4.3.2.6.

4.3.2.7.

paragraph 4.3.2.1., replacing the relevant origieguipment exhaust
aftertreatment device.

The exhaust aftertreatment system incorporatingrépéacement pollution
control device shall then be preconditioned withVERISC cycles. After this
preconditioning, the engines shall be tested adegrdo the WHDC
procedures described in Annex 4. Three exhaustegés of each appropriate
type shall be performed.

Initial evaluation of the emission of ptédints of engines equipped with
replacement pollution control devices.

The requirements regarding emissions of the engewspped with the
replacement pollution control device shall be degre be fulfilled if the
results for each regulated pollutant (CO, HC, NMHW@zthane, NQ NHs,
particulate mass and particle number as appropigatthe type-approval of
the engine) meet the following conditions:

(1) M<0.85S +0.46G;
2 M<G
Where:

M: mean value of the emissions of one pollutanawigd from the three
tests with the replacement pollution control deyice

S: mean value of the emissions of one pollutanhiobt from the three
tests with the original or original replacementlpidbn control device;

G: limit value of the emissions of one pollutantaing to the type-
approval of the vehicle.

Durability of emissions performance

The exhaust aftertreatment system tested in pgphgrd3.2.2. and
incorporating the replacement pollution control idevshall be subjected to
the durability procedures described in Appendix 4.

Exhaust gas test with aged replacemehttjpoi control device

The aged exhaust aftertreatment system incorpgratie aged replacement
control device shall then be fitted to the testieeagused in paragraphs
4.3.2.1. and 4.3.2.2.

The aged exhaust aftertreatment systems shall éeopditioned with 12
WHSC cycles and subsequently tested using the WHGcedures
described in Annex 4. Three exhaust gas testsalf appropriate type shall
be performed.

Determination of ageing factor for thelaepment pollution control device

The ageing factor for each pollutant shall be #terof the applied emission
values at the useful life end point and at thet sthithe service accumulation.
(e.g. if the emissions of pollutant A at the usdffé end point are 1.50
o/kWh and those at the start of the service accationl are 1.82 g/kwWh, the
ageing factor is 1.82/1.50 = 1.21).

Evaluation of the emission of pollutant§ engines equipped with
replacement pollution control devices.
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4.3.3.

4.3.4.

4.3.4.1.

The requirements regarding emissions of the engigegpped with the aged
replacement pollution control device (as describggaragraph 4.3.2.5.) shall
be deemed to be fulfilled if the results for eaepulated pollutant (CO, HC,
NMHC, methane, N@Q NH;, particulate mass and particle number as
appropriate for the type-approval of the enginegntiee following condition:

M*AF < G
Where:

M: mean value of the emissions of one pollutanawigd from the three
tests with the preconditioned replacement pollutaamtrol device before
ageing (i.e. results from paragraph 4.3.2.);

AF: the ageing factor for one pollutant;

G: limit value of the emissions of one pollutantaing to the type-
approval of the vehicle(s).

Replacement pollution control device techgglfamily

The manufacturer may identify a replacement palluticontrol device
technology family, to be identified by basic chaegistics which shall be
common to devices within the family.

To belong to the same replacement pollution conttevice technology
family the replacement pollution control devicealshave the following:

(@)  The same emissions control mechanism (oxidatidalyst, three-way
catalyst, particulate filter, selective catalytadluction for NQ etc.);

(b)  The same substrate material (same type of d¢eramsame type of
metal);

(c)  The same substrate type and cell density;

(d)  The same catalytically active materials andergmore than one, the
same ratio of catalytically active materials;

(e)  The same total charge of catalytically activsenals;
) The same type of washcoat applied by the sameegs.

Assessment of the durability of emissionsfgpmance of a replacement
pollution control device by use of a technology figrageing factor.

Where the manufacturer has identified a replacenpmilution control
technology family, the procedures described in gagh 4.3.2. may be used
to determine the ageing factors for each pollufantthe parent of that
family. The engine on which these tests are comdlushall have a minimum
engine displacement of 0.75dm3 per cylinder.

Determination of durability performancefarhily members.

A replacement pollution control device A within anfily and intended to be
mounted on an engine of displacement CA may beiderex to have the
same ageing factors as the parent replacementtipolloontrol device P,
determined on an engine of displacement CP, ifalewing conditions are
fulfilled:

VA/CA > VP/CP
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Where:
VA: Substrate volume (in dm3) of replacement ptdii control device A

VP: Substrate volume (in dm3) of the parent regaent pollution control
device P of the same family

and

both engines use the same method for regeneratianyoemissions control
devices incorporated in the original exhaust akatment system. This
requirement shall apply only where devices reqgiriregeneration are
incorporated in the original exhaust aftertreatnsystem.

If these conditions are fulfilled, the emissionsahility performance of other
members of the family may be determined from théssions results (S) of
that family member determined according to the iregouents set out in
paragraphs 4.3.2.1., 4.3.2.2. and 4.3.2.3. andgufiire ageing factors
determined for the parent of that family.

4.4, Requirements regarding exhaust back-pressure

The back pressure shall not cause the completeusikbgstem to exceed the
value specified according to paragraph 6.1.2. isfRegulation.

4.5, Requirements regarding OBD compatibility (&ggddle only to replacement
pollution control devices intended to be fittedvighicles equipped with an
OBD system)

45.1. OBD compatibility demonstration is requirexhly when the original
pollution control device was monitored in the onigfi configuration.

45.2. The compatibility of the replacement pobuaticontrol device with the OBD
system shall be demonstrated by using the procedigscribed in Annex 9B
for replacement pollution control devices intendede fitted to engines or
vehicles type-approved in accordance with this Regun.

4.5.3. The provisions in this Regulation applicalbdde components other than
pollution control devices shall not apply.

45.4. The replacement pollution control device ofacturer may use the same
preconditioning and test procedure as used duhegtiginal type-approval.
In this case, the approval authority which grantedinal type-approval of
an engine of a vehicle shall provide, on requedt@ma non-discriminatory
basis, Appendix on test conditions to Annex 1 whidmtains the number
and type of preconditioning cycles and the typetestt cycle used by the
original equipment manufacturer for OBD testingtbé pollution control
device.

4.5.5. In order to verify the correct installatiand functioning of all other
components monitored by the OBD system, the OBResysshall indicate
no malfunction and have no stored fault codes pddhe installation of any
of the replacement pollution control device. Anleation of the status of the
OBD system at the end of the tests described iagpaphs 4.3.2. to 4.3.2.7.
may be used for this purpose.

4.5.6. The malfunction indicator shall not activeltging vehicle operation required
by paragraphs 4.3.2. to 4.3.2.7.
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5.2.

5.2.1.

5.2.2.

Conformity of production

Measures to ensure the conformity of producsioall be taken in accordance
with paragraph 8. of this Regulation.

Special provisions

The checks referred to in  Appendix 2 to Agnent
E/ECE/324//E/ECE/TRANS/505/Rev.2 (the 1958 Agreethshall include
compliance with the characteristics as defined wriigpe of pollution
control device" in paragraph 1.2.1.

For the application of paragraph 8. of fRegulation, the tests described in
paragraph 4.3. of this annex (requirements reggréimissions) may be
carried out. In this case, the holder of the apgraway request, as an
alternative, to use as a basis for comparison hetdriginal equipment
pollution control device, but the replacement ptidian control device which
was used during the type-approval tests (or anctherple that has been
proven to conform to the approved type). Emissioalsies measured with
the sample under verification shall then on averageexceed by more than
15 % the mean values measured with the samplefaseeference.
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Annex 13

Appendix 1

Model information document

Information document No ...

relating to the type-approval of replacement palutcontrol devices

The following information shall be supplied in figate and include a list of contents. Any
drawings shall be supplied in appropriate scale sufticient detail on size A4 or on a
folder of A4 format. Photographs, if any, shall shsufficient detail.

If the systems, components or separate technidt liave electronic controls, information
concerning their performance shall be supplied.

0.
0.1.

0.2.

0.2.1.

0.3.

0.5.

0.7.

0.8.

0.9

1.2.

1.3.

GENERAL

Make (trade name of manufacturer):

In the case of components and separate tedhumiits, location and method
of affixing of the approval mark:

DESCRIPTION OF THE DEVICE

Type of the replacement pollution control devi(oxidation catalyst, three-
way catalyst, SCR catalyst, particulate filter etc.

Drawings of the replacement pollution contmbévice, identifying in
particular all the characteristics referred to unt