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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON

1. TECHNICAL AND ECONOMIC FEASIBILITY

The objective of this proposal is to establish amtmnized global technical regulation (gtr)
covering the type-approval procedure for light-deihgine exhaust emissions. The basis will be
the test procedure developed by the WLTP informalig of GRPE (see the informal document
No. x distributed during the (add reference) GRBESion).

Regulations governing the exhaust emissions frgtitiduty engines have been in existence for
many years but the test cycles and methods of Emggseasurement vary significantly. To be
able to correctly determine the impact of a lightydvehicle on the environment in terms of its
exhaust pollutant emissions, a laboratory testeitore, and consequently the gtr, needs to be
adequately representative of real-world vehicleraten.

The proposed regulation is based on new reseatathia world-wide pattern of real light-duty
vehicle use. | From the collected data, two reptasigr test cycles, a transient test cycle
(WHTC) with both cold and hot start requirementsd am hot start steady state test cycle
(WHSC), have been created covering typical drivingditions in the European Union (EU), the
United States of America, Japan and Australia.erAlitive emission measurement procedures-{ Commentaire [MRO1]: Add DHC text
have been developed by an expert committee in I8&®have been published in ISO 16183. Lhere:
This standard reflects exhaust emissions measuteteehnology with the potential for
accurately measuring the pollutant emissions frataré low emission engines. This work has

been the basis for future Japanese and the EUiemIe:gisIation.\ In parallel, substantial work

has been undertaken on a different basis in theséa®ral years in the United States of America

to make major improvements to the emissions measmeprocedures, testing protocols, and
regulatory structure for both highway light-dutydamon-road light-duty enginei.

Commentaire [MRO3]: Correct from
USA standpoint. Actively working to
create light-duty equivalent.

July 2005. Some of those new testing protocolsaliemdy reflected in this gtr. -

It is recognized by the Contracting Parties to 1998 Agreement that a long-term goal for
highway light-duty diesel engine testing and noaerdiesel engine testing would be gtrs which
are similar in structure and substance with resfecheasurement equipment, procedures and
requirements, Therefore, the Contracting Paréesgnize there will be a need in the future to
amend this gtr in order to have as much commonastis possible between the highway light-

this gtr does not contain emission limit valueAt this stage, the limit values shall be developed
by the Contracting Parties according to their oules of procedure.

applicable. Equivalent LD statement
required.

Commentaire [MRO4]: Not ‘
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The WLTP test procedure reflects world-wide on-rbght-duty vehicle operation, as closely as
possible, and provide a marked improvement in #adism of the test procedure for measuring
the emission performance of existing and futurdntliduty vehicles. In summary, the test
procedure was developed so that it would be:

(a) representative of world-wide on-road vehiglemtions,

(b) able to provide the highest possible leveftitiency in controlling on-road emissions,

(c) corresponding to state-of-the-art testing, @arg and measurement technology,

(d) applicable in practice to existing and fored®e future exhaust emissions abatement

technologies, and
(e) capable of providing a reliable ranking of avbt emission levels from different vehicle

types.

At this stage, the gtr is being presented withouit lvalues. In this way, the test procedure can
be given a legal status, based on which the CdirigpParties are required to start the process of
implementing it into their national law. The gontains several options, whose adoption is left
to the discretion of the Contracting Parties. Hes¥ethese aspects have to be fully harmonized { commentaire [MROS]: List options here, ifany. |
when common limit values are established.

When implementing the test procedure containetli;dtr as part of their national legislation or
regulation, Contracting Parties are invited to lisgt values which represent at least the same
level of severity as their existing regulationsngieag the development of harmonized limit
values by the Executive Committee (AC.3) under 1998 Agreement administered by the
World Forum for Harmonization of Vehicle Regulatiof/P.29). The performance levels
(emissions test results) to be achieved in thevilrtherefore, be discussed on the basis of the
most recently agreed legislation in the ContracRagties, as required by the 1998 Agreement.

2. ANTICIPATED BENEFITS

Light-duty vehicles and their powertrains are irsiagly produced for the world market. It is
economically inefficient for manufacturers to haweprepare substantially different models in
order to meet different emission regulations andhos of measuring emissions, which, in
principle, aim at achieving the same objective. ehable manufacturers to develop new models
more effectively and within a shorter time, it issitable that a gtr should be developed. These
savings will accrue not only to the manufactures, inore importantly, to the consumer as well.

However, developing a test procedure just to additess economic question does not completely
address the mandate given when work on this gtrfinstisstarted. The test procedure must also
improve the state of testing light-duty vehicleadetter reflect how light-duty vehicles are
used today. Compared to the measurement methdidsedien existing legislation of the
Contracting Parties to the 1998 Agreement, thangsnethods defined in this gtr are much
more representative of in-use driving behaviouligit-duty vehicles world-wide. It should be
noted that the requirements of this gtr should @mmpiemented by the requirements relating to
the control of the Off-Cycle Emissions (OCE) andD8ystems.

As a consequence, it can be expected that thecafiph of this gtr for emissions legislation
within the Contracting Parties to the 1998 Agreemeitl result in a higher control of in-use
emissions due to the improved correlation of tisé teethods with in-use driving behaviour.
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3.  POTENTIAL COST EFFECTIVENESS

Specific cost effectiveness values for this gtréhaot been calculated. The decision by the
Executive Committee (AC.3) to the 1998 Agreememntave forward with this gtr without limit
values is the key reason why this analysis hadeeh completed. This common agreement has
been made knowing that specific cost effectivenesisies are not immediately available.
However, it is fully expected that this informatianll be developed, generally, in response to
the adoption of this regulation in national reqoiemts and also in support of developing
harmonized limit values for the next step in this'sgdevelopment. For example, each
Contracting Party adopting this gtr into its nadibdaw will be expected to determine the
appropriate level of stringency associated witimgishese new test procedures, with these new
values being at least as stringent as comparaidérexrequirements. Also, experience will be
gained by the light-duty vehicle industry as to awmgts and cost savings associated with using
this test procedure. The cost and emissions pedioce data can then be analyzed as part of the
next step in this gtr development to determinecitst effectiveness values of the test procedures
being adopted today along with the application afifonized limit values in the future. While
there are no values on calculated costs per tenbdfief of the GRPE experts is that there are
clear benefits associated with this regulation.

Draft Proposal — Raw Version after Workshop 03.-8010 in Ingolstadt
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3.

3.1

TEXT OF REGULATION

PURPOSE

This regulation aims at providing a world-wide manized method for the
determination of the levels of pollutant emissidnsm light-duty vehicles in a
manner which is representative of real world vehigberation. The results can be
the basis for the regulation of pollutant emissiwithin regional type-approval and
certification procedures.

SCOPE

This regulation applies to the measurement of émeission of gaseous and
particulate pollutants from positive-ignition (skarengines, compression-ignition
engines and positive-ignition engines fuelled witatural gas (NG), liquefied

petroleum gas (LPG) or hydrogen,jHin addition to vehicles with supplement or
primary propulsion coming from electricity, used faropelling motor vehicles of

categories n and n, having a design speed exagrxlikm/h and having a maximum
mass less than 3.5 tonnes (USA < 8,500 Ibs GVW).

DEFINITIONS, SYMBOLS AND ABBREVIATIONS

Definitions

**** The definitions included below are identical IGTR 4 and have not been modified. It is

the responsibility of the WLTP-DTP subgroups to aonfthat their associated definitions are

properly documented in this section.***

3.1.1.

3.1.2.

3.1.3.

3.1.4.

For the purpose of this regulation,

"delay timémeans the difference in time between the chafhgfeeocomponent to be
measured at the reference point and a system resprlO per cent of the final
reading (1) with the sampling probe being defined as theregfee point. For the
gaseous components, this is the transport timbaeofrteasured component from the
sampling probe to the detector.

"deNOx systefnmeans an exhaust after-treatment system designerbduce
emissions of oxides of nitrogen (NJQ(e.g. passive and active lean N€atalysts,
NOy adsorbers and selective catalytic reduction (S§RBjems).

"diesel engirffaneans an engine which works on the compressioitiog principle.



3.15.

3.1.6.

3.1.7.
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"engine family means a manufacturers grouping of engines wttttough their
design as defined in paragraph 5.2. of this gtyehaimilar exhaust emission
characteristics; all members of the family must pbnwith the applicable emission
limit values.

"engine systém means the engine, the emission control system #rel
communication interface (hardware and messagesyebet the engine system
electronic control unit(s) (ECU) and any other pavan or vehicle control unit.

"engine tygemeans a category of engines which do not diffeessential engine
characteristics.

ECE R 83-06: 2.6."Exhaust emissibmseansmissions of gaseous and particulate pollutants

3.1.8.

3.1.9.

3.1.11.

3.1.12.

"exhaust after-treatment systemeans a catalyst (oxidation or 3-way), particalat
filter, deNOx system, combined deNOx particulatéerfi or any other emission-
reducing device that is installed downstream ofehgine. This definition excludes
exhaust gas recirculation (EGR), which is considene integral part of the engine.

"full flow dilution methoi means the process of mixing the total exhaust fioth
dilution air prior to separating a fraction of ttiduted exhaust stream for analysis.

"gaseous pollutahtsneans carbon monoxide, volatile organic compoufi@sg.
hydrocarbons non-methane hydrocarbons, methaasitang-aratio-of- CHssfor
D) i ,)meth&ne
(assu#mqg—a—Faﬂe—ef—GHer—NG) and OXIdeS of n|trogen—(e*ppessed—+n—m{mgen
diexide-NOy-equivalent) carbon dioxide and additional gaseous compounds

non oxidized hydrocarbons (HC): compourdg tonsist of hydrogen and carbon
only

non-methane hydrocarbons (NMHC): non-oxidizedrbgdrbons minus methane
total hydrocarbons (THC): compounds determineéiiy

volatile organic carbon (VOC):

Draft Proposal — Raw Version after Workshop 03.-8010 in Ingolstadt
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3.1.16. "parent engifianeans an engine selected from an engine famiguoh a way that
its emissions characteristics are representativenéd engine family.

3.1.17. "particulate after-treatment deviceneans an exhaust after-treatment system
designed to reduce emissions of particulate peitatéPM) through a mechanical,
aerodynamic, diffusional or inertial separation.

3.1.18. "partial flow dilution methddmeans the process of separating a part fromadfaé t
exhaust flow, then mixing it with an appropriateaamt of dilution air prior to the
particulate sampling filter (potentially also faaseous compounds — BMD).

3.1.19. "particulate matter (PMjneans any material collected on a specifiedrfittedium
after diluting exhaust with clean filtered air tdeamperature between 315 K (42 °C)
and 325 K (52 °C), as measured at a point immdgliafestream of the filter; this is
primarily carbon, condensed hydrocarbons, and sidshwith associated water.

ECE R83-06:"Particulate pollutahitsieans components of the exhaust gas which are

removed from the diluted exhaust gas at a maximemperature of 325 K (52 °C)
by means of the filters described in Annex 4;

3.1.21."periodic regeneratiortheans an anti-pollution device (e.g. catalytic
converter, particulate trap) that requires a pécaldegeneration process in less

than 4,000 km of normal vehicle operation. Duriggles where regeneration occurs,
emission standards can be exceeded. If a regesrendtan anti-pollution device occurs
at least once per Type | test and that has alresghnerated at least once during vehicle
preparation cycle, it will be considered as a cardusly regenerating system which
does not require a special test procedure. Annedo&8 not apply to continuously
regenerating systems.

At the request of the manufacturer, the test proedpecific to periodically
regenerating systems will not apply to a regeneatevice if the manufacturer provides
data to the type approval authority that, duringley where regeneration occurs,
emissions remain below the standards given in papégs.3.1.4. applied for the

concerned vehicle category after agreement ofeblenical serviceneans-the regeneration-process

ariod N h v h




3.1.24.

3.1.25.

3.1.26.

3.1.27.

3.1.28.

3.1.29.

3.1.30.

3.2.
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"response tirhieaneans the difference in time between the charfigheocomponent
to be measured at the reference point and a syssponse of 90 per cent of the
final reading o) with the sampling probe being defined as theresfee point,
whereby the change of the measured componenteasit60 per cent full scale (FS)
and takes place in less than 0.1 second. Thensysisponse time consists of the
delay time to the system and of the rise time efsystem.

"rise tim&émeans the difference in time the 10 per cent @hger cent response of
the final readingto —t10).

"transformation tinfifemeans the difference in time between the chang¢h®
component to be measured at the reference poinaaystem response of 50 per
cent of the final readingsg) with the sampling probe being defined as theresfee
point. The transformation time is used for thenalgalignment of different
measurement instruments.

"useful lif& means the relevant period of distance and/or tiower which
compliance with the relevant gaseous and partieud@hission limits has to be

assured.

step input p
q

: response time !

: ]

i 1

i i

i

transformation time

Response

delay time i rise time ' Time
Figure
Definitions of system response (move to delay/rasptrise and transformation
time)

General symbols
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**** The symbols included below are identical to 8% and have not been modified. It is the
responsibility of the WLTP-DTP subgroups to confitmt their associated symbols are properly
documented in this section.***

Symbol Unit Term
A/Fg - Stoichiometric air to fuel ratio
c ppm/Vol per centConcentration
€y ppmilolper-ecentConcentrathn-on-dry-basis
Cw ppmiolpercentConcentration-on-wet basis
Ch ppm/Vol per centBackground concentration
Ci ppm/Vol per centintake air concentration

Cq - Discharge coefficient of SSV
d m Diameter
dv m Throat diameter of venturi
Do m'/s PDP calibration intercept
DF - Dilution factor
Vi S Time interval
€gas gHkWh Specific-emission-ef-gaseeus-compenents
€M gikwh Specific-emission-of-particulates
& gikWh Specific-emission-during-regeneration
L giWh Weighted-specific-emission
Ecoz per cent C@quench of NQanalyzer
Ee per cent Ethane efficiency
Enzo 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
E. ] toichi o f
Ha a/kg Absolute humidity of the intake air
Hqg a/kg Absolute humidity of the dilution air
i - Subscript denoting an instantaneous measureregntl( Hz)
ks - Fuel specific factor
kn,p - Humidity correction factor for NOfor Cl engines
knc - Humidity correction factor for NOfor Pl engines

K - Regeneration factor
Kea - Bry-to-wet-correction-factorfor-the-intake air
Ku.g - Dry-to-wet correction-factor-for the-dilution-air
Ko - Dry-to-wetcorrectionfactorforthe-diluted-edsagas
Kowr - Bryto-wetcorrectionfactorfortheraw-exhauss g
Ky - CFV calibration function
A - Excess air ratio
g :

kg { the dilution_ai | throuahot
samphingfilters
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Term

replace all masses by standard volumetric condition
Moelarmass-otthe-intake-air

Meolar-mass-of- the-exhaust
Melar-mass-of-gaseous-components

replace all molar masses by density

Number of measurements

Number of measurements during regeneration
Engine rotational speed

High-engine-speed

Preferred-engine-speed

PDP pump speed

Saturation vapour pressure of engine intake air
Total atmospheric pressure
Saturation-vapour-pressuretbé-dilution-air
Absolute pressure
Water-vapoeur-pressure-after-cosling-bath
Intake-airmass-flowrate-en-dry-basis
Intake-airmass-flowrate-on-wet-basis
Carbon-massflow-tain-the raw-exhaustgas
Carben-mass-flowrate-into-the-engine

Carbon mass flow rate in the partial flow dilutisystem

Diluted-exhaust-gas-mass-flowrate-on-wet-basis

replace all masses by standard volumetric conditicn

Draft Proposal — Raw Version after Workshop 03.-8010 in Ingolstadt
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Symbol Unit Term
Ovcvs m3/s CVS volume rate
Ovs dm3/min System flow rate of exhaust analyzer system
vt cm3min Fracergas-flowrate
rq - Dilution ratio
o - Diameter ratio of SSV
rh - Hydrocarbon response factor of the FID
Fm - Methanol response factor of the FID
re - Ethanol response factor of the FID
Mo - Pressure ratio of SSV
rs - Average sample ratio
yo) kg/m3 Density
Pe kg/m3 Exhaust gas density
o - Standard deviation
T K Absolute temperature
Ta K Absolute temperature of the intake air
t S Time
t1o S Time between step input and 10 per cent of fieadling
tso S Time between step input and 50 per cent of fieadling
too S

Time between step input and 90 per cent of fieadling

Y - atHooetweeRGen o+ga opoRen
Vo m’/r PDP gas volume pumped per revolution
Vs dm3 System volume of exhaust analyzer bench
Wgt kKWh Actual-cyele-work-of the-testeycle
Wt KWh Reference-eyecle-work-of the-tesicle

Xo m°/r PDP calibration function
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3.3. Symbols and abbreviations for the fuel comjmsi

**** The symbols included below are identical to & and have not been modified. It is the
responsibility of the WLTP-DTP subgroups to confiitmat their associated symbols are properly
documented in this section.***

WaLF hydrogen content of fuel, per cent mass
WBET carbon content of fuel, per cent mass
WoaM sulphur content of fuel, per cent mass
WDEL nitrogen content of fuel, per cent mass
WEeps oxygen content of fuel, per cent mass
a molar hydrogen ratio (H/C)

y molar sulphur ratio (S/C)

0 molar nitrogen ratio (N/C)

£ molar oxygen ratio (O/C)

referring to a fuel CRONS,

3.4. Symbols and abbreviations for the chemicalpmments

**** The symbols included below are identical to 8% and have not been modified. It is the
responsibility of the WLTP-DTP subgroups to confiitmat their associated symbols are properly
documented in this section.***

C1 Carbon 1 equivalent hydrocarbon
CH,4 Methane

C.Hs Ethane

CsHsg Propane

CcO Carbon monoxide

CO, Carbon dioxide

DOP Di-octylphtalate

THC total Hydrocarbons

H,O Water

NMHC Non-methane hydrocarbons
NOx Oxides of nitrogen

NO Nitric oxide

NO, Nitrogen dioxide

PM Particulate matter

add additional

compounds here

3.5. Abbreviations

**** The abbreviations included below are identitalGTR 4 and have not been modified. It is
the responsibility of the WLTP-DTP subgroups to aonfthat their associated abbreviations are
properly documented in this section.***

CFV Critical Flow Venturi
CLD Chemiluminescent Detector
CVSs Constant Volume Sampling

Draft Proposal — Raw Version after Workshop 03.-8010 in Ingolstadt
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5.1.

5.1.1.

deNQ, NOy after-treatment system

EGR Exhaust gas recirculation

FID Flame lonization Detector

GC Gas Chromatograph

HCLD Heated Chemiluminescent Detector
HFID Heated Flame lonization Detector
LPG Liquefied Petroleum Gas

NDIR Non-Dispersive Infrared (Analyzer)
NG Natural Gas

NMC Non-Methane Cutter

PDP Positive Displacement Pump

Per cent FS Per cent of full scale

PFS Partial Flow System

SSV Subsonic Venturi

VGT Variable Geometry Turbine

GENERAL REQUIREMENTS

The vehicle shall be so designed, constructedaaadmbled as to enable the vehicle
in normal use to comply with the provisions of tlgs during its useful life, as
defined by the Contracting Party.

PERFORMANCE REQUIREMENTS

When implementing the test procedure containetthisigtr as part of their national
legislation, Contracting Parties to the 1998 Agrertrare encouraged to use limit
values which represent at least the same levahariy as their existing regulations;
pending the development of harmonized limit valussthe Executive Committee
(AC.3) of the 1998 Agreement, for inclusion in tite at a later date.

Emission of gaseous and particulate pollutants

The emissions of gaseous and particulate pollsitaythe light-duty vehicle shall be
determined on the WLTP-DHC test cycles, as desdrilme paragraph x. The
measurement systems shall meet the linearity repgints in paragraph 9.2. and the
specifications in paragraph 9.3. (gaseous emissioeasurement), paragraph 9.4.

(particulate measurement) and in Annéx 3. -

Other systems or analyzers may be approved byyfie approval or certification
authority, if it is found that they yield equivatemesults in accordance with
paragraph 5.1.1.

Equivalency
The determination of system equivalency shall &ged on a seven-sample pair (or

larger) correlation study between the system urmdmisideration and one of the
systems of this gtr.

Commentaire [MRO6]: Requires modification to

reflect the final formatting.
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"Results" refer to the output of the device in sfimn. —specific—eyecle—weighted
emissions—valueThe correlation testing is to be performed atsheme laboratory,

test cell, and on the same vehicle, and-isprefdade run simultaneously. Should it
not be possible to run it simultaneously it shoatdeast be conducted concurrently.
The equivalency of the sample pair averages skatldiermined by-test and-test
statistics as described in Annex 4 obtained unberlaboratory test cell and the
vehicle conditions described above. Outliers sbaltetermined in accordance with
ISO 5725 and excluded from the database. Theragste be used for correlation
testing shall be subject to the approval by the pproval or certification authority.

draft proposal for approval of modification of ekig GTR procedures

equivalency of to be used examples may be handled by
minor changes locally sensors/instruments, technical service
e.g. direct determination| local authority
of NO+NO2 vs. NOx
determination with
converter
globally sensors/instruments, GRPE
e.g. direct determination
of NO+NO2 vs. NOx
determination with
converter
major changes specific measurement principle, | technical service
application, e.g. for auxiallary power| local authority
locally unit, fuel based heater
universal measurement principle, | GRPE
application e.g. for auxiallary power
unit, fuel based heater
specific procedures, e.g. cooling| technical service
application, fan position for specific | local authority
locally vehicle
globally overall measurement | GRPE
principle, e.g. direct mags
measurement
universal procedures, e.g. ??? GRPE
application,
globally

Draft Proposal — Raw Version after Workshop 03.-8010 in Ingolstadt
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5.2. Test Group Determination

From USEPA Part 86 definitions:

“Test group means the basic classification unihinita durability group used for the purpose of
demonstrating compliance with exhaust emissiondstals. The test group is also used as a
classification unit for the gathering of in-usealfdr the In-Use Verification Procedure (IUVP).”

Proposal: Insert definition from USEPA Part 86.2-8A, 1828-01, and 1828-10 here. Maintain
the following details to guide the manufacturerghigir determination of Test Groups.

5.2.1. General

An engine family is characterized by design paitense These shall be common to
all engines within the family. The engine manufiaet may decide, which engines
belong to an engine family, as long as the memigershiteria listed in
paragraph 5.2.3. are respected. The engine fashi#yl be approved by the type
approval or certification authority. The manufaetushall provide to the type
approval or certification authority the approprigitgormation relating to the
emission levels of the members of the engine family

5.2.2. Special cases

In some cases there may be interaction betweemeders. This shall be taken into
consideration to ensure that only engines with laimiexhaust emission

characteristics are included within the same endmmaily. These cases shall be
identified by the manufacturer and notified to ttype approval or certification

authority. It shall then be taken into accoungaasiterion 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 emissithis, equipment shall be identified
by the manufacturer on the basis of good engingggiactice, and shall be notified
to the type approval or certification authority.shall then be taken into account as a
criterion for creating a new engine family.

In addition to the parameters listed in paragfa@3., the manufacturer may
introduce additional criteria allowing the defioiti of families of more restricted

size. These parameters are not necessarily paenibat have an influence on the
level of emissions.

5.2.3. Parameters defining the engine family

5.2.3.1.  Combustion cycle
(@ 2-stroke cycle
(b) 4-stroke cycle
(c) Rotary engine
(d) Others



5.2.3.2.

5.2.3.2.1.

5.2.3.2.2.

5.2.3.3.

5.2.3.4.

52.3.4.1.

5.2.34.2.

5.2.3.4.3.

5.2.3.5.
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Configuration of the cylinders

Position of the cylinders in the block

(@ Vv
(b) Inline
(c) Radial

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

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

Main cooling medium

(@ air
(b) water
(c) il

Individual cylinder displacement
Engine with a unit cylinder displacemen0.75 dm?3

In order for engines with a unit cylinder displamnt of > 0.75dm?3 to be
considered to belong to the same engine family, geead of their individual
cylinder displacements shall not exceed 15 per aktite largest individual cylinder
displacement within the family.

Engine with a unit cylinder displacemei.75 dms3

In order for engines with a unit cylinder displamnt of < 0.75dm?3 to be
considered to belong to the same engine family, geead of their individual
cylinder displacements shall not exceed 30 per aktite largest individual cylinder
displacement within the family.

Engine with other unit cylinder displawat limits

Engines with an individual cylinder displacememattexceeds the limits defined in
paragraphs 5.2.3.4.1. and 5.2.3.4.2. may be caeside belong to the same family
with the approval of the type approval or certifioa authority. The approval shall
be based on technical elements (calculations, atioualk, experimental results etc.)
showing that exceeding the limits does not havegaifccant influence on the
exhaust emissions.

Method of air aspiration
(& naturally aspirated
(b) pressure charged
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(c) pressure charged with charge cooler

5.2.3.6. Fuel type
(@ Diesel
(b) Natural gas (NG)
(c) Liguefied petroleum gas (LPG)
(d) Ethanol

5.2.3.7.  Combustion chamber type
(& Open chamber
(b) Divided chamber
(c) Other types

5.2.3.8. Ignition Type
(8) Positive ignition
(b) Compression ignition

5.2.3.9.  Valves and porting
(&) Configuration
(b) Number of valves per cylinder

5.2.3.10. Fuel supply type

(@ Liquid fuel supply type
()Pump and (high pressure) line and injector
(ii)In-line or distributor pump
(ii)Unit pump or unit injector
(iv)Common rail
(v)Carburettor(s)
(vi)Others

(b) Gas fuel supply type
(iYGaseous
(iHLiquid
(iiMixing units
(iv)Others

(c) Other types

5.2.3.11. Miscellaneous devices
(@) Exhaust gas recirculation (EGR)
(b) Water injection
(c) Airinjection
(d) Others

5.2.3.12.  Electronic control strategy

The presence or absence of an electronic conmitl (ECU) on the engine is
regarded as a basic parameter of the family.
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In the case of electronically controlled engini® manufacturer shall present the
technical elements explaining the grouping of thersgines in the same family, i.e.
the reasons why these engines can be expectedtigdy sthe same emission

requirements.

These elements can be calculations, simulatiatsnations, description of injection

parameters, experimental results, etc.

Examples of controlled features are:
(& Timing

(b) Injection pressure

(c) Multiple injections

(d) Boost pressure

(e) VGT

(H EGR

5.2.3.13. Exhaust after-treatment systems

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

(&) Oxidation catalyst

(b) Three-way catalyst

(c) DeNOx system with selective reduction of N@ddition of reducing agent)

(d) Other DeNOx 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 aftettnent system, whether as parent
engine or as member of the family, then this engimben equipped with an
oxidation catalyst, may be included in the samerenamily, if it does not require
different fuel characteristics.

If it requires specific fuel characteristics (emarticulate traps requiring special
additives in the fuel to ensure the regeneratiatgss), the decision to include it in
the same family shall be based on technical elesnmaivided by the manufacturer.
These elements shall indicate that the expectedgsémnilevel of the equipped engine
complies with the same limit value as the non-epeébengine.

When an engine has been certified with aftersneat system, whether as parent
engine or as member of a family, whose parent engirequipped with the same
after-treatment system, then this engine, when ppgui without after-treatment

system, must not be added to the same engine family

5.2.4. Choice of the parent engine
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5.2.4.1.

5.2.4.2.

5.2.4.3.

6.1.

6.1.1.

Compression ignition engines

Once the engine family has been agreed by the &gmoval or certification
authority, the parent engine of the family shallskéected using the primary criterion
of the highest fuel delivery per stroke at the dezll maximum torque speed. In the
event that two or more engines share this primetgrion, the parent engine shall be
selected using the secondary criterion of highast flelivery per stroke at rated
speed.

Positive ignition engines

Once the engine family has been agreed by the &gmoval or certification
authority, the parent engine of the family shallskéected using the primary criterion
of the largest displacement. In the event thatdwmore engines share this primary
criterion, the parent engine shall be selectedgusie secondary criterion in the
following order of priority:

(a) the highest fuel delivery per stroke at theespof 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 or certification authority magnclude that the worst-case
emission of the family can best be characterizetkbiing additional engines. In this
case, the engine manufacturer shall submit theogpigite information to determine
the engines within the family likely to have thglést emissions level.

If engines within the family incorporate other tig®s which may be considered to
affect exhaust emissions, these features shall l¢sadentified and taken into
account in the selection of the parent engine.

If engines within the family meet the same emissialues over different useful life
periods, this shall be taken into account in tHecsien of the parent engine.

TEST CONDITIONS
Test room and soak area
Test room

298 K + 5 K (25°C * 5 °C)

ambient conditio .
The absolute humidity (H) of either the air ire ttest cell or the intake air of the
engine shall be such that:

5.5<H<12.2(g I-bO/kg dry air)
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ECE R 83-06: The atmospheric pressure shall be unegs

6.1.2. Soak area
to
ith
4.
6.2. Test vehicle (Light-Duty Vehicle)
6.2.1. General

6.2.2. Run-in

6.2.3. Adjustments

3.2.2 The exhaust device shall not exhibit any ledikely to reduce the quantity of gas
collected, which quantity shall be that emerging fom the engine.

3.2.3. The tightness of the intake system may beeadked to ensure that carburation is
not affected by an accidental intake of air.

3.24. The settings of the engine and of the veletd controls shall be those prescribed
by the manufacturer. This requirement also applies in particular, to the
settings for idling (rotation speed and carbon monxide content of the exhaust
gases), for the cold start device and for the exhatigas cleaning system.

3.2.5. The vehicle to be tested, or an equivalenthicle, shall be fitted, if necessary,
with a device to permit the measurement of the chaicteristic parameters
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3.2.6.

6.2.4.

necessary for chassis dynamometer setting, in comfoity with paragraph 5. of
this annex.

The technical service responsible for the sts may verify that the vehicle's
performance conforms to that stated by the manufactrer, that it can be used
for normal driving and, more particularly, that it is capable of starting when
cold and when hot.

Tires

The tires shall be of a type specified as origieguipment by the vehicle
manufacturer. The tyre pressure may be increageaphto 50 per cent from the

manufacturer's recommended settirg—in-the-casetebroller-dynamemeter.The

6.3 Specification of the reference fuel

ECE R 83-06: 3.3.1.The appropriate reference &setlefined in Annex XX to this

Regulation shall be used for testing.

3.3.2.

Vehicles that are fuelled either with petiowith LPG orNG/biomethane shall be

tested according to Annex XY with the appropriaierence fuel(s) as defined in Annex XZ.

6.5

The use of one standardized reference fuel haayallween considered as an ideal
condition for ensuring the reproducibility of regtdry emission testing, and
Contracting Parties are encouraged to use suchirfiudteir compliance testing.
However, until performance requirements (i.e. limdlues) have been introduced
into this gtr, Contracting Parties to the 1998 Amgnent are allowed to define their
own reference fuel for their national legislatida, address the actual situation of
market fuel for vehicles in use.

The appropriate diesel reference fuels of the g@ea Union, the United States of
America and Japan listed in Annex 2 are recommetaléé used for testing. Since
fuel characteristics influence the engine exhaast gmission, the characteristics of
the fuel used for the test shall be determinedyrokxd and declared with the results
of the test.

No CNG and LPG reference fuels are listed dudecsignificant differences in local
fuel qualities.

The fuel temperature shall be in accordance wite tmanufacturers
recommendations.

Type | tests Ambient condition test (. commentaire [MRO71: MRO to fix numbering
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***The following section 6.5 is extracted from GTR. It is meant to offer some initial
guidelines in this GTR structure, recognizing ttieg text is specifically addressing
vehicle testing. The DTP subgroups shall modify tixt to reflect their needs and
technical requirements.****

——Theridershallhave-a-mass-of 75-kg+5 kg
6.5.2. Test bench specifications and settings

6.5.2.1.  The dynamometer shall consist of a singlavin roller ©500mm) configuration. If
a twin roller configuration is applied it should permanently coupled. The
dynamometer shall meet the following EPA perfomamcgiirements:
States Environmental United Protection Agency, &ttaent A, RFP C100081T1,

Specifications for Electric Chassis Dynamomete®9 lhave-a-single-rollerwith a
diameter-of atleast0-460-m.

6.5.2.5. Cooling fan specifications as follows:

A current of air of variable speed shall be blowerthe vehicle. The
blower speed shall be, within the operating rarfgddkm/h to at

least 50 km/h, or as an alternative, at the recpfetse manufacturer within
the operating range of 10 km/h to at least the mari speed of the test
cycle being used. The linear velocity of the aithet blower outlet shall be
within £5 km/h of the corresponding roller speedhivi the range of 10 km/h
to 50 km/h. At the range over 50 km/h, the linealouity of the air shall be
within +10 km/h of the corresponding roller speAdroller speeds of less
than 10 km/h, air velocity may be zero.

The above mentioned air velocity shall be deterchiexe an averaged value
of a number of measuring points which:

(a) For blowers with rectangular outlets are lodatethe centre of each
rectangle dividing the whole of the blower outlgtioi 9 areas (dividing both
horizontal and vertical sides of the blower ouititd 3 equal parts).

(b) For circular blower outlets, the outlet shaldivided into 8 equal arcs
by vertical, horizontal and 45° lines. The measuaenpoints lie on the
radial centre line of each arc (22.5°) at a radiusvo thirds of the total (as
shown in the diagram below).
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+
+ +

These measurements shall be made with no vehicle ather obstruction

in front of the fan. Each-value-atthese-peints-shall-be-within-10-pet-of

es.

The device used to measure the linear velocithefdr shall be located at
between 0 and 20 cm from the air outlet.

The final selection of the blower shall have thiéofeing characteristics:

(i) Area: at least 0.2 m

(i) Height of the lower edge above ground: appnaiely 0.2 m;

(iii) Distance from the front of the vehicle: apgnmately 0.3 m. (depending on the size of the fan)
As an alternative, at the request of the manufactine blower speed shall
be fixed at an air speed of at least 6 m/s (21.61km

The height and lateral position of the cooling ¢am also be modified at the
request of the manufacturer

6.5.2.5.1. Variable speed fan
Proportional to roller speed within operating ran§&0km/h to at least 50 km/h
Tolerance: +/- 10km/h or +/-15%, whichever is &rg
minimum outlet area: 0.2 m2
minimum width: 0.8 m
Position: approx. 30cm of vehicle, adjust heightriet vehicle air inlet position
(grille position)
to be operated with engine compartment closed
additional fans on manufacturer's request if regglifor typical vehicle operation

alternative on manufacuter's request
fixed speed fan(s) : v > 21.6 km/h
operated with engine compartment in open position.

6.5.2.6 General test cell equipment

The following temperatures shall be measured aiitlaccuracy ofl1.5 K:

(@) Test cell ambient air

(b) Intake air to the engine

(c) Dilution and sampling system temperatures aguired for emissions
measurement systems defined in Appendices 2 tatisoannex.

The atmospheric pressure shall be measurablehinw0.1 kPa.

The absolute humidity (H) shall be measurableithiw+5 per cent.



6.5.3. Exhaust gas measurement system

6.5.3.1. use R83 text, annex4a, appendix 2, page 208ff
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1.1.

1.2.

1.2.1.

1.2.2.

1.2.3.

1.2.4.

1.2.5.

Appendix 2
EXHAUST DILUTION SYSTEM
SYSTEM SPECIFICATION
System Overview

A full-flow exhaust dilution system shall be usedhis requires that the vehicle

exhaust be continuously diluted with ambient aidemcontrolled conditions. The

total volume of the mixture of exhaust and dilutiam shall be measured and a
continuously proportional sample of the volume khalcollected for analysis. The

guantities of pollutants are determined from th@ga concentrations, corrected for
the pollutant content of the ambient air and thialiged flow over the test period.

The exhaust dilution system shall consist of asfer tube, a mixing chamber and
dilution tunnel, a dilution air conditioning, a gion device and a flow measurement
device. Sampling probes shall be fitted in theuttbh tunnel as specified in
Appendices 3, 4 and 5.

The mixing chamber described above will be a vesseh as those illustrated in
Figures 6 and 7, in which vehicle exhaust gaseslaadlilution air are combined so
as to produce a homogeneous mixture at the chaooitlet.

General Requirements

The vehicle exhaust gases shall be diluiéid avsufficient amount of ambient air to
prevent any water condensation in the sampling amdsuring system at all
conditions which may occur during a test.

The mixture of air and exhaust gases skaldmogeneous at the point where the
sampling probe is located (see paragraph 1.3.8wWhel The sampling probe shall
extract a representative sample of the diluted esthgas.

The system shall enable the total voluntheiluted exhaust gases to be measured.

The sampling system shall be gas-tight. déstgn of the variable-dilution sampling

system and the materials that go to make it upl §igabuch that they do not affect

the pollutant concentration in the diluted exhagedes. Should any component in
the system (heat exchanger, cyclone separator gbl@ic.) change the concentration
of any of the pollutants in the diluted exhaustegaand the fault cannot be corrected,
then sampling for that pollutant shall be carriet @pstream from that component.

All parts of the dilution system that arecontact with raw and diluted exhaust gas,
shall be designed to minimise deposition or alienadf the particulates or particles.

All parts shall be made of electrically conductiveaterials that do not react with

exhaust gas components, and shall be electricadiyngled to prevent electrostatic

effects.



1.2.6.

1.2.7.

1.2.8.

1.3.

1.3.1.

1.3.2.
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If the vehicle being tested is equipped wvdth exhaust pipe comprising several
branches, the connecting tubes shall be connestega as possible to the vehicle
without adversely affecting its operation.

The variable-dilution system shall be sagiesd as to enable the exhaust gases to be
sampled without appreciably changing the back-piresat the exhaust pipe outlet.

The connecting tube between the vehiclediinton system shall be designed so as
to minimize heat loss.

Specific Requirements
Connection to Vehicle Exhaust

The connecting tube between the vehicle exhauktewand the dilution system shall

be as short as possible; and satisfy the follow&mmirements:

(@) Be less than 3.6 m long, or less than 6.1 mg id heat insulated. Its internal
diameter may not exceed 105 mm; the insulating madgeshall have a
thickness of at least 25mm and thermal conductivitiyexceeding 0.1W/m*K
at 400°C (Japanese regulation)

(b) Shall not cause the static pressure at thauestioutlets on the vehicle being
tested to; differ by more that0.75 kPa at 50 km/h, or more thah.25 kPa for
the whole duration of the test from the static puess recorded when nothing
is connected to the vehicle exhaust outlets. Tksesure shall be measured in
the exhaust outlet or in an extension having theesdiameter, as near as
possible to the end of the pipe. Sampling systeapsble of maintaining the
static pressure to withit0.25 kPa may be used if a written request from a
manufacturer to the Technical Service substantittesneed for the closer
tolerance; (conflict to Japanese regulation 0.1&Pa0km/h)

(c) Shall not change the nature of the exhaust gas

(d) Any elastomer connectors employed shall b¢hesmally stable as possible
and have minimum exposure to the exhaust gases.

Dilution Air Conditioning

The dilution air used for the primary dilution thfe exhaust in the CVS tunnel shall
be passed through a medium capable of reducinigclearin the most penetrating
particle size of the filter material by 99.95 per cent, or through a filter of at least
class H13 of EN 1822:1998. This represents theifspation of High Efficiency
Particulate Air (HEPA) filters. The dilution airay optionally be charcoal scrubbed
before being passed to the HEPA filter. It is rmotended that an additional coarse
particle filter is situated before the HEPA filtand after the charcoal scrubber, if
used.
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1.3.3.

1.3.4.

1.3.5.

At the vehicle manufacturer's request, the dilutdir may be sampled according to
good engineering practice to determine the tunretribution to background
particulate mass levels, which can then be sulgtlaitom the values measured in the
diluted exhaust.

Dilution Tunnel

Provision shall be made for the vehicle exhaustegaand the dilution air to be
mixed. A mixing orifice may be used.

In order to minimise the effects on the conditiaishe exhaust outlet and to limit
the drop in pressure inside the dilution-air caoding device, if any, the pressure at
the mixing point shall not differ by more than £8.2Pa from atmospheric pressure.

The homogeneity of the mixture in any cross-sacéibthe location of the sampling
probe shall not vary by more than 2 per cent friva average of the values
obtained for at least five points located at ednigrvals on the diameter of the gas
stream.

For particulate and particle emissions samplingdilation tunnel shall be used

which:

(@) Shall consist of a straight tube of electhicabnductive material, which shall
be earthed;

(b) Shall be small enough in diameter to causéulent flow (Reynolds
number= 4000) and of sufficient length to cause completeing of the
exhaust and dilution air;

(c) Shall be at least 200 mm in diameter;

(d) May be insulated.

Suction Device

This device may have a range of fixed speedsdarersufficient flow to prevent any

water condensation. This result is generally olgaiif the flow is either:

(@) Twice as high as the maximum flow of exhawst groduced by accelerations
of the driving cycle; or

(b) Sufficient to ensure that the €©@oncentration in the dilute-exhaust sample
bag is less than 3 per cent by volume for petrotl atiesel, less
than 2.2 per cent by volume for LPG and less th&npér cent by volume
for NG/biomethane

Volume Measurement in the Primary Dilutigrst®m

The method of measuring total dilute exhaust vauntorporated in the constant
volume sampler shall be such that measurementigae tot2 per cent under all
operating conditions. If the device cannot compénsfor variations in the
temperature of the mixture of exhaust gases amdiatl air at the measuring point,
a heat exchanger shall be used to maintain theernype to within +6 K of the
specified operating temperature.



1.4.

page 31

If necessary, some form of protection for the wodumeasuring device may be used
e.g. a cyclone separator, bulk stream filter, etc.

A temperature sensor shall be installed immedidbeifore the volume measuring
device. This temperature sensor shall have arracg@and a precision of £1 K and
a response time of 0.1 s at 62 per cent of a gteemperature variation (value
measured in silicone oil).

The measurement of the pressure difference fromsheric pressure shall be taken
upstream from and, if necessary, downstream frenvéhume measuring device.

The pressure measurements shall have a precisionaa accuracy of £0.4 kPa
during the test.

Recommended System Descriptions

Figures 6 and 7 are schematic drawings of two sypke recommended exhaust
dilution systems that meet the requirements ofahizex.

Since various configurations can produce accuraselts, exact conformity with
these figures is not essential. Additional compidsiesuch as instruments, valves,
solenoids and switches may be used to provide iaddit information and co-
ordinate the functions of the component system.
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1.4.1.

DAF

1.4.1.1.

1.41.2.

1.4.1.3.

1.4.1.4.

A
.| |
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Figure 6: Positive Displacement Pump Dilution Sgste
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Full Flow Dilution System with Positive Displaceméhimp

The positive displacement pump (PDP) full flow utiibn system satisfies the
requirements of this annex by metering the flovga$ through the pump at constant
temperature and pressure. The total volume is imed$y counting the revolutions
made by the calibrated positive displacement punijne proportional sample is
achieved by sampling with pump, flow-meter and floantrol valve at a constent
flow rate. The collecting equipment consists of:

A filter (DAF) for the dilution air, whichan be preheated if necessary. This filter
shall consist of the following filters in sequene@: optional activated charcoal filter
(inlet side), and a high efficiency particulate @+EPA) filter (outlet side). It is
recommended that an additional coarse particlerfik situated before the HEPA
filter and after the charcoal filter, if used. Thperpose of the charcoal filter is to
reduce and stabilize the hydrocarbon concentrat@nambient emissions in the
dilution air;

A transfer tube (TT) by which vehicle eusiais admitted into a dilution tunnel (DT)
in which the exhaust gas and dilution air are mikechogeneously;

The positive displacement pump (PDP), ycod) a constant-volume flow of the
air/lexhaust-gas mixture. The PDP revolutions, ttogrewith associated temperature
and pressure measurement are used to determifievihate;

A heat exchanger (HE) of a capacity sigfficto ensure that throughout the test the
temperature of the air/exhaust-gas mixture measatragoint immediately upstream
of the positive displacement pump is within 6 Kilué average operating temperature
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during the test. This device shall not affect podlutant concentrations of diluted
gases taken off after for analysis.

A mixing chamber (MC) in which exhaust gasl air are mixed homogeneously,
and which may be located close to the vehicle sat tthe length of the
transfer tube (TT) is minimized.

Figure 7: Critical-Flow Venturi Dilution Sigsn
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Full Flow Dilution System with Critical Flow Ventur

CFV

The use of a critical-flow venturi (CFV) for thelfflow dilution system is based on
the principles of flow mechanics for critical flowl he variable mixture flow rate of
dilution and exhaust gas is maintained at sonicool which is directly

proportional to the square root of the gas tempezat Flow is continually
monitored, computed and integrated throughoutehe t

The use of an additional critical-flow samplingeri ensures the proportionality of
the gas samples taken from the dilution tunnel.bdth pressure and temperature are
equal at the two venturi inlets the volume of tles gow diverted for sampling is
proportional to the total volume of diluted exhagas mixture produced, and thus
the requirements of this annex are met. The doligequipment consists of:

A filter (DAF) for the dilution air, whichan be preheated if necessary. This filter
shall consist of the following filters in sequene®: optional activated charcoal filter
(inlet side), and a high efficiency particulate &tEPA) filter (outlet side). It is
recommended that an additional coarse particlerfit situated before the HEPA
filter and after the charcoal filter, if used. Tperpose of the charcoal filter is to
reduce and stabilize the hydrocarbon concentratainambient emissions in the
dilution air;
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1.4.2.2.

1.4.2.3.

1.4.2.4.

1.4.2.5.

1.4.2.6.

2.1.

2.1.1.

2.1.2.

2.2

2.2.1.

2.2.2.

A mixing chamber (MC) in which exhaust geml air are mixed homogeneously,
and which may be located close to the vehicle sat tthe length of the
transfer tube (TT) is minimized;

A dilution tunnel (DT) from which parti@iés and particles are sampled;

Some form of protection for the measureénsgatem may be used e.g. a cyclone
separator, bulk stream filter, etc.;

A measuring critical-flow venturi tube (@F to measure the flow volume of the
diluted exhaust gas;

A blower (BL), of sufficient capacity t@dle the total volume of diluted exhaust
gas.

CVS CALIBRATION PROCEDURE
General Requirements

The CVS system shall be calibrated by using anrate flow-meter and a restricting
device. The flow through the system shall be messat various pressure readings
and the control parameters of the system measurddeated to the flows. The
flow-metering device shall be dynamic and suitalite the high flow-rate
encountered in constant volume sampler testinge dévice shall be of certified
accuracy traceable to an approved national orriatemmal standard.

Various types of flow-meter may be used, eatibrated venturi, laminar flow-meter,
calibrated turbine-meter, provided that they areadyic measurement systems and
can meet the requirements of paragraph 1.3.5ioapendix.

The following paragraphs give details of moels of calibrating PDP and CFV units,
using a laminar flow-meter, which gives the reqdirccuracy, together with a
statistical check on the calibration validity.

Calibration of the positive displacement puipP)

The following calibration procedure outling® equipment, the test configuration
and the various parameters that are measuredablisktthe flow-rate of the CV'S
pump. All the parameters related to the pump enelsaneously measured with the
parameters related to the flow-meter which is cotew in series with the pump.
The calculated flow-rate (given in>fmin at pump inlet, absolute pressure and
temperature) can then be plotted versus a cowaldtinction that is the value of a
specific combination of pump parameters. The lirgpiation that relates the pump
flow and the correlation function is then deterntingn the event that a CVS has a
multiple speed drive, a calibration for each ranged shall be performed.

This calibration procedure is based on teasurement of the absolute values of the
pump and flow-meter parameters that relate the ftete at each point. Three
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conditions shall be maintained to ensure the acguaad integrity of the calibration
curve:

The pump pressures shall be measuregpings on the pump rather than at the
external piping on the pump inlet and outlet. Bues taps that are mounted at the
top centre and bottom centre of the pump drive pledel are exposed to the actual
pump cavity pressures, and therefore reflect tiselate pressure differentials;

Temperature stability shall be maintaidadng the calibration. The laminar flow-
meter is sensitive to inlet temperature oscillaiarhich cause the data points to be
scattered. Gradual changes of £1 K in temperadueeacceptable as long as they
occur over a period of several minutes;

All connections between the flow-meter d@ne CVS pump shall be free of any
leakage.

During an exhaust emission test, the meamme of these same pump parameters
enables the user to calculate the flow rate froenctilibration equation.

Figure 8 of this appendix shows one possdseset-up. Variations are permissible,
provided that the Technical Service approves thefeing of comparable accuracy.
If the set-up shown in Figure 8 is used, the follaywdata shall be found within the
limits of precision given:

Barometric pressure (corrected)(P * 0.03 kPa
Ambient temperature (T) +0.2K
Air temperature at LFE (ETI) +0.15K

Pressure depression upstream of LFE (EPH 0.01 kPa
Pressure drop across the LFE matrix (EDP} 0.0015 kPa
Air temperature at CVS pump inlet (PTI) +0.2K

Air temperature at CVS pump outlet (PTO)x 0.2 K
Pressure depression at CVS pump inlet (PRID.22 kPa
Pressure head at CVS pump outlet (PPO) + 0.22 kPa
Pump revolutions during test period (n)  + 1 min®
Elapsed time for period (minimum 250 s) (&£ 0.1 s
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Figure 8 PDP Calibration Configuration
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2.2.5. After the system has been connected as showigure 8 of this appendix, set the

variable restrictor in the wide-open position and the CVS pump for 20 minutes
before starting the calibration.

2.2.6. Reset the restrictor valve to a more rdetficondition in an increment of pump inlet
depression (about 1 kPa) that will yield a minimafnsix data points for the total

calibration. Allow the system to stabilize for e¢ler minutes and repeat the data
acquisition.

2.2.7. The air flow rate ({at each test point is calculated in standatainim from the
flow-meter data using the manufacturer's prescribethod.

2.2.8. The air flow-rate is then converted to puflow (Vo) in m*/rev at absolute pump
inlet temperature and pressure.

_QsTp 10133
n 2732 P,
where:
Vo = pump flow rate at Jand B (m*/rev),
Qs= air flow at 101.33 kPa and 273.2 K¥min),
To, = pump inlet temperature (K),
P, = absolute pump inlet pressure (kPa),
N = pump speed (mih.

Vo
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2.2.9. To compensate for the interaction of pungedggpressure variations at the pump and
the pump slip rate, the correlation function)(between the pump speed (n), the
pressure differential from pump inlet to pump outed the absolute pump outlet
pressure is then calculated as follows:

1 APp
Xo =— /
n\ P,
where:
Xo= correlation function,

AP, = pressure differential from pump inlet to pumgleu(kPa),
P.= absolute outlet pressure (PPOg)} (RPa).

A linear least-square fit is performed to genethéecalibration equations which have
the formula:

Vo=Dp- M (Xo)
n=A-BQAP)
Do, M, A and B are the slope-intercept constants desgithe lines.

2.2.10. A CVS system that has multiple speeds $ieatlalibrated on each speed used. The
calibration curves generated for the ranges stalafyproximately parallel and the
intercept values (§) shall increase as the pump flow range decreases.

2.2.11. If the calibration has been performed cdisef the calculated values from the
equation will be within 0.5 per cent of the measuvalue of \§. Values of M will

vary from one pump to another. Calibration is perfed at pump start-up and after
major maintenance.

2.3. Calibration of the critical-flow venturi (CFV)
2.3.1. Calibration of the CFV is based upon the/femuation for a critical venturi:
K,P
Qs - ﬁ
where:
Qs= flow,
Ky = calibration coefficient,
P= absolute pressure (kPa),
T= absolute temperature (K).

Gas flow is a function of inlet pressure and terapee.

The calibration procedure described below estadtisthe value of the calibration
coefficient at measured values of pressure, teryrerand air flow.
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2.3.2. The manufacturer's recommended procedurd beafollowed for calibrating
electronic portions of the CFV.

2.3.3. Measurements for flow calibration of thetical flow venturi are required and the
following data shall be found within the limits pfecision given:

Barometric pressure (corrected))(P + 0.03 kPa,
LFE air temperature, flow-meter (ETI) +0.15 K,
Pressure depression upstream of LFE (EPH 0.01 kPa,
Pressure drop across (EDP) LFE matrix + 0.0015 kPa,

Air flow (Qy) + 0.5 per cent,
CFV inlet depression (PPI) + 0.02 kPa,
Temperature at venturi inlet (T + 0.2 K.
2.3.4. The equipment shall be set up as shownguar€&i9 of this appendix and checked for

leaks. Any leaks between the flow-measuring dewicd the critical-flow venturi
will seriously affect the accuracy of the caliboati

Figure 9 CFV Calibration Configuration
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2.3.5. The variable-flow restrictor shall be setthe open position, the blower shall be
started and the system stabilized. Data frormattuments shall be recorded.

2.3.6. The flow restrictor shall be varied andegtst eight readings across the critical flow
range of the venturi shall be made.



2.3.7.

3.1.

3.2.

3.2.1.

3.2.2.
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The data recorded during the calibratiorl fie|aused in the following calculations.
The air flow-rate (@ at each test point is calculated from the flowtenelata using
the manufacturer's prescribed method.

Calculate values of the calibration coefficientéach test point:
_Q4T,
P

v

K

v

where:

Qs = flow-rate in n¥/min at 273.2 K and 101.33 kPa,
T, = temperature at the venturi inlet (K),

P, = absolute pressure at the venturi inlet (kPa).

Plot K, as a function of venturi inlet pressure. For eofow, K, will have a
relatively constant value. As pressure decreasasu(im increases) the venturi
becomes unchoked and Hecreases. The resultant¢hanges are not permissible.

For a minimum of eight points in the critical reqj calculate an average End the
standard deviation.

If the standard deviation exceeds 0.3 per centhefaverage K take corrective
action.

SYSTEM VERIFICATION PROCEDURE
General Requirements

The total accuracy of the CVS sampling system andlytical system shall be
determined by introducing a known mass of a patiugas into the system whilst it
is being operated as if during a normal test ameh inalysing and calculating the
pollutant mass according to the formula in paragiéyé. of Annex 4a except that the
density of propane shall be taken as 1.967 gramktygeat standard conditions. The
following two techniques are known to give suffiti@ccuracy.

The maximum permissible deviation between the tityaof gas introduced and the
guantity of gas measured-i25er cent.

CFO Method

Metering a constant flow of pure gas (COQD GHg) using a critical flow orifice
device.

A known quantity of pure gas (CO, £ GHpg) is fed into the CVS system through
the calibrated critical orifice. If the inlet psse is high enough, the flow-rate (q),
which is adjusted by means of the critical flowfiog, is independent of orifice

outlet pressure (critical flow). If deviations eetling-52per cent occur, the cause: of
the malfunction shall be determined and correct€de CVS system is operated as
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in an exhaust emission test for about 5 to 10 reswut The gas collected in the
sampling bag is analysed by the usual equipmenttiadesults compared to the
concentration of the gas samples which was knovioréeand.

3.3. Gravimetric Method

3.3.1. Metering a limited quantity of pure gas (COQ®,; or GHsg) by means of a
gravimetric technique.

3.3.2. The following gravimetric procedure may Isedito verify the CVS system.

The weight of a small cylinder filled with eitheadon monoxide or propane is determined with
a precision of £0.01 g. For about 5 to 10 minuths, CVS system is operated as in a normal
exhaust emission test, while CO or propane is fegeinto the system. The quantity of pure gas
involved is determined by means of differential gieéng. The gas accumulated in the bag is
then analysed by means of the equipment normadlgl & exhaust-gas analysis. The results are
then compared to the concentration figures compptedously.
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6.5.4. Driving schedules

These items will have to be reviewed with the ngale
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ECE R 83-06: 6.1.Test cycle

The operating cycle, made up of a Part One (udyale) and Part Two (extra-urban
cycle), is illustrated in Figure 1. During the qulete test the elementary urban cycle
is run four times followed, by Part Two.

6.1.3. Use of the gearbox

6.1.3.1. If the maximum speed which can be athiin first gear is below
15 km/h, the second, third and fourth gears shalused for the urban cycle (Part
One) and the second, third, fourth and fifth gefarsthe extra-urban cycle (Part
Two). The second, third and fourth gears may hésoased for the urban cycle (Part
One) and the second, third, fourth and fifth gefarsthe extra-urban cycle (Part
Two) when the manufacturer's instructions recommstiaditing in second gear on
level ground, or when first gear is therein defireesl a gear reserved for cross-
country driving, crawling or towing.

Vehicles which do not attain the acceleration avekimum speed values required in
the operating cycle shall be operated with the lacatr control fully depressed

until they once again reach the required operatingre. Deviations from the

operating cycle shall be recorded in the test tepor

Vehicles equipped with semi-automatic-shift geadsoshall be tested by using the
gears normally employed for driving, and the gedaft $s used in accordance with
the manufacturer's instructions.

6.1.3.2. Vehicles equipped with automatic-shiadoxes shall be tested with the
highest gear ("Drive") engaged. The acceleratatl e used in such a way as to
obtain the steadiest acceleration possible, erqbiim various gears to be engaged in
the normal order. Furthermore, the gear-changetpshown in Tables 1 and 2 of
this annex shall not apply; acceleration shall oo throughout the period
represented by the straight line connecting theafrehch period of idling with the
beginning of the next following period of steadyesd. The tolerances given in
paragraphs 6.1.3.4. and 6.1.3.5. below shall apply.

6.1.3.3.  Vehicles equipped with an overdrive tiat driver can actuate shall be
tested with the overdrive out of action for theamlcycle (Part One) and with the
overdrive in action for the extra-urban cycle (Paso).
6.1.3.4. A tolerance af2kmth +/- 3km/h shall be allowed between the indicated
speed and the theoretical speed during acceleyatioing steady speed, and during
deceleration when the vehicle's brakes are usédhel vehicle decelerates more
rapidly without the use of the brakes, only thevisions of paragraph 6.4.4.3. below
shall apply. Speed tolerances greater than thesegbed shall be accepted during
phase changes provided that the tolerances are eeveeded for more than 0.5 s on
any one occasion.

USA Additional driving cycle requirements to be adeéd: 86.128-00 § d, 86.115-78

6.1.3.5. The time tolerances shall be +1.0 s. dltwve tolerances shall apply equally at the

beginning and at the end of each gear-changinggéor the urban cycle (Part One) and for the
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ime
ount

Use of Multi-mode gearboxes

USE OF GSI IF EQUIPPED

6.56.  Dynamometer settings

A full description of the chassis dynamometer arsfruments shall be provided in
accordance with Annex gmeasurement equipment group to revidiigasurements
ed itoseX. X of Annex 9-paragraph
s shal-cBg

in accordance with Annex-9-eitherfromroad-coast-dewnmeasurements
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***The following section 7.0 is extracted from GTR. It is meant to offer some initial
guidelines in this GTR structure, recognizing ttieg text is specifically addressing
vehicle testing. The DTP subgroups shall modify it to reflect their needs and
technical requirements.****

7. Test procedures

7.1. Description of tests.




page 47

The test vehicle{metereyelshall be subjected, according to its categorgnbient condition
test-tests-of two-types;taidasas specified below.

7.1.1. Ambient condition testFype-Hestkerifying the average emission of gaseous and
particulate pollutants, CQOemissions and fuel consumption in a characteristic
driving cycle).

7.1.1.1. The test shall be carried out by the metescribed in paragraph 7.2. to this
regulation. The gases and particulates shall Hkeoted and analysed by the
prescribed methods.

7.1.1.2. Number of tests
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First Test

Second Test

R, £0,85*L
and R, <L
and R; + R, < 1,7*L

R, > 1,1*L
orR; =L
and R, 2L

Third Test
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7.2.

7.2.1.

7.2.1.1.

7.2.1.2.

7.2.1.3.

7.2.1.4.

6.2.5.

Figure 7-1 Flowchart for th{jiilller of Ambient conditiongiyl test
Ambient condition test Type | tests
Overview

Ambient condition test—Fhe—Type—t-testnsists of prescribed sequences of
dynamometer preparation, fuelling, soakingparkargl operating conditions.

The test is deS|gned to determlne gasqnmmculates—emrssmnbydmeapben

emissions, and fuel consumpnon Whl|e simulatingl m/orld operatlon The test
consists of engine start-ups and—metercysfehicle operation on a chassis
dynamometer, through a specified driving cycle.praportional part of the diluted
exhaust emissions is collected continuously foiseglient analysis, using a constant
volume (variable dilution) sampler (CVS).

Definition of gaseous pollutants and particulates?

Definition of new or alternative equipment?

Except in cases of component malfunctiofadure, all emission control systems
installed on or incorporated in a tested vehiclallsbe functioning during all
procedures.

Background concentrations are measuredaflorspecies for which emissions
measurements are made. For exhaust testingetipisres sampling and analysis of
the dilution air.

Measurement of background concentrations for glast?
6.2.4. Background particulate mass measurement

The particulate background level of the dilutian may be determined by passing
filtered dilution air through the particulate fitte This shall be drawn from the same
point as the particulate sample. One measuremayt performed prior to or after
the test. Particulate mass measurements may lrectat by subtracting the
background contribution from the dilution systenT.he permissible background
contribution shall be 1 mg/km (or equivalent mass on the filter). & thackground
exceeds this level, the default figure of 1 mg/kon équivalent mass on the filter)
shall be employed. Where subtraction of the bamkgd contribution gives a
negative result, the particulate mass result sfeationsidered to be zero.

Background particle number measurements

The subtraction of background particle numbers rnaydetermined by sampling
dilution air drawn from a point downstream of tharticle and hydrocarbon filters

into the particle number measurement system. Backgl correction of particle

number measurements shall not be allowed for tppecal, but may be used at the
manufacturer's request for conformity of productémm in service conformity where
there are indications that tunnel contributionigmiicant.
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Measurement of background concentrations for gas?

7.2.2. Dynamometer settings and verification

7.2.2.1.  Test vehicle{metereyelp)eparation
ECE R 83-06: 3.4.1. The vehicle shall be approximely horizontal during the test so as to
avoid any abnormal distribution of the fuel.

7.2.2.1.1. If necessary, the manufacturer shalvigeo additional fittings and adapters, as
required to accommodate a fuel drain at the loywegtt possible in the tank(s) as
installed on the vehicle, and to provide for exti@asnple collection.

7.2.2.1.2. The tyres shall be of a type specified caiginal equipment by the vehicle
manufacturer. The tyre pressure may be increagegphto 50 per cent from the

manufacturer's recommended setting—in-the-casetebrollerdynamemeter.The

actual pressure used shall be recorded in thegpstt.

7.2.2.1.3. The test vehicle shall be warmed up len ¢hassis dynamometer to the same
condition as it was during the road test.

7.2.2.2. Dynamometer preparation, if settings aerivdd from on-road coast down
measurements. Before the test, the chassis dynateprehall be appropriately
warmed up to the stabilized frictional force H'he load on the chassis dynamometer

FE is, in view of its construction, composed of tbéat friction loss [ which is the

sum of the chassis dynamometer rotating frictioresistance, the tyre rolling
resistance, the frictional resistance of the rotaparts in the driving system of the
vehicle and the braking force of the power absarhinit (pau) bau as shown in

the following equation:

R=F+F, Equation 7-1

The target running resistance force derived from paragraph 6.3 of Annex 7 shall
be reproduced on the chassis dynamometer in acw®daith the vehicle speed.
Namely:

F. (\/i ) =F (Vi) Equation 7-2

The total friction loss fon the chassis dynamometer shall be measured eby th
method in paragraph 7.2.2.2.1. or paragraph 7.2.2.2
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7.2.2.2.1.

7.2.2.2.2.

7.2.2.2.3.

7.2.2.2.4.

7.2.2.2.5.

Motoring by chassis dynamometer

This method applies only to chassis dynamometgralde of driving a vehicle. The
vehicle shall be driven by the chassis dynamonsteadily at the reference speey v

with the transmission engaged and the clutch desgedy The total friction lossf F
(vo) at the reference speed i given by the chassis dynamometer force.

Coast down without absorption

The method of measuring the coast down time isctigst down method for the
measurement of the total friction losg Hhe vehicle coast down shall be performed

on the chassis dynamometer by the procedure desdciibparagraph 5 of Annex 7
with zero chassis dynamometer absorption, and tbastc down time At

corresponding to the reference spegdhall be measured. The measurement shall

be carried out at least three times, and the meastcdown timeAt shall be
calculated by the following equation:

Equation 7-3

7_1 n
t_nZAti

i=1
Total friction loss

The total friction loss ffvg) at the reference speeg s calculated by the following
equation:

2Av Equation 7-4

1
F (Vo) = %(mi + mrl) At

Calculation of power absorption unicéor

The force payVvo) to be absorbed by the chassis dynamometer atefeeence
speed g is calculated by subtracting Bvg) from the target running resistance force

F*(vo) as shown in the following equation:
Fpau (VO) = F* (VO)_ Ff (VO) Equation 7-5
Chassis dynamometer setting
According to its type, the chassis dynamometell figaset by one of the methods
described in paragraphs 7.2.2.2.5.1. to 7.2.2.25h chosen setting shall be

applied to the pollutant emissions measurementweds as to the C@ emission
measurements.

7.2.2.2.5.1. Chassis dynamometer with polygonadtfan
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In the case of a chassis dynamometer with polyigmaction, in which the
absorption characteristics are determined by Iaddes at several speed points, at
least three specified speeds, including the referespeed, shall be chosen as the
setting points. At each setting point, the chadgisamometer shall be set to the
value fpayVj) obtained in paragraph 7.2.2.2.4.

7.2.2.2.5.2. Chassis dynamometer with coefficientol

In the case of a chassis dynamometer with coefftcicontrol, in which the
absorption characteristics are determined by gieeefficients of a polynomial
function, the value of favj) at each specified speed should be calculatedéy t

procedure in paragraph 7.2.2.2.

Assuming the load characteristics to be:

Fo(V)=axv? +bxv+c Equation 7-6

where:
the coefficients a, b and c shall be determinethbypolynomial regression method.

The chassis dynamometer shall be set to the ceefts a, b and ¢ obtained by the
polynomial regression method.

7.2.2.2.5.3. Chassis dynamometer withpBlygonal digital setter

In the case of a chassis dynamometer with a pablgdigital setter, where a central
processor unit (CPU) is incorporated in the systefjs input directly, and\j, Ff
and fpauare automatically measured and calculated tohgethassis dynamometer

to the target running resistance fof€e=f" +f", xv?.

In this case, several points in succession aezitjrinput digitally from the data set
of F*j and y, the coast down is performed and the coast dawedi j is measured.
After the coast down test has been repeated setsras, bauis automatically
calculated and set at vehicle speed intervalslok@/h, in the following sequence:

. Equation 7-7
F+F = i(mi + mrl)Q quation
36 At,
1 2AV . Equation 7-8
Fo=—=(m, 1) -F
36 At
F.=F-F Equation 7-9
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7.2.2.2.5.4. Chassis dynamometer with, " » coefficient digital setter

7.2.2.2.6.

In the case of a chassis dynamometer with a camffidigital setter, where a CPU
(central processor unit) is incorporated in thetesys the target running resistance
force F =f", +f", xv? is automatically set on the chassis dynamometer.

In this case, the coefficient$ ¢ and f*2 are directly input digitally; the coast down

is performed and the coast down tim§ is measured. gayis automatically
calculated and set at vehicle speed intervalsGf Bm/h, in the following sequence:

. Equation 7-10
F+F :i(mi +mrl)@ .
36 At
. Equation 7-11
F =7(mi +mr1)&_F quat
36 At
Fo=F -F Equation 7-12

Dynamometer settings verification

7.2.2.2.6.1. Verification test

7.2.2.2.6.2.

Immediately after the initial setting, the coastwdotime Atg on the chassis
dynamometer corresponding to the reference spegd glall be measured by the

same procedure as in paragraph 5 of Annex 7. Tdasurement shall be carried out
at least three times, and the mean coast downAtmeshall be calculated from the

results. The set running resistance force at tleeewece speed,q@{vQ) on the chassis
dynamometer is calculated by the following equation:

1 2A Equation 7-13
FE(VO)_i(mi +mrl) v a

36 At

Calculation of setting error

The setting errot is calculated by the following equation:

. ‘ FE (VO?_ = (VO)‘ ‘100 Equation 7-14
F (Vo)

The chassis dynamometer shall be readjusted i$¢lteng error does not satisfy the
following criteria:
¢ < 2 per cent for g> 50 km/h

¢ < 3 per cent for 30 km/k vg< 50 km/h
€ < 10 per cent fory< 30 km/h
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The procedure in paragraphs 7.2.2.2.6.1. to 28.2. shall be repeated until the
setting error satisfies the criteria. The chadgisamometer setting and the observed
errors shall be recorded. The examples of therdefooms are given in Annex 9.

7.2.2.3. Dynamometer preparation, if settings anévdd from a running resistance table
What sub-group??

7.2.2.3.1. The specified speed for the chassisrdgnzeter

The running resistance on the chassis dynamorakédrbe verified at the specified
speed v. At least four specified speeds shoulgdrdied. The range of specified
speed points (the interval between the maximumnamimum points) shall extend
either side of the reference speed or the referspeed range, if there is more than
one reference speed, by at leAst as defined in paragraph 4. of Annex 7. The
specified speed points, including the referenceedpwoint(s), shall be no greater
than 20 km/h apart and the interval of specifiegkes}s should be the same.

7.2.2.3.2. Verification of chassis dynamometer

7.2.2.3.2.1. Immediately after the initial settittge coast down time on the chassis dynamometer
corresponding to the specified speed shall be medsurhe vehicle shall not be set
up on the chassis dynamometer during the coast diovenmeasurement. When the
chassis dynamometer speed exceeds the maximum spdetest cycle, the coast
down time measurement shall start.

7.2.2.3.2.2. The measurement shall be carriedtoetat three times, and the mean coast down
time Atg shall be calculated from the results.

7.2.2.3.2.3. The set running resistance forggvfj at the specified speed on the chassis
dynamometer is calculated by the following equation

1 9 2Av Equation 7-15

FE(vj):%xmi AtE

7.2.2.3.2.4The setting errog atthe specified speéd calculated by the following equation:

_ ‘ F. (VJ- )_ F ‘ 100 Equation 7-16

T

7.2.2.3.2.5. The chassis dynamometer shall beusiadj if the setting error does not satisfy the
following criteria:
€ < 2 per cent for ¥ 50 km/h
£ < 3 per cent for 30 km/ v < 50 km/h
€ <10 per cent for v < 30 km/h
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7.2.2.3.2.6. The procedure described above shakpeated until the setting error satisfies the

criteria. The chassis dynamometer setting analiserved errors shall be recorded.
An example of the record form is given in Annex 10.

6.5. Post-test procedures

6.5.1. Gas analyser check

Zero and span gas reading of the analysers usegritinuous measurement shall be
checked. The test shall be considered accepthtiie difference between the pre-
test and post-test results is less than 2 peratgéhe span gas value.

6.5.2. Particulate filter weighing

Reference filters shall be weighed within 8 houref the test filter weighing. The
contaminated particulate test filter shall be takento the weighing chamber
within one hour following the analyses of the exhasi gases. The test filter shall
be conditioned for at least 2 hours and not more #n 80 hours and then
weighed.

6.5.3. Bag analysis

6.5.3.1. The exhaust gases contained in the bdgbghanalysed as soon as possible and in
any event not later than 20 minutes after the énideotest cycle.

6.5.3.2. Prior to each sample analysis, the anahgs®e to be used for each pollutant shall
be set to zero with the appropriate zero gas.

6.5.3.3. The analysers shall then be set to thibratibn curves by means of span gases of
nominal concentrations of 70 to 100 per cent ofrtmee.

6.5.3.4. The analysers' zero settings shall theretleecked: if any reading differs by more
than 2 per cent of the range from that set in papy6.5.3.2. above, the procedure
shall be repeated for that analyser.

6.5.3.5. The samples shall then be analysed.

6.5.3.6. After the analysis, zero and span poin&l e rechecked using the same gases. If
these rechecks are within 2 per cent of those in paragraph 6.5.3.3. abdwe, t
analysis shall be considered acceptable.

6.5.3.7. At all points in this paragraph, the floates and pressures of the various gases shall
be the same as those used during calibration adribfy/sers.

6.5.3.8. The figure adopted for the content of ghses in each of the pollutants measured
shall be that read off after stabilisation of theasuring device. Hydrocarbon mass
emissions of compression-ignition engines shallcaleulated from the integrated
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HFID reading, corrected for varying flow if necesgaas shown in paragraph 6.6.6.

below.

7.2.3. Calibration of analysers
use R83, annex 4a, appendix 3
GASEOUS EMISSIONS MEASUREMENT EQUIPMENT
1. SPECIFICATION
1.1. System Overview

A continuously proportional sample of the diluechaust gases and the dilution air
shall be collected for analysis.

Mass gaseous emissions shall be determined froen ptoportional sample
concentrations and the total volume measured dutiveg test. The sample
concentrations shall be corrected to take acco@rthe pollutant content of the

ambient air.
1.2. Sampling System Requirements
1.2.1. The sample of dilute exhaust gases shalaken upstream from the suction device

but downstream from the conditioning devices (if)an

1.2.2. The flow rate shall not deviate from therage by more that 2 per cent.

1.2.3. The sampling rate shall not fall below ekt per minute and shall not exceed
0.2 per cent of the flow rate of the dilute exhagsses. An equivalent limit shall

apply to constant-mass sampling systems.

1.2.4. A sample of the dilution air shall be takera constant flow rate near the ambient air-
inlet (after the filter if one is fitted).

1.2.5. The dilution air sample shall not be contated by exhaust gases from the mixing
area.
1.2.6. The sampling rate for the dilution air st comparable to that used in the case of

the dilute exhaust gases.

1.2.7. The materials used for the sampling operatghall be such as not to change the
pollutant concentration.

1.2.8. Filters may be used in order to extracsthlel particles from the sample.
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1.2.9.

1.2.10.

1.2.11.

1.2.12.

1.2.12.1.

1.2.12.2.

1.2.12.3.

1.2.12.4.

1.2.12.5.

1.2.12.6.

The various valves used to direct the exhgases shall be of a quick-adjustment,
quick-acting type.

Quick-fastening gas-tight connections mayi®ed between the three-way valves and
the sampling bags, the connections sealing theeselutomatically on the bag side.
Other systems may be used for conveying the sartiplbe analyser (three-way stop
valves, for example).

Storage of the sample

The gas samples shall be collected in sampling lmdigsufficient capacity not to
impede the sample flow; the bag material shall behsas to affect neither the
measurements themselves nor the chemical compositithe gas samples by more
than £2 per cent after 20 minutes (for instancenitated polyethylene/polyamide
films, or fluorinated polyhydrocarbons).

Hydrocarbon Sampling System — Diesel Erggine

The hydrocarbon sampling system shalkisbrof a heated sampling probe, line,
filter and pump. The sampling probe shall be itstaht the same distance from the
exhaust gas inlet as the particulate sampling prabesuch a way that neither
interferes with samples taken by the other. ItIdiale a minimum internal diameter
of 4 mm.

All heated parts shall be maintainedtatrgperature of 463 K (190 °@)10 K by the
heating system.

The average concentration of the meashyddocarbons shall be determined by
integration.

The heated sampling line shall be fittéth a heated filter (f) 99 per cent efficient
with particles> 0.3pum, to extract any solid particles from the continsidow of gas
required for analysis.

The sampling system response time (fr@ptobe to the analyser inlet) shall be no
more than four seconds.

The HFID shall be used with a constamiv f(heat exchanger) system to ensure a
representative sample, unless compensation fom@GFV or CFO flow is made.

possibly continuous NO measurement provisions &ermnination of NO2 from NO/NOX ratio

1.3.

should be inserted here

Gas Analysis Requirements

Use only analyzers which are appropriate for tgstinthe given emission standard. The
analyzers need to fulfill the following requiremeiiText and Table added to reflect ideas of
EPA §1065)
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Table 1 of §1065.205-Recommended performance specifications for measurement instruments

‘Complete System

Measured quantity P Recording b e b s
Measurement Instrutnest Rise time (Liaea) and N Accuracy Repeatability Noise'
syinbot Fal time (10,10 updat.c I‘x.equ:nf..y
2.0%ofpt. or 1.0 % of pt. or 1.0 % of
Bmt: ges analyzer . | ot | NA ‘ NA 2.0 % of meas. 10 % of meas. max.
* Accuracy, repestability, and neise are afl ined with the same collected data, as ibed in §1065.305, and based va absolute values. “pt." refers io the overall flow-

weighted mean value expected ot the slandard; "max.” refers to the peak value expecied ai the standard over any test interval, not the maximum of the insinunent’s range; “meas”
refers to the actual flow-weighted mean imeasured over any fest inerval,

1.3.1. Carbon monoxide (CO) and carbon dioxide{iGDalyses:
Analysers shall be of the non-dispersive infra{fe¢DIR) absorption type.
1.3.2. Hydrocarbons (HC) analysis - spark-ignigngines:

The analyser shall be of the flame ionisation (Fiype calibrated with propane gas
expressed equivalent to carbon atomg.(C

1.3.3. Hydrocarbons (HC) analysis - compressioiitignengines:
The analyser shall be of the flame ionisation typth detector, valves, pipework,
etc., heated to 463 K (190 °€)10 K (HFID). It shall be calibrated with propanesga
expressed equivalent to carbon atomg.(C

1.3.4. Nitrogen oxide (N analysis:

The analyser shall be either of the chemi-lumiaas¢CLA) or of the non-dispersive
ultra-violet resonance absorption (NDUVR) type,toeith NO,-NO converters.

1.3.5. The analysers shall have a measuring raomgeatible with the accuracy required to
measure the concentrations of the exhaust gas sgjilitants.

1.3.6. Measurement error shall not excegdl per cent (intrinsic error of analyser)
disregarding the true value for the calibrationegas

1.3.7. For concentrations of less than 100 ppm, measurement error shall not
exceedt2 ppm.

1.3.8. The ambient air sample shall be measurettiesame analyser with an appropriate
range.
1.3.9. No gas drying device shall be used befoeeaalysers unless shown to have no

effect on the pollutant content of the gas stream.
1.4. Recommended System Descriptions

Figure 10 is a schematic drawing of the systeng&seous emissions sampling.
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1.4.1.

1.4.2.

1.4.3.

1.4.4.

1.4.5.

1.4.6.

1.4.7.

Figure 10 Gaseous Emissions Sampling Schematic

Dilution Tunnel (see Figures 6 & 7)

Zero gas

s1
Air F I_ s2/sv 7] SIS

from vehicle
exhaust

to vent or
optional

continuous \V Q Be
analyser

The components of the system are as follows:

Two sampling probes;(8nd $) for continuous sampling of the dilution air anfd o
the diluted exhaust-gas/air mixture;

A filter (F), to extract solid particles fnathe flows of gas collected for analysis;

Pumps (P), to collect a constant flow of tliation air as well as of the diluted
exhaust-gas/air mixture during the test;

Flow controller (N), to ensure a constanifarm flow of the gas samples taken
during the course of the test from sampling proBesnd $ (for PDP-CVS) and
flow of the gas samples shall be such that, attiteof each test, the quantity of the
samples is sufficient for analysis (approximatedylifres per minute);

Flow meters (FL), for adjusting and monitgrithe constant flow of gas samples
during the test;

Quick-acting valves (V), to divert a consthow of gas samples into the sampling
bags or to the outside vent;

Gas-tight, quick-lock coupling elements @jween the quick-acting valves and the
sampling bags; the coupling shall close automdyical the sampling-bag side; as
an alternative, other ways of transporting the dampo the analyser may be used
(three-way stopcocks, for instance);



1.4.8.

1.4.9.

1.4.10.

1.4.11.

2.1.

2.1.1.

2.1.2.

2.1.2.1.

2.12.2.

2.1.2.3.

2.1.2.4.

2.1.3.
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Bags (B), for collecting samples of the w@ith exhaust gas and of the dilution air
during the test;

A sampling critical-flow venturi (SV), toke proportional samples of the diluted
exhaust gas at sampling probeABCFV-CVS only);

-A-serubber(PS).indlsampling line (CRCVS-onhy)

Components for hydrocarbon sampling usiRtoH

Fh is a heated filter,

S is a sampling point close to the mixing chamber,

Vh is a heated multi-way valve,

Q is a quick connector to allow the ambient amgke BA to be analysed on
the HFID,

FID is a heated flame ionisation analyser,

Rand| are a means of integrating and recordiginstantaneous hydrocarbon
concentrations,

Ln is a heated sample line.

CALIBRATION PROCEDURES
Analyser Calibration Procedure

Each analyser shall be calibrated as oftemeaessary and in any case in the month
before type approval testing and at least onceyeger months for verifying
conformity of production.

Each normally used operating range shatblibrated by the following procedure:

The analyser calibration curve is esthblisby at least five calibration points spaced
as uniformly as possible. The nominal concentmatib the calibration gas of the
highest concentration shall be not less than 8@get of the full scale.

The calibration gas concentration requinegly be obtained by means of a gas
divider, diluting with purified N or with purified synthetic air. The accuracy bét
mixing device shall be such that the concentratmnthe diluted calibration gases
may be determined to within £2 per cent.

The calibration curve is calculated by kbast squares method. If the resulting
polynomial degree is greater than 3, the numbeabbration points shall be at least
equal to this polynomial degree plus 2.

The calibration curve shall not differ mpre thant2 per cent from the nominal
value of each calibration gas.

Trace of the calibration curve
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From the trace of the calibration curve and thigion points, it is possible to
verify that the calibration has been carried outexily. The different characteristic
parameters of the analyser shall be indicatedicpéatly:

The scale;

The sensitivity;

The zero point;

The date of carrying out the calibration.

2.1.4. If it can be shown to the satisfaction oé ttechnical service that alternative
technology (e.g. computer, electronically contmblleange switch, etc.) can give
equivalent accuracy, then these alternatives maysbd.

2.2. Analyser Verification Procedure

2.2.1. Each normally used operating range shalchecked prior to each analysis in
accordance with the following:

2.2.2. The calibration shall be checked by use oéra gas and by use of a span gas that
has a nominal value within 80-95 per cent of thepssed value to be analysed.

2.2.3. If, for the two points considered, the viuend does not differ by more tharb per
cent of the full scale from the theoretical valtlee adjustment parameters may be
modified. Should this not be the case, a new r&iitn curve shall be established in
accordance with paragraph 1. of this appendix.

2.2.4. After testing, zero gas and the same spargaused for re-checking. The analysis
is considered acceptable if the difference betwibentwo measuring results is less
than 2 per cent.

2.3. FID Hydrocarbon Response Check Procedure

2.3.1. Detector response optimisation

The FID shall be adjusted, as specified by th&ungent manufacturer. Propane in
air should be used, to optimise the response, @mibst common operating range.

2.3.2. Calibration of the HC analyser

The analyser should be calibrated using proparér iand purified synthetic air (see
paragraph 3 of this appendix).

Establish a calibration curve as described ingragh 2.1. of this appendix.
2.3.3. Response factors of different hydrocarbormsracommended limits

The response factor (Rf), for a particular hydrboa species is the ratio of the FID
C, reading to the gas cylinder concentration, expess ppm €
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The concentration of the test gas shall be at\ell¢o give a response of
approximately 80 per cent of full-scale deflectidar the operating range. The
concentration shall be known, to an accuracyto® per cent in reference to a
gravimetric standard expressed in volume. In aolditthe gas cylinder shall be pre-
conditioned for 24 hours at a temperature betw&3nkand 303 K (20 and 30 °C).

Response factors should be determined when inthoguan analyser into service
and thereafter at major service intervals. The temtes to be used and the
recommended response factors are:
Methane and purified air: 1.00<Rf<1.15

——or 100 < Rf < 1.05fcNG/biomethanefuelled-vehicles

argumentation: FID cannot meet this requirementtlifer response factors need to be within
tolerance, too.

solutions:  a) calibrate with methane, whetingsCNG vehicles
or b) apply the CH4 response fiacto

Propylene and purified air: 0.90<Rf<1.00
Toluene and purified air: 0.90 < Rf<1.00

These are relative to a response factor (Rf)@d for propane and purified air.

2.3.4. -Oxygen-interference-check-andrecommendatsli

——Propane-and-nitrogen:—————————————0:95 < Rf < 1.05
In practice neither with bag analysis nor with tommous HC sampling oxygen
contents below 15% Vol. will be encountered

2.4, NQ Converter Efficiency Test Procedure

The efficiency of the converter used for the cosia of NG into NO is tested as
follows:

Using the test set up as shown in Figure 11 aadthcedure described below, the
efficiency of converters can be tested by mearsnajizonator.

2.4.1. Calibrate the analyzer in the most commoreraing range following the
manufacturer's specifications using zero and spar(the NO content of which shall
amount to about 80 per cent of the operating ramgkthe N@concentration of the
gas mixture shall be less than 5 per cent of thechi@entration). The NGanalyser
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2.4.2.

2.4.3.

2.4.4.

2.4.5.

2.4.6.

shall be in the NO mode so that the span gas doepass through the converter.
Record the indicated concentration.

Via a T-fitting, oxygen or synthetic airaslded continuously to the span gas flow
until the concentration indicated is about 10 pentcless than the indicated
calibration concentration given in paragraph 2.4above. Record the indicated
concentration (C). The ozonator is kept deactiv#teoughout this process.

The ozonator is now activated to generateugim ozone to bring the NO
concentration down to 20 per cent (minimum 10 pentk of the calibration
concentration given in paragraph 2.4.1. above. oRkthe indicated concentration

(d).

The NQ@ analyser is then switched to the N@ode, which means that the gas
mixture (consisting of NO, N§ O, and N) now passes through the converter.
Record the indicated concentration (a).

The ozonator is now deactivated. The mixbirgases described in paragraph 2.4.2.
above passes through the converter into the detectBecord the indicated
concentration (b).

Figure 11 NOx Converter Efficiency Test Configuration

Flow control solenoid valve

% Flow-control valve
V Flowmeter

=
SO/ s

Analyser inlet connegtor
NONO supply

With the ozonator deactivated, the flow ®ygen or synthetic air is also shut off.
The NG reading of the analyser shall then be no more thaer cent above the
figure given in paragraph 2.4.1. above.




2.4.7.

2.4.8.

2.4.9.

3.1.

3.2.

page 65
The efficiency of the N@onverter is calculated as follows:

Efficiency (percen) = (1+ 2_:;) 100

The efficiency of the converter shall not lees than 95 per cent. (EPA &86
requirement was 90%)

The efficiency of the converter shall beagdsat least once a week. (EPA 8§1065.341
requires less frequent check, 35days)

REFERENCE GASES
Pure gases

The following pure gases shall be available, itessary, for calibration and
operation:

Purified nitrogen: (purity<l ppm C<1 ppm CO<400 ppm CQ, <0.1 ppm NO);

Purified synthetic air: (purity:<1 ppm C, <1 ppm CO, <400 ppm CGQ,
<0.1 ppm NO); oxygen content between 18 and 21 g&rvwlume;

Purified oxygen: (purity > 99.5 per cent vok)O

Purified hydrogen (and mixture containing heliumjpurity <1 ppm C,
<400 ppm CQ);

Carbon monoxide: (minimum purity 99.5 per cent);

Propane: (minimum purity 99.5 per cent).

Calibration and span gases

Mixtures of gases having the following chemicainpmsitions shall be available:
(@) GHsand purified synthetic air (see paragraph 3.1veho

(b) CO and purified nitrogen;

(c) CG and purified nitrogen.

(d) CH, and purified synthetic air (new text)

NO and purified nitrogen (the amount of NEbntained in this calibration gas shall
not exceed 5 per cent of the NO content).

The true concentration of a calibration gas shallwithin+21 per cent of the stated
figure.

additional pollutants will need higher tolerancssi¢t requirement taken over from §1065)
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conflict to 81065 in terms of reference gases
argumentation: gas suppliers find it very harduppdy gases at these tight limits,
gases become very expensive
pure gases that clean are only needed if BMD igakris used, otherwise less strict
Japanese/European requirements are sufficient

7.2.4. Test vehicle-{metereyelpfeconditioning

7.2.4.1. The test vehicle shall be moved to the &eea and the following operations
performed:

- The fuel tank(s) shall be drained through thevjgred fuel tank(s) drain(s) and
charged with the test fuel as specified in pardgrépt. to—halfthetank(s)
capacity.

- The test vehicle shall be placed, either by dedriven or pushed, on a

dynamometer—witheut—operating—engimnd operated through the cycles as

specified in paragraph 6.5.4. The vehicle needeatold, and may be used to set
dynamometer power.




6.2.2.
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Preliminary testing cycles

Preliminary testing cycles should be carried bonecessary to determine how best to

actuate the accelerator and brake controls so ashieve a cycle approximating to
the theoretical cycle within the prescribed limitsder which the cycle is carried out.

ECE R 83-06 preconditioning: 6.3.1.For the purposef measuring particulates, at most 36
hours and at least 6 hours before testing, the ParTwo cycle described in
paragraph 6.1. of this annex shall be used for vetie pre-conditioning. Three
consecutive cycles shall be driven. The dynamometsetting shall be indicated
as in paragraph 6.2.1. above.

6.3.3.

At the request of the manufacturer, vehiclesdittéth indirect injection
positive-ignition engines may be preconditionedhwone Part One and
two Part Two driving cycles.

In a test facility in which there may be possibnamination of a low
particulate emitting vehicle test with residue frarprevious test on a
high particulate emitting vehicle, it is recommedgdfor the purpose of
sampling equipment pre-conditioning, that a 120Fkeiéady state drive
cycle of 20 minutes duration followed by three ecmdive Part Two
cycles be driven by a low particulate emitting oddni

After this preconditioning, and before testinghistes shall be kept in a room in
which the temperature remains relatively constattvben 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried fmutat least six hours and continue
until the engine oil temperature and coolant, ify,aare within +2 K of the
temperature of the room.

EPA recommendation: at least 12 hours and maxi@&imours.

At the request of the manufacturer, forced coollog/n could be used.

If the manufacturer so requests, the test shalidseed out not later than 30 hours
after the vehicle has been run at its normal teatpes.

For positive-ignition engined vehicles fadllwith LPG orNG/biomethane or so
equipped that they can be fuelled with either pedroLPG or NG/biomethane
between the tests on the first gaseous referemtaifa the second gaseous reference
fuel, the vehicle shall be preconditioned befo tist on the second reference fuel.
This preconditioning is done on the second refexerigel by driving a
preconditioning cycle consisting of one Part Onebga part) and two times Part
Two (extra-urban part) of the test cycle descrilvedppendix 1 to this annex. On
the manufacturer's request and with the agreemgnheo technical service this
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7.2.5. Emissions tests
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7.2.5.1. Engine starting and restarting

Otto-cycle vehicles. Paragraph (a)

of this section applies to Otto-cycle vehipgocedures—Fhe-test-eyelearshall-begin-when-the-engine-starts.

(1) The engine shall be started according
to the manufacturer's recommended
starting procedures in the

owner's manual. The initial 20-second
idle period shall begin when the engine
starts.

626

§ 86.137—-90 40 CFR Ch. | (7-1-09 Edition)
(2) Choke operation: (i) Vehicles

equipped with automatic chokes shall

be operated according to the manufacturer’s
operating instructions in the

owner's manual, including choke setting
and “kick-down” from cold fast

idle.

(ii) Vehicles equipped with manual

chokes shall be operated according to

the manufacturer’s operating instructions
in the owner’'s manual.

(3) The transmission shall be placed

in gear 15 seconds after the engine is
started. If necessary, braking may be
employed to keep the drive wheels

from turning.

(4) The operator may use the choke,
accelerator pedal, etc., where necessary
to keep the engine running.

(5) If the manufacturer’s operating
instructions in the owner’s manual do

not specify a warm engine starting procedure,
the engine (automatic and

manual-choke engines) shall be started
by depressing the accelerator pedal

about half way and cranking the engine
until it starts.

(b) Diesel vehicles. The engine shall be
started according to the manufacturers
recommended starting procedures in

the owners manual. The initial 20-second
idle period shall begin when the engine
starts. The transmission shall be

placed in gear 15 seconds after the engine
is started. If necessary, braking

may be employed to keep the drive
wheels from turning.

(c) If the vehicle does not start after

the manufacturer’'s recommended
cranking time (or 10 continuous seconds
in the absence of a manufacturer's
recommendation), cranking shall cease
for the period recommended by the
manufacturer (or 10 seconds in the absence
of a manufacturer's recommendation).
This may be repeated

for up to three start attempts. If the
vehicle does not start after three attempts,
the reason for failure to start

shall be determined. The gas flow
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measuring device on the constant volume
sampler (usually a revolution

counter) or CFV (and the hydrocarbon
integrator and particulate sampling
system when testing petroleum-fueled
diesel vehicles and the particulate
sampling system when testing methanol-
fueled diesel vehicles, see § 86.137)
shall be turned off and the sampler selector
valves, including the methanol

sampler, placed in the “standby” position
during this diagnostic period. In

addition, either the CVS should be

turned off, or the exhaust tube disconnected
from the tailpipe during the diagnostic
period. If failure to start is an

operational error, the vehicle shall be
rescheduled for testing from a cold

start.

(d) If the engine “false starts” the
operator shall repeat the recommended
starting procedure (such as resetting

the choke, etc.).

(e) Salling. (1) If the engine stalls

during an idle period, the engine shall

be restarted immediately and the test
continued. If the engine cannot be
started soon enough to allow the vehicle
to follow the next acceleration as
prescribed, the driving schedule indicator
shall be stopped. When the vehicle
restarts, the driving schedule indicator
shall be reactivated.

(2) If the engine stalls during some
operating mode other than idle, the
driving schedule indicator shall be
stopped, the vehicle shall then be restarted
and accelerated to the speed required

at that point in the driving

schedule and the test continued. During
acceleration to this point, shifting

shall be performed in accordance with
§86.128.

(3) If the vehicle will not restart

within one minute, the test shall be
voided, the vehicle removed from the
dynamometer, corrective action taken,
and the vehicle rescheduled for test.

The reason for the malfunction (if determined)
and the corrective action

taken shall be reported to the Administrator.

Draft Proposal — Raw Version after Workshop 03686010 in Ingolstadt






in-the-driving-schedule.
ECE R 83-06: 6.2.6. Particulate mass filter selecin

A single particulate filter without back-up shall be employed for both urban
and extra-urban phases of the cycle combined.

Twin particulate filters, one for the urban, one br the extra-urban phase, may
be used without back-up filters, only where the presure-drop increase across
the sample filter between the beginning and the endf the emissions test is
otherwise expected to exceed 25 kPa.

6.2.7. Particulate mass filter preparation

6.2.7.1. Particulate mass sampling filters shallcbaditioned (as regards temperature and
humidity) in an open dish that has been protectednat dust ingress for at least 2
and for not more than 80 hours before the teshiniaconditioned chamber. After
this conditioning, the uncontaminated filters vk weighed and stored until they
are used. If the filters are not used within omerrhof their removal from the
weighing chamber, they shall be re-weighed.

6.2.7.2.  The one hour limit may be replaced by @htenour limit if one or both of the
following conditions are met:

6.2.7.2.1. A stabilized filter is placed and kapii sealed filter holder assembly with the ends
plugged, or;

6.2.7.2.2. A stabilized filter is placed in a sealiter holder assembly which is then
immediately placed in a sample line through whiaére is no flow.

§ 86.139-90 Particulate filter handling

and weighing.

(a) At least 8 hours, but not more

than 56 hours before the test, place

each filter in an open, but protected,

petri dish and place in the weighing

chamber which meets the humidity and
temperature specifications of § 86.112.

(b) At the end of the 8 to 56 hour stabilization
period, weigh the filter on a
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balance having a precision of one
microgram. Record this weight. This
reading is the tare weight.

(c) The filter shall then be stored in

a covered petri dish which shall remain
in the weighing chamber until needed
for testing.

(d)(2) If the filter is not used within

one hour of its removal from the
weighing chamber, it shall be reweighed.
(2) The one hour limit may be replaced
by an eight-hour limit if one or

both of the following conditions are
met:

(i) A stabilized filter is placed and

kept in a sealed filter holder assembly
with the ends plugged, or

(ii) A stabilized filter is placed in a
sealed filter holder assembly, which is
then immediately placed in a sample

line through which there is no flow.

JAPAN:

2-12-2-1 Before collection of PM and PMb

(1) The collecting filter shall be soaked in the weighing room for at least
24 hours.

(2) After completion of the soaking according to Item (1), the weight of
the collecting filter shall be measured in the weighing room.

Then, the collecting filter for which the measurement of the weight

has been conducted shall be used immediately for collecting PM and
PMb.

6.2.7.3. The particulate sampling system shalltéetex and prepared for sampling.
6.2.8. Particle number measurement preparation

6.2.8.1. The particle specific dilution system amesurement equipment shall be started and
readied for sampling.

6.2.8.2. Prior to the test(s) the correct functidrthe particle counter and volatile particle
remover elements of the particle sampling systeail $fe confirmed according to
Appendix 5, paragraphs 2.3.1. and 2.3.3.:

The particle counter response shall be teste@at zero prior to each test and, on a
daily basis, at high particle concentrations usimbient air.

When the inlet is equipped with a HEPA filter, itshall be demonstrated that the
entire particle sampling system is free from any leks.

6.2.9. Checking the gas analysers
The emissions analysers for the gases shall bat zero and spanned. The sample
bags shall be evacuated.

7.2.7. Dynamometer test runs
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7.2.7.1. The complete dynamometer test consistcoofsecutive parts as described in
paragraph 6.5.4.

7.2.7.2.  The following steps shall be taken forhei@st:
US EPA 86.137-90

(1) Place drive wheels of vehicle on

dynamometer without starting engine.

(2) Open the vehicle engine compartment

Cover (fully opened) and position the cooling

fan. At the request of the manufacturer, if a pripnal speed cooling fan is used, the engine commgat cover shall be closed.
(3) For all vehicles, with the sample

selector valves in the “standby” position,

connect evacuated sample collection

bags to the dilute exhaust and dilution

air sample collection systems.

{4)-For-methanelueled-vehicles.

S).
Additional Pollutants sampling should be included

Sampling and analysing equipment shall be set ¢vadipnal mode.
{5)-Start the CV/S{ifnet-already-on),
&hesampl&pumps—(e*eepgtheeﬁesgl

articulate

le numn )
aRpie-PUp f y

Note-CF\-sample flow-rate-is-fixed-by-the

venturi-design.

(7) Attach the exhaust tube to the vehicle

tailpipe(s).
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(8) Carefully install a particulate

sample filter into each of the filter

holders for diesel vehicle tests. The filters
must be handled only with forceps

or tongs. Rough or abrasive filter handling
will result in erroneous weight
determination.

(9) Start the gas flow measuring device,
position the sample selector

valves to dlrect the sample flow into

o ldehyd duunen-alr
sample(turn on the petroleum -fueled
diesel hydrocarbon analyzer system integrator,
mark the recorder chart,
start particulate sample pump No. 1,
and record both gas meter or flow
measurement instrument readings, if
applicable), turn the key on, and start
cranking the engine.

———Fe#gaseeus—bag—samplselect sufficient bag fill flow rates to allow
satisfactory bag measurement{except-hydrocarbompleajn-the—minimum
flowrate-is-0-08-litre/secend.

() Operate the vehlcle according to the drivingcles specified in
paragraph 6.5.4.
Depends on WLTP cycle:



(k)

o

(m)

(n)

(0)
(P)

(@)
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At the end of the part 1 or part 1 reducedespéen cold condition,
simultaneously switch the sample flows from thetflstags and samples to the
second bags and samples, switch off gas flow memsdevice No. 1 and start
gas flow measuring device No. 2.

In case of class 3 vehicles, at the end ot gasimultaneously switch the
sample flows from the second bags and samplestthitd bags and samples,
switch off gas flow measuring device No. 2 andrtstas flow measuring
device No. 3.

Before starting a new part, record the measuodl or shaft revolutions and
reset the counter or switch to a second countes.sdon as possible, transfer
the exhaust and dilution air samples to the ar@ysystem and process the
samples according to paragraph 8.1.1., obtainirsgahilised reading of the
exhaust bag sample on all analysers within 20 regaof the end of the sample
collection phase of the test.

Turn the engine off 2 seconds after the enti®last part of the test.

Turn off the constant volume sampler (CVSkutical flow venturi

disconnect the exhaust tube from the tailpipe(shefvehicle.
Disconnect the exhaust tube from the vehiclgpipe(s) and remove the

ECE R 83-06: 6.5. Post-test procedures

6.5.1.

6.5.2.

EPA:

Gas analyser check

Zero and span gas reading of the analysers usedritinuous measurement shall be
checked. The test shall be considered acceptatiie difference between the pre-
test and post-test results is less than 2 peraféhe span gas value.

Particulate filter weighing

Reference filters shall be weighed within 8 houref the test filter weighing. The

contaminated particulate test filter shall be takento the weighing chamber
within one hour following the analyses of the exhai gases. The test filter shall

be conditioned for at least 2 hours and not more #n 80 hours and then

weighed.

(e) After the test, and after the sample
filter is returned to the weighing

room, condition it for at least 1 hour

but not more than 56 hours. Then
weigh a second time. This latter reading
is the gross weight of the filter.

Record this weight.
(f) The net weight (8 is the gross
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7.3.1. Conditions of measurement



7.3.1.1.

7.3.1.2.

7.3.2.

7.3.2.1.

7.3.2.2.
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The Type Il test specified in paragragh fust be measured immediately after the
Type | test with the engine at normal idling speed at high idle.

The following parameters must be measangidrecorded at normal idling speed and
at high idle speed:

(8) the carbon monoxide content by volume of tkieaast gases emitted,

(b) the carbon dioxide content by volume of thhaist gases emitted,

(c) the engine speed during the test, includingtalerances,

(d) the engine oil temperature at the time oftéss.

Sampling of exhaust gases

The exhaust outlets shall be provided waithair-tight extension, so that the sample
probe used to collect exhaust gases may be insérmtedthe exhaust outlet at
least 60 cm, without increasing the back pressfilmmare than 125 mm 40, and
without disturbance of the vehicle running. Thesdh of this extension shall
however be chosen in order to avoid, at the lonatb the sample probe, any
appreciable dilution of exhaust gases in the @ihere a vehicle is equipped with an
exhaust system having multiple outlets, eitherdts®ll be joined to a common pipe
or the content of carbon monoxide must be collefiteah each of them, the result of
the measurement being reached from the arithmetiGabge of these contents.

The concentrations in COc(f and CO2 (Go. ) shall be determined from the
measuring instrument readings or recordings, by afs@ppropriate calibration
curves. The results have to be corrected accotdipgragraph 8.2.

EMISSION MEASUREMENT AND CALCULATION

The final test result shall be rounded in one $tefhe number of places to the right
of the decimal point indicated by the applicableismion standard plus one
additional significant figure, in accordance wittsAM E 29-04. No rounding of

intermediate values leading to the final-breplecific emission result is permitted.

For information not related to standards reportgeed engineering judgement.

*** The subgroups shall reference the following tiexhich is extracted from GTR 4, as well as

GTR 2, and the EPA Draft Test Procedure. Final Eiois Measurement and
Calculation results should be appropriate for kdhity vehicles and in following

with the established measurement equipment anc:guoes. ***

Calculations taken over from R83 Annex 4a §6.6 ff.

8.1.

Dry/wet correction
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( 1.2442¢H, +111.10w, , x i 1

K= T x1.008 (@)
' qui A\
L 773.4+1.2442< H, +—"—xk, x1,oooJ
qmad,i
—oF
Oy,
1.2442H, +111.19%¢w, . x
Kya=11 Oivad,i (1 P, \4{_9)
L 7734+ 1,244 H, + i xl,oooJ/ .y
mad,i
— o
K u ! k \\fl.OOS (10)
" {1+ x0.005¢ (Ceop + o) )
—with
 k =0.055594x wa r + 0.0080022 wpg + 0.0070046¢ Weps @
—and

1.608<H,
1,000+ (1.608x H,)




page 81

1.608x {Hd x (1—1J + H, X(lﬂ
k = D D (15)
AT 1 1 =
1,000+ 41.608x | H X(l—j + Hax(]
D D
——where:

_ H . air
k ={1-k Yx1.008 (16)
w.d Ll T 7 At 9
———with
L 1608%x H,

e 1,000+ (1.608x H,)

——where:
. I . ity ai
6.6.1. Determination of volume
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6.6.1.1.

6.6.1.2.

6.6.1.3.

6.6.2.

Calculation of the volume when a variabletion device with constant flow control
by orifice or venturi is used.

Record continuously the parameters showing thametric flow, and calculate the
total volume for the duration of the test.

Calculation of volume when a positive ispment pump is used

The volume of diluted exhaust gas measured inesystcomprising a positive
displacement pump is calculated with the followiagmula:

V=V,-N

where:

V = volume of the diluted gas expressed in lipestest (prior to correction),

Vo, = volume of gas delivered by the positive displaeat pump in testing
conditions in litres per revolution,

N = number of revolutions per test.

Correction of Volume to Standard Condgion

The diluted exhaust-gas volume is corrected bynsieathe following formula:
Vmix =V EKl EEPB_P:LJ (1)
TP

where:

= 2132(K) _ 606 @)
10133(kPa)
Ps = barometric pressure in the test room in kPa,
P, = vacuum at the inlet to the positive displacemmnnp in kPa relative to the
ambient barometric pressure,
T, = average temperature of the diluted exhaust gaterieg the positive
displacement pump during the test (K).

Total mass of gaseous and particulate poitatemitted

The mass M of each pollutant emitted by the vehidlring the test shall be
determined by obtaining the product of the volumetoncentration and the volume
of the gas in question, with due regard for thdofwing densities under above-
mentioned reference conditions:

In the case of carbon monoxide (CO): d =1.25 g/l



6.6.3.

6.6.4.
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In the case of hydrocarbons:

for petrol (E5) (C1H1.8490.019 d=0.6319g/1
for diesel (BS) (QHL%O()_O()Q d=0.622 g/l
for LPG (CH2529 d =0.649 g/l

for NG/biomethane (GHg) d=0.714 g/l

for ethanol (E85) (GH2,7400.389 d=0.932 g/l

In the case of nitrogen oxides (NO d=2.05g/1

Mass emissions of gaseous pollutants shall belculated by means of the
following formula:
— Vmix EQi [kh ECi D'O_G

| : 3)

M; = mass emission of the pollutant i in grams pkmhketre,
Vmix= Vvolume of the diluted exhaust gas expressedrigslper test and corrected to
standard conditions (273.2 K and 101.33 kPa),
Q = density of the pollutant i in grams per litrenarmal temperature and pressure
(273.2 K and 101.33 kPa),
= humidity correction factor used for the calcidatof the mass emissions of
oxides of nitrogen. There is no humidity correstfor HC and CO,
= concentration of the pollutant i in the dilutedhaust gas expressed in ppm
and corrected by the amount of the pollutant i m@d in the dilution air,
d = distance corresponding to the operating ayckélometres.

Correction for dilution air concentration

The concentration of pollutant in the diluted exhaist gas shall be corrected by
the amount of the pollutant in the dilution air asfollows:

C =C.,-C, Eﬁl—%} (4)

where:

Ci = concentration of the pollutant i in the diluteghaust gas, expressed in ppm
and corrected by the amount of i contained in theidn air,

C. = measured concentration of pollutant i in theitéidl exhaust gas, expressed in
ppm,

Cq = concentration of pollutant i in the air used didution, expressed in ppm,

DF = dilution factor.

The dilution factor is calculated as follows:

DF < 134

s (o +Cg) 0" for petrol (E5) (5a)
Cco2 HC co
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135

DF = — and diesel (B5) (5a)
Ceoz + (CHC + Cco) 1o

DF= o) — forLPG (5b)

CCO2 + (CHC + c:CO) ao
_ 95 .

DF= - forNG/biomethane (5¢)
CCOZ + (CHC + CCO) D‘O

DF = 225 for Ethanol (E85) (50)

CCOZ * (CHC * CCO ) Ij'o_4

General formula for dilution factor (DF) for eadctference fuel with an average composition of
CHyO,: Text not originally contained in R83, conflicd tJapanese regulation
especcially for LPG

DF = X —
Ccoz + (CHC + C:CO)X:I'O
X =100 X
x+ Y+ 37 x+ -2
2 4 2
In these equations:
Ccoz2 = concentration of COin the diluted exhaust gas contained in the sagpli
bag, expressed in per cent volume,
Cuc = concentration of HC in the diluted exhaust gastained in the sampling
bag, expressed in ppm carbon equivalent,
Cco = concentration of CO in the diluted exhaust gastained in the sampling
bag, expressed in ppm.
6.6.5. Calculation of the NO humidity correction fator

In order to correct the influence of humidity dre tresults of oxides of nitrogen, the
following calculations are applied:

K, = 1
" 1-0.03290{H -1071)

(6)

in which:
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=w conflict to current Japanese regulation and U$$10
P; - P, R, 10

where:

H = absolute humidity expressed in grams of waggrkilogram of dry air,
R.= relative humidity of the ambient air expressedaercentage,

Py = saturation vapour pressure at ambient temperatpressed in kPa,
Ps = atmospheric pressure in the room, expresseBRan k

Determination of HC for compression-ignitiorengines

To calculate HC-mass emission for compressiortigniengines, the average HC
concentration is calculated as follows:

t
[ Cuc it
Co=t —— 7
e (7)
where:
t2
ICHC Mt = integral of the recording of the heated FID otertest ¢tt;)
t
Ce = concentration of HC measured in the dilutedaest in ppm

of G is substituted for G in all relevant equations.
Determination of particulates
Particulate emission Mg/km) is calculated by means of the following atijon:

mix

v _ (Vi + V)P
: V,, @

where exhaust gases are vented outside tunnel,

_Vmix [Pe
Mo =V @
ep

where exhaust gases are returned to the tunnel,
where:

Vmix = volume of diluted exhaust gases (see paragrapil.p under standard
conditions,
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6.6.8.

Veo= volume of exhaust gas flowing through particeldilter under standard
conditions,

P. = particulate mass collected by filter(s),
d = distance corresponding to the operatingecytkm,
M, = particulate emission in g/km.

Where correction for the particulate backgroungeldrom the dilution system has
been used, this shall be determined in accordaitbeparagraph 6.2.4. In this case,
the particulate mass (g/km) shall be calculatefdiésvs:

M, = {Pe - [ P [E]_— 1]]} Vinx * VEP)
PV \Y; DF d
ep ap

where exhaust gases are vented outside tunnel,

P, [P 1) Vi
Ms {v[v Eﬁlapm "o
ep ap

where exhaust gases are returned to the tunnel.

Where:

Va=  volume of tunnel air flowing through the backgnd particulate filter under
standard conditions,

P, = particulate mass collected by background filter

DF = dilution factor as determined in paragraph4.

Where application of a background correction rtssul a negative particulate mass
(in g/km) the result shall be considered to be zgkm particulate mass.

Determination of particle numbers (to be reiewed by PM/PN subgroup)

Number emission of particles shall be calculatgdieans of the following equation:

N = VkC..f, 10°
d
where
N =  particle number emission expressed in pagiper kilometre,
vV = volunme of the diluted exhaust gas expressed in litres per
test and corrected to standard conditions (273.2 K and 101. 33
kPa) ,
k = calibration factor to correct the particle nunber counter

measurenments to the level of the reference instrunent where
this is not applied internally within the particle nunber
counter. \Wiere the calibration factor is applied internally
within the particle nunber counter a value of 1 shall be used
for k in the above equati on,



page 87

key = 2098, 530 as)
no 1,000
— where:
; . . ity air
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— Hmewi —isthe-instantaneous-exhaust-mass-flowrats, kg/

—¢Ywawi—is the-instantaneous-intake-air-mass-flowrates kg/

o .
Qe i

is-the-instantanecusfuelmass-flowrate; kg/s
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a e A 1+ 1 \] (22\
mew,i Hmaw;i k A/Fst % Ai ) A\ ]
——with
138.0x(1+ 4_2y ﬂ
AlF, = A A (23)

$12.011+1.00794 ¢ +15.9994x & +14.0067 6 + 32.065¢ y

_ 2XCyoe X107
Coog X107 _ a 3.5xc, e 0 .
o0 S0 i [ 2 = )
7/] - k 3-5xccozd J —%

4.764x [1+% —% + yj % (Coong + Coog X107 + Gy ¥107)
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i=n
m — 1l va‘ A& al 1 o
gas Ygas T £ Vgas| ~ mew; f g
i=1
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1+ erf.i Egg)
- q .
Me“ - - [} 10-3 1
g + E + 2 LA PN + L
Qi < 4 2 2 . 2x1.00794+159994 M,
Oy 12011+1.00794x a +159994x £ +14.0067% J + 32.065% y 1+H,x107°
—  where:

i —is thei . : ¢ basis—ka/s
Shat is-the-instantaneousfuel-mass-flowrate; kg/s
——H—is-the-intake-air-humidity,g-water per-kg-dry air
o 1l ¢ v intake air — 28 06Bal/

———The-exhaust densijge. shall- be-derived;-asfollows:

~ 1,000+ H, +1,000% (g i/Ghrac;)
773.4+1.2434H_, +k; x1,000% (G /Op;)

ral
Fej
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i=n
m - \N"'q X 1 (25)
Fedf 2 Smedi 59
i=1
et CmewixFai {36)

Orrdew,i (27)
(34

2 qn =
T
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/( A sz 17143\4 1 ﬂ (42)

Aptly dppVLT \h p l‘-tl_rD4rp1.4236” 4o)
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=
Ceoze * (CHC,e + Cco;e)xlo
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——b)y——for NGfueled-gas-engines
FS

=
Ceoze * (CNMHC,e + C(:o,e)x:l-o

Fo— =100 — (49)

1+ % + 3.76><L1+

d,i e gas d d gas
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mpM—[m (ma (1 1“—| My (53)
M, (ma  DJJ] 1,000 (53)

_ Crcwiocuteen X (1 —Em ) ~ Chcwicutte)

CNMHC (54)
EE - EM

Chc(w/cutter) ~ cHC(w/oCutter) X (1 _ EE) (GCE)

)

CCcH4 — E:-E
E M
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(014xm,,,) +(086xm,,) {572)

(0'14xWactcold)+ (0'86xWactha )

e=

8.5.2.2.

(le Mo ) + (ng I’T"‘not) {5¥b.\ )
(O'lxwaclcold ) + (09 xWaclhot )

: iorchall ¥ i

Exhaust after-treatment systems with dericegeneratioiito be revewied, put
OICA proposal here)

The hot start emissions shall be weighted asv@lio

_nxe+n xg
n+n,

(58)

where:

n is the number of WHTC hot start tests outsidenerations

nr is the number of WHTC hot start tests during regation (minimum one test)
e is the average specific emission outside regeoaray/kWh

e isthe average specific emission during reger@rat/kWh

The regeneration factéy shall be determined as follows:

kr = & (59)
€
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9.

The regeneration factéy :

(@) shall be applied to the weighted WHTC testiltesf paragraph 8.5.2.2.,

(b) may be applied to the WHSC and cold WHTC, iegeneration occurs during
the cycle,

(c) may be extended to other members of the sagiaefamily,

(d) may be extended to other engine families utiegsame aftertreatment system
with the prior approval of the type approval ortifmation authority based on
technical evidence to be supplied by the manufacttirat the emissions are
similar.

MEASUREMENT EQUIPMENT

*** The subgroups shall reference the followingttewxhich is extracted from GTR 4, as well as

GTR 2, and the EPA Draft Test Procedure. Final Meament Equipment
determination should be appropriate for light-dugicles and in following with the
established measurement procedures. Where apgmpaind possible, alternatives
for measurement equipment shall be provided. ***

This gtr does not contain details of flow, pressuand temperature measuring
equipment or systems. Instead, only the lineagtuirements of such equipment or
systems necessary for conducting an emissionar@sfiven in paragraph 9.2.
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Standard | Coefficient of
error determination
SEE r?

Enginespeed =0-:05%max 0-98-102 | =2%max| =0-990

Measurement Intercept Slope
system b m

Engine-torgue =10 max |0.98-1.02 |<2%max  =>-0.990
Fuelflow
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9.3. Gaseous emissions measurement and sampligsys

9.3.1. Analyzer specifications
9.3.1.1.  General

The analyzers shall have a measuring range apdnss time appropriate for the
accuracy required to measure the concentrationthefexhaust gas components

under-transientand-steady-stabnditions.
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9.3.3. -Calibration-gases
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Cref,b ><CFSb « Cm,d
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_ 1 CHC(wicutter) ( B84 )
CHC(w/o cutter)

_CHC(wi/cutter) ( 6 5)

CHC(w/o cutter)
—where:
—————6ncwicune—is-the- HC-coneentration-with,Beflowing-through-the NMCppre
————————Crcmio cuer—15-the-HG-concentration-with,B¢-bypassing-the NMC -ppi@
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H = 100x{G-/-D.)

(67)
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9.4.

9.4.1.

9.4.2.

9.4.2.1.

Particulate measurement and sampling system

General specifications

To determine the mass of the particulates, a quéate sampling system, a
particulate sampling filter, a microgram balanced @ temperature and humidity
controlled weighing chamber, are required. Theigaate sampling system shall be
designed to ensure a representative sample of aheydates proportional to the
exhaust flow.

Particulate sampling filters

The diluted exhaust shall be sampled by a filtext tmeets the requirements of
paragraphs 9.4.2.1. to 9.4.2.3. during the testiesgzp. Selection of the options in
paragraphs 9.4.2.1. and 9.4.2.2. shall be decigé¢ldebContracting Parties.

Filter specification

All filter types shall have a 0.3 um DOP (di-ogptythalate) collection efficiency of
at least 99 per cent. The filter material shaletiber:

(@ fluorocarbon (PTFE) coated glass fiber, or

(b) fluorocarbon (PTFE) membrane.
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9.4.2.2.

9.4.2.3.

9.4.3.

9.4.3.1.

9.4.3.2.

9.4.3.3.

9.4.3.4.

Filter size

The filter size shall be either:
(@ 47 mm diameter or
(b) 70 mm diameter.

Filter face velocity

The face velocity through the filter shall not eed 1 m/s. The pressure drop
increase between the beginning and the end oétteshall not exceed 25 kPa.

Weighing chamber and analytical balanceiipations
Weighing chamber conditions

The temperature of the chamber (or room) in which particulate filters are
conditioned and weighed shall be maintained toiwit95 K + 3 K (22 °C + 3 °C)
during all filter conditioning and weighing. Thairhidity shall be maintained to a
dew point of 2825 K+3K (9.5°C + 3°C) and a@lative humidity of 45 per
cent + 8 per cent. For sensitive balances, @é@mmended that the tolerance for the
weighing chamber room air temperature and the dsnt pet 1 K.

Reference filter weighing

The chamber (or room) environment shall be freemyf ambient contaminants (such
as dust) that would settle on the particulate rlteluring their stabilization.
Disturbances to weighing room specifications adired in paragraph 9.4.3.1. will
be allowed if the duration of the disturbances doetexceed 30 minutes. The
weighing room shall meet the required specificatiprior to personal entrance into
the weighing room. At least two unused refereriters shall be weighed within 12
hours of, but preferably at the same time as thgpkafilter weighing. They shall be
the same size and material as the sample filters.

If the average weight of the reference filters nes between sample filter
weighings by more than 10 pg, all sample filteralldbe discarded and the emissions
test repeated.

Analytical balance

The analytical balance used to determine ther filteight shall meet the linearity
verification criterion of paragraph 9.2., table his implies a precision (standard
deviation) of at least 2 pug and a resolution déast 1 pg (1 digit = 1 pg).

Elimination of static electricity effects

The filter shall be neutralized prior to weighirggg. by a Polonium neutralizer or a
device of similar effect.
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Buoyancy correction

The sampling filter shall be corrected for its Yaocy in air. The buoyancy
correction depends on sampling filter density, dénsity and the density of the
balance calibration weight, and does not accourthfbuoyancy of the PM itself.

If the density of the filter material is not knowthe following densities shall be
used:

(@) teflon coated glass fiber filter: 2,300 kg/m

(b) teflon membrane filter: 2,144 kgim

(c) teflon membrane filter with polymethylpenteswpport ring: 920 kg/f

For stainless steel calibration weights, a dergfit§,000 kg/m shall be used. If the
material of the calibration weight is different density must be known.

The following equation shall be used:

1-Pa
rnf = muncor x pW (71)
1P
Ps
with
_ p,*x28836
Pa 8.3144xT, (72)
where:
Muncor is the uncorrected particulate sample mass, mg
pa is the density of the air, kgfmn
Pw is the density of balance calibration weight, k/m
D is the density of the particulate sampling filteg/m
Po is the total atmospheric pressure, kPa
Ta is the air temperature in the balance environni€nt,

28.836 is the molar mass of the air at refereneeidity (9.5 K), g/mol
8.3144 is the molar gas constant

Specifications for differential flow measment (partial flow dilution only)

For partial flow dilution systems, the accuracytleé sample flowgm, is of special
concern, if not measured directly, but determingdifferential flow measurement:

Omp = gmdew — Omdw (73)

In this case, the maximum error of the differesball be such that the accuracy of
Omp IS Within£5 per cent when the dilution ratio is less than it5can be calculated
by taking root-mean-square of the errors of eastriment.
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9.4.5.

9.4.6.

9.4.6.1.

9.4.6.2.

Acceptable accuracies gf, can be obtained by either of the following methods

(@) The absolute accuraciesgafiew andgmaw arex 0.2 per cent which guarantees
an accuracy ofjy, of < 5 per cent at a dilution ratio of 15. Howeveraer
errors will occur at higher dilution ratios.

(b) Calibration ofgmaw relative togmgew is carried out such that the same accuracies
for gmp as in (&) are obtained. For details see paradiaph.2.

(c) The accuracy df.y, is determined indirectly from the accuracy of thlktion
ratio as determined by a tracer gas, e.g,. C&ccuracies equivalent to method
(a) for g are required.

(d) The absolute accuracy @fgew andgmaw is Within+ 2 per cent of full scale, the
maximum error of the difference betwegiew andgmw iS within 0.2 per cent,
and the linearity error is withiee 0.2 per cent of the highegtgew Observed
during the test.

Additional specifications

All parts of the dilution system and the samplaygtem from the exhaust pipe up to
the filter holder, which are in contact with rawdadiluted exhaust gas, shall be
designed to minimize deposition or alteration @& frarticulates. All parts shall be
made of electrically conductive materials that dot meact with exhaust gas
components, and shall be electrically grounded¢wgnt electrostatic effects.

Calibration of the flow measurement instrotagon
General specifications

Each flowmeter used in a particulate sampling j@axtial flow dilution system shall
be subjected to the linearity verification, as alibed in paragraph 9.2.1., as often as
necessary to fulfil the accuracy requirements @ titr. For the flow reference
values, an accurate flowmeter traceable to intemmalt and/or national standards
shall be used.

Calibration of differential flow measuramépartial flow dilution only)

The flowmeter or the flow measurement instrumémrashall be calibrated in one of
the following procedures, such that the probe fipwinto the tunnel shall fulfil the
accuracy requirements of paragraph 9.4.4.:

(@ The flowmeter fogmw Shall be connected in series to the flowmetef@gw,
the difference between the two flowmeters shaltaléorated for at least 5 set
points with flow values equally spaced between ltdveest g Vvalue used
during the test and the value @fsew Used during the test. The dilution tunnel
may be bypassed.

(b) A calibrated flow device shall be connectedénies to the flowmeter f@pew
and the accuracy shall be checked for the valu@ dige the test. The
calibrated flow device shall be connected in setgethe flowmeter folgmiw,
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9.4.7.1.
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(d)
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and the accuracy shall be checked for at leastttihg® corresponding to
dilution ratio between 3 and 50, relativegtgew used during the test.

The transfer tube (TT) shall be disconnectedhfthe exhaust, and a calibrated
flow-measuring device with a suitable range to raeagy, shall be connected
to the transfer tubegmew shall be set to the value used during the test, an
Omaw Shall be sequentially set to at least 5 valuesesponding to dilution
ratios between 3 and 50. Alternatively, a specadibration flow path may be
provided, in which the tunnel is bypassed, butttital and dilution airflow
through the corresponding meters as in the actsal t

A tracer gas shall be fed into the exhaustsfier tube TT. This tracer gas may
be a component of the exhaust gas, like, @®ONQ,. After dilution in the
tunnel the tracer gas component shall be measuféi shall be carried out
for 5 dilution ratios between 3 and 50. The accyiraf the sample flow shall
be determined from the dilution ratig

COmp = Oldew /Td (74)

The accuracies of the gas analyzers shall be takemccount to guarantee the
accuracy Ofjyp.

Special requirements for the partial floltitin system

Carbon flow check

A carbon flow check using actual exhaust is sttpmgcommended for detecting
measurement and control problems and verifyingptioper operation of the partial
flow system. The carbon flow check should be ruleast each time a new engine is
installed, or something significant is changedhia test cell configuration.

Draft Proposal — Raw Version after Workshop 030862010 in Ingolstadt



page 128

9.4.7.2.

9.4.7.3.

The engine shall be operated at peak torque Inddspeed or any other steady state
mode that produces 5 per cent or more 0f.COhe partial flow sampling system
shall be operated with a dilution factor of abobittd 1.

If a carbon flow check is conducted, the procedjiven in Annex 5 shall be applied.
The carbon flow rates shall be calculated accortbregpuations 80 to 82 in Annex 5.
All carbon flow rates should agree to within 3 pent.

Pre-test check

A pre-test check shall be performed within 2 hobefore the test run in the
following way.

The accuracy of the flowmeters shall be checkedhieysame method as used for
calibration (see paragraph 9.4.6.2.) for at least points, including flow values of
Omaw that correspond to dilution ratios between 5 aBdfdr the gygew 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 calibratierstable over a longer period of
time, the pre-test check may be omitted.

Determination of the transformation time

The system settings for the transformation timalwation shall be exactly the same
as during measurement of the test run. The tramsfiton time shall be determined
by the following method.

An independent reference flowmeter with a measarémange appropriate for the
probe flow shall be put in series with and closebupled to the probe. This
flowmeter shall have a transformation time of I 100 ms for the flow step size
used in the response time measurement, with fletricion sufficiently low as to
not affect the dynamic performance of the partiwf dilution system, and
consistent with good engineering practice.

A step change shall be introduced to the exhdost for airflow if exhaust flow is
calculated) input of the partial flow dilution sgst, from a low flow to at least 90
per cent of full scale. The trigger for the stéyarge shall be the same one used to
start the look-ahead control in actual testinge €Rhaust flow step stimulus and the
flowmeter response shall be recorded at a samigefat least 10 Hz.

From this data, the transformation time shall letednined for the partial flow
dilution system, which is the time from the inittat of the step stimulus to the 50
per cent point of the flowmeter response. In ailammanner, the transformation
times of thegm, signal of the partial flow dilution system andtb& gmew, Signal of
the exhaust flowmeter shall be determined. Thieges are used in the regression
checks performed after each test (see paragrafh&)3
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The calculation shall be repeated for at leass® and fall stimuli, and the results
shall be averaged. The internal transformatioretim 100 ms) of the reference
flowmeter shall be subtracted from this value. sTikithe "look-ahead" value of the

partial flow dilution system, which shall be appliein accordance with
paragraph 8.3.3.3.

y ~ e, T 1013

&)
°n 2713 p,
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w - Oevs XVT (79)
K 78)
Py
——where

9.5.4.
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Annex 1

Insert new WLTP DHC drive cycle results here.
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Annex 2

Insert results from WLTP DTP Reference Fuel Subgtoere.

A.2.1. EUROPEAN DIESEL REFERENCE FUEL

Limits 1/
Parameter Unit Minimum_ 1 Maximum Test method
Cetene number 52 54 ISO 5165
Density at 15 °C kg/m® 833 837 ISO 3675
Distillation:
- 50 per cent vol. °C 245 ISO 3405
- 95 per cent vol °C 345 350
- final boiling point °C 370
Flash point °C 55 ISO 2719
Cold filter plugging point °C -5 EN 116
Kinematic viscosity at 40 °C mm?/s 2.3 3.3 ISO 3104
Polycylic aromatic per cent 2.0 6.0 EN 12916
hydrocarbons m/m
Conradson carbon residue (10 per cent 0.2 ISO 10370
per cent DR) m/m
Ash content per cent 0.01 EN-ISO 6245
m/m
Water content per cent 0.02 EN-ISO 12937
m/m
Sulphur content mg/kg 10 EN-ISO 14596
Copper corrosion at 50 °C 1 EN-ISO 2160
Lubricity (HFRR at 60 °C) pum 400 CEC F-06-A-96
Neutralisation number mg KOH/g 0.02
Oxidation stability mg/ml 0.025 EN-ISO 12205

i The values quoted in the specification are "wakies". In establishment of their limit valueg tterms of
ISO 4259 "Petroleum products - Determination angliegtion of precision data in relation to methadgest.' have
been applied and in fixing a minimum value, a mimimdifference of 2R above zero has been takenaotount;
in fixing a maximum and minimum value, the minimuiifference is 4R (R = reproducibility).

Notwithstanding this measure, which is necessarysfatistical reasons, the manufacturer of fubisugl
nevertheless aim at a zero value where the stgilataximum value is 2R and at the mean value irctise of
guotations of maximum and minimum limits. Shouldé necessary to clarify the question as to whiethiel
meets the requirements of the specifications,eéhmg of ISO 4259 should be applied.
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dd.4

A.2.2. UNITED STATES OF AMERICA DIESEL REFERENCHRIJEL 2-D

Unit Test method Limits
Parameter
min. max.
Cetane number 1 ASTM D 613 40 50
Cetane index 1 ASTM D 976 40 50
Density at 15 °C kg/fh ASTM D 1298 840 865
Distillation ASTM D 86
Initial boiling point °C 171 204
10 per cent Vol. °C 204 238
50 per cent Vol. °C 243 282
90 per cent Vol. °C 293 332
Final boiling point °C 321 366
Flash point °C ASTM D 93 54 -
Kinematic viscosity at 37.9 °C s ASTM D 445 2 3.2
Mas: fraction of sulpht ppmr ASTM D 278¢ 7 15
Volume fraction of aromatics per cent v/iv ASTM D183 27 -
A.2.3. JAPAN DIESEL REFERENCE FUEL
Property Unit Test method Grade 1 | Grade 2 Cert. Diesel
min. max. min. max. min. max
Cetane index ISO 4264 50 - 45 - 45 E
Distillation ISO 3405
90 per cent Vol. °C - 360 - 350 - 35
Flash point °C ISO 3405 50 - 50 - 50 -
Cold filter plugging °C ICS 75.160.20, - -1 - -5 - -
point
Pour point °C ISO 3015 - -2.5 - -7.5 - -
Kinematic viscosity at | mm?/s ISO 2909 2.7 - 25 - 25 -
30 °C
Mass fraction of sulphuf per cent| 1SO 4260 - 0.005 - 0.005 - 0.0g
Mass fraction of carborq mg 1ISO 4260 - 0.1 - 0.1 - -
residue
(10 per cent bottom)
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Annex 3

MEASUREMENT EQUIPMENT

*** The subgroups shall reference the followingtiexhich is extracted from GTR 4, as well as
GTR 2, and the EPA Draft Test Procedure. Final Meament Equipment
determination should be appropriate for light-dugicles and in following with the
established measurement procedures. Where apgmpand possible, alternatives
for measurement equipment shall be provided. ***
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zero, span gas
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A-3-1.5— Components-of figure-11
—NMC— Non-methanecutter

7 Xauuy
2T abed

8/€00¢2/3dd9/6¢' dM/SNVH.L



ECE/TRANS/180/Add.4
page 143
Annex 3

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4
page 144
Annex 3

(1060
DAF FMi
{; | PSP
f—a— — Py —_—
PB L 5
o
PTT Pz
f ) .
P it j
Grew ] d e
| of

7 Xauuy
1T abed

8/€00¢2/3dd9/6¢' dM/SNVH.L



ECE/TRANS/180/Add.4
page 145
Annex 3

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4
page 146
Annex 3

7 Xauuy
o T abed

8/€00¢2/3dd9/6¢' dM/SNVH.L



ECE/TRANS/180/Add.4
page 147
Annex 3

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4
page 148
Annex 3

7 Xauuy
81T abed

8/€00¢2/3dd9/6¢' dM/SNVH.L



ECE/TRANS/180/Add.4
page 149
Annex 3

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4
page 150
Annex 3

7 Xauuy
0GT abed

8/€00¢2/3dd9/6¢' dM/SNVH.L



ECE/TRANS/180/Add.4
page 151
Annex 3

—

PTT

—>FHE—

FM3

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4
page 152
Annex 3

7 Xauuy
2ST abed

8/€00¢2/3dd9/6¢' dM/SNVH.L



ECE/TRANS/180/Add.4
page 153
Annex 3

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4
page 154
Annex 4

Annex 4
DETERMINATION OF SYSTEM EQUIVALENCE

The determination of system equivalency accordmg@dragraph 5.1.1. shall be based on a7
sample pair (or larger) correlation study betweendandidate system and one of the accepted
reference systems of this gtr using the approptegecycle(s). The equivalency criteria to be
applied shall be the-test and the two-sided Studesest.

This statistical method examines the hypothesis ttteasample standard deviation and sample
mean value for an emission measured with the catelislystem do not differ from the sample
standard deviation and sample mean value for thatsgon measured with the reference system.
The hypothesis shall be tested on the basis of pet@ent significance level of the andt
values. The criticalF andt values for 7 to 10 sample pairs are given in t&bldf theF andt
values calculated according to the equation bel@igeeater than the criticklandt values, the
candidate system is not equivalent.

The following procedure shall be followed. The suiipts R and C refer to the reference and
candidate system, respectively:
(@) Conduct at least 7 tests with the candidatereference systems operated in
parallel. The number of tests is referred togaandnc.

(b) Calculate the mean valugs and x. and the standard deviatiogsandsc.
(c) Calculate th& value, as follows:
Sria’or
: (82)

2
'minor

F=

S

(the greater of the two standard deviatiggner sc must be in the numerator)

(d) Calculate thévalue, as follows:

N o B J(Z) )
N(ORIPE R (R o+

(e) Compare the calculatdd and t values with the criticalF and t values
corresponding to the respective number of testeated in table 8. If larger
sample sizes are selected, consult statisticatddor 10 per cent significance
(90 per cent confidence) level.

() Determine the degrees of freedadf) (as follows:
for theF-test: df=nr-1/nc-1 (84)
for thet-test: df =nc +ng -2 (85)
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(o) Determine the equivalency, as follows:
(i) if F <Fei andt < teq, then the candidate system is equivalent to the

reference system of this gtr
(i) if F = Fei ort = teit , then the candidate system is different from the

reference system of this gtr

Sample Size F-test t-test
df Fcrit df terit
7 6/6 3.055 12 1.782
8 717 2.785 14 1.761
9 8/8 2.589 16 1.746
10 9/9 2.440 18 1.734
Table 8

t andF values for selected sample sizes

Draft Proposal — Raw Version after Workshop 036862010 in Ingolstadt

7 Xauuy



ECE/TRANS/180/Add.4

page 156
Annex 5

2.1

2.1.1.

2.2

Annex 5

EMISSIONS TEST PROCEDURE FOR A VEHICLE EQUIPPED WAIT
A PERIODICALLY REGENERATING SYSTEM

INTRODUCTION

This annex defines the specific provisions regeydiype-approval of a vehicle
equipped with a periodically regenerating systerdegied in paragraph 2.20. of this
Regulation.

SCOPE AND EXTENSION OF THE TYPE APPROVAL

Vehicle family groups equipped with periodigabgenerating system

The procedure applies to vehicles equipped witbragically regenerating system as
defined in paragraph 2.20. of this Regulation. r fhe purpose of this annex vehicle
family groups may be established. Accordingly, sthovehicle types with
regenerative systems, whose parameters described bee identical, or within the
stated tolerances, shall be considered to belortgetcsame family with respect to
measurements specific to the defined periodicalj}enerating systems.

Identical parameters are:
Engine:
@ Combustion process.
Periodically regenerating system (i.e. catalyattipulate trap):
(a) Construction (i.e. type of enclosure, type ofgous metal, type of

substrate, cell density),
(b) Type and working principle,

(c) Dosage and additive system,
(d) Volume 10 per cent,
(e) Location (temperature £50 °C at 120 km/h oreb gent difference of max.

temperature / pressure).

Vehicle types of different reference masses

The K factors developed by the procedures in this anriex type approval of a
vehicle type with a periodically regenerating syst@s defined in paragraph 2.20. of
this Regulation, may be extended to other vehiateshe family group with a
reference mass within the next two higher equivaleartia classes or any lower
equivalent inertia.
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TEST PROCEDURE

The vehicle may be equipped with a switch capablpreventing or permitting the

regeneration process provided that this operatim o effect on original engine
calibration. This switch shall be permitted onlyr fthe purpose of preventing
regeneration during loading of the regenerationtesys and during the pre-

conditioning cycles. However, it shall not be usddring the measurement of
emissions during the regeneration phase; ratheertission test shall be carried out
with the unchanged Original Equipment Manufactsr@@EM) control unit.

Exhaust emission measurement between twoswdiere regenerative phases occur

Average emissions between regeneration phases amitigdloading of the

regenerative device shall be determined from thithraetic mean of several
approximately equidistant (if more than 2) Typepemting cycles or equivalent
engine test bench cycles. As an alternative thaufacturer may provide data to

show that the emissions remain constarity per cent) between regeneration phases.

In this case, the emissions measured during thdaedype | test may be used. In
any other case emissions measurement for at wasfType | operating cycles or
equivalent engine test bench cycles must be coetledne immediately after
regeneration (before new loading) and one as esgmssible prior to a regeneration
phase. All emissions measurements and calculasiosls be carried out according to
Annex 4, paragraphs 5., 6., 7. and 8.

The loading process angddétermination shall be made during the Type | afeg
cycle, on a chassis dynamometer or on an engstéémch using an equivalent test
cycle. These cycles may be run continuously (i.ehaut the need to switch the
engine off between cycles). After any number ahpteted cycles, the vehicle may
be removed from the chassis dynamometer, and shedatinued at a later time.

The number of cycles (D) between two cyglesre regeneration phases occur, the
number of cycles over which emissions measuremargsmade (n), and each
emissions measurement ()’ shall be reported in Annex 1, items 4.2.11.2.11.10
t04.2.11.2.1.10.4. or 4.2.11.2.5.4.1. to 4.2.51424. as applicable.

Measurement of emissions during regeneration

Preparation of the vehicle, if required, floe emissions test during a regeneration
phase, may be completed using the preparationciytlearagraph 5.3. of Annex 4 or
equivalent engine test bench cycles, dependincherdading procedure chosen in
paragraph 3.1.2. above.

The test and vehicle conditions for the Tyt described in Annex 4 apply before
the first valid emission test is carried out.
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3.2.3.

3.2.3.1.

3.2.3.2.

3.2.4.

3.2.5.

3.2.6.

3.3.

Regeneration must not occur during the pegjp@ of the vehicle. This may be
ensured by one of the following methods:

A "dummy" regenerating system or partigbtam may be fitted for the pre-
conditioning cycles.

Any other method agreed between the matwréx and the type approval authority.

A cold-start exhaust emission test includinrggeneration process shall be performed
according to the Type | operating cycle, or equmalengine test bench cycle. If the

emissions tests between two cycles where regeoerpliases occur are carried out

on an engine test bench, the emissions test imgjualiregeneration phase shall also
be carried out on an engine test bench.

If the regeneration process requires maae tine operating cycle, subsequent test
cycle(s) shall be driven immediately, without sWwitty the engine off, until complete
regeneration has been achieved (each cycle shabrbpleted). The time necessary
to set up a new test should be as short as pogsibleparticular matter filter change).
The engine must be switched off during this period.

The emission values during regeneration;) (8hall be calculated according to
Annex 4, paragraph 8. The number of operatingesy¢tl) measured for complete
regeneration shall be recorded.

Calculation of the combined exhaust emissions

n ) d .
ZMsij ZMrij
M, =12 n=2; M, =2
n d

* *
Mpi:{Ms‘ D+M, d}
D+d

where for each pollutant (i) considered:

M'sj= mass emissions of pollutant (i) in g/km over diype | operating cycle (or
equivalent engine test bench cycle) without reggetian

M= mass emissions of pollutant (i) in g/lkm over diyge | operating cycle (or
equivalent engine test bench cycle) during regdioera (when n > 1, the
first Type | test is run cold, and subsequent cyele hot)

Msi=  mean mass emission of pollutant (i) in g/km witheegeneration

M=  mean mass emission of pollutant (i) in g/km dgriegeneration

Mpi=  mean mass emission of pollutant (i) in g/km
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number of test points at which emissions memsants (Type | operating
cycles or equivalent engine test bench cyclesjrade between two cycles
where regenerative phases oceL?,

number of operating cycles required for regatian

number of operating cycles between two cycleene regenerative phases

occur

For exemplary illustration of measurement paransetee Figure 8/1.

Emission [g/km]

Figure 8/1

3.4.

[
v =M (D} (M, d)] =M
P (D+d) i_Msi
Mri\L _
M,
R R R R R RN R R RN RN RN RN RN L DR RARRRRERERRRERGE (| BN
Mg \;______—_4;__ —_—— — -
AR /// < k€ >H
<o ’/,// D d
M Number of cycles

Parameters measured during emissions test damicidpetween cycles where
regeneration occurs (schematic example, the emissioring ‘D’ may
increase or decrease)

Calculation of the regeneration factor K facle pollutant (i) considered

Ki = Mpi / Mg

Msi, Mpi and K results shall be recorded in the test report dedi by the
technical service.

Ki may be determined following the completion ofregie sequence.
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Annex 6
EXAMPLE OF CALCULATION PROCEDURE

*** \While an example should remain in this anneherte is still a question as to how the results
should be presented: Sl Units, multiple resultgfem, g/mile, etc ...***

A6.1.  |Basicdataforstoichiometric calculations

A.6.2.

Gaseous emissions (diesel fuel)
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Fai Hai | Waet | Gmewi | Gwawi Gt €Hcii €coi | Enoxi
4 |(grkg) | KWMh | (kafs) | (kgfs) | (kafs) | epm) | (e | (BRAY)

he followina fuel idered:

Component Melarratio percentmass
H a=1.8529 W r—31345
c £=10000 WeeT—86:50
s #=0-0002 Weam—0-050
N ©=0-0000 Wpg -—0-000
2] £=0.0000 Weps=0-000

( 1.2434P<8+111.12><13.45><£05 W
1— X

0.148
0.005 +008=0.9331
: 48><o.73825<1,oooJ

. ~_15698% 800 _
' A8k 1,000 ' '
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A-6-3—Particulate-Emission-(dieseHuel)

Po | Waet | Gwewi | Gt | Gwowi | CGmgewi | Pumeor |  Pep
kPa)| (kW) | tkafs) | (kafs) | tkafs) | tkafs) | (me) ke
99 40 0455 | 6005 | 6:0015 60020 | 17000 | 4515

——Step-1:-Caleulation-ahogr{paragraph-8-3-3-5:2.):

0.002
(0.002-0.0015

1800

i=1

99x28.836

8.3144x 29k

(1-11648000 _

17000 (1-1.1642,300) J
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Annex 7

FUEL FIRED HEATER EMISSIONS
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Annex 8

EMISSIONS TEST PROCEDURE AND CALCULATION FOR ELECTRED VEHICLES

1.1.

1.2.

1.3.

1.4.

3.

3.1.

3.1.1.

INTRODUCTION

This annex defines the specific provisionsarding type-approval of a hybrid
electric vehicle (HEV) as defined in paragraph 22bf this Regulation.

As a general principle, for the tests of Typ#, I, IV, V, VI and OBD, hybrid
electric vehicles shall be tested according to Ande 5, 6, 7, 9, 8 and 11
respectively, unless modified by this annex.

For the Type | test only, OVC vehicles (as catemgaiin paragraph 2.) shall be
tested according to condition A and to condition Bhe test results under both
conditions A and B and the weighted values shalieperted in the communication
form.

The emissions test results shall comply witd limits under all specified test
conditions of this Regulation.

CATEGORIES OF HYBRID ELECTRIC VEHICLES

Vehicle Off-Vehicle Charging (1) Not Off-Vehicle Charging (2
charging (Gve) (NOVC)

Operating mod Without With Without With
switck

(1) also known as "externally chargeable”
(2) also known as "not externally chargeable"

TYPE I TEST METHODS

EXTERNALLY CHARGEABLE (OVC HEV) WITHOUT AN OPRATING
MODE SWITCH

Two tests shall be performed under the follg conditions:
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3.1.2.

3.1.2.1.

3.1.2.2.

3.1.2.2.1.

3.1.2.2.2.

3.1.2.3.

Condition A test shall be carried out with a fully chargedecsiical

energy/power storage device.

Condition B test shall be carried out with an electrical gp4yower storage

device in minimum state of charge (maximum discbamf
capacity).

The profile of the state of charge (SOC) of thectlcal energy/power storage
device during different stages of the Type | tegiiven in Appendix 1.

Condition A

The procedure shall start with the disgbaf the electrical energy/power storage
device of the vehicle while driving (on the tesidk, on a chassis dynamometer,
etc.):

- at a steady speed of 50 km/h until the fuel aorieg engine of the HEV
starts up,

- or, if a vehicle cannot reach a steady speesDdém/h without starting up
the fuel consuming engine, the speed shall be extluatil the vehicle can
run a lower steady speed where the fuel consuntigme does not start up
for a defined time/distance (to be specified betwtshnical service and
manufacturer),

- or with manufacturer’s recommendation.

The fuel consuming engine shall be stopped withthseconds of it being
automatically started.

Conditioning of vehicle

For compression-ignition engined velicthe Part Two cycle described in
Appendix 1 of Annex 4 shall be used. Three consezicycles shall be driven
according to paragraph 3.1.2.5.3. below.

Vehicles fitted with positive-ignitiomgines shall be preconditioned with one
Part One and two Part Two driving cycles accordingaragraph 3.1.2.5.3. below.

After this preconditioning, and beforditeg the vehicle shall be kept in a room in

which the temperature remains relatively constattvben 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried émt at least six hours and
continue until the engine oil temperature and aupl& any, are within + 2 K of the



3.1.2.4.

3.1.2.5.

3.1.2.5.1.

3.1.25.2.

3.1.253.

3.1.2.54.

3.1.2.6.

3.1.3.
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temperature of the room, and the electrical enpayyér storage device is fully
charged as a result of the charging prescribea@iagvaph 3.1.2.4. below.

During soak, the electrical energy/povteragie device shall be charged:
(&) with the on board charger if fitted, or

(b) with an external charger recommended by theufzecturer, using the normal
overnight charging procedure.

This procedure excludes all types of special amthat could be automatically or
manually initiated like, for instance, the equdiiaa charges or the servicing
charges.

The manufacturer shall declare that during thg tespecial charge procedure has
not occurred.

Test procedure

The vehicle shall be started up by teams provided for normal use to the driver.
The first cycle starts on the initiation of the i@ start-up procedure.

Sampling shall begin (BS) before or fa tnitiation of the vehicle start up
procedure and end on conclusion of the final idjiegiod in the extra-urban cycle
(Part Two, end of sampling (ES)).

The vehicle shall be driven accordingnaex 4, or in case of special gear shifting
strategy according to the manufacturer's instrasti@s incorporated in the drivers'
handbook of production vehicles and indicated gchnical gear shift instrument
(for drivers information). For these vehicles thear shifting points prescribed in
Annex 4, Appendix 1 are not applied. For the pat@f the operating curve the
description according to paragraph 2.3.3. in Anhekall apply.

The exhaust gases shall be analyzeddiecgdo Annex 4.
The test results shall be compared tdittties prescribed in paragraph 5.3.1.4. of
this Regulation and the average emission of eatiitpot for Condition A shall be

calculated (M3.

Condition B
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3.1.3.1. Conditioning of vehicle

3.1.3.1.1. For compression-ignition engined velsickhe Part Two cycle described in

Appendix 1 of Annex 4 shall be used. Three consecycles shall be driven
according to paragraph 3.1.3.4.3. below.

3.1.3.1.2. Vehicles fitted with positive-ignitiomgines shall be preconditioned with one
Part One and two Part Two driving cycles accordingaragraph 3.1.3.4.3. below.

3.1.3.2. The electrical energy/power storage deofdbe vehicle shall be discharged while
driving (on the test track, on a chassis dynamomete.):

- at a steady speed of 50 km/h until the fuel naoriag engine of the HEV starts
up,

- or if a vehicle can not reach a steady speesDdém/h without starting up the
fuel consuming engine, the speed shall be reduné&tthe vehicle can run a
lower steady speed where the fuel consuming erjgsteloes not start up for a
defined time/distance (to be specified between rieeh service and
manufacturer),

- or with manufacturer’'s recommendation.

The fuel consuming engine shall be stopped withthseconds of it being
automatically started.

3.1.3.3. After this preconditioning, and beforditegs the vehicle shall be kept in a room in
which the temperature remains relatively constattvben 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried émt at least six hours and
continue until the engine oil temperature and aupl& any, are within + 2 K of the
temperature of the room.

3.1.3.4. Test procedure

3.1.3.4.1. The vehicle shall be started up by teams provided for normal use to the driver.
The first cycle starts on the initiation of the i@ start-up procedure.

3.1.3.4.2. Sampling shall begin (BS) before or f& tnitiation of the vehicle start up
procedure and end on conclusion of the final idlsegiod in the extra-urban cycle
(Part Two, end of sampling (ES)).

3.1.3.4.3. The vehicle shall be driven accordingnaex 4, or in case of special gear shifting
strategy according to the manufacturer's instrosti@as incorporated in the drivers'



3.1.3.4.4.

3.1.3.5.

3.1.4.

3.14.1.

3.2.

3.2.1.

3.2.1.1.

E/ECE/324 ; Rev.1/Add.82/Rev.3
E/ECE/TRANS/50

Regulation No. 83

page 169

Annex 14

handbook of production vehicles and indicated gchnical gear shift instrument
(for drivers information). For these vehicles tear shifting points prescribed in
Annex 4, Appendix 1 are not applied. For the pat@f the operating curve the
description according to paragraph 2.3.3. in Anhekall apply.

The exhaust gases shall be analyzeddiegdo Annex 4.

The test results shall be compared tdinfies prescribed in paragraph 5.3.1.4. of
this Regulation and the average emission of ealthtant for Condition B shall be
calculated (M3.

Test results

For communication, the weighted valued bleacalculated as below:

M; = (DeA M1 + DavA M2;) / (De + Dav)

Where:

Mi; = mass emission of the pollutant i in grams pkEmhkétre.

M1, = average mass emission of the pollutant i in graer kilometre with
a fully charged electrical energy/power storageickeealculated in
paragraph 3.1.2.6.

M2; = average mass emission of the pollutant i in graer kilometre with

an electrical energy/power storage device in mimmstate of
charge (maximum discharge of capacity) calculated i
paragraph 3.1.3.5.

De = vehicle electric range, according to the pchre described in
Regulation No. 101, Annex 7, where the manufactomest provide
the means for performing the measurement with gtecle running
in pure electric mode.

Dav = 25 km (average distance between two batésryarges)

EXTERNALLY CHARGEABLE (OVC HEV) WITH AN OPERATNG MODE
SWITCH

Two tests shall be performed under the Wollg conditions:

Condition A: test shall be carried out hwia fully charged electrical
energy/power storage device.
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3.2.1.2. Condition B:  test shall be carried outhwéin electrical energy/power storage
device in minimum state of charge (maximum discbarf
capacity)
3.2.1.3. The operating mode switch shall be pasttibaccording the table below:
Hybrid- |-Pure electric -Pure fuel -Pure electric -Hybrid mode n (1)
modes consuming -Pure fuel ...
-Hybrid -Hybrid consuming -Hybrid mode m (1)
Bitt:\::/ -Hybrid
sta
of charge Switch in position | Switch in position | Switch in position | Switch in position
Condition A | Hybrid Hybrid Hybrid Most electric hybrid
Fully charged mode (2)
Condition B | Hybrid Fuel consuming Fuel consuming Most fuel eoning
Min. state of mode (3)
chargt
) For instance: sport, economic, urban, extraunosition ...
(2) Most electric hybrid mode
The hybrid mode which can be proven to have thbdst electricity consumption
of all selectable hybrid modes when tested in atamre with condition A of
paragraph 4. of Annex 10 to Regulation No. 101,bto established based on
information provided by the manufacturer and ineggnent with the technical
service.
) Most fuel consuming mode
The hybrid mode which can be proven to have thy@dst fuel consumption of all
selectable hybrid modes when tested in accordandd wondition B of
paragraph 4. of Annex 10 to Regulation No. 101,bto established based on
information provided by the manufacturer and ineggnent with the technical
service.
3.2.2. Condition A
3.2.2.1. If the pure electric range of the vehisldigher than one complete cycle, on the
request of the manufacturer, the Type | test maydreied out in pure electric
mode. In this case, engine preconditioning prbediin paragraph 3.2.2.3.1.
or 3.2.2.3.2. can be omitted.
3.2.2.2. The procedure shall start with the disghaf the electrical energy/power storage

device of the vehicle while driving with the switahpure electric position (on the
test track, on a chassis dynamometer, etc.) at eadgt speed of 70 per
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cent £ 5 per cent of the maximum thirty minutesezpef the vehicle (determined
according to Regulation No. 101).

Stopping the discharge occurs:

- when the vehicle is not able to run at 65 pet oéthe maximum thirty
minutes speed; or

- when an indication to stop the vehicle is giventlie driver by the
standard on-board instrumentation, or

- after covering the distance of 100 km.

If the vehicle is not equipped with a pure electrimode, the electrical
energy/power storage device discharge shall beeaetiby driving the vehicle
(on the test track, on a chassis dynamometer; etc.)

- at a steady speed of 50 km/h until the fuel comieg engine of the
HEV starts up, or

- if a vehicle cannot reach a steady speed of 50 kmithout starting up
the fuel consuming engine, the speed shall be esHuatil the vehicle
can run a lower steady speed where the fuel comguerigine does not
start up for a defined time/distance (to be spedifbetween technical
service and manufacturer), or

- with manufacturer’'s recommendation.

The fuel consuming engine shall be stopped withdnskconds of it being
automatically started.

3.2.2.3. Conditioning of vehicle

3.2.2.3.1. For compression-ignition engined velsickhe Part Two cycle described in
Appendix 1 to the Annex 4 shall be used. Threeseoutive cycles shall be driven
according to paragraph 3.2.2.6.3. below.

3.2.2.3.2. Vehicles fitted with positive-ignitiomgines shall be preconditioned with one
Part One and two Part Two driving cycles accordingaragraph 3.2.2.6.3. below.
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3.2.2.4. After this preconditioning, and beforditegs the vehicle shall be kept in a room in
which the temperature remains relatively constattvben 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried émt at least six hours and
continue until the engine oil temperature and aupl& any, are within + 2 K of the
temperature of the room, and the electrical enpayyér storage device is fully
charged as a result of the charging prescribe@iagvaph 3.2.2.5.

3.2.25. During soak, the electrical energy/powerage device shall be charged:
(& with the on board charger if fitted, or

(b) with an external charger recommended by tteufacturer, using the
normal overnight charging procedure.

This procedure excludes all types of special amthat could be automatically or
manually initiated like, for instance, the equdiiza charges or the servicing
charges.

The manufacturer shall declare that during thg tespecial charge procedure has
not occurred.

3.2.2.6. Test procedure

3.2.2.6.1. The vehicle shall be started up by teams provided for normal use to the driver.
The first cycle starts on the initiation of the ie start-up procedure.

3.2.2.6.2. Sampling shall begin (BS) before or fa tnitiation of the vehicle start up
procedure and end on conclusion of the final idjsegiod in the extra-urban cycle
(Part Two, end of sampling (ES)).

3.2.2.6.3. The vehicle shall be driven accordingnaex 4, or in case of special gear shifting
strategy according to the manufacturer's instrosti@s incorporated in the drivers'
handbook of production vehicles and indicated Ibgchnical gear shift instrument
(for drivers information). For these vehicles thear shifting points prescribed in
Annex 4, Appendix 1 are not applied. For the pat@f the operating curve the
description according to paragraph 2.3.3. in Anhekall apply.

3.2.2.6.4. The exhaust gases shall be analysedding@o Annex 4.
3.2.2.7. The test results shall be compared tdifies prescribed in paragraph 5.3.1.4. of

this Regulation and the average emission of eatiitpot for Condition A shall be
calculated (Mi.



3.2.3.

3.2.3.1.

3.2.3.1.1.

3.2.3.1.2.

3.2.3.2.

3.2.3.3.

3.2.3.4.

3.2.34.1.

3.2.34.2.

3.2.3.4.3.

3.2.3.4.4.
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Condition B
Conditioning of vehicle

For compression-ignition engined velsickhe Part Two cycle described in
Appendix 1 to the Annex 4 shall be used. Threeseoutive cycles shall be driven
according to paragraph 3.2.3.4.3. below.

Vehicles fitted with positive-ignitiomgines shall be preconditioned with one
Part One and two Part Two driving cycles accordingaragraph 3.2.3.4.3. below.

The electrical energy/power storage dewtedhe vehicle shall be discharged
according to paragraph 3.2.2.2.

After this preconditioning, and beforditeg the vehicle shall be kept in a room in
which the temperature remains relatively constattvben 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried émt at least six hours and
continue until the engine oil temperature and aupld& any, are within + 2 K of the
temperature of the room.

Test procedure

The vehicle shall be started up by tleams provided for normal use to the driver.
The first cycle starts on the initiation of the i@ start-up procedure.

Sampling shall begin (BS) before or fa tnitiation of the vehicle start up
procedure

and end on conclusion of the final idling periodhe extra-urban cycle (Part Two,
end of sampling (ES)).

The vehicle shall be driven accordingnaex 4, or in case of special gear shifting
strategy according to the manufacturer's instrosti@as incorporated in the drivers'
handbook of production vehicles and indicated Ibgchnical gear shift instrument
(for drivers information). For these vehicles thear shifting points prescribed in
Annex 4, Appendix 1 are not applied. For the patf the operating curve the
description according to paragraph 2.3.3. in Anhekall apply.

The exhaust gases shall be analyseddirng@o Annex 4.
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3.2.35. The test results shall be compared tdinfies prescribed in paragraph 5.3.1.4. of
this Regulation and the average emission of ealthtaot for Condition B shall be
calculated (M3.

3.24. Test results

3.2.4.1. For communication, the weighted valued bleacalculated as below:

M; =(DeA M1; + DavA M2;) / ( De + Dav )

Where :
M; = mass emission of the pollutant i in grams pemhketre
M1 = average mass emission of the pollutant i in graer kilometre with a

fully charged electrical energy/power storage devialculated in
paragraph 3.2.2.7.

M2; = average mass emission of the pollutant i in graer kilometre with an
electrical energy/power storage device in minimutates of charge
(maximum discharge of capacity) calculated in peaply 3.2.3.5.

De = vehicle electric range with the switch in puegectric position,
according to the procedure described in Reguldtion101, Annex 7.
If there is not a pure electric position, the mactdfirer must provide
the means for performing the measurement with gtécle running in
pure electric mode.

Dav = 25 km (average distance between two battaiyarge).

3.3. NOT EXTERNALLY CHARGEABLE (NOTOVC HEV) WITHOUT AN
OPERATING MODE SWITCH

3.3.1. These vehicles shall be tested accordidgtex 4.

3.3.2. For preconditioning, at least two conseeutisomplete driving cycles (one

Part One and one Part Two) are carried out witsoak.

3.3.3. The vehicle shall be driven according to é&nd, or in case of special gear shifting
strategy according to the manufacturer's instrosti@s incorporated in the drivers'
handbook of production vehicles and indicated Ibgchnical gear shift instrument
(for drivers information). For these vehicles thear shifting points prescribed in
Annex 4, Appendix 1 are not applied. For the pat@f the operating curve the
description according to paragraph 2.3.3. in Anhekall apply.

3.4. NOT EXTERNALLY CHARGEABLE (NOTOVC HEV) WITH AN
OPERATING MODE SWITCH



3.4.1.

3.4.2.

3.4.3.

4.1.

5.1.

5.2.

6.1.
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These vehicles are preconditioned and téstieybrid mode according to Annex 4.
If several hybrid modes are available, the tesl $leacarried out in the mode that
is automatically set after turn on of the ignitieey (normal mode). On the basis of
information provided by the manufacturer, the TécainService will make sure
that the limit values are met in all hybrid modes.

For preconditioning, at least two conseeutisomplete driving cycles (one
Part One and one Part Two) shall be carried outowit soak.

The vehicle shall be driven according to é&n#d, or in case of special gear shifting
strategy according to the manufacturer's instrasti@as incorporated in the drivers'
handbook of production vehicles and indicated gchnical gear shift instrument
(for drivers information). For these vehicles tear shifting points prescribed in
Annex 4, Appendix 1 are not applied. For the pat@f the operating curve the
description according to paragraph 2.3.3. in Anhekall apply.

TYPE Il TEST METHODS

The vehicles shall be tested according to Arhavith the fuel consuming engine
running. The manufacturer shall provide a "servitale" that makes execution of
this test possible.

If necessary, the special procedure provided forparagraph 5.1.6. to the
Regulation shall be used.

TYPE Il TEST METHODS

The vehicles shall be tested according to Aréwvith the fuel consuming engine

running. The manufacturer shall provide a "servitale" that makes execution of
this test possible.

The tests shall be carried out only for caod& 1 and 2 of the paragraph 3.2. of
Annex 6. If for any reasons it is not possibleest on condition 2, alternatively

another steady speed condition (with fuel consungngine running under load)

should be carried out.

TYPE IV TEST METHODS

The vehicles shall be tested according to Arhe
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6.2. Before starting the test procedure (paragaphof Annex 7), the vehicles shall be
preconditioned as follows:

6.2.1. For OVC vehicles:

6.2.1.1. OVC vehicles without an operating modetawithe procedure shall start with the

discharge of the electrical energy/power storagecdeof the vehicle while driving
(on the test track, on a chassis dynamometer; etc.)

- at a steady speed of 50 km/h until the fuel oaring engine of the HEV
starts up, or

- if a vehicle cannot reach a steady speed ofrb kvithout starting up the
fuel consuming engine, the speed shall be redungltiie vehicle can run
a lower steady speed where the fuel consuming erjgst does not start up
for a defined time/distance (to be specified betweschnical service and
manufacturer), or

- with manufacturer's recommendation.

The fuel consuming engine shall be stopped withth seconds of it being
automatically started.

6.2.1.2. OVC vehicles with an operating mode swittie procedure shall start with the
discharge of the electrical energy/power storagécdeof the vehicle while driving
with the switch in pure electric position (on thestt track, on a chassis
dynamometer, etc.) at a steady speed of 70 per £énper cent from the
maximum thirty minutes speed of the vehicle.

Stopping the discharge occurs:

- when the vehicle is not able to run at 65 pEntof the maximum thirty
minutes speed, or

- when an indication to stop the vehicle is gitenthe driver by the standard
on-board instrumentation, or

- after covering the distance of 100 km.
If the vehicle is not equipped with a pure electniode, the electrical energy/power

storage device discharge shall be conducted wéhvéhicle driving (on the test
track, on a chassis dynamometer, etc.):



6.2.2.

6.2.2.1.

6.2.2.2.

6.3.

6.3.1.

6.3.2.

7.1.
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- at a steady speed of 50 km/h until the fuel oaring engine of the HEV
starts up, or

- if a vehicle cannot reach a steady speed ofrb kvithout starting up the
fuel consuming engine, the speed shall be redungldtibe vehicle can run
a lower steady speed where the fuel consuming erdpes not start up for
a defined time/distance (to be specified betweemrieal service and
manufacturer), or

- with manufacturer's recommendation.

The engine shall be stopped within 10 secondsh#ing automatically started.

For NOVC vehicles:

NOVC vehicles without an operating modé&dwthe procedure shall start with a
preconditioning of at least two consecutive congldtiving cycles (one Part One
and one Part Two) without soak.

NOVC vehicles with an operating mode swithe procedure shall start with a
preconditioning of at least two consecutive compldtiving cycles (one Part One
and one Part Two) without soak, performed with #edicle running in hybrid
mode. If several hybrid modes are available, #st shall be carried out in the
mode which is automatically set after turn on & ignition key (normal mode).

The preconditioning drive and the dynamomttst shall be carried out according
to paragraphs 5.2. and 5.4. of Annex 7:

For OVC vehiclesunder the same conditions as specified by candB of the
Type | test (paragraphs 3.1.3. and 3.2.3.).

For NOVC vehiclesinder the same conditions as in the Type | test.

TYPE V TEST METHODS
The vehicles shall be tested according to Arthe

For OVC vehicles:
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7.3.

8.1.

8.2.

8.3.

9.1.

9.2.

9.3.

It is allowed to charge the electrical energy/powerage device twice a day
during mileage accumulation.

For OVC vehicles with an operating mode switchHeage accumulation should be
driven in the mode which is automatically set afi@m on of the ignition key
(normal mode).

During the mileage accumulation a change intotarohybrid mode is allowed if
necessary in order to continue the mileage accuionlafter agreement of the
technical service.

The measurements of emissions of pollutants siettarried out under the same
conditions as specified by condition B of the Typtest (paragraphs 3.1.3.
and 3.2.3.).

For NOVC vehicles:
For NOVC vehicles with an operating mode switcliieage accumulation shall be
driven in the mode which is automatically set aftem on of the ignition key

(normal mode).

The measurements of emissions of pollutants dhallcarried out in the same
conditions as in the Type | test.

TYPE VI TEST METHODS

The vehicles shall be tested according to Arghe

For OVC vehicles, the measurements of emissidipollutants shall be carried out
under the same conditions as specified for comdloof the Type | test

(paragraphs 3.1.3. and 3.2.3.).

For NOVC vehicles, the measurements of emissad pollutants shall be carried
out under the same conditions as in the Type I test

ON BOARD DIAGNOSTICS (OBD) TEST METHODS

The vehicles shall be tested according to Arlrie

For OVC vehicles, the measurements of emissidipollutants shall be carried out
under the same conditions as specified for comdlBoof the Type | test

(paragraph8.1.3. and 3.2.3.).

For NOVC vehicles, the measurements of emissad pollutants shall be carried
out under the same conditions as in the Type I test
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Annex 14, Appendix 1

Electrical energy/power storage device State Off@h&SOC) profile for OVC HEV Type | test

Condition A of the Type | test

HEOJOIC..) pit e e

or paragraphs 3.2.2.3.

o ’ : ! :

5 | ! i :

e N S R

@ @ @ o i (5) i i i
Condition A:
QD initial electrical energy/power storage devitate of charge
(2) discharge according to paragraph 3.1.2.1.223..
(3)  vehicle conditioning according to paragraph@32. or 3.2.2.2.
4) charge during soak according to paragraph®.3.land 3.1.2.4.,
and 3.2.2.4.

(5) testaccording to paragraph 3.1.2.5. or 3.2.2.5

Condition B of the Type | test

FFY NSNS S S SHSS NSO
9 : :
2 : i
minimum é- ------ -E

Condition B:

QD initial state of charge

(2)  vehicle conditioning according to paragraph3®1. or 3.2.3.1.

3 discharge according to paragraph 3.1.3.2.282.

4) soak according to paragraph 3.1.3.3. or 3.2.3.3

(5) testaccording to paragraph 3.1.3.4. or 3.2.3.4
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Annex 9

ROAD LOAD DETERMINATION

* |SO 10521-1&2as a basis
o ISOo.k. =

consists of two parts, part one

Part two specifies methods of setting the target road load
on chassis dynamometers for the purpose of a subsequent test, for example the fuel consumption test or
the exhaust-emission measurement test.

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3833 and the following apply.
3.1
total resistance

total force-resisting movement of a vehicle, measured either by the coastdown method or by the
windtunnel/ chassis-dynamometer method, including the friction forces in the drive-train

3.2
running resistance

torque-resisting movement of a vehicle, measured by the torquemeter installed in the drive-train of a
vehicle, including the friction torque in the drive-train downstream of the torquemeter

<) 5

road load
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Teoacis-the-tyre-soaking-temperature-inkelvins{K);
IM%M@MWM j Y j j O

The vehicle tires shall be inflated to the vehicle manufacturer’'s minimum recommended

inflation pressure, adjusted for changes in temperature between the tire temperature at the time of
inflation and the test track ambient temperature. (For normal passenger vehicle tires this correction is

approximately a 1 kPa increase for each degree Celsius that the tire temperature exceeds the track
ambient temperature.)

OpTION—Where tire temperatures are not stable or when the test is not to be run immediately after
vehicle preparation, the tires shall be inflated to the manufacturers minimum recommended tire pressure
plus 10%.

The vehicle shall be parked near the test track area with the tires shielded from the sun for a minimum of
4h.

Immediately prior to the test, the vehicle shall be brought to normal running temperature in an appropriate
manner.
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(R101:K =3.6x10°x T™

R83: K, =8.64x10°xT™*

US: K =86x10°xT*

5.6.1.3 Wind correction -

wl =3.6° [fv'w

ot

w2 =3.6 (o'

where

w1 is the wind correction resistance, in newtons (N);

f2 is the coefficient of the aerodynamic term determined in 5.3.1.4.5;

vw is the average wind speed alongside the test road during the test, in metres per second (m/s);
or

w2 is the wind correction resistance, in newtons (N);

c2 s the coefficient of the aerodynamic term determined in 5.5.4.

5.6.2 Road-load curve correction
—
Fr={(fo - wl) +fuV} Q1+ Ko (T -203)} +K; f,V*

where

F * is the corrected total resistance in newtons (N);

fo is the constant term, in newtons (N);

fLis the coefficient of the first-order term, in newtons hour per kilometre [NCI(h/km)];
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6.5. Itis recommended that the value of the total rolling resistance measured with chassis dynamometers
should be corrected. Examples of three correction methods may be found in Annex B to ISO 10521-1.
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Part 2 - Reproduction on chassis dynamometer

5 Preparation for chassis-dynamometer test

ving para
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Part one SO-10521-1:2006,
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Part one 1S©
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dynamometer setting load in order to minimise the error in accordance with the

6.2 Chassis-dynamometer setting using torquemeter m  ethod

Part one

I
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Appendix Annex— A
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Appendix Annex— B
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