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l. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON

A. TECHNICAL AND ECONOMIC FEASIBILITY

1. The objective of this proposal is to establistaemonized global technical regulation

(gtr) covering the type-approval procedure for lyeduty engine exhaust emissions. The basis is
the test procedure developed by the WHDC informalig of GRPE (see the informal document
No. 4 distributed during the forty-sixth GRPE ses$i

2. Regulations governing the exhaust emissions fieavy-duty engines have been in
existence for many years but the test cycles anthads of emissions measurement vary
significantly. To be able to correctly determines timpact of a heavy-duty vehicle on the
environment in terms of its exhaust pollutant efoiss, a laboratory test procedure, and
consequently the gtr, needs to be adequately remas/e of real-world vehicle operation.

3. The proposed regulation is based on new resaatieihe world-wide pattern of real
heavy commercial vehicle use. From the collectdd,dao representative test cycles, a transient
test cycle (WHTC) with both cold and hot start negonents and a hot start steady state test
cycle (WHSC), have been created covering typicaliry conditions in the European Union
(EV), the United States of America, Japan and Aliatr Alternative emission measurement
procedures have been developed by an expert copeniitISO and have been published in
ISO 16183. This standard reflects exhaust emissiasurement technology with the potential
for accurately measuring the pollutant emissionsnfifuture low emission engines. This work
has been the basis for future Japanese and theriidsien legislation. In parallel, substantial
work has been undertaken on a different basisenldbt several years in the United States of
America to make major improvements to the emissiomsasurement procedures, testing
protocols, and regulatory structure for both highwaeavy-duty and non-road heavy-duty
engines. This work is documented in the rulemaldh¢he United States of America and was
published on 13 July 2005. With Amendment 1, mdsthose new testing protocols are now
reflected in this gtr.

4. Upon request of the Contracting Parties to ®@81Agreement, Amendment 1 has
been developed to solve the options of gtr No.dttarhave as much commonality as is possible
between this gtr and the non-road diesel gtr. Wthengtr is amended in the future to include
limit values that may be the appropriate time tworeile any remaining differences between the
worldwide heavy duty certification procedure (WHDG@) and the gtr on non-road mobile
machinery (NRMM).

5. The WHTC and WHSC test procedures reflect wailde on-road heavy-duty
engine operation, as closely as possible, and geecvimarked improvement in the realism of the
test procedure for measuring the emission perfocamanf existing and future heavy-duty
engines. In summary, the test procedure was desélsp that it would be:

(@) Representative of world-wide on-road vehicleragions;

(b) Able to provide the highest possible level @ficeency in controlling on-road
emissions;
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(c) Corresponding to state-of-the-art testing, dargand measurement technology;

(d) Applicable in practice to existing and foreddeafuture exhaust emissions
abatement technologies; and

(e) Capable of providing a reliable ranking of ex$taemission levels from different
engine types.

6. At this stage, the gtr is being presented witHouit values. In this way, the test
procedure can be given a legal status, based arhwiine Contracting Parties are required to start
the process of implementing it into their natiolzal. The limit values shall be developed by the
Contracting Parties according to their own ruleproicedure.

7. While the options on engine power and partieuraeasurement could be solved, the
gtr still contains several options, whose adopi®reft to the discretion of the Contracting
Parties. Those options are related to the refereredethe hot soak procedure between the cold
and hot WHTC, and the weighting factor of cold &wd WHTC. However, these aspects have to
be fully harmonized when common limit values artalelsshed.

8. When implementing the test procedure containetthis gtr as part of their national
legislation or regulation, Contracting Parties eméted to use limit values which represent at
least the same level of severity as their existiagulations, pending the development of
harmonized limit values by the Executive Commit{@eC.3) under the 1998 Agreement
administered by the World Forum for Harmonizatioih\Wehicle Regulations (WP.29). The
performance levels (emissions test results) tochésaed in the gtr will, therefore, be discussed
on the basis of the most recently agreed legislatidhe Contracting Parties, as required by the
1998 Agreement.

B. ANTICIPATED BENEFITS

9. Heavy commercial vehicles and their enginesrameasingly produced for the world
market. It is economically inefficient for manufacgrs to have to prepare substantially different
models in order to meet different emission regatedi and methods of measuring emissions,
which, in principle, aim at achieving the same obje. To enable manufacturers to develop
new models more effectively and within a shortendj it is desirable that a gtr should be
developed. These savings will accrue not only eorttanufacturer, but more importantly, to the
consumer as well.

10. However, developing a test procedure just thres$ the economic question does not
completely address the mandate given when workisrgtr was first started. The test procedure
shall also improve the state of testing heavy-derigines, and better reflect how heavy-duty
engines are used today. Compared to the measureme¢imbds defined in existing legislation of
the Contracting Parties to the 1998 Agreementfebng methods defined in this gtr are much
more representative of in-use driving behavioucahmercial vehicles world-wide. It should be
noted that the requirements of this gtr should cmaplemented by the requirements relating to
the control of the Off-Cycle Emissions (OCE) and[D8&/stems.

11. As a consequence, it can be expected thaapghpkcation of this gtr for emissions
legislation within the Contracting Parties to tl89& Agreement will result in a higher control of
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in-use emissions due to the improved correlationth&f test methods with in-use driving
behaviour.

C. POTENTIAL COST EFFECTIVENESS

12. Specific cost effectiveness values for thishgtve not been calculated. The decision
by the Executive Committee (AC.3) to the 1998 Agreat to move forward with this gtr
without limit values is the key reason why this lggs has not been completed. This common
agreement has been made knowing that specificeftesttiveness values are not immediately
available. However, it is fully expected that tim$ormation will be developed, generally, in
response to the adoption of this regulation inamati requirements and also in support of
developing harmonized limit values for the nextpsie this gtr's development. For example,
each Contracting Party adopting this gtr into ésional law will be expected to determine the
appropriate level of stringency associated witmgigthese new test procedures, with these new
values being at least as stringent as comparalgérexrequirements. Also, experience will be
gained by the heavy-duty engine industry as to@sgs and cost savings associated with using
this test procedure. The cost and emissions pediocedata can then be analyzed as part of the
next step in this gtr development to determinecits effectiveness values of the test procedures
being adopted today along with the application afnonized limit values in the future. While
there are no values on calculated costs per tenbéhief of the GRPE experts is that there are
clear benefits associated with this regulation.
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TEXT OF REGULATION

PURPOSE

This regulation aims at providing a world-wide manized method for the
determination of the levels of pollutant emissidnem engines used in heavy
vehicles in a manner which is representative of weald vehicle operation. The
results can be the basis for the regulation ofupatit emissions within regional type-
approval and certification procedures.

SCOPE

This regulation applies to the measurement of émeission of gaseous and
particulate pollutants from compression-ignitiongeres and positive-ignition
engines fuelled with natural gas (NG) or liquefigetroleum gas (LPG), used for
propelling motor vehicles of categories 1-2 and Having a design speed
exceeding 25 km/h and having a maximum mass exug&db tonnes.

DEFINITIONS, SYMBOLS AND ABBREVIATIONS

Definitions

For the purpose of this regulation:

"Continuous regeneratiomeans the regeneration process of an exhaust afte

treatment system that occurs either permanentit teast once per WHTC hot start
test.

"Delay time& means the difference in time between the charigheocomponent to
be measured at the reference point and a systgranss of 10 per cent of the final
reading (1o) with the sampling probe being defined as theresfee point. For the
gaseous components, this is the transport timbeofrieasured component from the
sampling probe to the detector.

"DeNOx _systethmeans an exhaust after-treatment system desigmectduce
emissions of oxides of nitrogen (M(e.g. passive and active lean N€atalysts,
NOy adsorbers and selective catalytic reduction (S&§Rjems).

"Diesel engiffemeans an engine which works on the compressioitiog principle.

"Drift' means the difference between the zero or spgonsgs of the measurement
instrument after and before an emissions test.

"Engine family means a manufacturers grouping of engines whiatgugh their
design as defined in paragraph 5.2. of this gtyehaimilar exhaust emission
characteristics; all members of the family shalinpby with the applicable emission
limit values.
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3.1.7.

3.1.8.

3.1.9.

3.1.10.

3.1.11.

3.1.12.

3.1.13.

3.1.14.

3.1.15.

3.1.16

3.1.17

3.1.18.

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

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

"Exhaust after-treatment systemeans a catalyst (oxidation or 3-way), particalat
filter, deNOx system, combined deNOx particulatiéerfi 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 methdtimeans the process of mixing the total exhaust fhath
dilution air prior to separating a fraction of ttiéuted exhaust stream for analysis.

"Gaseous pollutaittsneans carbon monoxide, hydrocarbons and/or ndhane
hydrocarbons (assuming a ratio of {gifor diesel, CHsps for LPG and CHgs for
NG, and an assumed molecule {Chls for ethanol fuelled diesel engines), methane
(assuming a ratio of CHfor NG) and oxides of nitrogen (expressed in g
dioxide (NQ) equivalent).

"High speed;)" means the highest engine speed where 70 peot#m declared
maximum power OCCurs.

"Low speedn(,)" means the lowest engine speed where 55 per ¢ehe aeclared
maximum power ocCurs.

"Maximum power (Ry" means the maximum power in kW as specified by the
manufacturer.

"Maximum torgue spekdheans the engine speed at which the maximum ¢oigju
obtained from the engine, as specified by the netufer.

"Normalized torgtiemeans engine torque in per cent normalized tongimum
available torque at an engine speed.

"Operator demahaneans an engine operator's input to control engiatput. The
operator may be a person (i.e., manual), or a gove(i.e, automatic) that
mechanically or electronically signals an inputttdamands engine output. Input
may be from an accelerator pedal or signal, atlerobntrol lever or signal, a fuel
lever or signal, a speed lever or signal, or a gumesetpoint or signal.

"Parent engifieneans an engine selected from an engine famigugh a way that
its emissions characteristics are representativenéd engine family.
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"Particulate after-treatment deviceneans an exhaust after-treatment system
designed to reduce emissions of particulate paitat§PM) through a mechanical,
aerodynamic, diffusional or inertial separation.

"Partial flow dilution methddneans the process of separating a part fromaofaé t
exhaust flow, then mixing it with an appropriateamt of dilution air prior to the
particulate sampling filter.

"Particulate matter (PMneans any material collected on a specifiedrfitbedium
after diluting exhaust with a clean filtered diltg¢a a temperature between 315 K
(42 °C) and 325 K (52 °C); this is primarily carhaondensed hydrocarbons, and
sulphates with associated water.

"Periodic regenerationieans the regeneration process of an exhausttisament
system that occurs periodically in typically lebsrt 100 hours of normal engine
operation. During cycles where regeneration occamission standards may be
exceeded.

"Ramped steady state test cyobeans a test cycle with a sequence of steady stat
engine test modes with defined speed and torquerieriat each mode and defined
ramps between these modes (WHSC).

"Rated spekdmeans the maximum full load speed allowed by go®ernor as

specified by the manufacturer in his sales andicerliterature, or, if such a
governor is not present, the speed at which thermar power is obtained from the
engine, as specified by the manufacturer in hisssahd service literature.

"Response titieneans the difference in time between the chardleeocomponent
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 componentaasit60 per cent full scale (FS)
and takes place in less than 0.1 second. The sysisponse time consists of the
delay time to the system and of the rise time efdystem.

"Rise timeémeans the difference in time between the 10 pet and 90 per cent
response of the final readingo(— tig).

"Span resporsmeans the mean response to a span gas during &r3@ interval.

"Specific emissiohsneans the mass emissions expressed in g/kWh.

"Test cyclemeans a sequence of test points each with aetkfipeed and torque to
be followed by the engine under steady state (WHSC)transient operating
conditions (WHTC).
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3.1.30. "Transformation timiemeans the difference in time between the charnfgth®
component to be measured at the reference point aargystem response of
50 per cent of the final readinggd) with the sampling probe being defined as the
reference point. The transformation time is usedHhe signal alignment of different
measurement instruments.

3.1.31. "Transient test cyCleneans a test cycle with a sequence of normalspesd and
torque values that vary relatively quickly with el VHTC).

3.1.32. "Useful lif8 means the relevant period of distance and/or tiower which
compliance with the relevant gaseous and partieudhission limits has to be
assured.

3.1.33. "Zero respon$eneans the mean response to a zero gas during #ird@ interval.

step input ,
f

L response time o

g

I

transformation time

Response

delay time T rise time > Time
Figure 1
Definitions of system response
3.2. General symbols
Symbol Unit Term
AlF - Stoichiometric air to fuel ratio

C Ppm/Vol per centConcentration

Cd Ppm/Vol per centConcentration on dry basis
Cw Ppm/Vol per centConcentration on wet basis
Co Ppm/Vol per centBackground concentration

Cq - Discharge coefficient of SSV
d m Diameter

dv m Throat diameter of venturi
Do m/s PDP calibration intercept

D - Dilution factor

Vs S Time interval

€gas g/kWh Specific emission of gaseous components



Symbol
€pm
&
€
ECOZ
Ee
EH20
Ewm
ENOx
f
fa
Fs
Ha
Hq

Msed
Msep

Mssq

Ma
Me

Unit
g/kWh
o/kWh
g/kWh
per cent
per cent
per cent
per cent
per cent

Hz

g/kg
g/kg

m>/kg fuel
m3/kg fuel

g/mol
g/mol
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Term

Specific emission of particulates

Specific emission during regeneration

Weighted specific emission

C@quench of NQanalyzer

Ethane efficiency

Water quench of N@nalyzer

Methane efficiency

Efficiency of NQconverter

Data sampling rate
Laboratory atmospheric factor
Stoichiometric factor

Absolute humidity of the intake air

Absolute humidity of the dilution air
Subscript denoting an instantaneous measureragntl( Hz)
Carbon specific factor

Combustion additional volume of dry exhiaus
Combustion additional volume of wet exhaus
Humidity correction factor for NOfor Cl engines
Humidity correction factor for NOfor Pl engines
Regeneration factor

Dry to wet correction factor for the intake air

Dry to wet correction factor for the dilution air

Dry to wet correction factor for the diluted exisagas
Dry to wet correction factor for the raw exhagas
CFV calibration function

Excess air ratio

Mass of the dilution air sample passed thrahghparticulate
sampling filters

Total diluted exhaust mass over the cycle

Mass of equivalent diluted exhaust gas ovetdhlecycle
Total exhaust mass over the cycle

Particulate sample mass collected

Particulate sample mass of the dilution ailecbéd
Mass of gaseous emissions over the test cycle
Mass of particulate emissions over the test cycle
Exhaust sample mass over the test cycle

Mass of diluted exhaust gas passing the dilutionel
Mass of diluted exhaust gas passing the paatiedollection
filters

Mass of secondary dilution air

Torque

Molar mass of the intake air

Molar mass of the exhaust
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Symbol
M gas

n
%

n
Nhi
Nio

npref

MNp
Pa
Po
Pd
Pp

Pr

Ps

P

Omad
Qrmw
Omece
Omct
Qmecp
deew
Omdw
Omedf
Omew
quEX
O
Ormp
Ovcvs

Ovt
ld
o
I

M'm

—4Q P D o 5

Unit
g/mol

Term
Molar mass of gaseous components
Number of measurements
Number of measurements during regeneration
Engine rotational speed
High engine speed
Low engine speed
Preferred engine speed
PDP pump speed
Saturation vapour pressure of engine intake air
Total atmospheric pressure
Saturation vapour pressure of the dilution air
Absolute pressure
Water vapour pressure after cooling bath
Dry atmospheric pressure
Power
Intake air mass flow rate on dry basis
Intake air mass flow rate on wet basis
Carbon mass flow rate in the raw exhaust gas
Carbon mass flow rate into the engine
Carbon mass flow rate in the partial flow tida system
Diluted exhaust gas mass flow rate on wetsbasi
Dilution air mass flow rate on wet basis
Equivalent diluted exhaust gas mass flow satevet basis
Exhaust gas mass flow rate on wet basis
Sample mass flow rate extracted from dilutiomel
Fuel mass flow rate
Sample flow of exhaust gas into partial flowtibn system
CVS volume rate
System flow rate of exhaust analyzer system
Tracer gas flow rate
Dilution ratio
Diameter ratio of SSV
Hydrocarbon response factor of the FID
Methanol response factor of the FID
Pressure ratio of SSV
Average sample ratio
Density
Exhaust gas density
Standard deviation
Absolute temperature
Absolute temperature of the intake air
Time



Symbol
tio
tso
too

Vo

Wact
VVref

3.3.

3.4.

3.5.
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Unit Term

S Time between step input and 10 per cent of fieadling

S Time between step input and 50 per cent of fieadling

S Time between step input and 90 per cent of fieadling

- Ratio between densities of gas component anduskigas
m>/r PDP gas volume pumped per revolution
dm3 System volume of exhaust analyzer bench
kWh Actual cycle work of the test cycle
kWh Reference cycle work of the test cycle

m/r PDP calibration function

Symbols and abbreviations for the fuel compmsi

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

y molar sulphur ratio (S/C)

o molar nitrogen ratio (N/C)

£ molar oxygen ratio (O/C)

referring to a fuel CHONSS,
Symbols and abbreviations for the chemicalguments

C1 Carbon 1 equivalent hydrocarbon
CH, Methane

CoHs Ethane

CsHs Propane

CcO Carbon monoxide

CO, Carbon dioxide

DOP Di-octylphtalate

HC Hydrocarbons

H>O Water

NMHC Non-methane hydrocarbons
NOx Oxides of nitrogen

NO Nitric oxide

NO, Nitrogen dioxide

PM Particulate matter

Abbreviations

CFV Critical Flow Venturi

CLD Chemiluminescent Detector
CVS Constant Volume Sampling
deNQ, NOy after-treatment system

EGR Exhaust gas recirculation
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5.1.

5.1.1.

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 engine system shall be so designed, constracte assembled as to enable the
engine in normal use to comply with the provisiafghis gtr during its useful life,
as defined by the Contracting Party, including whnstalled in the vehicle.

PERFORMANCE REQUIREMENTS

When implementing the test procedure containetthisigtr as part of their national
legislation, Contracting Parties to the 1998 Agreetrare encouraged to use limit
values which represent at least the same levehadrgy as their existing regulations;
pending the development of harmonized limit valugsthe 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 pollsitdoyt the engine shall be
determined on the WHTC and WHSC test cycles, asritbesl in paragraph 7. The
measurement systems shall meet the linearity rexpeints in paragraph 9.2. and the
specifications in paragraph 9.3. (gaseous emissimeasurement), paragraph 9.4.
(particulate measurement) and in Annex 3.

Other systems or analyzers may be approved byytiee 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 urmd@sideration and one of the
systems of this gtr.

"Results" refer to the specific cycle weighted ssions value. The correlation testing
is to be performed at the same laboratory, te$t @etl on the same engine, and is



5.2.
5.2.1.

5.2.2.

5.2.3.

5.2.3.1.
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preferred to be run concurrently. The equivalentcthe sample pair averages shall
be determined byF-test and t-test statistics as described in Annex 4,
paragraph A.4.3., obtained under the laboratory de and the engine conditions

described above. Outliers shall be determined coraance with ISO 5725 and

excluded from the database. The systems to befosarrelation testing shall be

subject to the approval by the type approval otifegation authority.

Engine family

General

An engine family is characterized by design patanse These shall be common to
all engines within the family. The engine manufagtumay decide which engines
belong to an engine family, as long as the memigerghmiteria listed in
paragraph 5.2.3. are respected. The engine farhdyl e approved by the type
approval or certification authority. The manufaeturshall provide to the type
approval or certification authority the appropriat@ormation relating to the
emission levels of the members of the engine family

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 endamily. These cases shall be
identified by the manufacturer and notified to ttype approval or certification

authority. It shall then be taken into account asitrion for creating a new engine
family.

In case of devices or features, which are noédish paragraph 5.2.3. and which
have a strong influence on the level of emissitims, equipment shall be identified
by the manufacturer on the basis of good engingeractice, and shall be notified
to the type approval or certification authorityshall then be taken into account as a
criterion for creating a new engine family.

In addition to the parameters listed in paraga@h3., the manufacturer may
introduce additional criteria allowing the defiomi of families of more restricted
size. These parameters are not necessarily panantleéd have an influence on the
level of emissions.

Parameters defining the engine family

Combustion cycle:
(@) 2-stroke cycle;
(b) 4-stroke cycle;
(c) Rotary engine;
(d) Others.
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5.2.3.2.

5.2.3.2.1.

5.2.3.2.2.

5.2.3.3.

5.2.3.4.

5.2.3.4.1.

5.2.3.4.2.

5.2.3.4.3.

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 stamely as long as their bore
center-to-center dimensions are the same.

Main cooling medium

(@ Air;
(b) Water;
(c) Oil

Individual cylinder displacement
Engine with a unit cylinder displacemeft75 dm3

In order for engines with a unit cylinder displaent of> 0.75 dm3 to be considered
to belong to the same engine family, the spreadtheir individual cylinder

displacements shall not exceed 15 per cent of #ngest individual cylinder
displacement within the family.

Engine with a unit cylinder displaceme®. 75 dms3

In order for engines with a unit cylinder displaent of < 0.75 dm? to be considered
to belong to the same engine family, the spreadtheir individual cylinder
displacements shall not exceed 30 per cent of #uigest individual cylinder
displacement within the family.

Engine with other unit cylinder displa@ant 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, atouakl, experimental results etc.)
showing that exceeding the limits does not havedgaifgcant influence on the
exhaust emissions.



5.2.3.5.

5.2.3.6.

5.2.3.7.

5.2.3.8.

5.2.3.9.

5.2.3.10.

Method of air aspiration
(@) naturally aspirated,;
(b) pressure charged;

(c) pressure charged with charge cooler.

Fuel type

(@ Diesel;

(b) Natural gas (NG);

(c) Liquefied petroleum gas (LPG);
(d) Ethanol.

Combustion chamber type
(@ Open chamber;

(b) Divided chamber;

(c) Other types.

Ignition Type

(@) Positive ignition;

(b) Compression ignition.
Valves and porting

(@) Configuration;
(b) Number of valves per cylinder.

Fuel supply type
(@ Liquid fuel supply type;

ECE/TRANS/180/Add.4/Amend.1
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(i) Pump and (high pressure) line and injector;

(i)  In-line or distributor pump;
(i) Unit pump or unit injector;
(iv) Common ralil;
(v) Carburettor(s);
(vi) Others;
(b) Gas fuel supply type;
(i) Gaseous;
(i) Liquid;
(i) Mixing units;
(iv) Others;
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5.2.3.11.

5.2.3.12.

5.2.3.13.

(c) Other types.

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

Electronic control strategy

The presence or absence of an electronic conmil (ECU) on the engine is
regarded as a basic parameter of the family.

In the case of electronically controlled enging® manufacturer shall present the
technical elements explaining the grouping of thesgines in the same family, i.e.
the reasons why these engines can be expectedtisy sthe same emission

requirements.

These elements can be calculations, simulati@tisnations, 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.
Exhaust after-treatment systems
The function and combination of the following dess 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;
(H Particulate trap with active regeneration;
(g) Other particulate traps;



5.2.4.

5.2.4.1.

5.24.2.

5.2.4.3.
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(h) Other devices.

When an engine has been certified without afesaitinent system, whether as parent
engine or as member of the family, then this engiwbken equipped with an
oxidation catalyst, may be included in the samdarentamily, if it does not require
different fuel characteristics.

If it requires specific fuel characteristics (egarticulate 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 elesnanmatvided by the manufacturer.
These elements shall indicate that the expectedsgoni level of the equipped engine
complies with the same limit value as the non-epegpengine.

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

system, shall not be added to the same engineylamil

Choice of the parent engine
Compression ignition engines

Once the engine family has been agreed by the &gwoval or certification
authority, the parent engine of the family shallskécted using the primary criterion
of the highest fuel delivery per stroke at the desdl maximum torque speed. In the
event that two or more engines share this primatgrion, 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 &m®oval or certification
authority, the parent engine of the family shallskeéected using the primary criterion
of the largest displacement. In the event that &wmore engines share this primary
criterion, the parent engine shall be selectedgusie secondary criterion in the
following order of priority:

(@ 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 characterizetebiing additional engines. In this
case, the engine manufacturer shall submit theogpipte information to determine
the engines within the family likely to have thglmest emissions level.
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6.1.

6.2.

If engines within the family incorporate other ti@@s which may be considered to
affect exhaust emissions, these features shall laésadentified 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 tHect®n of the parent engine.

TEST CONDITIONS

Laboratory test conditions

The absolute temperatur&,) of the engine intake air expressed in Kelvin, #mel
dry atmospheric pressurps), expressed in kPa shall be measured and the pam
f, shall be determined according to the following yismns. In multi-cylinder
engines having distinct groups of intake manifoldsch as in a "Vee" engine
configuration, the average temperature of the mtistgroups shall be taken. The
parameterf, shall be reported with the test results. For betépeatability and
reproducibility of the test results, it is recomrded that the parametéy be such
that: 0.9k f,< 1.07. Contracting Parties can make the paramgtempulsory.

(@ Compression-ignition engines:

Naturally aspirated and mechanically superchaeyegines:

0.7
_| 99|, [ Ta
fa_(pj (298} @)
Turbocharged engines with or without cooling af thtake air:
0.7 15
S99 [ Ta
2
b) Positive ignition engines:
( g g
1.2 0.6
_199] [ Ta
2

Engines with charge air-cooling

The charge air temperature shall be recorded laaltl lse, at the rated speed and full
load, withint5 K of the maximum charge air temperature spetifley the
manufacturer. The temperature of the cooling medsimall be at least 293 K
(20 °C).



6.3.

6.3.1.

6.3.2.

6.3.3.
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If a test laboratory system or external bloweusgd, the coolant flow rate shall be
set to achieve a charge air temperature withinK of the maximum charge air
temperature specified by the manufacturer at thedrapeed and full load. Coolant
temperature and coolant flow rate of the charge@oter at the above set point shall
not be changed for the whole test cycle, unless thsults in unrepresentative
overcooling of the charge air. The charge air coetdume shall be based upon good
engineering practice and shall be representativh®fproduction engine's in-use
installation. The laboratory system shall be desigito minimize accumulation of
condensate. Any accumulated condensate shall bheedrand all drains shall be
completely closed before emission testing.

If the engine manufacturer specifies pressure-diopts across the charge-air
cooling system, it shall be ensured that the pressinop across the charge-air
cooling system at engine conditions specified by thanufacturer is within the
manufacturer's specified limit(s). The pressurepdshall be measured at the
manufacturer's specified locations.

Engine power

The basis of specific emissions measurement isnengower and cycle work as
determined in accordance with paragraphs 6.3.6.3®.

General engine installation
The engine shall be tested with the auxiliariesf@ment listed in Annex 7.

If auxiliaries/equipment are not installed as niegply their power shall be taken into
account in accordance with paragraphs 6.3.2. t16.6.3

Auxiliaries/equipment to be fitted for thmissions test

If it is inappropriate to install the auxiliariesfuipment required according to
Annex 7 on the test bench, the power absorbed & thhall be determined and
subtracted from the measured engine power (referand actual) over the whole
engine speed range of the WHTC and over the testdspof the WHSC.

Auxiliaries/equipment to be removed for tibst

Where the auxiliaries/equipment not required adiogr to Annex 7 cannot be
removed, the power absorbed by them may be detednand added to the measured
engine power (reference and actual) over the wiiofgne speed range of the WHTC
and over the test speeds of the WHSC. If this vaedugreater than 3 per cent of the
maximum power at the test speed it shall be dematest to the type approval or
certification authority.
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6.3.4.

6.3.5.

6.4.

6.5.

Determination of auxiliary power

The power absorbed by the auxiliaries/equipmeatis®nly be determined, if:

(@ Auxiliaries/equipment required according ton&r 7, are not fitted to the
engine; and/or

(b) Auxiliaries/equipment not required accordirg Annex 7, are fitted to the
engine.

The values of auxiliary power and the measureroeltilation method for

determining auxiliary power shall be submitted bg £ngine manufacturer for the
whole operating area of the test cycles, and amordwy the certification or type
approval authority.

Engine cycle work

The calculation of reference and actual cycle wede paragraphs 7.4.8. and 7.8.6.)
shall be based upon engine power according to pgyhd.3.1. In this cas@, and
Py of equation 4 are zero, aRcequalsPp,.

If auxiliaries/equipment are installed accordingparagraphs 6.3.2. and/or 6.3.3., the
power absorbed by them shall be used to corredt getantaneous cycle power
valuePn,;, as follows:

B =R, P, +h, 4)
where:

Pmi is the measured engine power, kW

Pai is the power absorbed by auxiliaries/equipmetuetdtted, kW

Ppi is the power absorbed by auxiliaries/equipmetetoemoved, kW

Engine air intake system

An engine air intake system or a test laboratgstesn shall be used presenting an
air intake restriction withigt 300 Pa of the maximum value specified by the
manufacturer for a clean air cleaner at the raggeed and full load. The static
differential pressure of the restriction shall beasured at the location specified by
the manufacturer.

Engine exhaust system

An engine exhaust system or a test laboratoryesysthall be used presenting an
exhaust backpressure within 80 to 100 per cenh@fmiaximum value specified by
the manufacturer at the rated speed and full Iddade maximum restriction is 5 kPa
or less, the set point shall be no less than 1&@fkén the maximum. The exhaust
system shall conform to the requirements for exhgas sampling, as set out in
paragraphs 9.3.10. and 9.3.11.
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6.6.1.
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Engine with exhaust after-treatment system

If the engine is equipped with an exhaust afteatment system, the exhaust pipe
shall have the same diameter as found in-use, spesfied by the manufacturer, for
at least four pipe diameters upstream of the exparsection containing the after-
treatment device. The distance from the exhaustifoldnflange or turbocharger
outlet to the exhaust after-treatment system shallthe same as in the vehicle
configuration or within the distance specificatiasfsthe manufacturer. The exhaust
backpressure or restriction shall follow the samtga as above, and may be set
with a valve. For variable-restriction aftertreattheevices, the maximum exhaust
restriction is defined at the aftertreatment caodit (degreening/aging and
regeneration/loading level) specified by the maatufiger. If the maximum restriction
is 5 kPa or less, the set point shall be no leas 1h0 kPa from the maximum. The
after-treatment container may be removed during rdyntests and during engine
mapping, and replaced with an equivalent contalmering an inactive catalyst
support.

The emissions measured on the test cycle shabpresentative of the emissions in
the field. In the case of an engine equipped wiglxlzaust after-treatment system that
requires the consumption of a reagent, the reagesd for all tests shall be declared
by the manufacturer.

Engines equipped with exhaust after-treatmenesgystwith continuous regeneration
do not require a special test procedure, but tigeneration process needs to be
demonstrated according to paragraph 6.6.1.

For engines equipped with exhaust after-treatragstems that are regenerated on a
periodic basis, emission results shall be adjusieatccount for regeneration events,
as described in paragraph 6.6.2. In this caseaveeage emission depends on the
frequency of the regeneration event in terms oftioa of tests during which the
regeneration occurs.

Continuous regeneration

The emissions shall be measured on an after-tezdtraystem that has been
stabilized so as to result in repeatable emisdiehsviour. The regeneration process
shall occur at least once during the WHTC hot g&st and the manufacturer shall
declare the normal conditions under which regemeratoccurs (soot load,
temperature, exhaust back-pressure, etc.).

In order to demonstrate that the regenerationga®ds continuous, at least three
WHTC hot start tests shall be conducted. For thrpgme of this demonstration, the
engine shall be warmed up in accordance with papdgr.4.1., the engine be soaked
according to paragraph 7.6.3. and the first WHTQ bkt@rt test be run. The
subsequent hot start tests shall be started aféddirey according to paragraph 7.6.3.
During the tests, exhaust temperatures and presshedl be recorded (temperature
before and after the after-treatment system, exhmack pressure, etc.).
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6.6.2.

If the conditions declared by the manufactureruocuring the tests and the results
of the three (or more) WHTC hot start tests doswattter by more than * 25 per cent
or 0.005 g/kWh, whichever is greater, the afteatimeent system is considered to be
of the continuous regeneration type, and the gétestaprovisions of paragraph 7.6.
(WHTC) and paragraph 7.7. (WHSC) apply.

If the exhaust after-treatment system has a dgcomdde that shifts to a periodic
regeneration mode, it shall be checked accordinmatagraph 6.6.2. For that specific
case, the applicable emission limits may be exatadd would not be weighted.

Periodic regeneration

For an exhaust after-treatment based on a periogljeneration process, the
emissions shall be measured on at least three Wttt Gtart tests, one with and two
without a regeneration event on a stabilized dfetment system, and the results be
weighted in accordance with equation 5.

The regeneration process shall occur at least dndeg the WHTC hot start test.
The engine may be equipped with a switch capablgr@ienting or permitting the
regeneration process provided this operation hagffext on the original engine
calibration.

The manufacturer shall declare the normal parantweditions under which the
regeneration process occurs (soot load, temperaxhaust back-pressure, etc.) and
its duration. The manufacturer shall also provide frequency of the regeneration
event in terms of number of tests during which régeneration occurs compared to
number of tests without regeneration. The exactcgmore to determine this
frequency shall be based upon in use data usindg gagineering judgement, and
shall be agreed by the type approval or certiftcatuthority.

The manufacturer shall provide an after-treatnmsystem that has been loaded in
order to achieve regeneration during a WHTC test.tRe purpose of this testing,
the engine shall be warmed up in accordance witagoaph 7.4.1., the engine be
soaked according to paragraph 7.6.3. and the WH®C shart test be started.
Regeneration shall not occur during the engine wapm

Average brake specific emissions between regaaerphases shall be determined
from the arithmetic mean of several approximatejyigistant WHTC hot start test
results (g/kwh). As a minimum, at least one WHTQ start test as close as possible
prior to a regeneration test and one WHTC hot stast immediately after a
regeneration test shall be conducted. As an alieeyahe manufacturer may provide
data to show that the emissions remain consta5(per cent or 0.005 g/kWh,
whichever is greater) between regeneration phasésis case, the emissions of only
one WHTC hot start test may be used.
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During the regeneration test, all the data neeadedetect regeneration shall be

recorded (CO or NQemissions, temperature before and after the aftatment
system, exhaust back pressure, etc.).

During the regeneration test, the applicable dondéanits may be exceeded.

The test procedure is schematically shown in &gaur

e, =(xe o tn xe)/(n+n) ele

Emissions during

regeneration e r

—

Emissions [g/kWh]

L Mean emissions during
T sampling e;_, Weighted emissions of sampling

and regeneration e,

ik . suvanbulntn e st

/
L~

n > Nr =

Number of cycles
€,2,3,...n

Figure 2
Scheme of periodic regeneration

The WHTC hot start emissions shall be weightefbbews:

_nxé+nr><gr (5)
n+n,

where:
n is the number of WHTC hot start tests withoggereeration,

n. is the number of WHTC hot start tests with regatien (minimum one test),
e isthe average specific emission without regermarag/kWh,
e is the average specific emission with regeneragdi/Vh.

For the determination OETr the following provisions apply:

(@) If regeneration takes more than one hot B#MiTC, consecutive full hot start
WHTC tests shall be conducted and emissions caedinio be measured
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6.7.

without soaking and without shutting the engine, affitii regeneration is
completed, and the average of the hot start WHEE tee calculated;

(b) If regeneration is completed during any hartstWWHTC, the test shall be
continued over its entire length.

In agreement with the type approval or certificatiauthority, the regeneration
adjustment factors may be applied either multipNea(c) or additive (d) based upon
good engineering analysis.

(c) The multiplicative adjustment factors shalldadculated as follows:

Ky = (upward) ©®)

K, 4 =S (downward) (6a)
Toe

T

(d) The additive adjustment factors shall be dated as follows:
keu = €&w - € (upward) (7)
k. q = ey - & (downward) (8)
With reference to the specific emission calculadioin paragraph 8.6.3., the

regeneration adjustment factors shall be appliedoléows:

(e) for a test without regeneratiok,, shall be multiplied with or be added to,
respectively, the specific emissiern equations 69, 70a or 70Db;

(H for a test with regeneratiok, 4 shall be multiplied with or be subtracted from,
respectively, the specific emissiern equations 69, 70a or 70b.

At the request of the manufacturer, the regermratdjustment factors
() may be extended to other members of the saigiaefamily;

(h) may be extended to other engine families utwegsame aftertreatment system
with the prior approval of the type approval ortdeation authority based on
technical evidence to be supplied by the manufactuhat the emissions are
similar.

Cooling system

An engine cooling system with sufficient capaditymaintain the engine at normal
operating temperatures prescribed by the manufacstiall be used.
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6.8. Lubricating oll
The lubricating oil shall be specified by the miaaturer and be representative of
lubricating oil available on the market; the spieeifions of the lubricating oil used
for the test shall be recorded and presented Wwéhdsults of the test.

6.9. Specification of the reference fuel

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

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

The fuel temperature shall be in accordance withe tmanufacturer's
recommendations.

6.10. Crankcase emissions

No crankcase emissions shall be discharged drredth the ambient atmosphere,
with the following exception: engines equipped withrbochargers, pumps,

blowers, or superchargers for air induction mayclisge crankcase emissions to
the ambient atmosphere if the emissions are adu#uetexhaust emissions (either
physically or mathematically) during all emissioesting. Manufacturers taking

advantage of this exception shall install the eegiso that all crankcase emission
can be routed into the emissions sampling system.

For the purpose of this paragraph, crankcase @mssghat are routed into the
exhaust upstream of exhaust aftertreatment dutingparation are not considered
to be discharged directly into the ambient atmosphe

Open crankcase emissions shall be routed intoedmaust system for emission
measurement, as follows:

(@) The tubing materials shall be smooth-wallddcteically conductive, and not
reactive with crankcase emissions. Tube lengthi beaminimized as far as
possible;

(b) The number of bends in the laboratory crankdading shall be minimized,
and the radius of any unavoidable bend shall bammae&d;
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7.1.

7.1.1.

7.1.2.

7.1.3.

(c) The laboratory crankcase exhaust tubing sbell heated, thin-walled or
insulated and shall meet the engine manufactwspésifications for crankcase
back pressure;

(b) The crankcase exhaust tubing shall conneottimt raw exhaust downstream
of any aftertreatment system, downstream of antaliesl exhaust restriction,
and sufficiently upstream of any sample probessuee complete mixing with
the engine's exhaust before sampling. The crankedsaust tube shall extend
into the free stream of exhaust to avoid boundayed effects and to promote
mixing. The crankcase exhaust tube's outlet magnor any direction relative
to the raw exhaust flow.

TEST PROCEDURES

Principles of emissions measurement

To measure the specific emissions, the engind Baabperated over the test cycles
defined in paragraphs 7.2.1. and 7.2.2. The measme of specific emissions

requires the determination of the mass of compenémtthe exhaust and the
corresponding engine cycle work. The componentsdatermined by the sampling

methods described in paragraphs 7.1.1. and 7.1.2.

Continuous sampling

In continuous sampling, the component's conceatrat measured continuously
from raw or dilute exhaust. This concentration igltiplied by the continuous (raw
or dilute) exhaust flow rate at the emission sangpliocation to determine the
component's mass flow rate. The component's emissicontinuously summed over
the test cycle. This sum is the total mass of th#gted component.

Batch sampling

In batch sampling, a sample of raw or dilute eshasi continuously extracted and
stored for later measurement. The extracted sasta# be proportional to the raw
or dilute exhaust flow rate. Examples of batch damgpare collecting diluted
gaseous components in a bag and collecting paatewhatter (PM) on a filter. The
batch sampled concentrations are multiplied byttt exhaust mass or mass flow
(raw or dilute) from which it was extracted duritiige test cycle. This product is the
total mass or mass flow of the emitted componenb @alculate the
PM concentration, the PM deposited onto a filtesnfr proportionally extracted
exhaust shall be divided by the amount of filteeztlaust.

Measurement procedures

This gtr applies two measurement procedures tteafuenctionally equivalent. Both
procedures may be used for both the WHTC and th&@/kest cycle:
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(@) The gaseous components are sampled contiyuous$ie raw exhaust gas, and
the particulates are determined using a partial idution system;

(b) The gaseous components and the particulatededermined using a full flow
dilution system (CVS system).

Any combination of the two principles (e.g. ransgaus measurement and full flow
particulate measurement) is permitted.

Test cycles

Transient test cycle WHTC

The transient test cycle WHTC is listed in Anneasla second-by-second sequence
of normalized speed and torque values. In ordeetéorm the test on an engine test
cell, the normalized values shall be convertecheodctual values for the individual
engine under test based on the engine-mapping .clineeconversion is referred to
as denormalization, and the test cycle so devel@sethe reference cycle of the
engine to be tested. With those reference speedbamquae values, the cycle shall be
run on the test cell, and the actual speed, toagaepower values shall be recorded.
In order to validate the test run, a regressionyarsabetween reference and actual
speed, torque and power values shall be condugiaa completion of the test.

For calculation of the brake specific emissiorite fctual cycle work shall be
calculated by integrating actual engine power dhercycle. For cycle validation,
the actual cycle work shall be within prescribelits of the reference cycle work.

For the gaseous pollutants, continuous sampleng @r dilute exhaust gas) or batch
sampling (dilute exhaust gas) may be used. Thecpkte sample shall be diluted
with a conditioned diluent (such as ambient aing aollected on a single suitable
filter. The WHTC is shown schematically in figure 3

100%
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7.2.2.

Figure 3 WHTC test cycle
Ramped steady state test cycle WHSC

The ramped steady state test cycle WHSC condistsiomber of normalized speed
and load modes which shall be converted to theeete values for the individual
engine under test based on the engine-mapping .cineeengine shall be operated
for the prescribed time in each mode, whereby engipeed and load shall be
changed linearly within 2@ 1 seconds. In order to validate the test rungeession
analysis between reference and actual speed, tagdepower values shall be
conducted upon completion of the test.

The concentration of each gaseous pollutant, estiflaw and power output shall be
determined over the test cycle. The gaseous potkitaay be recorded continuously
or sampled into a sampling bag. The particulate psarshall be diluted with a

conditioned diluent (such as ambient air). One danmgver the complete test
procedure shall be taken, and collected on a segtable filter.

For calculation of the brake specific emission® actual cycle work shall be
calculated by integrating actual engine power aliercycle.

The WHSC is shown in table 1. Except for moden#,dtart of each mode is defined
as the beginning of the ramp from the previous mode

Normalized Speed Normalized Torque Mode length (s)
Mode (per cent) (per cent) incl. 20 s ramp
1 0 0 210
2 55 100 50
3 55 25 250
4 55 70 75
5 35 100 50
6 25 25 200
7 45 70 75
8 45 25 150
9 55 50 125
10 75 100 50
11 35 50 200
12 35 25 250
13 0 0 210
Sum 1895
Table 1

WHSC test cycle
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General test sequence

The following flow chart outlines the general gamte that should be followed
during testing. The details of each step are desdrin the relevant paragraphs.
Deviations from the guidance are permitted wherpr@miate, but the specific
requirements of the relevant paragraphs are marydato

For the WHTC, the test procedure consists of d start test following either natural
or forced cool-down of the engine, a hot soak mkand a hot start test. Selection of
the hot soak period and the weighting factor bebnasd start test and hot start test
shall be decided by the Contracting Parties.

For the WHSC, the test procedure consists of ashent test following engine
preconditioning at WHSC mode 9.
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Engine preparation, pre-test measurements, perfarenehecks and calibrations

v

Generate reference test cycle

Generate engine map (maximum torque curve) paragraph 7.4.3.

paragraph 7.4.6

v

systems

Run one or more practice cycles as necessary tk @rgyine/test cell/emissions

l WHTC

Natural or forced engine cool-down
paragraph 7.6.1.

v

WHSC

v

Ready all systems for sampling ang
data collection

paragraph 7.5.2.

Preconditioning of engine and particulate
system including dilution tunnel

paragraph 7.7.1.

v

v

Cold start exhaust emissions test

paragraph 7.6.2.

v

Hot soak period
paragraph 7.6.3.

v

Change dummy PM filter to weighed
sampling filter in system by-pass mode

paragraph 7.7.1.

Ready all systems for sampling and data
collection

paragraph 7.5.2.

v

Hot start exhaust emissions test

paragraph 7.6.4.

Exhaust emissions test within 5 minutes ¢
engine shut down

paragraph 7.7.3.

!

Test cycle validation
Data collection and evaluation
Emissions calculation

paragraph 7.8.6./7.
paragraph 7.7.4
paragraph 8.
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Engine mapping and reference cycle

Pre-test engine measurements, pre-test engin@rpemice checks and pre-test
system calibrations shall be made prior to the magnapping procedure in line with
the general test sequence shown in paragraph 7.3.

As basis for WHTC and WHSC reference cycle ger@ratthe engine shall be
mapped under full load operation for determining $peed vs. maximum torque and
speed vs. maximum power curves. The mapping cuivall sbe used for
denormalizing engine speed (paragraph 7.4.6.) agohe torque (paragraph 7.4.7.).

Engine warm-up

The engine shall be warmed up between 75 per ardt 100 per cent of its
maximum power or according to the recommendatiothefmanufacturer and good
engineering judgment. Towards the end of the wapnit shall be operated in order
to stabilize the engine coolant and lube oil terapges to withint 2 per cent of its
mean values for at least 2 minutes or until theirenghermostat controls engine
temperature.

Determination of the mapping speed range
The minimum and maximum mapping speeds are deasddllows:

Minimum mapping speed = idle speed
Maximum mapping speed = ny x 1.02 or speed where full load torque drops
off to zero, whichever is smaller.

Engine mapping curve

When the engine is stabilized according to paggra.4.1., the engine mapping
shall be performed according to the following pichaoee.

(@ The engine shall be unloaded and operatatleaspeed;

(b) The engine shall be operated with maximum ajperdemand at minimum
mapping speed;

(c) The engine speed shall be increased at aragweate of 8 + 1 mifis from
minimum to maximum mapping speed, or at a constaté such that it
takes 4 to 6 min to sweep from minimum to maximu@pping speed. Engine
speed and torque points shall be recorded at alsamtpe of at least one point
per second.

When selecting option (b) in paragraph 7.4.7. determining negative reference
torque, the mapping curve may directly continuehwitinimum operator demand
from maximum to minimum mapping speed.
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7.4.5.

7.4.6.

Alternate mapping

If a manufacturer believes that the above mappechniques are unsafe or
unrepresentative for any given engine, alternatppimg techniques may be used.
These alternate techniques shall satisfy the inteitthe specified mapping
procedures to determine the maximum available ajuall engine speeds achieved
during the test cycles. Deviations from the mappieghniques specified in this
paragraph for reasons of safety or representatsgeskall be approved by the type
approval or certification authority along with thestification for their use. In no
case, however, the torque curve shall be run byeieing engine speeds for
governed or turbocharged engines.

Replicate tests

An engine need not be mapped before each and &&rgycle. An engine shall be
remapped prior to a test cycle if:

(@) An unreasonable amount of time has transpseate the last map, as
determined by engineering judgement; or

(b) Physical changes or recalibrations have beademto the engine which
potentially affect engine performance.

Denormalization of engine speed

For generating the reference cycles, the nornhlépeeds of Annex 1 (WHTC) and
table 1 (WHSC) shall be denormalized using theofeilhg equation:

nref = nnormx (O45X n|o + 045X npref + le nh| - n|d|e) X 20327 +n|d|e (9)

For determination ofyrer, the integral of the maximum torque shall be dalead
from nigie to Ngs, from the engine mapping curve, as determined ao@ance with
paragraph 7.4.3.

The engine speeds in figures 4 and 5 are defasethllows:

no Is the lowest speed where the power is 55 perafamaximum power

Noret IS the engine speed where the integral of maximomapped torque
is 51 per cent of the whole integral betwegnR andngsh,

Ny is the highest speed where the power is 70 pdrafenaximum power

Nige IS the idle speed

Nosh IS the highest speed where the power is 95 pdrafenaximum power

For engines (mainly positive ignition engines)iwé steep governor droop curve,
where fuel cut off does not permit to operate tingime up ton, or ngs, the
following provisions apply:

Ny in equation 9 is replaced witlpmnaxx 1.02

Nosn IS replaced witnpmaxx 1.02
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7.4.7. Denormalization of engine torque

The torque values in the engine dynamometer s¢ébeddfuAnnex 1 (WHTC) and in
table 1 (WHSC) are normalized to the maximum torguéhe respective speed. For
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generating the reference cycles, the torque vdbresach individual reference speed
value as determined in paragraph 7.4.6. shall b®rdealized, using the mapping
curve determined according to paragraph 7.4.3qlksvs:

M )
_ normj
Mreti = ———xM

10C e * M

-M,,

(10)

a,i

where:

Mnormi IS the normalized torque, per cent

Mmaxi IS the maximum torque from the mapping curve, Nm

Ma,i is the torque absorbed by auxiliaries/equipmetuetditted, Nm
Mp,i Is the torque absorbed by auxiliaries/equipmetietoemoved, Nm

If auxiliaries/equipment are fitted in accordamwaéh paragraph 6.3.1. and Annex 7,
M, andMy, are zero.

The negative torque values of the motoring pojntan Annex 1) shall take on, for

purposes of reference cycle generation, refereatges determined in either of the

following ways:

(@) negative 40 per cent of the positive torquailable at the associated speed
point,

(b) mapping of the negative torque required toantte engine from maximum to
minimum mapping speed,

(c) determination of the negative torque requiedotor the engine at idle and at
Ny and linear interpolation between these two points.

Calculation of reference cycle work

Reference cycle work shall be determined over tds cycle by synchronously
calculating instantaneous values for engine powemf reference speed and
reference torque, as determined in paragraphs.@addb7.4.7. Instantaneous engine
power values shall be integrated over the testecielcalculate the reference cycle
work Wt (KWh). If auxiliaries are not fitted in accordaneéh paragraph 6.3.1., the
instantaneous power values shall be corrected @sjogtion (4) in paragraph 6.3.5.

The same methodology shall be used for integrdioty reference and actual engine
power. If values are to be determined between adjaceference or adjacent
measured values, linear interpolation shall be usedntegrating the actual cycle
work, any negative torque values shall be set eqoakero and included. If
integration is performed at a frequency of lesaithadz, and if, during a given time
segment, the torque value changes from positiveegiative or negative to positive,
the negative portion shall be computed and setleéguaero. The positive portion
shall be included in the integrated value.
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Pre-test procedures

Installation of the measurement equipment

The instrumentation and sample probes shall blied as required. The tailpipe
shall be connected to the full flow dilution systafrused.

Preparation of measurement equipment fopbam

The following steps shall be taken before emissampling begins:

(a) Leak checks shall be performed within 8 hopiigr to emission sampling
according to paragraph 9.3.4;

(b) For batch sampling, clean storage media $feattonnected, such as evacuated
bags;

(c) All measurement instruments shall be startedomling to the instrument
manufacturer's instructions and good engineeridgrnuent;

(d) Dilution systems, sample pumps, cooling farg] the data-collection system
shall be started;

(e) The sample flow rates shall be adjusted tare@devels, using bypass flow, if
desired;

() Heat exchangers in the sampling system shalpte-heated or pre-cooled to
within their operating temperature ranges for & tes

(g) Heated or cooled components such as samgs, Ifitters, coolers, and pumps
shall be allowed to stabilize at their operatingperatures;

(h) Exhaust dilution system flow shall be switchmdat least 10 minutes before a
test sequence;

()  Any electronic integrating devices shall beaa=l or re-zeroed, before the start
of any test interval.

Checking the gas analyzers

Gas analyzer ranges shall be selected. Emissialyzans with automatic or manual
range switching are permitted. During the test €ythe range of the emission
analyzers shall not be switched. At the same timeegiins of an analyzer's analogue
operational amplifier(s) may not be switched dutting test cycle.

Zero and span response shall be determined fanallyzers using internationally-
traceable gases that meet the specifications afgpaph 9.3.3. FID analyzers shall be
spanned on a carbon number basis of one (C1).
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7.5.4.

7.5.5.

7.5.6.

7.6.

7.6.1.

7.6.2.

Preparation of the particulate samplingffilt

At least one hour before the test, the filter kbal placed in a etri dish, which is
protected against dust contamination and allowseachange, and placed in a
weighing chamber for stabilization. At the end loé tstabilization period, the filter
shall be weighed and the tare weight shall be d=mbrThe filter shall then be stored
in a closed etri dish or sealed filter holder until needed testing. The filter shall
be used within eight hours of its removal from Weighing chamber.

Adjustment of the dilution system

The total diluted exhaust gas flow of a full flogviution system or the diluted
exhaust gas flow through a partial flow dilutiorssam shall be set to eliminate water
condensation in the system, and to obtain a ffhee temperature between 315 K
(42 °C) and 325 K (52 °C).

Starting the particulate sampling system
The particulate sampling system shall be stanedogerated on by-pass.

The particulate background level of the diluentyrba determined by sampling the
diluent prior to the entrance of the exhaust ga® itne dilution tunnel. The
measurement may be done during, prior to or aftertést. If the measurement is
done both at the beginning and at the end of thtert®, the values may be averaged.
If a different sampling system is used for backgbumeasurement, the
measurement shall be done in parallel to the tast r

WHTC cycle run

Engine cool-down

A natural or forced cool-down procedure may beliadp For forced cool-down,
good engineering judgment shall be used to seysiemms to send cooling air across
the engine, to send cool oil through the engineitation system, to remove heat
from the coolant through the engine cooling systamg to remove heat from an
exhaust after-treatment system. In the case ofr@edoafter-treatment system cool
down, cooling air shall not be applied until theeattreatment system has cooled
below its catalytic activation temperature. Any liog procedure that results in
unrepresentative emissions is not permitted.

Cold start test
The cold-start test shall be started when the &zatpres of the engine's lubricant,

coolant, and after-treatment systems are all bet288 and 303 K (20 and 30 °C).
The engine shall be started using one of the fotigunethods:
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(@) the engine shall be started as recommenddtieéinowners manual using a
production starter motor and adequately chargetetyabr a suitable power
supply; or

(b) the engine shall be started by using the dymaeter. The engine shall be
motored withint 25 per cent of its typical in-use cranking spe€danking
shall be stopped within 1 second after the engnamning. If the engine does
not start after 15 seconds of cranking, crankirgjldse stopped and the reason
for the failure to start determined, unless the essnrmanual or the service-
repair manual describes the longer cranking timeoasal.

Hot soak period
Immediately upon completion of the cold start téisé engine shall be conditioned
for the hot start test by using one of the follogvptions:

(@) 5% 1 minutes hot soak period;

(b) 20+ 1 minutes hot soak period.
The option shall be selected by the Contractingiéza
Hot start test

The engine shall be started at the end of the duatk period as defined in
paragraph 7.6.3. using the starting methods gingraragraph 7.6.2.

Test sequence

The test sequence of both cold start and hot @&srtshall commence at the start of
the engine. After the engine is running, cycle oarghall be initiated so that engine
operation matches the first set point of the cycle.

The WHTC shall be performed according to the exiee cycle as set out in
paragraph 7.4. Engine speed and torque commarmbsgs shall be issued at 5 Hz
(10 Hz recommended) or greater. The set pointsl| dt&alcalculated by linear
interpolation between the 1 Hz set points of tHeremce cycle. Actual engine speed
and torque shall be recorded at least once evegndgeduring the test cycle (1 Hz),
and the signals may be electronically filtered.

Collection of emission relevant data

At the start of the test sequence, the measuriqgipment shall be started,
simultaneously:

(a) Start collecting or analyzing dilution airaiffull flow dilution system is used;

(b) Start collecting or analyzing raw or diluteghaust gas, depending on the
method used;
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(c) Start measuring the amount of diluted exhagas and the required
temperatures and pressures;

(d) Start recording the exhaust gas mass flow, rAitaw exhaust gas analysis is
used;

(e) Start recording the feedback data of speeda@nde of the dynamometer.

If raw exhaust measurement is used, the emissinoentrations ((NM)HC, CO and
NO,) and the exhaust gas mass flow rate shall be meswntinuously and stored
with at least 2 Hz on a computer system. All otHata may be recorded with a
sample rate of at least 1 Hz. For analogue anayther response shall be recorded,
and the calibration data may be applied onlineftine during the data evaluation.

If a full flow dilution system is used, HC and N6hall be measured continuously in
the dilution tunnel with a frequency of at leadi2 The average concentrations shall
be determined by integrating the analyzer signaks ¢he test cycle. The system
response time shall be no greater than 20 s, aatllsh coordinated with CVS flow
fluctuations and sampling time/test cycle offsdtaecessary. CO, COQand NMHC
may be determined by integration of continuous mesament signals or by
analyzing the concentrations in the sample baglect®ld over the cycle. The
concentrations of the gaseous pollutants in theedil shall be determined prior to
the point where the exhaust enters into the diutionnel by integration or by
collecting into the background bag. All other paetens that need to be measured
shall be recorded with a minimum of one measurerpensecond (1 Hz).

Particulate sampling

At the start of the test sequence, the particidatapling system shall be switched
from by-pass to collecting particulates.

If a partial flow dilution system is used, the sgenpump(s) shall be controlled, so
that the flow rate through the particulate samptebp or transfer tube is maintained
proportional to the exhaust mass flow rate as detexd in accordance with
paragraph 9.4.6.1.

If a full flow dilution system is used, the samplemp(s) shall be adjusted so that the
flow rate through the particulate sample proberangfer tube is maintained at a
value withinx2.5 per cent of the set flow ratef flow compensation
(i.e., proportional control of sample flow) is usedshall be demonstrated that the
ratio of main tunnel flow to particulate samplewladoes not change by more
than £ 2.5 per cent of its set value (except ferfilrst 10 seconds of sampling). The
average temperature and pressure at the gas maeieiflsw instrumentation inlet
shall be recorded. If the set flow rate cannot zntained over the complete cycle
within £ 2.5 per cent because of high particulateding on the filter, the test shall be
voided. The test shall be rerun using a lower sarfipi rate.
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Engine stalling and equipment malfunction

If the engine stalls anywhere during the coldtstest, the test shall be voided. The
engine shall be preconditioned and restarted actprtb the requirements of
paragraph 7.6.2., and the test repeated.

If the engine stalls anywhere during the hot stest, the hot start test shall be
voided. The engine shall be soaked according tagraph 7.6.3., and the hot start
test repeated. In this case, the cold start test net be repeated.

If a malfunction occurs in any of the requiredttequipment during the test cycle,
the test shall be voided and repeated in line thighabove provisions.

WHSC cycle run

Preconditioning the dilution system andehgine

The dilution system and the engine shall be slaated warmed up in accordance
with paragraph 7.4.1. After warm-up, the engine &agnpling system shall be

preconditioned by operating the engine at mode=8 fmragraph 7.2.2., table 1) for a
minimum of 10 minutes while simultaneously opergtihe dilution system. Dummy

particulate emissions samples may be collectedsdtsample filters need not be
stabilized or weighed, and may be discarded. Flatesr shall be set at the
approximate flow rates selected for testing. Theims shall be shut off after

preconditioning.

Engine starting

5 + 1 minutes after completion of preconditioning abdae 9 as described in
paragraph 7.7.1., the engine shall be started dicprto the manufacturer's
recommended starting procedure in the owner's nhaosag either a production
starter motor or the dynamometer in accordance patagraph 7.6.2.

Test sequence

The test sequence shall commence after the ergm@ning and within one minute
after engine operation is controlled to match tret mode of the cycle (idle).

The WHSC shall be performed according to the oodé¢est modes listed in table 1
of paragraph 7.2.2.

Collection of emission relevant data

At the start of the test sequence, the measuriqgipment shall be started,
simultaneously:

(a) Start collecting or analyzing dilution airaiffull flow dilution system is used;
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(b) Start collecting or analyzing raw or diluteghaust gas, depending on the
method used,;

(c) Start measuring the amount of diluted exhagas and the required
temperatures and pressures;

(d) Start recording the exhaust gas mass flow, ritaw exhaust gas analysis is
used;

(e) Start recording the feedback data of speed@nde of the dynamometer.

If raw exhaust measurement is used, the emissinoentrations ((NM)HC, CO and
NO,) and the exhaust gas mass flow rate shall be meswntinuously and stored
with at least 2 Hz on a computer system. All otHata may be recorded with a
sample rate of at least 1 Hz. For analogue anayter response shall be recorded,
and the calibration data may be applied onlineftine during the data evaluation.

If a full flow dilution system is used, HC and N6hall be measured continuously in
the dilution tunnel with a frequency of at leadi2 The average concentrations shall
be determined by integrating the analyzer signaks @he test cycle. The system
response time shall be no greater than 20 s, aadtilshcoordinated with CVS flow
fluctuations and sampling time/test cycle offsdtaecessary. CO, COQand NMHC
may be determined by integration of continuous mesament signals or by
analyzing the concentrations in the sample baglect®ld over the cycle. The
concentrations of the gaseous pollutants in theedil shall be determined prior to
the point where the exhaust enters into the diutionnel by integration or by
collecting into the background bag. All other paetens that need to be measured
shall be recorded with a minimum of one measurerpensecond (1 Hz).

Particulate sampling

At the start of the test sequence, the particidatapling system shall be switched
from by-pass to collecting particulates. If a pErflow dilution system is used, the
sample pump(s) shall be controlled, so that thev ftate through the particulate
sample probe or transfer tube is maintained propmat to the exhaust mass flow
rate as determined in accordance with paragrapb.2.4

If a full flow dilution system is used, the samplemp(s) shall be adjusted so that the
flow rate through the particulate sample proberangfer tube is maintained at a
value withinx2.5 per cent of the set flow ratef flow compensation
(i.e., proportional control of sample flow) is usedshall be demonstrated that the
ratio of main tunnel flow to particulate samplewladoes not change by more
than £ 2.5 per cent of its set value (except ferfirst 10 seconds of sampling). The
average temperature and pressure at the gas maeieiflsw instrumentation inlet
shall be recorded. If the set flow rate cannot lzntained over the complete cycle
within £ 2.5 per cent because of high particulateding on the filter, the test shall be
voided. The test shall be rerun using a lower sarfipi rate.
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Engine stalling and equipment malfunction
If the engine stalls anywhere during the cycle, tbst shall be voided. The engine
shall be preconditioned according to paragraphl7.@nd restarted according to

paragraph 7.7.2., and the test repeated.

If a malfunction occurs in any of the requiredttequipment during the test cycle,
the test shall be voided and repeated in line thighabove provisions.

Post-test procedures

Operations after test

At the completion of the test, the measuremenhefexhaust gas mass flow rate, the
diluted exhaust gas volume, the gas flow into thiecting bags and the particulate

sample pump shall be stopped. For an integratiragyaer system, sampling shall

continue until system response times have elapsed.

Verification of proportional sampling

For any proportional batch sample, such as a bagpke or PM sample, it shall be
verified that proportional sampling was maintairectording to paragraphs 7.6.7.
and 7.7.5. Any sample that does not fulfil the fegments shall be voided.

PM conditioning and weighing

The particulate filter shall be placed into covki sealed containers or the filter
holders shall be closed, in order to protect themmpda filters against ambient
contamination. Thus protected, the filter shallreirned to the weighing chamber.
The filter shall be conditioned for at least onaih@and then weighed according to
paragraph 9.4.5. The gross weight of the filtedlds@recorded.

Drift verification

As soon as practical but no later than 30 minafésx the test cycle is complete or
during the soak period, the zero and span respafsine gaseous analyzer ranges
used shall be determined. For the purpose of thiagraph, test cycle is defined as
follows:

(@) Forthe WHTC: the complete sequence cold k saaot;
(b) For the WHTC hot start test (paragraph 6169:sequence soak — hot;

(c) For the multiple regeneration WHTC hot stastt(paragraph 6.6.): the total
number of hot start tests;

(d) For the WHSC: the test cycle.



ECE/TRANS/180/Add.4/Amend.1

page 44

7.8.5.

7.8.6.

7.8.7.

The following provisions apply for analyzer drift:

(@) The pre-test zero and span and post-test aedospan responses may be
directly applied to the drift calculation provis®mf paragraph 8.6.1. without
determining drift;

(b) If the difference between the pre-test and-pest results is less than 1 per cent
of full scale, the measured concentrations maydsel wncorrected or may be
corrected for drift according to paragraph 8.6.1.;

(c) If the difference between the pre-test and-pest results is equal to or greater
than 1 per cent of full scale, the test shall bede® or the measured
concentrations shall be corrected for drift acaogdio paragraph 8.6.1.

Analysis of gaseous bag sampling

As soon as practical, the following shall be perfed:

(a) Gaseous bag samples shall be analyzed nothater30 minutes after the hot
start test is complete or during the soak periodte cold start test;

(b) Background samples shall be analyzed no tatem 60 minutes after the hot
start test is complete.

Validation of cycle work

Before calculating actual cycle work, any poirgsarded during engine starting shall
be omitted. Actual cycle work shall be determinederothe test cycle by
synchronously using actual speed and actual tovgliees to calculate instantaneous
values for engine power. Instantaneous engine poalees shall be integrated over
the test cycle to calculate the actual cycle waékk: (kWh). If auxiliaries/equipment
are not fitted in accordance with paragraph 6.3He, instantaneous power values
shall be corrected using equation (4) in parag@plb.

The same methodology as described in paragrap8. BMdall be used for integrating
actual engine power.

The actual cycle workV, is used for comparison to the reference cycle ik
and for calculating the brake specific emissioe® (saragraph 8.6.3.).

W,¢t shall be between 85 per cent and 105 per ceWpf
Validation statistics of the test cycle

Linear regressions of the actual values on thereete values shall be performed for
speed, torque and power for both the WHTC and thS\@.

To minimize the biasing effect of the time lagvween the actual and reference cycle
values, the entire engine speed and torque adgralsequence may be advanced or
delayed in time with respect to the reference s@eetitorque sequence. If the actual
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signals are shifted, both speed and torque shadihifeed the same amount in the

same direction.

The method of least squares shall be used, wétldst-fit equation having the form:

y=aX+a
where:

y=actual value of speed (ni)) torque (Nm), or power (kW)
a,=slope of the regression line
x=reference value of speed (M)ntorque (Nm), or power (kW)

a=Y intercept of the

regression line

(11)

The standard error of estimate (SEE) of y on x #redcoefficient of determination
(r?) shall be calculated for each regression line.

It is recommended that this analysis be perforatedHz. For a test to be considered
valid, the criteria of table 2 (WHTC) or table 3 A8C) shall be met.

Speed

Torque

Power

Standard error of
estimate (SEE) of
on X

maximum 5 per
cent of maximum
test speed

maximum 10 per cer
of maximum engine
torque

tmaximum 10 per
cent of maximum
engine power

Slope of the
regression line,a

0.95t01.03

0.83-1.03

0.89-1.03

Coefficient of
determination, r2

minimum 0.970

minimum 0.850

minimum 0.910

y intercept of the
regression line,@a

maximum 10 per
cent of idle speed

+ 20 Nm orx 2 per
cent of maximum
torque whichever is

greater

+ 4 KW orzx 2 per
cent of maximum
power whichever is
greater

Table 2
Regression line tolerances for the WHTC

Speed

Torque

Power

Standard error of
estimate (SEE) of
on X

maximum 1 per
cent of maximum
test speed

maximum 2 per cent
of maximum engine
torque

maximum 2 per cent
of maximum engine
power

Slope of the
regression line,a

0.99t01.01

0.98 -1.02

0.98 -1.02

Coefficient of
determination, r2

minimum 0.990

minimum 0.950

minimum 0.950

y intercept of the
regression line,a

maximum 1 per
cent of maximum
test speed

+ 20 Nm orzx 2 per
cent of maximum
torque whichever is

greater

+ 4 kW orzx 2 per
cent of maximum
power whichever is
greater
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Table 3

Regression line tolerances for the WHSC

For regression purposes only, point omissionsparenitted where noted in table 4
before doing the regression calculation. Howeveosé¢ points shall not be omitted
for the calculation of cycle work and emissionsinlPomission may be applied to the
whole or to any part of the cycle.

Event

Permitted point
omissions

Minimum operator
demand (idle point)

Conditions
Nret = O per cent
and
and

I\/lact > (Mref - 0-OZMmax. mapped torqt)e
and

I\/lact < (Mref + O-OZMmax. mapped torql)e

speed and powe

Minimum operator
demand (motoring

Mies < O per cent

power and torqy

point)
Minimum operator |Naet< 1.02N;et aNdMagt > Myet power and either
demand or torque or speed

Nact > Nref aNdMact < Myer
or
Nact> 1.02Ncer aNdMyef < Mact < (Mrer +

0.02 Mmax. mapped torQl)e

Maximum operator
demand

Nact < Nref ANAMact> Myet

or

Nact> 0.98Nrer aNdMact < Mye

or

Nact < 0.98Nret aNdMyet > Mact> (Myet -
0.02 |\/Imax. mapped torql)e

power and either
torque or speed

Table 4

Permitted point omissions from regression analysis

8. EMISSION CALCULATION

e

The final test result shall be rounded in one $tefhe number of places to the right
of the decimal point indicated by the applicableis=ion standard plus one
additional significant figure, in accordance wittsAM E 29-06B. No rounding of
intermediate values leading to the final break-gpeemission result is permitted.

Examples of the calculation procedures are ginefrinex 6.
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Emissions calculation on a molar basis in accardamith Annex 7 of gtr No. [xx]
(NRMM), is permitted with the prior agreement oéttype approval or certification
authority.

Dry/wet correction

If the emissions are measured on a dry basismis&sured concentration shall be
converted to a wet basis according to the followeggation:

c, = k, UOc, (12)

w
where:

Cq Isthe dry concentration in ppm or per cent volume

ke is the dry/wet correction factok., kwe Or kyq depending on respective
eqguation used)

Raw exhaust gas

1.2442xH_ +111.1%w, . x Gt
Kwa= |1- Oreai 141008 (13)
773.4+1.2442¢H + ™ xk  x1,000
madj
or
U,
1.2442¢H, +111.19¢w,  x ™
qma i r
Kpa = | 1- » 2 (1—'0} (14)
773.4+1.2442¢H  + ™ xk, . x1,000 P
madj
or
1
K. = ~k,, |*1.008 (15)
® {1+ ax0.005% (Cepyp + Ceo)
with
kiw =0.055594 X Wir + 0.0080021 X W + 0.0070046 X wbs (16)
and

_  1608xH,
1,000+ (1.608<H,)

(17)

Wl
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where:

Ha is the intake air humidity, g water per kg dry air
WALF Is the hydrogen content of the fuel, per cent mass
Omf, is the instantaneous fuel mass flow rate, kg/s
Omad, IS the instantaneous dry intake air mass flow tadés
Pr is the water vapour pressure after cooling ba#a, k
Po is the total atmospheric pressure, kPa

WpeL IS the nitrogen content of the fuel, per cent mass
Weps IS the oxygen content of the fuel, per cent mass

a is the molar hydrogen ratio of the fuel
Ccoz Iisthe dry CQconcentration, per cent
Cco is the dry CO concentration, per cent

Equations (13) and (14) are principally identicaith the factor 1.008 in
equations (13) and (15) being an approximatiorntfermore accurate denominator in
equation (14).

Diluted exhaust gas

k,, =||1- 9% Ccom | _y Ix1.008 (18)
: 200
or
k,. = _(1ok,) x1.008 (19)
' 1+ Q X Ceopg
200
with

1.608><{Hd X(l—lj + HaX(lﬂ
D D
kW2 =
J,OOO+{1.608>{Hd X(l—lj + H, x[lﬂ}
D D

a is the molar hydrogen ratio of the fuel
Ccozw IS the wet CQconcentration, per cent
Ccozd IS the dry CQ concentration, per cent
Hqg is the dilution air humidity, g water per kg diy a
Ha Is the intake air humidity, g water per kg dry air
D is the dilution factor (see paragraph 8.5.2.3.2.)

(20)
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Dilution air
Kyg = (L-k,)x1.008 (21)
with
K, = 1.608xH, (22)
1,000+ (1.608x H,)
where:
Hqg is the dilution air humidity, g water per kg dry ai

NOx correction for humidity

As the NOx emission depends on ambient air conditidthe NOx concentration
shall be corrected for humidity with the factorsem in paragraph 8.2.1. or 8.2.2.
The intake air humidity Ha may be derived from tigla humidity measurement,
dew point measurement, vapour pressure measuremdng/wet bulb measurement
using generally accepted equations.

Compression-ignition engines

_15698xH,

D 1000 +0.832 (23)

where:
Ha is the intake air humidity, g water per kg dry air

Positive ignition engines
knc =0.6272 + 44.030 10° x Ha— 0.862 10°%x H.2 (24)

where:
Ha is the intake air humidity, g water per kg dry air

Particulate filter buoyancy correction

The sampling filter mass shall be corrected feratioyancy in air. The buoyancy
correction depends on sampling filter density, density and the density of the
balance calibration weight, and does not accounthfe buoyancy of the PM itself.
The buoyancy correction shall be applied to botle fidter mass and gross filter
mass.

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

(@) Teflon coated glass fiber filter: 2,300 kgfm
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(b) Teflon membrane filter: 2,144 kgim
(c) Teflon membrane filter with polymethylpenteswpport ring: 920 kg/fh

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

The following equation shall be used:

1- P
rnf = muncor X pw (25)
WA
Ps
with
_ P, 28836
Pa 8.3144xT, (26)
where:
Muncor is the uncorrected particulate filter mass, mg
Da is the density of the air, kgfm
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 environment,
28.836 is the molar mass of the air at refereneitiity (282.5 K), g/mol
8.3144 is the molar gas constant

The particulate sample mass, msed in paragraphs 8.4.3. and 8.5.3. shall be
calculated as follows:

m,=mg-—m- (27)
where:

MG is the buoyancy corrected gross particulate fittess, mg

Myt is the buoyancy corrected tare particulate fitess, mg

Partial flow dilution (PES) and raw gaseoussugement

The instantaneous concentration signals of theaysscomponents are used for the
calculation of the mass emissions by multiplicatiith the instantaneous exhaust
mass flow rate. The exhaust mass flow rate may é&sored directly, or calculated
using the methods of intake air and fuel flow measwent, tracer method or intake
air and air/fuel ratio measurement. Special atenshall be paid to the response
times of the different instruments. These diffeeneshall be accounted for by time
aligning the signals. For particulates, the exhausss flow rate signals are used for
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controlling the partial flow dilution system to &ka sample proportional to the
exhaust mass flow rate. The quality of proportiapahall be checked by applying a
regression analysis between sample and exhaust flowaccordance with
paragraph 9.4.6.1. The complete test set up isvsatheally shown in figure 6.

— EXhaust sample @ Bxhaustflow oo
Flow measurement

& Dilution air

. Flow control
——————— Signals for system & - —————————

|

|

|

|

|
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Figure 6
Scheme of raw/partial flow measurement system

8.4.1. Determination of exhaust gas mass flow
8.4.1.1. Introduction

For calculation of the emissions in the raw exhgas and for controlling of a partial

flow dilution system, it is necessary to know thda&ust gas mass flow rate. For the
determination of the exhaust mass flow rate, eithfethe methods described in

paragraphs 8.4.1.3 to 8.4.1.7 may be used.

8.4.1.2. Response time

For the purpose of emissions calculation, the aesp time of either method
described in paragraphs 8.4.1.3. to 8.4.1.7. $leaélqual to or less than the analyzer
response time of 10 s, as required in paragraph 9.3.5.

For the purpose of controlling of a partial flowution system, a faster response is
required. For partial flow dilution systems withlioe control, the response time
shall be< 0.3 s. For partial flow dilution systems with loakead control based on a
pre-recorded test run, the response time of thawesthflow measurement system
shall be< 5 s with a rise time of 1 s. The system response time shall be specified
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8.4.1.3.

8.4.1.4.

8.4.1.5.

by the instrument manufacturer. The combined respdime requirements for the
exhaust gas flow and partial flow dilution systera edicated in paragraph 9.4.6.1.

Direct measurement method

Direct measurement of the instantaneous exhawgtthall be done by systems, such as:

(@) Pressure differential devices, like flow nezZbetails see ISO 5167);
(b) Ultrasonic flowmeter;
(c) Vortex flowmeter.

Precautions shall be taken to avoid measuremenrtsewhich will impact emission

value errors. Such precautions include the carnefthllation of the device in the

engine exhaust system according to the instrumamiufacturers' recommendations
and to good engineering practice. Especially, engierformance and emissions
shall not be affected by the installation of theide.

The flowmeters shall meet the linearity requiretaeari paragraph 9.2.
Air and fuel measurement method

This involves measurement of the airflow and the flow with suitable flowmeters.
The calculation of the instantaneous exhaust gas $hall be as follows:

qmew,i = Qrmw,i + qu,i (28)

where:

Omewi is the instantaneous exhaust mass flow rate, kg/s
Omawi  is the instantaneous intake air mass flow rates kg/
Qe is the instantaneous fuel mass flow rate, kg/s

The flowmeters shall meet the linearity requiretaesf paragraph 9.2., but shall be
accurate enough to also meet the linearity requargsnfor the exhaust gas flow.

Tracer measurement method
This involves measurement of the concentratioa wwacer gas in the exhaust.

A known amount of an inert gas (e.g. pure heligimgll be injected into the exhaust
gas flow as a tracer. The gas is mixed and dilbethe exhaust gas, but shall not
react in the exhaust pipe. The concentration ofgdmeshall then be measured in the
exhaust gas sample.

In order to ensure complete mixing of the tracs, ghe exhaust gas sampling probe
shall be located at least 1 m or 30 times the diand the exhaust pipe, whichever
is larger, downstream of the tracer gas injectiom{ The sampling probe may be
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located closer to the injection point if completeimg is verified by comparing the
tracer gas concentration with the reference conagom when the tracer gas is
injected upstream of the engine.

The tracer gas flow rate shall be set so thatrezr gas concentration at engine idle
speed after mixing becomes lower than the fullescilthe trace gas analyzer.

The calculation of the exhaust gas flow shall §é&otlows:

— Qu*Pe

= 29
qmew; 60x (Cmix,i _ Cb) ( )
where:
Omewi s the instantaneous exhaust mass flow rate, kg/s
Ovt is tracer gas flow rate, cm3/min
Cmixi IS the instantaneous concentration of the traasrafter mixing, ppm
Le is the density of the exhaust gas, kg/m3 (cf. tdble
Co is the background concentration of the tracerigdise intake air, ppm

The background concentration of the tracer ggsnjay be determined by averaging
the background concentration measured immediatdfiyre the test run and after the
test run.

When the background concentration is less thagr Tent of the concentration of the
tracer gas after mixing cgixi) at maximum exhaust flow, the background
concentration may be neglected.

The total system shall meet the linearity requeeta for the exhaust gas flow of
paragraph 9.2.

Airflow and air to fuel ratio measuremergthod

This involves exhaust mass calculation from tinélaiv and the air to fuel ratio. The
calculation of the instantaneous exhaust gas nassd as follows:

_ 1
Orewi = Amawi X (1+ mj (30)

with

138.0x (1+“ S yj
4 2

AlF, =

= 31
' 12.011+1.00794% o +15.9994 ¢ +14.0067 5 + 32.065x y 1)
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1 2% Ceoq x10™
Copg X107* ; a 3.5x%¢ e 0 }
[100'00(12 ~Chcw 10 4J + Zxc—xlcg-zf _E _5 x (CCOZd +Ceoq ¥10 4)
1+ CcCO
1= 3.5X Ceopq (32)
4.764x [1+ % —% + y] % (Copy + Cang X107 + Gy x107)
where:

Omaw,i is the instantaneous intake air mass flow rates kg/
AlFs; is the stoichiometric air to fuel ratio, kg/kg

A is the instantaneous excess air ratio

Ccozd IS the dry CQ concentration, per cent

Ccod IS the dry CO concentration, ppm

Cucw IS the wet HC concentration, ppm

Airflowmeter and analyzers shall meet the lingargquirements of paragraph 9.2.,
and the total system shall meet the linearity nesquents for the exhaust gas flow of
paragraph 9.2.

If an air to fuel ratio measurement equipment sa€la zirconia type sensor is used
for the measurement of the excess air ratio, itll Sna@et the specifications of
paragraph 9.3.2.7.

8.4.1.7.  Carbon balance method
This involves exhaust mass calculation from thel flow and the gaseous exhaust

components that include carbon. The calculatiorthef instantaneous exhaust gas
mass flow is as follows:

2
Qs = x(( A (T j+1j (33)

1.0828< Wy, +k, xk_)xk | 1000

with

— _ Ccod Chcw
kc - (CCOZd CCOZda)>< 05441+ 18522 + 17355 (34)
and
k,, =—0.055594xw, . +0.008002% Wy, +0.0070046<W_¢ (35)
where:
Omf, is the instantaneous fuel mass flow rate, kg/s
Ha Is the intake air humidity, g water per kg dry air

wger IS the carbon content of the fuel, per cent mass
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WALF Is the hydrogen content of the fuel, per cent mass
WpeL IS the nitrogen content of the fuel, per cent mass
Weps IS the oxygen content of the fuel, per cent mass
Ccozd IS the dry CQ concentration, per cent

Ccozd,a IS the dry CQ concentration of the intake air, per cent
Cco is the dry CO concentration, ppm

Cucw IS the wet HC concentration, ppm

Determination of the gaseous components
Introduction

The gaseous components in the raw exhaust gatedrhit the engine submitted for
testing shall be measured with the measuremensamgling systems described in
paragraph 9.3. and Annex 3. The data evaluatidessribed in paragraph 8.4.2.2.

Two calculation procedures are described in papw 8.4.2.3. and 8.4.2.4., which
are equivalent for the reference fuel of Annex Re procedure in paragraph 8.4.2.3.
is more straightforward, since it uses tabulatedialues for the ratio between
component and exhaust gas density. The procedupanagraph 8.4.2.4. is more
accurate for fuel qualities that deviate from thgedfications in Annex 2, but

requires elementary analysis of the fuel compasitio

Data evaluation

The emission relevant data shall be recorded dpceds in accordance with
paragraph 7.6.6.

For calculation of the mass emission of the gasemmponents, the traces of the
recorded concentrations and the trace of the exlgassmass flow rate shall be time
aligned by the transformation time as defined imageaph 3.1.30. Therefore, the
response time of each gaseous emissions analydasfahe exhaust gas mass flow
system shall be determined according to paragréghs.2. and 9.3.5., respectively,
and recorded.

Calculation of mass emission based ordsdnlivalues

The mass of the pollutants (g/test) shall be datesd by calculating the

instantaneous mass emissions from the raw contienseaof the pollutants and the
exhaust gas mass flow, aligned for the transfoonatime as determined in

accordance with paragraph 8.4.2.2., integrating itis¢antaneous values over the
cycle, and multiplying the integrated values witie u values from table 5. If

measured on a dry basis, the dry/wet correctioordarg to paragraph 8.1. shall be
applied to the instantaneous concentration valeger® any further calculation is
done.
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For the calculation of NQthe mass emission shall be multiplied, where iagble,
with the humidity correction factok,p, or knc as determined according to
paragraph 8.2.

The following equation shall be applied:

rngas: ugas xicgasi x qrrewj X% (In g/teSt) (36)
i=1

where:

Ugas is the ratio between density of exhaust compoaant density of exhaust

gas

Cgas; IS the instantaneous concentration of the compdnehe exhaust gas, ppm
Omewi IS the instantaneous exhaust mass flow, kg/s
f is the data sampling rate, Hz
n is the number of measurements
Gas
NO, | CO | HC | cQ | o | CH,
Fuel Ds Duas [Kg/M’]
2.053 | 1.250 | 5 | 1.9636 | 1.4277 | 0.716
b)
Ugas
Diesel 1.2943| 0.001586 0.000966 0.000479 0.001517001003 0.000553
Ethanol 1.2757| 0.00160P0 0.000980 0.000805 0.001582001119 0.000561
CNG? 1.2661 | 0.001621 0.000997 0.000%28 0.001551| 0.001128 0.000565
Propane 1.2805 0.001603 0.000976 0.000512 0.001533®01115 0.000559
Butane 1.2832] 0.001600 0.0009f4 0.0005D5 0.00153m01013 0.000558
LPG? 1.2811| 0.001602 0.000976 0.000510 0.001%33 0.00111%000559
a) dependi ng on fuel
b)atA = 2, dry air, 273 K, 101.3 kPa
¢)u accurate within 0.2 % for mass composition of: 6= 76 %; H=22-25%; N=0-12%
d)NMHC on the basis of Ch; (for total HC theug,scoefficient of CH shall be used)
e)u accurate within 0.2 % for mass composition of: CB)= 90 %; C4 =10 - 30 %

Table 5
Raw exhaust gasvalues and component densities

Calculation of mass emission based ont@p@tions

The mass of the pollutants (g/test) shall be datexd by calculating the
instantaneous mass emissions from the raw contiensaof the pollutants, the
values and the exhaust gas mass flow, aligned Her ttansformation time as
determined in accordance with paragraph 8.4.2.@.iategrating the instantaneous
values over the cycle. If measured on a dry b#sésdry/wet correction according to
paragraph 8.1. shall be applied to the instantasieoncentration values before any
further calculation is done.

For the calculation of NQ the mass emission shall be multiplied with thenldity
correction factok, p, ork, c, as determined according to paragraph 8.2.
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The following equation shall be applied:
1 .
Mgas= ugas,i X Cgas,i X qmew,i XT (In g/teSt) (37)
where:
Ugasi IS the instantaneous density ratio of exhaust corapt and exhaust gas
Cgasi IS the instantaneous concentration of the companghe exhaust gas, ppm
Omew,i IS the instantaneous exhaust mass flow, kg/s
f Is the data sampling rate, Hz
n is the number of measurements

The instantaneousvalues shall be calculated as follows:

Ugas,i = Mgas/ (Me,i x 1,000) (38)
or

UQasyi:pgas/ (peyi X 1,000) (39)
with

Pgas= Mgas/ 22.414 (40)
where:

Mgas IS the molar mass of the gas component, g/moAfhex 6)

Me.i is the instantaneous molar mass of the exhausggas)

Pyas is the density of the gas component, kij/m

Le.i is the instantaneous density of the exhaust gas’k

The molar mass of the exhaust,, shall be derived for a general fuel composition
CH,ON S, under the assumption of complete combustion, ésWel

14 O (41)
— qmaw,i
Mei - =
' a € O H,x107 + 1
Aot 422 , 2x100794+159994" M,
Omaw; 12011+1.00794x a +159994x £ +14.0067x J + 32.065% y 1+H,x10°
where:
Omawi  is the instantaneous intake air mass flow rate enbasis, kg/s
Q| is the instantaneous fuel mass flow rate, kg/s
Ha Is the intake air humidity, g water per kg dry air

Ma is the molar mass of the dry intake air = 28.96badj
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8.4.3.1.

8.4.3.2.

8.4.3.2.1.

The exhaust densig shall be derived, as follows:

1,000+ H, +1,000% (Gt ; /Gl )

pe,i = (42)
773.4+1.2434<H_ +k;, x1,000% (0 ;/0peq; )

where:

Omadi  is the instantaneous intake air mass flow ratergrbdsis, kg/s

Qe is the instantaneous fuel mass flow rate, kg/s

Ha is the intake air humidity, g water per kg dry air

Kew Is the fuel specific factor of wet exhaust (equatl6) in paragraph 8.1.1.
Particulate determination

Data evaluation

The particulate mass shall be calculated accortinrgquation 27 of paragraph 8.3.
For the evaluation of the particulate concentratitire total sample massnd,)
through the filter over the test cycle shall beoreled.
With the prior approval of the type approval ortiéieation authority, the particulate
mass may be corrected for the particulate leveahefdilution air, as determined in
paragraph 7.5.6., in line with good engineeringcfica and the specific design
features of the particulate measurement system used

Calculation of mass emission

Depending on system design, the mass of partesl@/test) shall be calculated by
either of the methods in paragraphs 8.4.3.2.1.488.2. after buoyancy correction
of the particulate sample filter according to paapd 8.3.

Calculation based on sample ratio

Mem =My / (rsx 1,000) (43)
where:

my is the particulate mass sampled over the cycle, mg

rs is the average sample ratio over the test cycle

with

ro = el (44)
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where:
Mse is the sample mass over the cycle, kg
Mew is the total exhaust mass flow over the cycle, kg
Msep is the mass of diluted exhaust gas passing theplate collection filters,

kg
Msed is the mass of diluted exhaust gas passing th&atiltunnel, kg

In case of the total sampling type systemy,andmsegare identical

Calculation based on dilution ratio

m
- _p Mg
Mem m.__ 1,000 (45)

sep

where:

my is the particulate mass sampled over the cycle, mg

Msep IS the mass of diluted exhaust gas passing ttieplate collection filters, kg
Megr IS the mass of equivalent diluted exhaust gas theecycle, kg

The total mass of equivalent diluted exhaust gassnaver the cycle shall be
determined as follows:

i=n l

Medf = zqmedf,i XT (46)
i=1

Omedf,l = Omew,iX d,i (47)

rd’i - qmdevv,,i (48)
(qmdew,i - qmdw,,i)

where:

Omedti IS the instantaneous equivalent diluted exhaussrfiaw rate, kg/s
Orew,i IS the instantaneous exhaust mass flow rate, kg/s

Fd.i is the instantaneous dilution ratio

Ondew,i IS the instantaneous diluted exhaust mass flow kate

Omaw,i IS the instantaneous dilution air mass flow rkggs

f Is the data sampling rate, Hz

n is the number of measurements

Full flow dilution measurement (CVS)

The concentration signals, either by integratioardtie cycle or by bag sampling, of
the gaseous components shall be used for the aatoulof the mass emissions by
multiplication with the diluted exhaust mass floate. The exhaust mass flow rate
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8.5.1.1.

shall be measured with a constant volume sampiS) system, which may use a
positive displacement pump (PDP), a critical floenturi (CFV) or a subsonic
venturi (SSV) with or without flow compensation.

For bag sampling and particulate sampling, a ptapwal sample shall be taken from
the diluted exhaust gas of the CVS system. Foisgesywithout flow compensation,
the ratio of sample flow to CVS flow shall not vdxy more than + 2.5 per cent from
the set point of the test. For a system with flamnpensation, each individual flow
rate shall be constant within = 2.5 per cent ofétspective target flow rate.

The complete test set up is schematically shovigme 7.
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Figure 7:
Scheme of full flow measurement system

Determination of the diluted exhaust gawflo
Introduction

For calculation of the emissions in the dilutedhaxst gas, it is necessary to know
the diluted exhaust gas mass flow rate. The totatedl exhaust gas flow over the
cycle (kg/test) shall be calculated from the measiemt values over the cycle and
the corresponding calibration data of the flow nueasient device\(, for PDP,Ky

for CFV, Cq4 for SSV) by either of the methods described inageaphs 8.5.1.2.
to 8.5.1.4. If the total sample flow of particulateney exceeds 0.5 per cent of the
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total CVS flow (n.g), the CVS flow shall be corrected fame, or the particulate
sample flow shall be returned to the CVS prioe low measuring device.

PDP-CVS system

The calculation of the mass flow over the cyclassfollows, if the temperature of
the diluted exhaust is kept within + 6 K over tlyele by using a heat exchanger:

Mea = 1.293x Vox Npx Ppx 273/ (101.% T) (49)

where:

Vo is the volume of gas pumped per revolution undst ¢onditions, m3/rev
np s the total revolutions of pump per test

Pp  is the absolute pressure at pump inlet, kPa

T  is the average temperature of the diluted exhgasat pump inlet, K

If a system with flow compensation is used (i.dthaut heat exchanger), the

instantaneous mass emissions shall be calculat@dnéegrated over the cycle. In

this case, the instantaneous mass of the dilutedust gas shall be calculated as
follows:

Meai =  1.293x Vox npjx ppx 273/ (101.X T) (50)

where:
np; is the total revolutions of pump per time interval

CFV-CVS system

The calculation of the mass flow over the cyclassfollows, if the temperature of
the diluted exhaust is kept within + 11 K over tyele by using a heat exchanger:

M =  1.293xtxKyxp,/T%® (51)
where:
t is the cycle time, s

Ky Is the calibration coefficient of the critical floventuri for standard conditions,
Pp  is the absolute pressure at venturi inlet, kPa
T  is the absolute temperature at venturi inlet, K

If a system with flow compensation is used (i.athaut heat exchanger), the

instantaneous mass emissions shall be calculatgdnéegrated over the cycle. In

this case, the instantaneous mass of the dilutedust gas shall be calculated as
follows:

Meaj =  1.293x At x Ky x pp / T (52)
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where:
At; is the time interval, s

SSV-CVS system

The calculation of the mass flow over the cycldidimas follows, if the temperature
of the diluted exhaust is kept within £ 11 K oviee ttycle by using a heat exchanger:

Meg = 1.293x Qssv (53)
with
1( 4 _ 1
QSSV = AOdVZCd pp = (rp14286 - rpl 7143) _ 4 14286 (54)
T 1-ryr,
where:

1
A, is0.006111 in Sl units gfm’. KZ( 1 j
min )| kPa |\ mm?

dv is the diameter of the SSV throat, m

Cq is the discharge coefficient of the SSV

Pp  Is the absolute pressure at venturi inlet, kPa
T Is the temperature at the venturi inlet, K

ro isthe ratio of the SSV throat to inlet absolutgis pressurel—ﬂ

a

ro s the ratio of the SSV throat diametgrto the inlet pipe inner diametBr

If a system with flow compensation is used (i.athaut heat exchanger), the

instantaneous mass emissions shall be calculat@dnéegrated over the cycle. In

this case, the instantaneous mass of the dilutedust gas shall be calculated as
follows:

Mg = 1.293x Qgsvx At (55)

where:
At  is the time interval, s

The real time calculation shall be initialized wefther a reasonable value fGg,
such as 0.98, or a reasonable valu@gf. If the calculation is initialized witlQssy,
the initial value ofQss, shall be used to evaluate the Reynolds number.

During all emissions tests, the Reynolds numbahatSSV throat shall be in the
range of Reynolds numbers used to derive the adidor curve developed in
paragraph 9.5.4.
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Determination of the gaseous components
Introduction

The gaseous components in the diluted exhaustrgaiee by the engine submitted
for testing shall be measured by the methods destin Annex 3. Dilution of the
exhaust shall be done with filtered ambient aintsgtic air or nitrogen. The flow
capacity of the full flow system shall be large eglo to completely eliminate water
condensation in the dilution and sampling systebaa evaluation and calculation
procedures are described in paragraphs 8.5.2.2.&r213.

Data evaluation

The emission relevant data shall be recorded apcedstin accordance with
paragraph 7.6.6.

Calculation of mass emission
Systems with constant mass flow

For systems with heat exchanger, the mass ofdheatants shall be determined from
the following equation:

Myas = UgasX CgasX Med (in gltest) (56)

where:

Ugas IS the ratio between density of exhaust compoagrdtdensity of air

Cqas IS the average background corrected concentrafitime component, ppm
Meg IS the total diluted exhaust mass over the cyae,

If measured on a dry basis, the dry/wet correciiocording to paragraph 8.1. shall
be applied.

For the calculation of NQthe mass emission shall be multiplied, if apgdleawith
the humidity correction factds, p, or ks g, as determined according to paragraph 8.2.

Theu values are given in table 6. For calculating tle values, the density of the
diluted exhaust gas has been assumed to be eqagldensity. Therefore, thayas
values are identical for single gas componentsdifigrent for HC.
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8.5.2.3.2.

Gas
NO, | cO | HC | cqQ | O | CH
as
Fuel LPde [kg/gmi%]
2.053 | 1.250 | il | 1.9636 | 1.4277] 0.716
Ugas
Diesel 1.293| 0.001588 0.000967 0.000480 0.001p19001004 | 0.000553
Ethanol 1.293| 0.001588 0.000967 0.0007P5 0.001519001004| 0.000553
CNG? 1.293 | 0.001588 0.000967 0.000%1f7 0.001519| 0.001104 0.000558
Propane 1.293| 0.001588 0.000967 0.000507 0.00151901004| 0.000553
Butane 1.293| 0.001588 0.000967 0.000501 0.00151901004| 0.000553
LPGY 1.293 | 0.001588 0.000967 0.000505 0.001519 0.0011@000553
a)depending on fuel
b)atA =2, dry air, 273 K, 101.3 kPa
c)u accurate within 0.2 % for mass composition of: 66= 76 %; H=22-25%; N=0-12 %
d)NMHC on the basis of CH; (for total HC theugy,scoefficient of CH shall be used)
e)u accurate within 0.2 % for mass composition of:=CA0 - 90 %; C4 = 10 - 30 %

Table 6
Diluted exhaust gas values and component densities

Alternatively, theu values may be calculated using the exact caloumatnethod
generally described in paragraph 8.4.2.4., asvidio

M

gas
IR
D D
where:
Mgas is the molar mass of the gas component, g/mol(hex 6)
M. is the molar mass of the exhaust gas, g/mol

Mg is the molar mass of the dilution air = 28.965 g/mo
D s the dilution factor (see paragraph 8.5.2.3.2.)

u =

gas

(57)

Determination of the background cormctencentrations

The average background concentration of the gaspollutants in the dilution air
shall be subtracted from the measured concenteatmget the net concentrations of
the pollutants. The average values of the backgiooancentrations can be
determined by the sample bag method or by contmumeasurement with
integration. The following equation shall be used:

Cgas = Cgas,e~ Ca x (1 - (1D)) (58)
where:

Cgas,e IS the concentration of the component measuréideidiluted exhaust gas, ppm
Cs Is the concentration of the component measurddemilution air, ppm

D s the dilution factor
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The dilution factor shall be calculated as follows
a) for diesel and LPG fuelled gas engines

D = s . (59)
CCOZe + (CHC,e + CCO,e)x:I'0
b) for NG fuelled gas engines
F
D = = - (60)
CCOZE + (CNMHC,e + CCO,e)X:I'O
where:

Ccoze IS the wet concentration of G@ the diluted exhaust gas, per cent vol
Cuce IS the wet concentration of HC in the diluted exdtagas, ppm C1
CnvHce 1S the wet concentration of NMHC in the dilutechaust gas, ppm C1
Ccoe IS the wet concentration of CO in the diluted atayas, ppm

Fs is the stoichiometric factor

The stoichiometric factor shall be calculatedad®tvs:
1

Fs =  100x (61)
1+9 4 3.76><(1+ aj
2 4

where:
a is the molar hydrogen ratio of the fuel (H/C)

Alternatively, if the fuel composition is not knawthe following stoichiometric
factors may be used:

Fs (diesel) = 13.4
Fs(LPG) = 116
Fs(NG) = 9.5

8.5.2.3.3. Systems with flow compensation

For systems without heat exchanger, the mass efptilutants (g/test) shall be
determined by calculating the instantaneous masssems and integrating the
instantaneous values over the cycle. Also, the dracind correction shall be applied
directly to the instantaneous concentration valtlee following equation shall be
applied:

[(med,i X Cgas,e X ugas )] - [(med X c:d X (1_ ]'/D) X ugas )] (62)

n
i=1

Myas =
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8.5.3.

8.5.3.1.

where:

Cgas,e IS the concentration of the component measuréideidiluted exhaust gas, ppm
Cs Is the concentration of the component measurddemilution air, ppm

Meg,i IS the instantaneous mass of the diluted exhasstky

Meg IS the total mass of diluted exhaust gas ovecyiote, kg

Ugas IS the tabulated value from table 6

D s the dilution factor

Particulate determination
Calculation of mass emission

The particulate mass (g/test) shall be calculafer buoyancy correction of the
particulate sample filter according to paragragh,&s follows:

m
- P M 63
oM 1,000 (63)

sep

where:

m, is the particulate mass sampled over the cycle, mg

Msep IS the mass of diluted exhaust gas passing thielate collection filters, kg
Meg IS the mass of diluted exhaust gas over the clgle

with
Msep = Mset - Mesd (64)

where:
Mset IS the mass of double diluted exhaust gas thrgagticulate filter, kg
Mssg IS the mass of secondary dilution air, kg

If the particulate background level of the dilutiair is determined in accordance
with paragraph 7.5.6., the particulate mass maybdoekground corrected. In this
case, the particulate mass (g/test) shall be abxuilas follows:

M (m (o T Ma
e L“sep (msd (1 Dm 1,000 (65)

where:

Msep IS the mass of diluted exhaust gas passing thiepiate collection filters, kg
Meg IS the mass of diluted exhaust gas over the cigle,

Msq IS the mass of dilution air sampled by backgropadiculate sampler, kg
m, Is the mass of the collected background partieslaf the dilution air, mg

D is the dilution factor as determined in paragragh2.3.2.
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General calculations

Drift correction

With respect to drift verification in paragraph8.A., the corrected concentration
value shall be calculated as follows:

208~ (Coer +Coor)
c.=c. +lc...—cC gas prez _ “postz (66)
o et ( e e { (Cpre,s + Cpost,s) - (Cpfez + CPOStZ)

where:

Cref .z is the reference concentration of the zero gasallyszero), ppm
Cref.s is the reference concentration of the span gams, pp

Corez IS the pre-test analyzer concentration of the gey ppm

Cores IS the pre-test analyzer concentration of the gze ppm

Coostz IS the post-test analyzer concentration of the gers, ppm
Coosts IS the post-test analyzer concentration of the $j@e, ppm

Cgas is the sample gas concentration, ppm

Two sets of specific emission results shall be utated for each component in
accordance with paragraph 8.6.3., after any otbeections have been applied. One
set shall be calculated using uncorrected condemtsaand another set shall be
calculated using the concentrations corrected fiftratcording to equation 66.

Depending on the measurement system and calculaigdhod used, the uncorrected
emissions results shall be calculated with equati$) 37, 56, 57 or 62, respectively.
For calculation of the corrected emissiongs in equations 36, 37, 56, 57 or 62,
respectively, shall be replaced wih, of equation 66. If instantaneous concentration
valuescyssi are used in the respective equation, the correctdue shall also be
applied as instantaneous valig . In equation 57, the correction shall be appleed t
both the measured and the background concentration.

The comparison shall be made as a percentage ofirtberrected results. The
difference between the uncorrected and the codespecific emission values shall
be within + 4 per cent of the uncorrected speciBmission values or
within = 4 per cent of the respective limit valwehichever is greater. If the drift is
greater than 4 per cent, the test shall be voided.

If drift correction is applied, only the drift-carcted emission results shall be used
when reporting emissions.
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8.6.2. Calculation of NMHC and GH
The calculation of NMHC and CHlepends on the calibration method used. The FID
for the measurement without NMC (lower path of Axre figure 11), shall be
calibrated with propane. For the calibration of #l® in series with NMC (upper
path of Annex 3, figure 11), the following methae permitted.
(a) calibration gas — propane; propane bypasses ,NMC
(b) calibration gas — methane; methane passesghidiviC
The concentration of NMHC and Gldhall be calculated as follows for (a):
Cone = Cric(w/nme) ~ Crc(wronmc) x@- EE) 67)
My X (EE - Ey )
Cons = CHC(W/ONMC) x@1- EM )~ CH(:(w/ NMC) (68)
Ee —Ey
The concentration of NMHC and Gldhall be calculated as follows for (b):
Conme = CHC(W/ONMC) x@1- EM )~ CH(:(w/ NMC) XTI, % @- EM ) (67a)
Ee —Ey
Cops = CHC(W/ NMC) X, X (1_ EM ) - CHC(W/ONMC) X (1_ EE) (68a)
M *(Ee —Ey)
where:
CHcwinme) IS the HC concentration with sample gas flowing through the Nt
CHcwionme) 1S the HC concentration with sample gas bypassing the NMC, ppm
rn Is the methane response factor as determined per paragraph 9.3.7.2.
Em is the methane efficiency as determined per paragraph 9.3.8.1.
Ee Is the ethane efficiency as determined per paragraph 9.3.8.2.
If rh, < 1.05, it may be omitted in equations 67, 67a and 68a.
8.6.3. Calculation of the specific emissions

The specific emissiongyss or epm (9/kWh) shall be calculated for each individual
component in the following ways depending on the type otiede.

For the WHSC, hot WHTC, or cold WHTC, the following formwghall be applied:

(69)

where:
m is the mass emission of the component, g/test
W, is the actual cycle work as determined according to paragraph RK\&/I6
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For the WHTC, the final test result shall be a weighted averagedotd start test
and hot start test by using either of the following options:

- (014x mcold) + (086x mhot) (708)
(0'14xWactpold ) + (OBGXWacthot
_ (O.1>< mcold) + (0-9 X mhot) (70b)

e=
(O'leactcold ) + (09 ><Wacthot )
The option shall be selected by the Contracting Parties.
EQUIPMENT SPECIFICATION AND VERIFICATION
This gtr does not contain details of flow, pressure, and tenuperaheasuring
equipment or systems. Instead, only the linearity requiremerstscbf equipment or

systems necessary for conducting an emissions test are givamagrgph 9.2.

Dynamometer specification

An engine dynamometer with adequate characteristics to perform th@aaiertest
cycle described in paragraphs 7.2.1. and 7.2.2. shall be used

The instrumentation for torque and speed measurement shallth#aweasurement
accuracy of the shaft power as needed to comply with the cycleatraficcriteria.
Additional calculations may be necessary. The accuracy of the nmgasguaipment
shall be such that the linearity requirements given in paragr2pht&ble 7 are not
exceeded.

Linearity requirements

The calibration of all measuring instruments and systems shaltabeable to
national (international) standards. The measuring instruments atemsy shall
comply with the linearity requirements given in table 7. Timedrity verification
according to paragraph 9.2.1. shall be performed for the gaszarmlat least
every 3 months or whenever a system repair or change is made tlhinfloience
calibration. For the other instruments and systems, the lipeamification shall be
done as required by internal audit procedures, by the instrumenifanamer or in
accordance with ISO 9000 requirements.



ECE/TRANS/180/Add.4/Amend.1

page 70

9.2.1.

9.2.1.1.

9.2.1.2.

9.2.1.3.

Measurement Slope Standard Coefficient_of
systemn X (B, —1) + 3 | a error determzlnatlon
SEE r
Engine speed < 0.05 % max 0.98 - 1.02|< 2 % max > 0.990
Engine torque <1 % max 0.98 -1.02|< 2 % max >0.990
Fuel flow <1 % max 0.98 - 1.02|< 2 % max >0.990
Airflow <1 % max 0.98-1.02|<2 % max >0.990
Exhaust gas flow |< 1 % max 0.98 - 1.02|< 2 % max >0.990
Dilution air flow |<1 % max 0.98 - 1.02|< 2 % max >0.990
Diluted exhaust |<1 % max 0.98 - 1.02|< 2 % max >0.990
gas flow
Sample flow <1 % max 0.98 - 1.02|< 2 % max >0.990
Gas analyzers < 0.5 % max 0.99-1.01{<1 % max >0.998
Gas dividers < 0.5 % max 0.98 - 1.02|< 2 % max >0.990
Temperatures <1 % max 0.99-1.01{<1 % max >0.998
Pressures <1 % max 0.99-1.01|<1 % max >0.998
PM balance <1 % max 0.99-1.01|<1 % max >0.998
Table 7

Linearity requirements of instruments and measurement systems

Linearity verification

Introduction

A linearity verification shall be performed for each measurement sylstésd in
table 7. At least 10 reference values, or as specified otherwiskebshairoduced to
the measurement system, and the measured values shall be compazedferdéhce
values by using a least squares linear regression in accordan@auation 11. The
maximum limits in table 6 refer to the maximum values expectedgltesting.

General requirements

The measurement systems shall be warmed up according to the reca@ahomsnoif
the instrument manufacturer. The measurement systems shall be oprdted
specified temperatures, pressures and flows.

Procedure

The linearity verification shall be run for each normally used opgratinge with
the following steps.

(@) The instrument shall be set at zero by introducing a zemalsi§or gas
analyzers, purified synthetic air (or nitrogen) shall be introducestitly to the

analyzer port;
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(b) The instrument shall be spanned by introducing a sparalsi§or gas
analyzers, an appropriate span gas shall be introduced directly emalyzer
port;

(c) The zero procedure of (a) shall be repeated;

(d) The verification shall be established by introducing at [E@seference values
(including zero) that are within the range from zero to the highaktes
expected during emission testing. For gas analyzers, known gasnt@tions
in accordance with paragraph 9.3.3.2. shall be introduced directihe
analyzer port;

(e) At a recording frequency of at least 1 Hz, the reference values b&hall
measured and the measured values recorded for 30 s;

(H  The arithmetic mean values over the 30 s period shall betas=dculate the
least squares linear regression parameters according to equation 11 in
paragraph 7.8.7,;

(@) The linear regression parameters shall meet the requirementsgbphré.2.,
table 7;

(h) The zero setting shall be rechecked and the verification procesheated, if
necessary.

Gaseous emissions measurement and sampling system

Analyzer specifications
General

The analyzers shall have a measuring range and response time approptia¢e fo
accuracy required to measure the concentrations of the exhaust gasneotap
under transient and steady state conditions.

The electromagnetic compatibility (EMC) of the equipment shalbi a level as to
minimize additional errors.

Accuracy

The accuracy, defined as the deviation of the analyzer reading liemeference
value, shall not exceed + 2 per cent of the reading or + 0.3gmérof full scale
whichever is larger.

Precision

The precision, defined as 2.5 times the standard deviation r@p&ditive responses
to a given calibration or span gas, shall be no greater than Jepeofcfull scale
concentration for each range used above 155 ppm (or ppm C) or 2rmpesf @ach
range used below 155 ppm (or ppm C).
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9.3.1.4.

9.3.1.5.

9.3.1.6.

9.3.1.7.

9.3.1.8.

9.3.2.

9.3.2.1.

9.3.2.2.

9.3.2.3.

9.3.2.4.

Noise

The analyzer peak-to-peak response to zero and calibration or apas gver
any 10 seconds period shall not exceed 2 per cent of full scalerangds used.

Zero drift
The drift of the zero response shall be specified by the instrunanifacturer.
Span drift
The drift of the span response shall be specified by the instrumaemifacturer.
Rise time

The rise time of the analyzer installed in the measurement sysi@th not
exceed 2.5 s.

Gas drying

Exhaust gases may be measured wet or dry. A gas-drying déwisedj shall have
a minimal effect on the composition of the measured gases. Chanjeat are not
an acceptable method of removing water from the sample.

Gas analyzers

Introduction

Paragraphs 9.3.2.2 to 9.2.3.7 describe the measurement printiples used.
A detailed description of the measurement systems is given iexABinThe gases to
be measured shall be analyzed with the following instruments.nBotlinear
analyzers, the use of linearizing circuits is permitted.

Carbon monoxide (CO) analysis

The carbon monoxide analyzer shall be of the non-dispersive @dfréMDIR)
absorption type.

Carbon dioxide (Cpanalysis

The carbon dioxide analyzer shall be of the non-dispersiaréd (NDIR)
absorption type.

Hydrocarbon (HC) analysis

The hydrocarbon analyzer shall be of the heated flame ionization defld€i®)
type with detector, valves, pipework, etc. heated so as to nmam@gas temperature
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of 463 K+ 10K (190 = 10 °C). Optionally, for NG fuelleghd Pl engines, the
hydrocarbon analyzer may be of the non-heated flame ionization d€te@pitype
depending upon the method used (see Annex 3, paragraph A.3.1.3.).

9.3.2.5. Methane (CHl and non-methane hydrocarbon (NMHC) analysis

The determination of the methane and non-methane hydrocarbon fralktbrbe

performed with a heated non-methane cutter (NMC) and two FID’s asnoex 3,

paragraph A.3.1.4. and paragraph A.3.1.5. The concentratiotifse odomponents
shall be determined as per paragraph 8.6.2.

9.3.2.6. Oxides of nitrogen (NPanalysis

Two measurement instruments are specified for, N@easurement and either
instrument may be wused provided it meets the criteria specified in
paragraph 9.3.2.6.1. or 9.3.2.6.2., respectively. For the detdiom of system
equivalency of an alternate measurement procedure in accordance with
paragraph 5.1.1., only the CLD is permitted.

9.3.2.6.1. Chemiluminescent detector (CLD)

If measured on a dry basis, the oxides of nitrogen analyzalit be of the
chemiluminescent detector (CLD) or heated chemiluminescent detector (HZieD) t
with a NG/NO converter. If measured on a wet basis, a HCLD with converter
maintained above 328 K (55 °C) shall be used, provided the wateclyeheck (see
paragraph 9.3.9.2.2.) is satisfied. For both CLD and HGhB,sampling path shall

be maintained at a wall temperature of 328 K to 473 K (55 °*@@°2) up to the
converter for dry measurement, and up to the analyzer for wet measurement.

9.3.2.6.2. Non-dispersive ultraviolet detector (NDUV)

A non-dispersive ultraviolet (NDUV) analyzer shall be usedmeasure NQ

concentration. If the NDUV analyzer measures only NO, a/NO converter shall
be placed upstream of the NDUV analyzer. The NDUV temperature bkall
maintained to prevent aqueous condensation, unless a sample dipstaiked

upstream of the N&NO converter, if used, or upstream of the analyzer.

9.3.2.7. Air to fuel measurement

The air to fuel measurement equipment used to determine the exhausbtvg as
specified in paragraph 8.3.1.6. shall be a wide range air to fuebeatgwr or lambda
sensor of Zirconia type. The sensor shall be mounted directiheoexhaust pipe
where the exhaust gas temperature is high enough to eliminate watensation.

The accuracy of the sensor with incorporated electronics shall thia:wit

* 3 per cent of reading for A<2
+ 5 per cent of reading for 2A<5
+ 10 per cent of reading for S\
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9.3.3.

9.3.3.1.

To fulfill the accuracy specified above, the sensor shall be calibratgzkasdied by
the instrument manufacturer.

Gases
The shelf life of all gases shall be respected.
Pure gases

The required purity of the gases is defined by the contammbunits given below.
The following gases shall be available for operation:

a) Forraw exhaust gas

Purified nitrogen
(Contaminatiors 1 ppm C1< 1 ppm COg 400 ppm CQ, < 0.1 ppm NO)

Purified oxygen
(Purity> 99.5 per cent vol §

Hydrogen-helium mixture (FID burner fuel)
(40 £ 1 per cent hydrogen, balance helium)
(Contaminatiors 1 ppm C1< 400 ppm CQ)

Purified synthetic air

(Contaminatiors 1 ppm C1< 1 ppm COg 400 ppm CQ, < 0.1 ppm NO)
(Oxygen content between 18-21 per cent vol.)

b)  For dilute exhaust gas (optionally for raw exhaust gas)

Purified nitrogen
(Contaminatiore 0.05 ppm C1< 1 ppm COg 10 ppm CQ, £ 0.02 ppm NO)

Purified oxygen
(Purity> 99.5 per cent vol §

Hydrogen-helium mixture (FID burner fuel)
(40 £ 1 per cent hydrogen, balance helium)
(Contaminatiore 0.05 ppm C1< 10 ppm CQ)

Purified synthetic air

(Contaminatiors 0.05 ppm C1< 1 ppm COg 10 ppm CQ, < 0.02 ppm NO)
(Oxygen content between 20.5 - 21.5 per cent vol.)

If the above contamination levels can be demonstrated, a gas pondfyebe used
instead of gas bottles.
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9.3.3.2. Calibration and span gases

Mixtures of gases having the following chemical compositidradl e available, if
applicable. Other gas combinations are allowed provided the gases dact with
one another. The expiration date of the calibration gases stated imatiuiéacturer
shall be recorded.

CsHg and purified synthetic air (see paragraph 9.3.3.1.);
CO and purified nitrogen;

NO and purified nitrogen;

NO, and purified synthetic air;

CO; and purified nitrogen;

CH, and purified synthetic air;

C.He and purified synthetic air

The true concentration of a calibration and span gas shall ben withiper cent of
the nominal value, and shall be traceable to national or internastaralards. All
concentrations of calibration gas shall be given on a volume (vatisne percent or
volume ppm).

9.3.3.3. Gas dividers

The gases used for calibration and span may also be obtainewdns of gas
dividers (precision blending devices), diluting with purified dr with purified
synthetic air. The accuracy of the gas divider shall be such thabticentration of

the blended calibration gases is accurate to within £ 2 per centaddusacy implies

that primary gases used for blending shall be known to an acafratjeast: 1 per

cent, traceable to national or international gas standards. The verificdtall be
performed at between 15 and 50 per cent of full scale for each calibration
incorporating a gas divider. An additional verification may be perarmsing
another calibration gas, if the first verification has failed.

Optionally, the blending device may be checked with an im&tni which by nature
is linear, e.g. using NO gas with a CLD. The span value eirtitrument shall be
adjusted with the span gas directly connected to the instruitemgas divider shall
be checked at the settings used and the nominal value shall lparednto the
measured concentration of the instrument. This difference shall in each jgoi
within = 1 per cent of the nominal value.

For conducting the linearity verification according to paragraphl9.2he gas
divider shall be accurate to withinl per cent.



ECE/TRANS/180/Add.4/Amend.1

page 76

9.3.3.4.

9.3.4.

Oxygen interference check gases

Oxygen interference check gases are a blend of propane, oxygenragdmif hey
shall contain propane with 350 ppmzC75 ppm C hydrocarbon. The concentration
value shall be determined to calibration gas tolerances by chromatagaaalhysis

of total hydrocarbons plus impurities or by dynamic blendifigpe oxygen
concentrations required for positive ignition and compressioiiog engine testing
are listed in table 8 with the remainder being purified nitrogen.

Type of engine @concentration (per cent)
Compression ignition 21 (20 to 22)
Compression and positive ignition 10 (9 to 11)
Compression and positive ignition 5 (4 to 6)
Positive ignition 0(0to1)
Table 8

Oxygen interference check gases
Leak check

A system leak check shall be performed. The probe shall be destted from the
exhaust system and the end plugged. The analyzer pump skalltbleed on. After
an initial stabilization period all flowmeters will read approximateero in the
absence of a leak. If not, the sampling lines shall be checketafalit corrected.

The maximum allowable leakage rate on the vacuum side shall berGcémnt of the
in-use flow rate for the portion of the system being checked. Thgzandlows and
bypass flows may be used to estimate the in-use flow rates.

Alternatively, the system may be evacuated to a pressure of at led3a2@cuum
(80 kPa absolute). After an initial stabilization period the pmessncreasedp
(kPa/min) in the system shall not exceed:

Ap =p/ Vex 0.005x Gs (71)

where:
Vs is the system volume, |
Ovs IS the system flow rate, I/min

Another method is the introduction of a concentration step chartige béginning of
the sampling line by switching from zero to span gas. Ifafa@orrectly calibrated
analyzer after an adequate period of time the readin@%per cent compared to the
introduced concentration, this points to a leakage problem takbghcorrected.
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9.3.5. Response time check of the analytical system

The system settings for the response time evaluation shall beyettecttame as
during measurement of the test run (i.e. pressure, flow rates, déttings on the
analyzers and all other response time influences). The resporesédisrmination

shall be done with gas switching directly at the inlet of gn@a@e probe. The gas
switching shall be done in less than 0.1 s. The gases us#tkeftest shall cause a
concentration change of at least 60 per cent full scale (FS).

The concentration trace of each single gas component shall be recoroed.
response time is defined to be the difference in time betweegathewitching and
the appropriate change of the recorded concentration. The system eeSpun o)
consists of the delay time to the measuring detector and thems®tithe detector.
The delay time is defined as the time from the changeu(til the response is
10 per cent of the final readintyd). The rise time is defined as the time between
10 per cent and 90 per cent response of the final reatdingt{o).

For time alignment of the analyzer and exhaust flow signaldrahsformation time
is defined as the time from the chandg @ntil the response is 50 per cent of the
final reading (s0).

The system response time shall$&0 s with a rise time of 2.5 s in accordance
with paragraph 9.3.1.7. for all limited components (CO4NEC or NMHC) and all
ranges used. When using a NMC for the measurement of NMHC, tlemsys
response time may exceed 10 s.

9.3.6. Efficiency test of NOconverter

The efficiency of the converter used for the conversion of M@ NO is tested as
given in paragraphs 9.3.6.1 to 9.3.6.8 (see figure 8).

solenoid valve

Tl

AC I ‘ ‘ ‘ I:J I ‘ ‘ ‘ [ Ozonator

Variac l

NO/N2 @ to analyser
ok

Figure 8
Scheme of N@converter efficiency device
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9.3.6.1. Test setup

Using the test setup as schematically shown in figure 8rengrocedure below, the
efficiency of the converter shall be tested by means of an ozonator.

9.3.6.2. Calibration

The CLD and the HCLD shall be calibrated in the most commamatipg range
following the manufacturer's specifications using zero and spa(tlgasdlO content
of which shall amount to about 80 per cent of the operating randgjghenNQ
concentration of the gas mixture to less than 5 per cent of@GhedNcentration). The
NOy analyzer shall be in the NO mode so that the span gas dogassathrough the
converter. The indicated concentration has to be recorded.

9.3.6.3. Calculation

The per cent efficiency of the converter shall be calculated as follows:

a-b
c—-d

Evox = (1+ jx 100 (72)

where:

a is the NQ concentration according to paragraph 9.3.6.6.
b is the NQ concentration according to paragraph 9.3.6.7.
o is the NO concentration according to paragraph 9.3.6.4.
d is the NO concentration according to paragraph 9.3.6.5.

9.3.6.4.  Adding of oxygen

Via a T-fitting, oxygen or zero air shall be added continuotcsithe gas flow until
the concentration indicated is about 20 per cent less than tloatedlicalibration
concentration given in paragraph 9.3.6.2. (the analyzer is N@henode).

The indicated concentratioc)(shall be recorded. The ozonator is kept deactivated
throughout the process.

9.3.6.5. Activation of the ozonator

The ozonator shall be activated to generate enough ozone tp twen NO
concentration down to about 20 per cent (minimum 10 per cénbeocalibration
concentration given in paragraph 9.3.6.2. The indicated condentr@) shall be
recorded (the analyzer is in the NO mode).
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NQ mode

The NO analyzer shall be switched to the \NfBode so that the gas mixture
(consisting of NO, N@ O, and N) now passes through the converter. The indicated
concentrationd) shall be recorded (the analyzer is in the,M@@de).

Deactivation of the ozonator

The ozonator is now deactivated. The mixture of gases described in
paragraph 9.3.6.6. passes through the converter into the det€htorindicated
concentrationkf) shall be recorded (the analyzer is in the,M@@de).

NO mode

Switched to NO mode with the ozonator deactivated, the flowyden or synthetic
air shall be shut off. The NOreading of the analyzer shall not deviate by more
than £ 5 per cent from the value measured according to paragrapR.9(@e.
analyzer is in the NO mode).

Test interval
The efficiency of the converter shall be tested at least once per month.
Efficiency requirement
The efficiency of the convert&iyox shall not be less than 95 per cent.

If, with the analyzer in the most common range, the ozonatowotgive a reduction
from 80 per cent to 20 per cent according to paragraph 9.3tée5highest range
which will give the reduction shall be used.

Adjustment of the FID
Optimization of the detector response

The FID shall be adjusted as specified by the instrument mantgach propane in
air span gas shall be used to optimize the response on theonusion operating
range.

With the fuel and airflow rates set at the manufacturer's recomnmamsat

a 350 £ 75 ppm C span gas shall be introduced to the analyzeresponse at a
given fuel flow shall be determined from the difference between the span ga
response and the zero gas response. The fuel flow shall be incremadpadited
above and below the manufacturer's specification. The span and gpomse at
these fuel flows shall be recorded. The difference between the span and zero
response shall be plotted and the fuel flow adjusted to thsidehof the curve. This

is the initial flow rate setting which may need further optimaatepending on the
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9.3.7.2.

9.3.7.3.

results of the hydrocarbon response factors and the oxygen integfecheck
according to paragraphs 9.3.7.2. and 9.3.7.3. If the oxygemference or the
hydrocarbon response factors do not meet the following specifisatioa airflow
shall be incrementally adjusted above and below the manufactspecsgications,
repeating paragraphs 9.3.7.2. and 9.3.7.3. for each flow.

The optimization may optionally be conducted using thequioes outlined in SAE
paper No. 770141.

Hydrocarbon response factors

A linearity verification of the analyzer shall be performed using preparair and
purified synthetic air according to paragraph 9.2.1.3.

Response factors shall be determined when introducing an analyzseiwvice and
after major service intervals. The response faatgrfér a particular hydrocarbon
species is the ratio of the FID C1 reading to the gas concentratithe cylinder
expressed by ppm C1.

The concentration of the test gas shall be at a level to give ansespf
approximately 80 per cent of full scale. The concentration shall barkrno an
accuracy of = 2 per cent in reference to a gravimetric standard expressadme.
In addition, the gas cylinder shall be preconditioned for 24<shatia temperature
0of 2908 K+t 5K (25°C £ 5 °C).

The test gases to be used and the relative response factor ranges &wess fol

(@) Methane and purified synthetic air 1900, < 1.15;

(b) Propylene and purified synthetic air 096, <1.1;

(c) Toluene and purified synthetic air 090,< 1.1.
These values are relative to,20f 1 for propane and purified synthetic air.
Oxygen interference check

For raw exhaust gas analyzers only, the oxygen interference chedkbshal
performed when introducing an analyzer into service and after major service
intervals.

A measuring range shall be chosen where the oxygen interference checlitjases
fall in the upper 50 per cent. The test shall be conducted hetloten temperature

set as required. Oxygen interference check gas specifications are found in
paragraph 9.3.3.4.

(@) The analyzer shall be set at zero;
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The analyzer shall be spanned with the O per cent oxygen foepdsitive
ignition engines. Compression ignition engine instrumeshizll be spanned
with the 21 per cent oxygen blend;

The zero response shall be rechecked. If it has changed by more than
0.5 per cent of full scale, steps (a) and (b) of this paragraph shapbated,;

The 5 per cent and 10 per cent oxygen interference check gased®eshall
introduced;

The zero response shall be rechecked. If it has changed byhawotel per
cent of full scale, the test shall be repeated,

The oxygen interferendgo, shall be calculated for each mixture in step (d) as
follows:

Eox = (Cref,d - C) x 100 /Cref,d (73)

with the analyzer response being

C XC C
ref,b FSh x m,d (74)

Cm,b CFS.d

where:

Cref b IS the reference HC concentration in step (b), ppm C
Cref.d IS the reference HC concentration in step (d), ppm C
Crspis the full scale HC concentration in step (b), ppm C
Crs qis the full scale HC concentration in step (d), ppm C
Cmp IS the measured HC concentration in step (b), ppm C
Cm.d IS the measured HC concentration in step (d), ppm C

The oxygen interferendey, shall be less thati 1.5 per cent for all required
oxygen interference check gases prior to testing;

If the oxygen interferendéo; is greater that 1.5 per cent, corrective action
may be taken by incrementally adjusting the airflow above and b#iew
manufacturer's specifications, the fuel flow and the sample flow;

The oxygen interference shall be repeated for each new setting.

Efficiency of the non-methane cutter (NMC)

The NMC is used for the removal of the non-methane hydrocarbondlesample

gas by oxidizing all hydrocarbons except methane. Ideally, theecsion for
methane is O per cent, and for the other hydrocarbons represented by ethane
is 100 per cent. For the accurate measurement of NMHC, the two effesesiall

be determined and used for the calculation of the NMHC emission fioassate

(see paragraph 8.5.2.).
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9.3.8.1.

9.3.8.2.

9.3.9.

9.3.9.1.

Methane Efficiency

Methane calibration gas shall be flown through the FID withwaititbut bypassing
the NMC and the two concentrations recorded. The efficiency shall berdleéd as
follows:

CHC(w/oNMC)

where:
CHC(W/NMC) is the HC concentration with GHowing through the NMC, ppm C
CHcwionme) 1S the HC concentration with GHbypassing the NMC, ppm C

Ethane Efficiency

Ethane calibration gas shall be flown through the FID withwathout bypassing the
NMC and the two concentrations recorded. The efficiency shall e¥ndieed as
follows:

CHC(W/NMC)

Eg=1l-——— (76)

CHC(w/oNMC)

where:
Cicwnme) 1S the HC concentration with,8e flowing through the NMC, ppm C
CHcwio nmc) 1S the HC concentration with,8e bypassing the NMC, ppm C

Interference effects

Other gases than the one being analyzed can interfere with the readiegeral
ways. Positive interference occurs in NDIR instruments wherantieefering gas
gives the same effect as the gas being measured, but to a leseer. déggative
interference occurs in NDIR instruments by the interfering gas brasglgéhe
absorption band of the measured gas, and in CLD instrumenie bigterfering gas
quenching the reaction. The interference checks in paragraphsl 9&hé.9.3.9.3.
shall be performed prior to an analyzer's initial use and after neapcs intervals.

CO analyzer interference check

Water and C@can interfere with the CO analyzer performance. Therefore, a CO
span gas having a concentration of 80 to 100 per cent of full gtcdle maximum
operating range used during testing shall be bubbled through whteoom
temperature and the analyzer response recorded. The analyzer responsa sleall
more than 2 per cent of the mean CO concentration expected during.testin

Interference procedures for g@nd HO may also be run separately. If the £d
H,O levels used are higher than the maximum levels expected durimgy testch
observed interference value shall be scaled down by multiplying ibsernged
interference by the ratio of the maximum expected concentration «athe actual
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value used during this procedure. Separate interference procedures concermtrations
H,O that are lower than the maximum levels expected during tesagdmrun, but

the observed D interference shall be scaled up by multiplying the observed
interference by the ratio of the maximum expecte® ldoncentration value to the
actual value used during this procedure. The sum of the two scakteience
values shall meet the tolerance specified in this paragraph.

NQ analyzer quench checks for CLD analyzer

The two gases of concern for CLD (and HCLD) analyzers area@@® water vapour.
Quench responses to these gases are proportional to their concestratidn
therefore require test techniques to determine the quench at the hegpested
concentrations experienced during testing. If the CLD analyzer usencly
compensation algorithms that utilize,® and/or CQ measurement instruments,
guench shall be evaluated with these instruments active andhsittompensation
algorithms applied.

C®@quench check

A CGO, span gas having a concentration of 80 to 100 per cent of full stale
maximum operating range shall be passed through the NDIR analyz¢hea€Q
value recorded aA. It shall then be diluted approximately 50 per cent with $p@n

gas and passed through the NDIR and CLD, with the &1@ NO values recorded as
B andC, respectively. The C{shall then be shut off and only the NO span gas be
passed through the (H)CLD and the NO value record&d as

The per cent quench shall be calculated as follows:

e e e G

where:

A is the undiluted C@®concentration measured with NDIR, per cent
B is the diluted C@concentration measured with NDIR, per cent
C isthe diluted NO concentration measured with (H)CLD, ppm

D is the undiluted NO concentration measured with (H)CLD, ppm

Alternative methods of diluting and quantifying of £€&hd NO span gas values such
as dynamic mixing/blending are permitted with the approval ofyjhe approval or
certification authority.

Water quench check
This check applies to wet gas concentration measurements onlylafiaicof water

guench shall consider dilution of the NO span gas with waterwagal scaling of
water vapour concentration of the mixture to that expected duringgesti



ECE/TRANS/180/Add.4/Amend.1

page 84

9.3.9.2.3.

9.3.9.3.

A NO span gas having a concentration of 80 per cent to 100 peofdeifi scale of

the normal operating range shall be passed through the (H) CLDvadiG value
recorded asdD. The NO span gas shall then be bubbled through water at room
temperature and passed through the (H) CLD and the NO value recor@ed Iz
water temperature shall be determined and recordéd @ke mixture's saturation
vapour pressure that corresponds to the bubbler water tempergjushall be
determined and recorded @s

The water vapour concentration (in per cent) of the mixture skatlakculated as
follows:

H = 100 (G / py) (78)

and recorded a#H. The expected diluted NO span gas (in water vapour)
concentration shall be calculated as follows:

De=Dx(1-H/100) (79)
and recorded a®. For diesel exhaust, the maximum exhaust water vapour
concentration (in per cent) expected during testing shall be estimatddyr the
assumption of a fuel H/C ratio of 1.8/1, from the maximum C@ncentration in the
exhaust ga# as follows:
Hn=0.9x A (80)
and recorded as,
The per cent water quench shall be calculated as follows:
En2o0=100x ( (De-C) /D¢) x (Hn/ H) (81)
where:
De is the expected diluted NO concentration, ppm
C  isthe measured diluted NO concentration, ppm
Hyn is the maximum water vapour concentration, per cent
H is the actual water vapour concentration, per cent

Maximum allowable quench
The combined C@and water quench shall not exceed 2 per cent of full scale.

NQ analyzer quench check for NDUV analyzer
Hydrocarbons and # can positively interfere with a NDUV analyzer by causing a

response similar to NOIf the NDUV analyzer uses compensation algorithms that
utilize measurements of other gases to meet this interference verification,
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simultaneously such measurements shall be conducted to tedgonehms during
the analyzer interference verification.

Procedure

The NDUV analyzer shall be started, operated, zeroed, and spamoeditag to the

instrument manufacturer's instructions. It is recommended to exingate exhaust
to perform this verification. A CLD shall be used to quantifg\Nh the exhaust. The
CLD response shall be used as the reference value. Also H®smaélasured in the
exhaust with a FID analyzer. The FID response shall be usedeasefégrence

hydrocarbon value.

Upstream of any sample dryer, if used during testing, thenergithaust shall be
introduced into the NDUV analyzer. Time shall be allowed ferahalyzer response

to stabilize. Stabilization time may include time to purge ttansfer line and to
account for analyzer response. While all analyzers measure the sample'
concentration, 30 s of sampled data shall be recorded, and thaeiit means for

the three analyzers calculated.

The CLD mean value shall be subtracted from the NDUV mean valois. T
difference shall be multiplied by the ratio of the expected mean KHC€eodration to
the HC concentration measured during the verification, as follows:

C e
EHC/HZO = (CNOX,CLD _CNOX,NDUV)X( e ] (82)

CHC,m
where
Cnoxclp IS the measured N@oncentration with CLD, ppm
CnoxNDuv IS the measured N@oncentration with NDUV, ppm
CHCe is the expected max. HC concentration, ppm
CHC.e Is the measured HC concentration, ppm
Maximum allowable quench

The combined HC and water quench shall not exceed 2 per cent MGhe
concentration expected during testing.

Sample dryer

A sample dryer removes water, which can otherwise interfere witNOg
measurement.

Sample dryer efficiency

For dry CLD analyzers, it shall be demonstrated that for theebigtxpected water
vapour concentratioHl, (see paragraph 9.3.9.2.2.), the sample dryer maintains CLD
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humidity at < 5 g water/kg dry air (or about 0.008 per centOH which
is 100 per cent relative humidity at 3.9 °C and 101.3 kPis. Atumidity specification
is also equivalent to about 25 per cent relative humidity 4C2&nd 101.3 kPa. This
may be demonstrated by measuring the temperature at the outlethefnaalt
dehumidifier, or by measuring humidity at a point just upstreznthe CLD.
Humidity of the CLD exhaust might also be measured as lonigeasrnly flow into
the CLD is the flow from the dehumidifier.

9.3.9.4.2. Sample dryer N@enetration

Liquid water remaining in an improperly designed sample dryerreamove NQ

from the sample. If a sample dryer is used in combination avittNDUV analyzer
without an NGQ/NO converter upstream, it could therefore remove, NOm the
sample prior NQ measurement.

The sample dryer shall allow for measuring at least 95 per cem tdtal NQ at the
maximum expected concentration of NO

9.3.10. Sampling for raw gaseous emissions, if applicable

The gaseous emissions sampling probes shall be fitted aDlBast or 3 times the
diameter of the exhaust pipe - whichever is the larger - upstream of thef ¢éxe
exhaust gas system but sufficiently close to the engine as toeemsiexhaust gas
temperature of at least 343 K (70 °C) at the probe.

In the case of a multi-cylinder engine with a branched exhaust ndirtifel inlet of

the probe shall be located sufficiently far downstream so as toeeths the sample

is representative of the average exhaust emissions from all cylinderaulti-
cylinder engines having distinct groups of manifolds, suclinas "Vee" engine
configuration, it is recommended to combine the manifolds upstoéaine sampling
probe. If this is not practical, it is permissible to acquire a sarfmpm the group
with the highest C@emission. For exhaust emission calculation the total exhaust
mass flow shall be used.

If the engine is equipped with an exhaust after-treatment systerexhaust sample
shall be taken downstream of the exhaust after-treatment system.

9.3.11. Sampling for dilute gaseous emissions, if applicable

The exhaust pipe between the engine and the full flow dilgtystem shall conform
to the requirements laid down in Annex 3. The gaseous ensssample probe(s)
shall be installed in the dilution tunnel at a point whéee dilution air and exhaust
gas are well mixed, and in close proximity to the particulates sagnpiobe.
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Sampling can generally be done in two ways:

(@) The emissions are sampled into a sampling bag over theangtlImeasured
after completion of the test; for HC, the sample bag shall beedheat
to 464+ 11 K (191+ 11°C), for NQ, the sample bag temperature shall be
above the dew point temperature;

(b) The emissions are sampled continuously and integratedhaveycle.

The background concentrations shall be determined upstream of ttiendilitnnel
according to (a) or (b), and shall be subtracted from the emissions catioant
according to paragraph 8.5.2.3.2.

9.4. Particulate measurement and sampling system

9.4.1. General specifications

To determine the mass of the particulates, a particulate diluttbeaanpling system,
a particulate sampling filter, a microgram balance, and a temperatureusmditi
controlled weighing chamber, are required. The particulate samplutgnsyshall be
designed to ensure a representative sample of the particulates pr@bddighe
exhaust flow.

9.4.2. General requirements of the dilution system

The determination of the particulates requires dilution of the samjh filtered
ambient air, synthetic air or nitrogen (the diluent). The dilutigstem shall be set as
follows:

(@) Completely eliminate water condensation in the dilutionsangpling systems;

(b) Maintain the temperature of the diluted exhaust gas betwéel 12 °C) and
325 K (52 °C) within 20 cm upstream or downstream of the fitdder(s);

(c) The diluent temperature shall be between 293 K and 325 R(2042 °C) in
close proximity to the entrance into the dilution tunmwethin the specified
range, Contracting Parties may require tighter specifications for enginbe
type approved or certified in their territory;

(d) The minimum dilution ratio shall be within the rargfeb:1 to 7:1 and at least
2:1 for the primary dilution stage based on the maximum enginausk flow
rate;

(e) For a partial flow dilution system, the residence timenendystem from the
point of diluent introduction to the filter holder(s) shall between 0.5 and
5 seconds;

(H  For a full flow dilution system, the overall residence timeha system from
the point of diluent introduction to the filter holder(s) shall letween 1 and
5 seconds, and the residence time in the secondary diluticensydtused,
from the point of secondary diluent introduction to the filtelder(s) shall be
at least 0.5 seconds.
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9.4.3.

9.4.3.1.

9.4.3.2.

9.4.4.

9.4.4.1.

Dehumidifying the diluent before entering the dilutiontegs is permitted, and
especially useful if diluent humidity is high.

Particulate sampling
Partial flow dilution system

The particulate sampling probe shall be installed in closgimity to the gaseous
emissions sampling probe, but sufficiently distant as to aaatse interference.
Therefore, the installation provisions of paragraph 9.3.10. agdpty to particulate
sampling. The sampling line shall conform to the requiremesi$ ¢dlown in

Annex 3.

In the case of a multi-cylinder engine with a branched exhaust nirifel inlet of
the probe shall be located sufficiently far downstream so as toeethsi the sample
iIs representative of the average exhaust emissions from all cylinderulti-
cylinder engines having distinct groups of manifolds, suclinas "Vee" engine
configuration, it is recommended to combine the manifolds upstoééine sampling
probe. If this is not practical, it is permissible to acquire a sarfmpm the group
with the highest particulate emission. For exhaust emission latdeu the total
exhaust mass flow of the manifold shall be used.

Full flow dilution system

The particulate sampling probe shall be installed in closeirity to the gaseous
emissions sampling probe, but sufficiently distant as tacaose interference, in the
dilution tunnel. Therefore, the installation provisions of peapQ 9.3.11. also apply
to particulate sampling. The sampling line shall conform to #gwgiirements laid

down in Annex 3.

Particulate sampling filters

The diluted exhaust shall be sampled by a filter that meetsethgrements of
paragraphs 9.4.4.1. to 9.4.4.3. during the test sequence.

Filter specification

All filter types shall have a 0.3 um DOP (di-octylphthalate)emibn efficiency of
at least 99 per cent. The filter material shall be either:

(@) fluorocarbon (PTFE) coated glass fiber; or
(b) fluorocarbon (PTFE) membrane.
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Filter size

The filter shall be circular with a nominal diameter of 47 mm (tolerance
of 46.50+ 0.6 mm) and an exposed diameter (filter stain diameter) of at Rast3

Filter face velocity

The face velocity through the filter shall be between 0.90 ad@d /s with less
than 5 per cent of the recorded flow values exceeding this range. dtah®M mass
on the filter exceeds 400 ug, the filter face velocity may be redud@8Q@an/s. The
face velocity shall be calculated as the volumetric flow rate of dngpke at the
pressure upstream of the filter and temperature of the filter faceedig the
filter's exposed area.

Weighing chamber and analytical balance specifications

The chamber (or room) environment shall be free of any ambient contasnjsach
as dust, aerosol, or semi-volatile material) that could contaminateattieulate
filters. The weighing room shall meet the required specificationatféeast 60 min
before weighing filters.

Weighing chamber conditions

The temperature of the chamber (or room) in which the particulate filters are
conditioned and weighed shall be maintained to within 295 KKt (22 °C + 1 °C)
during all filter conditioning and weighing. The humidityal be maintained to a
dew point of 282.5K+1 K (9.5°C £ 1 °C).

If the stabilization and weighing environments are separate, thgetatare of the
stabilization environment shall be maintained at a tolerance of R 3 K
(22°C+3°C), but the dew point requirement remains at 528 1K
(9.5 °C = °C).

Humidity and ambient temperature shall be recorded.

Reference filter weighing

At least two unused reference filters shall be weighed withichd2rs of, but
preferably at the same time as the sample filter weighing. They shdhe same
material as the sample filters. Buoyancy correction shall be applibe weighings.

If the weight of any of the reference filters changes between sart@teneighings

by more than 10 pg, all sample filters shall be discarded and tiesiens test

repeated.

The reference filters shall be periodically replaced based on good enuneeri
judgement, but at least once per year.
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9.4.5.3.

9.4.5.4.

9.4.5.5.

9.4.5.6.

Analytical balance

The analytical balance used to determine the filter weight shall medinearity
verification criterion of paragraph 9.2., table 7. This implies &ipien (standard
deviation) of at least 2 pg and a resolution of at least 1 dmil= 1 ng).

In order to ensure accurate filter weighing, it is recommended thdtathace be
installed as follows:

(@) Installed on a vibration-isolation platform to isolate atnrexternal noise and
vibration;

(b) Shielded from convective airflow with a static-dissipating dshfeld that is
electrically grounded.

Elimination of static electricity effects

The filter shall be neutralized prior to weighing, e.g. by afam neutralizer or a
device of similar effect. If a PTFE membrane filter is used, the stattrigity shall
be measured and is recommended to be wil#rO V of neutral.

Static electric charge shall be minimized in the balance environmessibie
methods are as follows:

(@) The balance shall be electrically grounded;
(b) Stainless steel tweezers shall be used if PM samples are haadieally

(c) Tweezers shall be grounded with a grounding strap, or a gngusitiap shall
be provided for the operator such that the grounding strap shares asgomm
ground with the balance. Grounding straps shall have an approesator to
protect operators from accidental shock.

Additional specifications

All parts of the dilution system and the sampling system the exhaust pipe up to
the filter holder, which are in contact with raw and diluted exhgast shall be

designed to minimize deposition or alteration of the particul@&ikgarts shall be

made of electrically conductive materials that do not react with exhgast
components, and shall be electrically grounded to prevent eledt@statts.

Calibration of the flow measurement instrumentation

Each flowmeter used in a particulate sampling and partial flowiahlgystem shall
be subjected to the linearity verification, as described in paragragdh, @2 often as
necessary to fulfil the accuracy requirements of this gtr. For tive rfiderence
values, an accurate flowmeter traceable to international and/or nattandbsls
shall be used. For differential flow measurement calibration see pphagr4.6.2.
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Special requirements for the partial flow dilution system

The partial flow dilution system has to be designed to extrgmbportional raw
exhaust sample from the engine exhaust stream, thus responeéixagutsions in the
exhaust stream flow rate. For this it is essential that theafhluétio or the sampling
ratiorq or rg be determined such that the accuracy requirements of paragraph.9.4.6.2
are fulfilled.

System response time

For the control of a partial flow dilution system, a fast systesponse is required.
The transformation time for the system shall be determined by tleedane in
paragraph 9.4.6.6. If the combined transformation time of the ekh#ow
measurement (see paragraph 8.3.1.2.) and the partial flow systeth3ss, online
control shall be used. If the transformation time exceeds 0ddk,dhead control
based on a pre-recorded test run shall be used. In this case, theebmise time
shall be< 1 s and the combined delay timdO s.

The total system response shall be designed as to ensure a rapxessample of
the particulatesgmp,, proportional to the exhaust mass flow. To determine the
proportionality, a regression analysis @i versusgmew, Shall be conducted on a
minimum 5 Hz data acquisition rate, and the following criteral die met:

(@) The coefficient of determinatiafl of the linear regression betwegr,i and
Omew,i Shall not be less than 0.95;

(b) The standard error of estimatedaf,i on gmew,i Shall not exceed 5 per cent of
Omp Maximum;

() amp intercept of the regression line shall not excee@ per cent ofguy
maximum.

Look-ahead control is required if the combined transformation tiofeghe
particulate systemntgopand of the exhaust mass flow sigrad,- are > 0.3 s. In this
case, a pre-test shall be run, and the exhaust mass flow sighalpkttest be used
for controlling the sample flow into the particulate system. A coreatrol of the
partial dilution system is obtained, if the time traceg@dy pre Of the pre-test, which
controlsgny, is shifted by a "look-ahead" time Bf p + tso

For establishing the correlation betwegs,i and gmew, the data taken during the
actual test shall be used, wittyew,i time aligned by sbr relative to Quyp,i

(no contribution frontsg pto the time alignment). That is, the time shift betwegn

and gnp is the difference in their transformation times that were determined in
paragraph 9.4.6.6.
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9.4.6.2. Specifications for differential flow measurement

For partial flow dilution systems, the accuracy of the sample flgwis of special
concern, if not measured directly, but determined by differential il@asurement:

Omp = Omdew — Omdw (83)

In this case, the maximum error of the difference shall be suchh@natccuracy of
Omp IS Within+5 per cent when the dilution ratio is less than 15. It can lele&td
by taking root-mean-square of the errors of each instrument.

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

(a) The absolute accuraciestpfiew andgmaw are+ 0.2 per cent which guarantees
an accuracy ofn, of < 5 per cent at a dilution ratio of 15. However, greater
errors will occur at higher dilution ratios;

(b) Calibration ofgmw relative togmew is carried out such that the same accuracies
for gmp as in (a) are obtained. For details see paragraph 9.4.6.2;

() The accuracy oy, is determined indirectly from the accuracy of the dilution
ratio as determined by a tracer gas, e.g,.@@curacies equivalent to method
(a) forgmp are required,

(d) The absolute accuracy @fgew andgmaw is Within £ 2 per cent of full scale, the
maximum error of the difference betwegkiew andgmw IS Within 0.2 per cent,
and the linearity error is withiae 0.2 per cent of the highegkgew Observed
during the test.

9.4.6.3. Calibration of differential flow measurement

The flowmeter or the flow measurement instrumentation shall deratdd in one of
the following procedures, such that the probe fopyinto the tunnel shall fulfil the
accuracy requirements of paragraph 9.4.6.2.:

(@ The flowmeter fogmw Shall be connected in series to the flowmetegf@ew,
the difference between the two flowmeters shall be calibrated for at leatt 5
points with flow values equally spaced between the lowgst value used
during the test and the value @fyew Used during the test. The dilution tunnel
may be bypassed;

(b) A calibrated flow device shall be connected in series to the floavifetgmgew
and the accuracy shall be checked for the value used for thehtestalibrated
flow device shall be connected in series to the flowmetemgfgr, and the
accuracy shall be checked for at least 5 settings correspondiiigtimndratio
between 3 and 50, relative dgqew Used during the test;

(c) The transfer tube (TT) shall be disconnected from the exhaust,cafibrated
flow-measuring device with a suitable range to meagyyeshall be connected
to the transfer tub&ew Shall be set to the value used during the testgagnd
shall be sequentially set to at least 5 values correspondindutmmliratios



ECE/TRANS/180/Add.4/Amend.1
page 93

between 3 and 50. Alternatively, a special calibration flow pathy be
provided, in which the tunnel is bypassed, but the total cilution airflow
through the corresponding meters as in the actual test;

(d) A tracer gas shall be fed into the exhaust transfer tube Hig tficer gas may
be a component of the exhaust gas, like, @D NQ,. After dilution in the
tunnel the tracer gas component shall be measured. This shall be catried
5 dilution ratios between 3 and 50. The accuracy of the samplestiaW be
determined from the dilution ratiq:

Ormp = Omdew /T (84)

The accuracies of the gas analyzers shall be taken into accquartnmtee the
accuracy ofjy.

9.4.6.4. Carbon flow check

A carbon flow check using actual exhaust is strongly recommendedetecting
measurement and control problems and verifying the proper operatiba pattial
flow system. The carbon flow check should be run at least each tieme angine is
installed, or something significant is changed in the testoafiguration.

The engine shall be operated at peak torque load and speed or arstestig state
mode that produces 5 per cent or more ofL.Clhe partial flow sampling system
shall be operated with a dilution factor of about 15 to 1.

If a carbon flow check is conducted, the procedure given in ABrsdall be applied.
The carbon flow rates shall be calculated according to equations320ricAnnex 5.
All carbon flow rates should agree to within 3 per cent.

9.4.6.5. Pre-test check

A pre-test check shall be performed within 2 hours before the testnrihe
following way.

The accuracy of the flowmeters shall be checked by the same methm®d for
calibration (see paragraph 9.4.6.2.) for at least two points, img/utbw values of
Omaw that correspond to dilution ratios between 5 and 15 forgthe, value used
during the test.

If it can be demonstrated by records of the calibration procedure under
paragraph 9.4.6.2. that the flowmeter calibration is stable @aenger period of
time, the pre-test check may be omitted.
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9.4.6.6.

9.5.

9.5.1.

Determination of the transformation time

The system settings for the transformation time evaluation Isbakactly the same
as during measurement of the test run. The transformation timebsha#itermined
by the following method.

An independent reference flowmeter with a measurement range appropridte for t
probe flow shall be put in series with and closely coupled & gfobe. This
flowmeter shall have a transformation time of less than 100 msddtatlv step size
used in the response time measurement, with flow restrictiorcieutly low as to

not affect the dynamic performance of the partial flow dilution systamd
consistent with good engineering practice.

A step change shall be introduced to the exhaust flow (or airflexhiaust flow is

calculated) input of the partial flow dilution system, from a lowwfl to at

least 90 per cent of maximum exhaust flow. The trigger for thecttapge shall be
the same one used to start the look-ahead control in actual td3tengxhaust flow
step stimulus and the flowmeter response shall be recorded at a sateptd at

least 10 Hz.

From this data, the transformation time shall be determined for @h&lpflow
dilution system, which is the time from the initiation oktktep stimulus to the
50 per cent point of the flowmeter response. In a similar marreetransformation
times of theqm, signal of the partial flow dilution system and of tiw, signal of
the exhaust flowmeter shall be determined. These signals are usedr@gtéssion
checks performed after each test (see paragraph 9.4.6.1.)

The calculation shall be repeated for at least 5 rise and fall stamalithe results
shall be averaged. The internal transformation time (<100 ms) of thenete
flowmeter shall be subtracted from this value. This is the "look-dhesdde of the
partial flow dilution system, which shall be applied in accordancéh w
paragraph 9.4.6.1.

Calibration of the CVS system

General

The CVS system shall be calibrated by using an accurate flowmeterrastticting
device. The flow through the system shall be measured at differentctrestri
settings, and the control parameters of the system shall be measdreelated to
the flow.

Various types of flowmeters may be used, e.g. calibrated weodlibrated laminar
flowmeter, calibrated turbine meter.
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Calibration of the positive displacement pump (PDP)

All the parameters related to the pump shall be simultaneaushsured along with
the parameters related to a calibration venturi which is connected ia gsattethe
pump. The calculated flow rate (in3w at pump inlet, absolute pressure and
temperature) shall be plotted versus a correlation function whitteisalue of a
specific combination of pump parameters. The linear equation wiiehes the
pump flow and the correlation function shall be determined. If & G&¥s a multiple
speed drive, the calibration shall be performed for each range used.

Temperature stability shall be maintained during calibration.

Leaks in all the connections and ducting between the calibragoturi and the
CVS pump shall be maintained lower than 0.3 per cent of thesloflow point
(highest restriction and lowest PDP speed point).

Data analysis

The airflow rate @,cvs) at each restriction setting (minimum 6 settings) shall be
calculated in standard ¥s from the flowmeter data using the manufacturer's
prescribed method. The airflow rate shall then be converted to pump(\fly) in
m3/rev at absolute pump inlet temperature and pressure as follows:

v, = Qevs o T x101.3 (85)
n 273 p,

where:

Owvevs IS the airflow rate at standard conditions (101.3 kPa, 273 %, m
T is the temperature at pump inlet, K

Pp  is the absolute pressure at pump inlet, kPa

n Is the pump speed, rev/s

To account for the interaction of pressure variations at the unghe pump slip
rate, the correlation functiorXq) between pump speed, pressure differential from
pump inlet to pump outlet and absolute pump outlet preshak be calculated as
follows:

A
X, =1x [P (86)
n P,
where:

Ap, is the pressure differential from pump inlet to pump outlég k
Pp  is the absolute outlet pressure at pump outlet, kPa
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9.5.3.

9.5.3.1.

A linear least-square fit shall be performed to generate the calibratiaticeras
follows:

V, =D, —-mx X, (87)
Do andm are the intercept and slope, respectively, describing the regressien |

For a CVS system with multiple speeds, the calibration curvesrggd for the
different pump flow ranges shall be approximately parallel, and the éptevalues
(Do) shall increase as the pump flow range decreases.

The calculated values from the equation shall be within £ 0.5cpet of the
measured value of,. Values ofm will vary from one pump to another. Particulate
influx over time will cause the pump slip to decrease, as refldntddwer values
for m. Therefore, calibration shall be performed at pump start-up, aftesr maj
maintenance, and if the total system verification indicates a change sifghate.

Calibration of the critical flow venturi (CFV)

Calibration of the CFV is based upon the flow equation for acalittenturi. Gas
flow is a function of venturi inlet pressure and temperature.

To determine the range of critical flow, shall be plotted as a function of venturi
inlet pressure. For critical (choked) flo, will have a relatively constant value. As
pressure decreases (vacuum increases), the venturi becomes unchokkgd and
decreases, which indicates that the CFV is operated outsidernheéssible range.

Data analysis

The airflow rate @,cvs) at each restriction setting (minimum 8 settings) shall be

calculated in standard ¥s from the flowmeter data using the manufacturer's

prescribed method. The -calibration coefficient shall be calculated from the
calibration data for each setting as follows:

— Gevs VT
) pp

K (88)

where:

Qwevs IS the airflow rate at standard conditions (101.3 kPa, 273 #3, m
T is the temperature at the venturi inlet, K

Pp is the absolute pressure at venturi inlet, kPa

The averageKy and the standard deviation shall be calculated. The standard
deviation shall not exceed + 0.3 per cent of the avefgge
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Calibration of the subsonic venturi (SSV)

Calibration of the SSV is based upon the flow equation sulsonic venturi. Gas
flow is a function of inlet pressure and temperature, pressure lbtypeen the
SSV inlet and throat, as shown in equation 43 (see paragziMd).

Data analysis

The airflow rate Qss\) at each restriction setting (minimum 16 settings) shall be
calculated in standard ¥s from the flowmeter data using the manufacturer's
prescribed method. The discharge coefficient shall be calculated from ithrateath
data for each setting as follows:

Qs

2 1 1.4286 17143 1
dv X pp X\/[Tx(rp _rp )x[l_rD4 ><rp1.4286 }]

where:

Qssv is the airflow rate at standard conditions (101.3 kPa, 273 %, m
T Is the temperature at the venturi inlet, K

dv is the diameter of the SSV throat, m

(89)

, . . , A
o is the ratio of the SSV throat to inlet absolute static pressﬂlre—=9
Py

ro Is the ratio of the SSV throat diametdy, to the inlet pipe inner diameter

To determine the range of subsonic flo@ shall be plotted as a function of
Reynolds numbeRe, at the SSV throat. Thee at the SSV throat shall be calculated
with the following equation:

Re= A x& (90)
dy x u
with
15
_ bxT (91)
S+T
where:
Ay is 25.55152 in S units cELlj[min )(mm)
m® s m
Qssv s the airflow rate at standard conditions (101.3 kPa, 273 %, m
dv is the diameter of the SSV throat, m
U is the absolute or dynamic viscosity of the gas, kg/ms

b is 1.458 x 1®(empirical constant), kg/ms’R
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9.5.5.

9.5.5.1.

9.5.5.2.

S is 110.4 (empirical constant), K

Becaus&)ssy is an input to th&e equation, the calculations shall be started with an
initial guess forQssy or Cy4 of the calibration venturi, and repeated ur@sy
converges. The convergence method shall be accurate to 0.1 per centtadrp
better.

For a minimum of sixteen points in the region of subsoniw,fthe calculated values
of Cq4 from the resulting calibration curve fit equation shall be withi®.5 per cent
of the measure@, for each calibration point.

Total system verification

The total accuracy of the CVS sampling system and analyticensyshall be
determined by introducing a known mass of a pollutant gasheteystem while it
is being operated in the normal manner. The pollutant is analgretithe mass
calculated according to paragraph 8.5.2.4. except in the case of pwpare a
u factor of 0.000472 is used in place of 0.000480 for HQ\eEiof the following two
techniques shall be used.

Metering with a critical flow orifice

A known quantity of pure gas (carbon monoxide or propane) bbalkd into the
CVS system through a calibrated critical orifice. If the inlet presguhigh enough,
the flow rate, which is adjusted by means of the critical flow agijfis independent
of the orifice outlet pressure (critical flow). The CVS system dimlbperated as in
a normal exhaust emission test for about 5 to 10 minutes. Aaaple shall be
analyzed with the usual equipment (sampling bag or integratetyad), and the
mass of the gas calculated.

The mass so determined shall be within + 3 per cent of the knuags of the gas
injected.

Metering by means of a gravimetric technique

The mass of a small cylinder filled with carbon monoxide or prosnad be
determined with a precision of + 0.01 g. For about 5 to 1Qtes) the CVS system
shall be operated as in a normal exhaust emission test, whilencawdnooxide or
propane is injected into the system. The quantity of pure gabaiged shall be
determined by means of differential weighing. A gas sample shalldgzad with
the usual equipment (sampling bag or integrating method)thenchass of the gas
calculated.

The mass so determined shall be within + 3 per cent of the knwags of the gas
injected.
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Annex 1

WHTC ENGINE DYNAMOMETER SCHEDULE

Time  Norm. Norm. Time Norm. Norm. Time Norm. Norm.
Speed Torque Speed Torque Speed  Torque
s per cent per cent S per cent  per cent S  percent per cent
1 0.0 0.0 47 0.0 0.0 93 32.8 32.7
2 0.0 0.0 48 0.0 0.0 94 33.7 325
3 0.0 0.0 49 0.0 0.0 95 34.4 29.5
4 0.0 0.0 50 0.0 13.1 96 34.3 26.5
5 0.0 0.0 51 13.1 30.1 97 34.4 24.7
6 0.0 0.0 52 26.3 25.5 98 35.0 24.9
7 1.5 8.9 53 35.0 32.2 99 35.6 25.2
8 15.8 30.9 54 41.7 14.3 100 36.1 24.8
9 27.4 1.3 55 42.2 0.0 101 36.3 24.0
10 32.6 0.7 56 42.8 11.6 102  36.2 23.6
11 34.8 1.2 57 51.0 20.9 103  36.2 23.5
12 36.2 7.4 58 60.0 9.6 104 36.8 22.7
13 37.1 6.2 59 49.4 0.0 105 37.2 20.9
14 37.9 10.2 60 38.9 16.6 106 37.0 19.2
15 39.6 12.3 61 43.4 30.8 107 36.3 18.4
16 42.3 12.5 62 49.4 14.2 108 354 17.6
17 45.3 12.6 63 40.5 0.0 109 35.2 14.9
18 48.6 6.0 64 31.5 435 110 354 9.9
19 40.8 0.0 65 36.6 78.2 111 355 4.3
20 33.0 16.3 66 40.8 67.6 112 35.2 6.6
21 425 27.4 67 447 59.1 113 349 10.0
22 49.3 26.7 68 48.3 52.0 114 347 25.1
23 54.0 18.0 69 51.9 63.8 115 344 29.3
24 57.1 12.9 70 54.7 27.9 116 345 20.7
25 58.9 8.6 71 55.3 18.3 117 35.2 16.6
26 59.3 6.0 72 55.1 16.3 118 35.8 16.2
27 59.0 4.9 73 54.8 11.1 119 35.6 20.3
28 57.9 m 74 54.7 11.5 120 35.3 22.5
29 55.7 m 75 54.8 17.5 121 353 23.4
30 52.1 m 76 55.6 18.0 122 34.7 11.9
31 46.4 m 77 57.0 14.1 123 455 0.0
32 38.6 m 78 58.1 7.0 124  56.3 m
33 29.0 m 79 43.3 0.0 125 46.2 m
34 20.8 m 80 28.5 25.0 126 50.1 0.0
35 16.9 m 81 30.4 47.8 127 54.0 m
36 16.9 425 82 32.1 39.2 128  40.5 m
37 18.8 38.4 83 32.7 39.3 129 27.0 m
38 20.7 329 84 32.4 17.3 130 13.5 m
39 21.0 0.0 85 31.6 11.4 131 0.0 0.0
40 19.1 0.0 86 31.1 10.2 132 0.0 0.0
41 13.7 0.0 87 31.1 19.5 133 0.0 0.0
42 2.2 0.0 88 31.4 22.5 134 0.0 0.0
43 0.0 0.0 89 31.6 22.9 135 0.0 0.0
44 0.0 0.0 90 31.6 24.3 136 0.0 0.0
45 0.0 0.0 91 31.9 26.9 137 0.0 0.0

46 0.0 0.0 92 32.4 30.6 138 0.0 0.0
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Time Norm. Norm. Time  Norm. Norm. Time Norm. Norm.
Speed Torque Speed Torque Speed  Torque
s percent  per cent S per cent  per cent S  percent per cent
139 0.0 0.0 189 0.0 5.9 239 0.0 0.0
140 0.0 0.0 190 0.0 0.0 240 0.0 0.0
141 0.0 0.0 191 0.0 0.0 241 0.0 0.0
142 0.0 4.9 192 0.0 0.0 242 0.0 0.0
143 0.0 7.3 193 0.0 0.0 243 0.0 0.0
144 4.4 28.7 194 0.0 0.0 244 0.0 0.0
145 11.1 26.4 195 0.0 0.0 245 0.0 0.0
146 15.0 9.4 196 0.0 0.0 246 0.0 0.0
147 15.9 0.0 197 0.0 0.0 247 0.0 0.0
148 15.3 0.0 198 0.0 0.0 248 0.0 0.0
149 14.2 0.0 199 0.0 0.0 249 0.0 0.0
150 13.2 0.0 200 0.0 0.0 250 0.0 0.0
151 11.6 0.0 201 0.0 0.0 251 0.0 0.0
152 8.4 0.0 202 0.0 0.0 252 0.0 0.0
153 5.4 0.0 203 0.0 0.0 253 0.0 31.6
154 4.3 5.6 204 0.0 0.0 254 9.4 13.6
155 5.8 24.4 205 0.0 0.0 255 22.2 16.9
156 9.7 20.7 206 0.0 0.0 256 33.0 53.5
157 13.6 21.1 207 0.0 0.0 257 437 22.1
158 15.6 21.5 208 0.0 0.0 258 39.8 0.0
159 16.5 21.9 209 0.0 0.0 259 36.0 457
160 18.0 22.3 210 0.0 0.0 260 47.6 75.9
161 21.1 46.9 211 0.0 0.0 261 61.2 70.4
162 25.2 33.6 212 0.0 0.0 262 72.3 70.4
163 28.1 16.6 213 0.0 0.0 263 76.0 m
164 28.8 7.0 214 0.0 0.0 264 74.3 m
165 27.5 5.0 215 0.0 0.0 265 68.5 m
166 23.1 3.0 216 0.0 0.0 266 61.0 m
167 16.9 1.9 217 0.0 0.0 267 56.0 m
168 12.2 2.6 218 0.0 0.0 268 54.0 m
169 9.9 3.2 219 0.0 0.0 269 53.0 m
170 9.1 4.0 220 0.0 0.0 270 50.8 m
171 8.8 3.8 221 0.0 0.0 271  46.8 m
172 8.5 12.2 222 0.0 0.0 272 417 m
173 8.2 29.4 223 0.0 0.0 273 359 m
174 9.6 20.1 224 0.0 0.0 274  29.2 m
175 14.7 16.3 225 0.0 0.0 275 20.7 m
176 24.5 8.7 226 0.0 0.0 276  10.1 m
177 39.4 3.3 227 0.0 0.0 277 0.0 m
178 39.0 2.9 228 0.0 0.0 278 0.0 0.0
179 38.5 5.9 229 0.0 0.0 279 0.0 0.0
180 42.4 8.0 230 0.0 0.0 280 0.0 0.0
181 38.2 6.0 231 0.0 0.0 281 0.0 0.0
182 41.4 3.8 232 0.0 0.0 282 0.0 0.0
183 44.6 5.4 233 0.0 0.0 283 0.0 0.0
184 38.8 8.2 234 0.0 0.0 284 0.0 0.0
185 37.5 8.9 235 0.0 0.0 285 0.0 0.0
186 35.4 7.3 236 0.0 0.0 286 0.0 0.0
187 28.4 7.0 237 0.0 0.0 287 0.0 0.0
188 14.8 7.0 238 0.0 0.0 288 0.0 0.0
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Time Norm. Norm. Time  Norm. Norm. Time Norm. Norm.
Speed Torque Speed Torque Speed  Torque
s percent  per cent S per cent  per cent S  percent per cent
289 0.0 0.0 339 0.0 0.0 389 25.2 14.7
290 0.0 0.0 340 0.0 0.0 390 28.6 28.4
291 0.0 0.0 341 0.0 0.0 391 355 65.0
292 0.0 0.0 342 0.0 0.0 392 438 75.3
293 0.0 0.0 343 0.0 0.0 393 51.2 34.2
294 0.0 0.0 344 0.0 0.0 394 407 0.0
295 0.0 0.0 345 0.0 0.0 395 303 45.4
296 0.0 0.0 346 0.0 0.0 396 34.2 83.1
297 0.0 0.0 347 0.0 0.0 397 376 85.3
298 0.0 0.0 348 0.0 0.0 398 40.8 87.5
299 0.0 0.0 349 0.0 0.0 399 448 89.7
300 0.0 0.0 350 0.0 0.0 400 50.6 91.9
301 0.0 0.0 351 0.0 0.0 401 57.6 94.1
302 0.0 0.0 352 0.0 0.0 402 64.6 44.6
303 0.0 0.0 353 0.0 0.0 403 51.6 0.0
304 0.0 0.0 354 0.0 0.5 404  38.7 37.4
305 0.0 0.0 355 0.0 4.9 405 424 70.3
306 0.0 0.0 356 9.2 61.3 406 465 89.1
307 0.0 0.0 357 22.4 40.4 407 50.6 93.9
308 0.0 0.0 358 36.5 50.1 408 53.8 33.0
309 0.0 0.0 359 a47.7 21.0 409 555 20.3
310 0.0 0.0 360 38.8 0.0 410 55.8 5.2
311 0.0 0.0 361 30.0 37.0 411 554 m
312 0.0 0.0 362 37.0 63.6 412 544 m
313 0.0 0.0 363 455 90.8 413 531 m
314 0.0 0.0 364 54.5 40.9 414 51.8 m
315 0.0 0.0 365 45.9 0.0 415 50.3 m
316 0.0 0.0 366 37.2 475 416  48.4 m
317 0.0 0.0 367 44.5 84.4 417 459 m
318 0.0 0.0 368 51.7 32.4 418 431 m
319 0.0 0.0 369 58.1 15.2 419 401 m
320 0.0 0.0 370 45.9 0.0 420 374 m
321 0.0 0.0 371 33.6 35.8 421 351 m
322 0.0 0.0 372 36.9 67.0 422 328 m
323 0.0 0.0 373 40.2 84.7 423 453 0.0
324 4.5 41.0 374 43.4 84.3 424 57.8 m
325 17.2 38.9 375 457 84.3 425 50.6 m
326 30.1 36.8 376 46.5 m 426  41.6 m
327 41.0 34.7 377 46.1 m 427 47.9 0.0
328 50.0 32.6 378 43.9 m 428 54.2 m
329 51.4 0.1 379 39.3 m 429  48.1 m
330 47.8 m 380 47.0 m 430 47.0 31.3
331 40.2 m 381 54.6 m 431  49.0 38.3
332 32.0 m 382 62.0 m 432 52.0 40.1
333 24.4 m 383 52.0 m 433 533 14.5
334 16.8 m 384 43.0 m 434 526 0.8
335 8.1 m 385 33.9 m 435 498 m
336 0.0 m 386 28.4 m 436 51.0 18.6
337 0.0 0.0 387 25.5 m 437 56.9 38.9
338 0.0 0.0 388 24.6 11.0 438 67.2 45.0
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Time Norm. Norm. Time  Norm. Norm. Time Norm. Norm.
Speed Torque Speed Torque Speed  Torque
s percent  per cent S per cent  per cent S  percent per cent

439 78.6 21.5 489 45.5 m 539 56.7 m

440 65.5 0.0 490 40.4 m 540 46.9 m

441 52.4 31.3 491 49.7 0.0 541 37.5 m

442 56.4 60.1 492 59.0 m 542  30.3 m

443 59.7 29.2 493 48.9 m 543 27.3 32.3
444 45.1 0.0 494 40.0 m 544 30.8 60.3
445 30.6 4.2 495 33.5 m 545 41.2 62.3
446 30.9 8.4 496 30.0 m 546  36.0 0.0
447 30.5 4.3 497 29.1 12.0 547  30.8 32.3
448 44.6 0.0 498 29.3 40.4 548 33.9 60.3
449 58.8 m 499 30.4 29.3 549 346 38.4
450 55.1 m 500 32.2 15.4 550 37.0 16.6
451 50.6 m 501 33.9 15.8 551 42.7 62.3
452 45.3 m 502 35.3 14.9 552 50.4 28.1
453 39.3 m 503 36.4 15.1 553 40.1 0.0
454 49.1 0.0 504 38.0 15.3 554 29.9 8.0
455 58.8 m 505 40.3 50.9 555 325 15.0
456 50.7 m 506 43.0 39.7 556 34.6 63.1
457 42.4 m 507 45.5 20.6 557 36.7 58.0
458 441 0.0 508 47.3 20.6 558 394 52.9
459 45.7 m 509 48.8 22.1 559 428 47.8
460 325 m 510 50.1 22.1 560 46.8 427
461 20.7 m 511 514 42.4 561 50.7 27.5
462 10.0 m 512 52.5 31.9 562 534 20.7
463 0.0 0.0 513 53.7 21.6 563 54.2 13.1
464 0.0 15 514 55.1 11.6 564 54.2 0.4
465 0.9 41.1 515 56.8 57 565 53.4 0.0
466 7.0 46.3 516 42.4 0.0 566 51.4 m

467 12.8 48.5 517 27.9 8.2 567 48.7 m

468 17.0 50.7 518 29.0 15.9 568 45.6 m

469 20.9 52.9 519 30.4 25.1 569 424 m

470 26.7 55.0 520 32.6 60.5 570 404 m

471 35.5 57.2 521 35.4 72.7 571 39.8 5.8
472 46.9 23.8 522 38.4 88.2 572  40.7 39.7
473 44.5 0.0 523 41.0 65.1 573 43.8 37.1
474 42.1 457 524 42.9 25.6 574  48.1 39.1
475 55.6 7.4 525 44.2 15.8 575 52.0 22.0
476 68.8 100.0 526 44.9 2.9 576 54.7 13.2
477 81.7 47.9 527 45.1 m 577 56.4 13.2
478 71.2 0.0 528 44.8 m 578 57.5 6.6
479 60.7 38.3 529 43.9 m 579 426 0.0
480 68.8 72.7 530 42.4 m 580 27.7 10.9
481 75.0 m 531 40.2 m 581 285 21.3
482 61.3 m 532 37.1 m 582 29.2 23.9
483 53.5 m 533 47.0 0.0 583 295 15.2
484 45.9 58.0 534 57.0 m 584 29.7 8.8
485 48.1 80.0 535 45.1 m 585 304 20.8
486 49.4 97.9 536 32.6 m 586 31.9 22.9
487 49.7 m 537 46.8 0.0 587 34.3 61.4
488 48.7 m 538 61.5 m 588 37.2 76.6
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589 40.1 27.5 639 39.8 m 689 46.6 0.0
590 42.3 25.4 640 36.0 m 690 32.3 34.6
591 43.5 32.0 641 29.7 m 691 327 68.6
592 43.8 6.0 642 21.5 m 692 326 67.0
593 43.5 m 643 14.1 m 693 31.3 m

594 42.8 m 644 0.0 0.0 694 28.1 m

595 41.7 m 645 0.0 0.0 695 43.0 0.0
596 40.4 m 646 0.0 0.0 696 58.0 m

597 39.3 m 647 0.0 0.0 697 58.9 m

598 38.9 12.9 648 0.0 0.0 698 494 m

599 39.0 18.4 649 0.0 0.0 699 415 m

600 39.7 39.2 650 0.0 0.0 700 48.4 0.0
601 41.4 60.0 651 0.0 0.0 701 553 m

602 43.7 54.5 652 0.0 0.0 702 41.8 m

603 46.2 64.2 653 0.0 0.0 703 31.6 m

604 48.8 73.3 654 0.0 0.0 704 246 m

605 51.0 82.3 655 0.0 0.0 705 15.2 m

606 52.1 0.0 656 0.0 3.4 706 7.0 m

607 52.0 m 657 1.4 22.0 707 0.0 0.0
608 50.9 m 658 10.1 45.3 708 0.0 0.0
609 49.4 m 659 21.5 10.0 709 0.0 0.0
610 47.8 m 660 32.2 0.0 710 0.0 0.0
611 46.6 m 661 42.3 46.0 711 0.0 0.0
612 47.3 35.3 662 57.1 74.1 712 0.0 0.0
613 49.2 74.1 663 72.1 34.2 713 0.0 0.0
614 51.1 95.2 664 66.9 0.0 714 0.0 0.0
615 51.7 m 665 60.4 41.8 715 0.0 0.0
616 50.8 m 666 69.1 79.0 716 0.0 0.0
617 47.3 m 667 77.1 38.3 717 0.0 0.0
618 41.8 m 668 63.1 0.0 718 0.0 0.0
619 36.4 m 669 49.1 47.9 719 0.0 0.0
620 30.9 m 670 53.4 91.3 720 0.0 0.0
621 25.5 37.1 671 57.5 85.7 721 0.0 0.0
622 33.8 38.4 672 61.5 89.2 722 0.0 0.0
623 42.1 m 673 65.5 85.9 723 0.0 0.0
624 34.1 m 674 69.5 89.5 724 0.0 0.0
625 33.0 37.1 675 73.1 75.5 725 0.0 0.0
626 36.4 38.4 676 76.2 73.6 726 0.0 0.0
627 43.3 17.1 677 79.1 75.6 727 0.0 0.0
628 35.7 0.0 678 81.8 78.2 728 0.0 0.0
629 28.1 11.6 679 84.1 39.0 729 0.0 0.0
630 36.5 19.2 680 69.6 0.0 730 0.0 0.0
631 45.2 8.3 681 55.0 25.2 731 0.0 0.0
632 36.5 0.0 682 55.8 49.9 732 0.0 0.0
633 27.9 32.6 683 56.7 46.4 733 0.0 0.0
634 31.5 59.6 684 57.6 76.3 734 0.0 0.0
635 34.4 65.2 685 58.4 92.7 735 0.0 0.0
636 37.0 59.6 686 59.3 99.9 736 0.0 0.0
637 39.0 49.0 687 60.1 95.0 737 0.0 0.0
638 40.2 m 688 61.0 46.7 738 0.0 0.0



ECE/TRANS/180/Add.4/Amend.1

page 104
Annex 1
Time Norm. Norm. Time  Norm. Norm. Time Norm. Norm.
Speed Torque Speed Torque Speed  Torque
s percent  per cent S per cent  per cent S  percent per cent
739 0.0 0.0 789 17.2 m 839 38.1 m
740 0.0 0.0 790 14.0 37.6 840 37.2 427
741 0.0 0.0 791 18.4 25.0 841 37.5 70.8
742 0.0 0.0 792 27.6 17.7 842 39.1 48.6
743 0.0 0.0 793 39.8 6.8 843 41.3 0.1
744 0.0 0.0 794 34.3 0.0 844 423 m
745 0.0 0.0 795 28.7 26.5 845 42.0 m
746 0.0 0.0 796 41.5 40.9 846  40.8 m
747 0.0 0.0 797 53.7 175 847 38.6 m
748 0.0 0.0 798 42.4 0.0 848 35.5 m
749 0.0 0.0 799 31.2 27.3 849 321 m
750 0.0 0.0 800 32.3 53.2 850 29.6 m
751 0.0 0.0 801 345 60.6 851 28.8 39.9
752 0.0 0.0 802 37.6 68.0 852 29.2 52.9
753 0.0 0.0 803 41.2 75.4 853 309 76.1
754 0.0 0.0 804 45.8 82.8 854 343 76.5
755 0.0 0.0 805 52.3 38.2 855 38.3 75.5
756 0.0 0.0 806 425 0.0 856 425 74.8
757 0.0 0.0 807 32.6 30.5 857 46.6 74.2
758 0.0 0.0 808 35.0 57.9 858 50.7 76.2
759 0.0 0.0 809 36.0 77.3 859 54.8 75.1
760 0.0 0.0 810 37.1 96.8 860 58.7 36.3
761 0.0 0.0 811 39.6 80.8 861 45.2 0.0
762 0.0 0.0 812 43.4 78.3 862 31.8 37.2
763 0.0 0.0 813 47.2 73.4 863 33.8 71.2
764 0.0 0.0 814 49.6 66.9 864 35.5 46.4
765 0.0 0.0 815 50.2 62.0 865 36.6 33.6
766 0.0 0.0 816 50.2 57.7 866 37.2 20.0
767 0.0 0.0 817 50.6 62.1 867 37.2 m
768 0.0 0.0 818 52.3 62.9 868 37.0 m
769 0.0 0.0 819 54.8 37.5 869 36.6 m
770 0.0 0.0 820 57.0 18.3 870 36.0 m
771 0.0 22.0 821 42.3 0.0 871 354 m
772 4.5 25.8 822 27.6 29.1 872 347 m
773 15.5 42.8 823 28.4 57.0 873 341 m
774 30.5 46.8 824 29.1 51.8 874 33.6 m
775 455 29.3 825 29.6 35.3 875 333 m
776 49.2 13.6 826 29.7 33.3 876 33.1 m
777 39.5 0.0 827 29.8 17.7 877 327 m
778 29.7 15.1 828 29.5 m 878 314 m
779 34.8 26.9 829 28.9 m 879 45.0 0.0
780 40.0 13.6 830 43.0 0.0 880 585 m
781 42.2 m 831 57.1 m 881 53.7 m
782 421 m 832 57.7 m 882 475 m
783 40.8 m 833 56.0 m 883 40.6 m
784 37.7 37.6 834 53.8 m 884 341 m
785 47.0 35.0 835 51.2 m 885 453 0.0
786 48.8 334 836 48.1 m 886 56.4 m
787 41.7 m 837 44.5 m 887 51.0 m
788 27.7 m 838 40.9 m 888 445 m
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889 36.4 m 939 32.7 56.5 989 326 m
890 26.6 m 940 33.4 62.8 990 30.9 m
891 20.0 m 941 34.6 68.2 991 299 m
892 13.3 m 942 35.8 68.6 992 29.2 m
893 6.7 m 943 38.6 65.0 993 441 0.0
894 0.0 0.0 944 42.3 61.9 994 59.1 m
895 0.0 0.0 945 44.1 65.3 995 56.8 m
896 0.0 0.0 946 45.3 63.2 996 535 m
897 0.0 0.0 947 46.5 30.6 997 478 m
898 0.0 0.0 948 46.7 11.1 998 419 m
899 0.0 0.0 949 459 16.1 999 359 m
900 0.0 0.0 950 45.6 21.8 1000 44.3 0.0
901 0.0 5.8 951 459 24.2 1001 52.6 m
902 2.5 27.9 952 46.5 24.7 1002 434 m
903 12.4 29.0 953 46.7 24.7 1003 50.6 0.0
904 19.4 30.1 954 46.8 28.2 1004 57.8 m
905 29.3 31.2 955 47.2 31.2 1005 51.6 m
906 37.1 10.4 956 47.6 29.6 1006 44.8 m
907 40.6 4.9 957 48.2 31.2 1007 48.6 0.0
908 35.8 0.0 958 48.6 33.5 1008 524 m
9209 30.9 7.6 959 48.8 m 1009 454 m
910 35.4 13.8 960 47.6 m 1010 37.2 m
911 36.5 11.1 961 46.3 m 1011  26.3 m
912 40.8 48.5 962 45.2 m 1012 179 m
913 49.8 3.7 963 43.5 m 1013 16.2 1.9
914 41.2 0.0 964 41.4 m 1014 17.8 7.5
915 32.7 29.7 965 40.3 m 1015 25.2 18.0
916 39.4 52.1 966 39.4 m 1016 39.7 6.5
917 48.8 22.7 967 38.0 m 1017 38.6 0.0
918 41.6 0.0 968 36.3 m 1018 37.4 5.4
919 34.5 46.6 969 35.3 5.8 1019 434 9.7
920 39.7 84.4 970 35.4 30.2 1020 46.9 15.7
921 447 83.2 971 36.6 55.6 1021 525 13.1
922 49.5 78.9 972 38.6 48.5 1022 56.2 6.3
923 52.3 83.8 973 39.9 41.8 1023 44.0 0.0
924 53.4 77.7 974 40.3 38.2 1024 31.8 20.9
925 52.1 69.6 975 40.8 35.0 1025 38.7 36.3
926 47.9 63.6 976 41.9 32.4 1026 47.7 47.5
927 46.4 55.2 977 43.2 26.4 1027 545 22.0
928 46.5 53.6 978 43.5 m 1028 41.3 0.0
929 46.4 62.3 979 42.9 m 1029 28.1 26.8
930 46.1 58.2 980 41.5 m 1030 31.6 49.2
931 46.2 61.8 981 40.9 m 1031 345 39.5
932 47.3 62.3 982 40.5 m 1032 36.4 24.0
933 49.3 57.1 983 39.5 m 1033 36.7 m
934 52.6 58.1 984 38.3 m 1034 35.5 m
935 56.3 56.0 985 36.9 m 1035 33.8 m
936 59.9 27.2 986 35.4 m 1036 33.7 19.8
937 45.8 0.0 987 345 m 1037 35.3 35.1
938 31.8 28.8 988 33.9 m 1038 38.0 33.9



ECE/TRANS/180/Add.4/Amend.1

page 106
Annex 1

Time

1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088

Norm.
Speed

per cent
40.1
42.2
45.2
48.3
50.1
52.3
55.3
57.0
57.7
42.9
28.2
29.2
31.1
334
35.0
35.3
35.2
34.9
34.5
34.1
335
31.8
30.1
29.6
30.0
31.0
315
31.7
31.5
30.6
30.0
30.0
29.4
44.3
59.2
58.3
57.1
55.4
535
51.5
49.7
47.9
46.4
455
45.2
44.3
43.6
43.1
425
43.3

Norm.
Torque
per cent
34.5
40.4
44.0
35.9
29.6
38.5
57.7
50.7
25.2
0.0
15.7
30.5
52.6
60.7
61.4
18.2
14.9
11.7
12.9
15.5
m
m
m
10.3
26.5
18.8
26.5

333333

o
o

3333333333333 3

25.6
25.7

Time

1,089
1,090
1,091
1,092
1,093
1,094
1,095
1,096
1,097
1,098
1,099
1,100
1,101
1,102
1,103
1,104
1,105
1,106
1,107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
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1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138

Norm.
Speed
per cent
46.3
47.8
47.2
45.6
44.6
44.1
42.9
40.9
39.2
37.0
35.1
35.6
38.7
41.3
42.6
43.9
46.9
524
56.3
57.4
57.2
57.0
56.8
56.3
55.6
56.2
58.0
43.4
28.8
30.9
32.3
325
324
32.1
31.0
30.1
30.4
31.2
315
315
31.7
32.0
32.1
31.4
30.3
29.8
44.3
58.9
521
44.1

Norm.
Torque
per cent
24.0
20.6
3.8
4.4
4.1

33333

2.0
43.3
47.6
40.4
45.7
43.3
41.2
40.1
39.3
255
25.4
25.4
25.3
25.3
25.2
25.2
12.4
0.0
26.2
49.9
40.5
12.4
12.2
6.4
12.4
18.5
35.6
30.1
30.8
26.9
33.9
29.9

333383333

Time

1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188

Norm. Norm.
Speed  Torque

per cent per cent
51.7 0.0
59.2 m
47.2 m
35.1 0.0
23.1 m
13.1 m
5.0 m
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
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1189 0.0 0.0 1239 58.5 85.4 1289 61.9 76.1
1190 0.0 0.0 1240 59.5 85.6 1290 65.6 73.7
1191 0.0 0.0 1241  61.0 86.6 1291 69.9 79.3
1192 0.0 0.0 1242 62.6 86.8 1292 741 81.3
1193 0.0 0.0 1243 64.1 87.6 1293 78.3 83.2
1194 0.0 0.0 1244 65.4 87.5 1294 82.6 86.0
1195 0.0 0.0 1245 66.7 87.8 1295 87.0 89.5
1196 0.0 20.4 1246  68.1 43.5 1296 91.2 90.8
1197 126 41.2 1247 55.2 0.0 1297 95.3 459
1198 27.3 20.4 1248 42.3 37.2 1298 81.0 0.0
1199 404 7.6 1249  43.0 73.6 1299 66.6 38.2
1200 46.1 m 1250 435 65.1 1300 67.9 75.5
1201 44.6 m 1251 43.8 53.1 1301 68.4 80.5
1202 427 14.7 1252  43.9 54.6 1302 69.0 85.5
1203 429 7.3 1253 43.9 41.2 1303 70.0 85.2
1204 36.1 0.0 1254  43.8 34.8 1304 71.6 85.9
1205 29.3 15.0 1255 43.6 30.3 1305 73.3 86.2
1206 43.8 22.6 1256  43.3 21.9 1306 74.8 86.5
1207 54.9 9.9 1257 42.8 19.9 1307 76.3 42.9
1208 44.9 0.0 1258 42.3 m 1308 63.3 0.0
1209 34.9 47.4 1259 414 m 1309 504 21.2
1210 427 82.7 1260 40.2 m 1310 50.6 42.3
1211 52.0 81.2 1261 38.7 m 1311 50.6 53.7
1212 61.8 82.7 1262 37.1 m 1312 504 90.1
1213 71.3 39.1 1263 35.6 m 1313 50.5 97.1
1214 58.1 0.0 1264 34.2 m 1314 51.0 100.0
1215 449 42.5 1265 32.9 m 1315 51.9 100.0
1216  46.3 83.3 1266 31.8 m 1316 52.6 100.0
1217 46.8 74.1 1267  30.7 m 1317 52.8 32.4
1218 48.1 75.7 1268 29.6 m 1318 47.7 0.0
1219 505 75.8 1269 40.4 0.0 1319 426 27.4
1220 53.6 76.7 1270 51.2 m 1320 421 53.5
1221 56.9 77.1 1271  49.6 m 1321 41.8 445
1222 60.2 78.7 1272  48.0 m 1322 414 41.1
1223 63.7 78.0 1273 46.4 m 1323 41.0 21.0
1224 67.2 79.6 1274  45.0 m 1324 40.3 0.0
1225 707 80.9 1275 43.6 m 1325 39.3 1.0
1226 741 81.1 1276  42.3 m 1326 38.3 15.2
1227 77.5 83.6 1277 41.0 m 1327 37.6 57.8
1228 80.8 85.6 1278 39.6 m 1328 37.3 73.2
1229 84.1 81.6 1279  38.3 m 1329 37.3 59.8
1230 87.4 88.3 1280 37.1 m 1330 374 52.2
1231 905 91.9 1281  35.9 m 1331 374 16.9
1232 935 94.1 1282 34.6 m 1332 37.1 34.3
1233 96.8 96.6 1283 33.0 m 1333 36.7 51.9
1234 100.0 m 1284 31.1 m 1334 36.2 25.3
1235 96.0 m 1285 29.2 m 1335 35.6 m
1236 81.9 m 1286  43.3 0.0 1336 34.6 m
1237 68.1 m 1287 57.4 32.8 1337 33.2 m
1238 58.1 84.7 1288 59.9 65.4 1338 31.6 m
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1339 301 m 1389 50.4 50.2 1439 36.3 98.8
1340 28.8 m 1390 53.0 26.1 1440 37.7 100.0
1341 28.0 29.5 1391 59.5 0.0 1441 39.2 100.0
1342 286 100.0 1392 66.2 38.4 1442  40.9 100.0
1343 28.8 97.3 1393 66.4 76.7 1443 42.4 99.5
1344 288 73.4 1394 67.6 100.0 1444  43.8 98.7
1345 29.6 56.9 1395 68.4 76.6 1445 454 97.3
1346  30.3 91.7 1396 68.2 47.2 1446 47.0 96.6
1347 31.0 90.5 1397 69.0 81.4 1447 47.8 96.2
1348 31.8 81.7 1398 69.7 40.6 1448 48.8 96.3
1349 32.6 79.5 1399 54.7 0.0 1449 50.5 95.1
1350 335 86.9 1400 39.8 19.9 1450 51.0 95.9
1351 346 100.0 1401  36.3 40.0 1451 52.0 94.3
1352 35.6 78.7 1402  36.7 59.4 1452 52.6 94.6
1353 36.4 50.5 1403 36.6 77.5 1453 53.0 65.5
1354 37.0 57.0 1404 36.8 94.3 1454 53.2 0.0
1355 37.3 69.1 1405 36.8 100.0 1455 53.2 m
1356 37.6 49.5 1406 36.4 100.0 1456 52.6 m
1357 37.8 44.4 1407 36.3 79.7 1457 52.1 m
1358 37.8 43.4 1408 36.7 49.5 1458 51.8 m
1359 37.8 34.8 1409 36.6 39.3 1459 51.3 m
1360 37.6 24.0 1410 37.3 62.8 1460 50.7 m
1361 37.2 m 1411 38.1 73.4 1461 50.7 m
1362 36.3 m 1412  39.0 72.9 1462 49.8 m
1363 35.1 m 1413  40.2 72.0 1463 49.4 m
1364 337 m 1414 415 71.2 1464 49.3 m
1365 32.4 m 1415 42.9 77.3 1465 49.1 m
1366 31.1 m 1416 44.4 76.6 1466 49.1 m
1367 29.9 m 1417 454 43.1 1467 49.1 8.3
1368 28.7 m 1418 45.3 53.9 1468 48.9 16.8
1369 29.0 58.6 1419 45.1 64.8 1469 48.8 21.3
1370 29.7 88.5 1420 46.5 74.2 1470 49.1 22.1
1371 31.0 86.3 1421  47.7 75.2 1471 494 26.3
1372 31.8 43.4 1422  48.1 75.5 1472 49.8 39.2
1373 31.7 m 1423 48.6 75.8 1473 50.4 83.4
1374 29.9 m 1424  48.9 76.3 1474 51.4 90.6
1375 40.2 0.0 1425 49.9 75.5 1475 52.3 93.8
1376 50.4 m 1426 50.4 75.2 1476 53.3 94.0
1377 47.9 m 1427 51.1 74.6 1477 54.2 94.1
1378 45.0 m 1428 51.9 75.0 1478 54.9 94.3
1379 43.0 m 1429 52.7 37.2 1479 55.7 94.6
1380 40.6 m 1430 41.6 0.0 1480 56.1 94.9
1381 555 0.0 1431 30.4 36.6 1481 56.3 86.2
1382 70.4 41.7 1432  30.5 73.2 1482 56.2 64.1
1383 734 83.2 1433  30.3 81.6 1483 56.0 46.1
1384 74.0 83.7 1434 30.4 89.3 1484 56.2 334
1385 74.9 41.7 1435 31.5 90.4 1485 56.5 23.6
1386 60.0 0.0 1436  32.7 88.5 1486 56.3 18.6
1387 45.1 41.6 1437 33.7 97.2 1487 55.7 16.2

1388  47.7 84.2 1438 35.2 99.7 1488 56.0 15.9
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Time Norm. Norm. Time  Norm. Norm. Time Norm. Norm.
Speed Torque Speed Torque Speed  Torque
s percent  per cent S per cent  per cent S  percent per cent
1489 55.9 21.8 1539 57.0 59.5 1589 56.8 42.9
1490 55.8 20.9 1540 56.7 57.0 1590 56.5 42.8
1491 554 18.4 1541 56.7 69.8 1591 56.7 43.2
1492 55.7 25.1 1542 56.8 58.5 1592 56.5 42.8
1493 56.0 27.7 1543 56.8 47.2 1593 56.9 42.2
1494 55.8 22.4 1544 57.0 38.5 1594 56.5 43.1
1495 56.1 20.0 1545 57.0 32.8 1595 56.5 42.9
1496 55.7 17.4 1546 56.8 30.2 1596 56.7 42.7
1497 55.9 20.9 1547 57.0 27.0 1597 56.6 41.5
1498 56.0 22.9 1548 56.9 26.2 1598 56.9 41.8
1499 56.0 21.1 1549 56.7 26.2 1599 56.6 41.9
1500 55.1 19.2 1550 57.0 26.6 1600 56.7 42.6
1501 55.6 24.2 1551 56.7 27.8 1601 56.7 42.6
1502 55.4 25.6 1552  56.7 29.7 1602 56.7 41.5
1503 55.7 24.7 1553 56.8 32.1 1603 56.7 42.2
1504 55.9 24.0 1554 56.5 34.9 1604 56.5 42.2
1505 55.4 23.5 1555 56.6 34.9 1605 56.8 41.9
1506 55.7 30.9 1556  56.3 35.8 1606 56.5 42.0
1507 55.4 425 1557 56.6 36.6 1607 56.7 42.1
1508 55.3 25.8 1558 56.2 37.6 1608 56.4 41.9
1509 554 1.3 1559 56.6 38.2 1609 56.7 42.9
1510 55.0 m 1560 56.2 37.9 1610 56.7 41.8
1511 54.4 m 1561 56.6 37.5 1611 56.7 41.9
1512 54.2 m 1562 56.4 36.7 1612 56.8 42.0
1513 53.5 m 1563 56.5 34.8 1613 56.7 41.5
1514 524 m 1564 56.5 35.8 1614 56.6 41.9
1515 51.8 m 1565 56.5 36.2 1615 56.8 41.6
1516 50.7 m 1566 56.5 36.7 1616 56.6 41.6
1517 49.9 m 1567 56.7 37.8 1617 56.9 42.0
1518 49.1 m 1568 56.7 37.8 1618 56.7 40.7
1519 47.7 m 1569 56.6 36.6 1619 56.7 39.3
1520 47.3 m 1570 56.8 36.1 1620 56.5 41.4
1521 46.9 m 1571 56.5 36.8 1621 56.4 449
1522 46.9 m 1572 56.9 35.9 1622 56.8 45.2
1523 47.2 m 1573 56.7 35.0 1623 56.6 43.6
1524 47.8 m 1574 56.5 36.0 1624 56.8 42.2
1525 48.2 0.0 1575 56.4 36.5 1625 56.5 42.3
1526  48.8 23.0 1576 56.5 38.0 1626 56.5 44.4
1527 49.1 67.9 1577 56.5 39.9 1627 56.9 45.1
1528 49.4 73.7 1578 56.4 42.1 1628 56.4 45.0
1529 49.8 75.0 1579 56.5 47.0 1629 56.7 46.3
1530 50.4 75.8 1580 56.4 48.0 1630 56.7 45.5
1531 51.4 73.9 1581 56.1 49.1 1631 56.8 45.0
1532 523 72.2 1582 56.4 48.9 1632 56.7 449
1533 53.3 71.2 1583 56.4 48.2 1633 56.6 45.2
1534 54.6 71.2 1584 56.5 48.3 1634 56.8 46.0
1535 554 68.7 1585 56.5 47.9 1635 56.5 46.6
1536 56.7 67.0 1586 56.6 46.8 1636 56.6 48.3
1537 57.2 64.6 1587 56.6 46.2 1637 56.4 48.6

1538 57.3 61.9 1588  56.5 44.4 1638 56.6 50.3
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Time

1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688

Norm.
Speed

per cent
56.3
56.5
56.3
56.4
56.4
56.2
56.2
56.2
56.4
56.0
56.4
56.2
55.9
56.1
55.8
56.0
56.2
56.2
56.4
56.3
56.2
56.2
56.2
56.4
56.2
56.4
56.1
56.5
56.2
56.5
56.4
56.3
56.4
56.7
56.8
56.6
56.8
56.9
57.1
57.1
57.0
57.4
57.4
57.6
57.5
57.4
575
57.5
57.6
57.6

Norm.
Torque
per cent
51.9
54.1
54.9
55.0
56.2
58.6
59.1
62.5
62.8
64.7
65.6
67.7
68.9
68.9
69.5
69.8
69.3
69.8
69.2
68.7
69.4
69.5
70.0
69.7
70.2
70.5
70.5
69.7
69.3
70.9
70.8
71.1
71.0
68.6
68.6
68.0
65.1
60.9
57.4
54.3
48.6
441
40.2
36.9
34.2
31.1
25.9
20.7
16.4
12.4

Time

1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738

Norm.
Speed
per cent
57.6
57.5
575
57.3
57.6
57.3
57.2
57.2
57.3
57.3
56.9
57.1
57.0
56.9
56.6
57.1
56.7
56.8
57.0
56.7
57.0
56.9
56.7
56.9
56.8
56.6
56.6
56.5
56.6
56.5
56.6
56.3
56.6
56.1
56.3
56.4
56.0
56.1
55.9
55.9
56.0
55.9
55.5
55.9
55.8
55.6
55.8
55.9
55.9
55.8

Norm.
Torque
per cent
8.9
8.0
5.8
5.8
5.5
4.5
3.2
3.1
4.9
4.2
5.5
5.1
5.2
5.5
5.4
6.1
5.7
5.8
6.1
5.9
6.6
6.4
6.7
6.9
5.6
5.1
6.5
10.0
12.4
14.5
16.3
18.1
20.7
22.6
25.8
27.7
29.7
32.6
349
36.4
39.2
41.4
44.2
46.4
48.3
49.1
49.3
47.7
47.4
46.9

Time

1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788

Norm.
Speed

Norm.
Torque

per cent per cent

56.1
56.1
56.2
56.3
56.3
56.2
56.2
56.4
55.8
55.5
55.0
54.1
54.0
53.3
52.6
51.8
50.7
49.9
49.1
47.7
46.8
45.7
44.8
43.9
42.9
41.5
39.5
36.7
33.8
31.0
40.0
49.1
46.2
43.1
39.9
36.6
33.6
30.5
42.8
556.2
49.9
44.0
37.6
47.2
56.8
47.5
42.9
31.6
25.8
19.9

46.8
45.8
46.0
45.9
45.9
44.6
46.0
46.2

333333 g 3333 g 3333333 g 333333333333333333333-3



Time

1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800

m = motoring

Norm.
Speed

per cent
14.0
8.1
2.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Norm.
Torque
per cent

m

m

m
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Time Norm. Norm. Time Norm. Norm.
Speed Torque Speed  Torque
S per cent  per cent S  percent per cent
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Annex 2

REFERENCE FUELS
A.2.1. EUROPEAN DIESEL REFERENCE FUEL

Limits 1/
Parameter Unit Minimum | 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 mm2/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
Sulfur content mg/kg 10 EN-1SO 14596
Copper corrosion at 50 °C 1 EN-ISO 2160
Lubricity (HFRR at 60 °C) pm 400 CEC F-06-A-96
Neutralisation number mg KOH/g 0.02
Oxidation stability @ 110°C h 20 EN 14112
23/
FAME 4/ per cent v/v 4.5 5.5 EN 14078

U The values quoted in the specification are "tvadues". In establishing their limit values, thente of
ISO 4259 "Petroleum products - Determination angliegtion of precision data in relation to methadgest have
been applied and in determining a minimum valueimimum difference of 2R above zero has been taktn
account. In determining a maximum and minimum valtlee minimum difference has been set at 4R
(R = reproducibility).

Notwithstanding this measure, which is necessarysfatistical reasons, the manufacturer of fublsud
nevertheless aim at a zero value where the stgailataximum value is 2R and at the mean value ircése of
quotations of maximum and minimum limits. Shouldb& necessary to clarify the question as to whedhtrel
meets the requirements of the specifications,ah@g of ISO 4259 should be applied.

2/Even though oxidation stability is controlledidtlikely that shelf life will be limited. Advicehall be sought from
the supplier as to storage conditions and life.

3/Oxidation stability can be demonstrated by EN-IB2205 or by EN 14112. This requirement shall bésezl/
based on CEN/TC19 evaluations of oxidative stabg#rformance and test limits.

4/FAME quality according EN 14214 (ASTM D 6751).
5/The latest version of the respective test methupdies.
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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/f 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 nfis ASTM D 445 2 3.2
Mass fraction of sulfur ppm ASTM D 2785 7 15
Volume fraction of aromatics per cent v/v ASTM D183 27 -
A.2.3. JAPAN DIESEL REFERENCE FUEL
Property Unit Test method Grade1 | Grade 2 Certsdie
min. max. min. max. min. maxj
Cetane index ISO 4264 50 - 45 - 53 5y
Density @ 15°C kg/fh - - - - 824 840
Distillation ISO 3405
50 per cent Vol. °C - - - - 255 294
90 per cent Vol. °C - 360 - 350 300 34p
End point °C - - - - - 370
Flash point °C ISO 3405 50 - 50 - 58 -
Cold filter plugging °C ICS 75.160.20 - -1 - -5 - -
point
Pour point °C ISO 3015 - -2.5 - -7.5 - -
Kinematic viscosity @ | mnt/s ISO 2909 2.7 - 2.5 - 3.0 4.5
30 °C
Mass fraction of sulfur [ per cept 1SO 4260 - 0.001 - 0.001 - 0.0g1
Volume fraction of total| per cent HPLC - - - - - 25
aromatics viv
Volume fraction of polyt per cent HPLC - - - - - 5.0
aromatics viv
Mass fraction of carboy mg ISO 4260 - 0.1 - 0.1 - -
residue
(10 per cent bottom)
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A.3.1.

A3.1.1.

A.3.1.2.

Annex 3
MEASUREMENT EQUIPMENT

This annex contains the basic requirements and the getesm@iiptions of the
sampling and analyzing systems for gaseous and particulate emissasurement.
Since various configurations can produce equivalent results, exact confermiin
the figures of this annex is not required. Components such asnments, valves,
solenoids, pumps, flow devices and switches may be used wd@radditional
information and coordinate the functions of the component systédtiser
components, which are not needed to maintain the accuracy onsgstems, may
be excluded if their exclusion is based upon good engineeringmeig.

Analytical system
Description of the analytical system

Analytical system for the determination of theegass emissions in the raw exhaust gas
(figure 9) or in the diluted exhaust gas (figurg 4 described based on the use of:

(@) HFID or FID analyzer for the measurement of hydrocarbons;
(b) NDIR analyzers for the measurement of carbon monoxide and cadxihegli
(c) HCLD or CLD analyzer for the measurement of the oxides of nitrogen.

The sample for all components should be taken with one samptoige and
internally split to the different analyzers. Optionally, tveorpling probes located in
close proximity may be used. Care shall be taken that no udedesondensation of
exhaust components (including water and sulphuric acid) occurs gtoamyof the
analytical system.

0, f——m—:

SL

0 p——:

HF1 HF2 HP
- T A —
i J_/}\ﬁ___r/}\_L_/ N S HL T B .
OO —
| - b
||HSL2 B

a = ventb = zero, span gasc = exhaust piped = optional

Figure 9

Schematic flow diagram of raw exhaust gas analysis system for CONGQ HC
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a = ventb = zero, span gasc = dilution tunneld = optional

Figure 10

Schematic flow diagram of diluted exhaust gas analysis systen&o€G, NOy, HC

A.3.1.3.

Components of figures 9 and 10
EP Exhaust pipe
SP Raw exhaust gas sampling probe (figure 9 only)

A stainless steel straight closed end multi-hole probe is reconeaeitie inside
diameter shall not be greater than the inside diameter of the sarnpdinghe wall

thickness of the probe shall not be greater than 1 mm. There shallninimum

of 3 holes in 3 different radial planes sized to sample approgiyntite same flow.
The probe shall extend across at least 80 per cent of the diam#terexhaust pipe.
One or two sampling probes may be used.

SP2 Dilute exhaust gas HC sampling probe (figure 10 only)

The probe shall:
(&) Be defined as the first 254 mm to 762 mm of the heated seipke HSL1;
(b) Have a 5 mm minimum inside diameter;

(c) Be installed in the dilution tunnel DT (figure 15) gb@nt where the dilution
air and exhaust gas are well mixed (i.e. approximately 10 tunaseietiers
downstream of the point where the exhaust enters the dilutioaljunn
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(d) Be sufficiently distant (radially) from other probes andtthmnel wall so as to
be free from the influence of any wakes or eddies;

(e) Be heated so as to increase the gas stream temperature te 463K
(190 °C+ 10 °C) at the exit of the probe, or to 38%K.0 K (112 °Cx 10 °C)
for positive ignition engines;

()  Non-heated in case of FID measurement (cold)
SP3 Dilute exhaust gas CO, QIO sampling probe (figure 10 only)

The probe shall:
(@) Beinthe same plane as SP2;

(b) Be sufficiently distant (radially) from other probes andtthmnel wall so as to
be free from the influence of any wakes or eddies;

(c) Be heated and insulated over its entire length to a mininemperature
of 328 K (55 °C) to prevent water condensation.

HF1 Heated pre-filter (optional)
The temperature shall be the same as HSL1.
HF2 Heated filter

The filter shall extract any solid particles from the gas sample tarithe analyzer.
The temperature shall be the same as HSL1. The filter shall be changsztiad.

HSL1 Heated sampling line

The sampling line provides a gas sample from a single prokhe &ptit point(s) and
the HC analyzer.

The sampling line shall:
(@) Have a4 mm minimum and a 13.5 mm maximum inside diameter;
(b) Be made of stainless steel or PTFE;

(c) Maintain a wall temperature of 463 K + 10 K (190 °C £ 108€)neasured at
every separately controlled heated section, if the temperature of the tegsus
at the sampling probe is equal to or below 463 K (190 °C);

(d) Maintain a wall temperature greater than 453 K (180 °C), ifetmpérature of
the exhaust gas at the sampling probe is above 463 K (190 °C);

(e) Maintain a gas temperature of 463 K £ 10 K (190 °C £ 10ni@)ediately
before the heated filter HF2 and the HFID.
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HSL2 Heated NQsampling line

The sampling line shall:

(@) Maintain a wall temperature of 328 K to 473 K (55 °C to 200 up to the
converter for dry measurement, and up to the analyzer for wet measyrement

(b) Be made of stainless steel or PTFE.

HP Heated sampling pump

The pump shall be heated to the temperature of HSL.

SL Sampling line for CO and GO

The line shall be made of PTFE or stainless steel. It may bedheatinheated.

HC HFID analyzer

Heated flame ionization detector (HFID) or flame ionization detector (FiDdhe
determination of the hydrocarbons. The temperature of the HFID bhakept
at 453 K to 473 K (180 °C to 200 °C).

CO, CQ NDIR analyzer

NDIR analyzers for the determination of carbon monoxide and carbmaddi
(optional for the determination of the dilution ratio for PT measuant).

NOy CLD analyzer or NDUV analyzer

CLD, HCLD or NDUV analyzer for the determination of the oxidésitrogen. If a
HCLD is used it shall be kept at a temperature of 328 K tak4({ES °C to 200 °C).

B Sample dryer (optional for NO measurement)

To cool and condense water from the exhaust sample. It is opfitin@lanalyzer is
free from water vapour interference as determined in paragraph 9.3lBvi2a®er is
removed by condensation, the sample gas temperature or dew pointbehal
monitored either within the water trap or downstream. The samplkeggerature or
dew point shall not exceed 280 K (7 °C). Chemical dryers areahoived for
removing water from the sample.

BK Background bag (optional; figure 10 only)

For the measurement of the background concentrations.

BG Sample bag (optional; figure 10 only)
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A.3.1.4.

A.3.1.5.

For the measurement of the sample concentrations.
Non-methane cutter method (NMC)

The cutter oxidizes all hydrocarbons except,@HCQO, and HO, so that by passing
the sample through the NMC only ¢lk$ detected by the HFID. In addition to the
usual HC sampling train (see figures 9 and 10), a second HC sgrnalin shall be
installed equipped with a cutter as laid out in figure 11. Bfiswvs simultaneous
measurement of total HC, Gldnd NMHC.

The cutter shall be characterized at or above 600 K (327°C) priesttavork with
respect to its catalytic effect on ¢Hind GHe at HO values representative of
exhaust stream conditions. The dew point apte@el of the sampled exhaust stream
shall be known. The relative response of the FID tos @Hd GHe shall be

determined in accordance with paragraph 9.3.8.
> \ent

Zero, span gas 4
= NMC HC —i>Veni

Sample
[ H¢ |—T>Veni

——>Vent

Figure 11
Schematic flow diagram of methane analysis with the NMC

Components of figure 11

NMC Non-methane cutter

To oxidize all hydrocarbons except methane
HC

Heated flame ionization detector (HFID) or flame ionization dete(fdD) to
measure the HC and Gldoncentrations. The temperature of the HFID shall be kept

at 453 Kto 473 K (180 °C to 200 °C).
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V1 Selector valve

To select zero and span gas

R Pressure regulator

To control the pressure in the sampling line and the flolwedH~ID
Dilution and particulate sampling system

Description of partial flow system

A dilution system is described based upon the dilutibra gart of the exhaust
stream. Splitting of the exhaust stream and the following ditlugrocess may be
done by different dilution system types. For subsequent calteofithe particulates,
the entire dilute exhaust gas or only a portion of the dilute exlgas is passed to
the particulate sampling system. The first method is referred totassampling
type, the second method as fractional sampling type. The calcutdtibe dilution
ratio depends upon the type of system used.

With the total sampling system as shown in figure 12, ravaest gas is transferred
from the exhaust pipe (EP) to the dilution tunnel (DT) throtighsampling probe
(SP) and the transfer tube (TT). The total flow through the tusrasljusted with the
flow controller FC2 and the sampling pump (P) of the particulatgkagnsystem
(see figure 16). The dilution airflow is controlled by the floantroller FC1, which
may US&jmew O Omaw aNA gy @S command signals, for the desired exhaust split. The
sample flow into DT is the difference of the total flow and thatatih airflow. The
dilution airflow rate is measured with the flow measurement device, Fivltotal
flow rate with the flow measurement device FM3 of the particulate sagngjistem
(see figure 16). The dilution ratio is calculated from these twe fédes.
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|
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a = exhaustb = optionalc = details see Figure 16

Figure 12
Scheme of partial flow dilution system (total sampling type)

With the fractional sampling system as shown in figure 13, eataust gas is
transferred from the exhaust pipe EP to the dilution tunneliddugh the sampling
probe SP and the transfer tube TT. The total flow through threekisadjusted with
the flow controller FC1 connected either to the dilution airflow mithe suction
blower for the total tunnel flow. The flow controller FC1 may gs&y Of gmaw and

gn @ command signals for the desired exhaust split. The samplenfto®T is the

difference of the total flow and the dilution airflow. The ¢ airflow rate is
measured with the flow measurement device FM1, the total flow ratetivgtHow

measurement device FM2. The dilution ratio is calculated from thasédw rates.

From DT, a particulate sample is taken with the particulate sagn@ystem
(see figure 16).
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|
FC1
b
[>100d
DAF FM1
O () ® g; <| PSP
f— — s
PB 1 _| SB

DT
FM2

] sl

EP

T

a
a = exhaust b = to PB or SB c = details see Figure 16 d = to particulate sampling system e = vent

Figure 13
Scheme of partial flow dilution system (fractional sampling type)

A.3.2.2. Components of figures 12 and 13

EP Exhaust pipe

The exhaust pipe may be insulated. To reduce the thermahiotthe exhaust pipe
a thickness to diameter ratio of 0.015 or less is recommended. &hef tisxible
sections shall be limited to a length to diameter ratio of 1gs. Bends shall be
minimized to reduce inertial deposition. If the system includésst bed silencer the
silencer may also be insulated. It is recommended to have a spgghof 6 pipe
diameters upstream and 3 pipe diameters downstream of the tippobbee

SP Sampling probe

The type of probe shall be either of the following

(@) Open tube facing upstream on the exhaust pipe centreline;

(b) Open tube facing downstream on the exhaust pipe centreline;

(c) Multiple hole probe as described under SP in paragraph.3,;3.1

(d) Hatted probe facing upstream on the exhaust pipe centrelineoas $h
figure 14.

The minimum inside diameter of the probe tip shall be 4 mihe minimum
diameter ratio between exhaust pipe and probe shall be 4.
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When using probe type (a), an inertial pre-classifier (cyclone pacitor) with

at 50 per cent cut point between 2.5 and 10 pum shall be insiatieediately
upstream of the filter holder.

Cros-section
—Tgusecion |

e fige
30°,

TN
v

[
vl

i

Figure 14
Scheme of hatted probe

TT Exhaust transfer tube

The transfer tube shall be as short as possible, but:

(@) Not more than 0.26 m in length, if insulated for 80 per cottite total length,
as measured between the end of the probe and the dilution stage; or

(b) Not more than 1 m in length, if heated above 150 °C f@ed@ent of the total
length, as measured between the end of the probe and the ditaen

It shall be equal to or greater than the probe diameter, but oret timan 25 mm in
diameter, and exiting on the centreline of the dilution tunnel poohting
downstream.

With respect to (a), insulation shall be done with material withaximum thermal
conductivity of 0.05 W/mK with a radial insulation thicksesorresponding to the
diameter of the probe.

FC1 Flow controller

A flow controller shall be used to control the dilution airfltwough the pressure
blower PB and/or the suction blower SB. It may be connectelet@xhaust flow
sensor signals specified in paragraph 8.4.1. The flow controlsr Ime installed
upstream or downstream of the respective blower. When using a pzedsait

supply, FC1 directly controls the airflow.

FM1 Flow measurement device

Gas meter or other flow instrumentation to measure the dilutiomwirfFM1 is
optional if the pressure blower PB is calibrated to measure the flow.
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DAF Diluent filter

The diluent (ambient air, synthetic air, or nitrogen) shall der&étd with a high-
efficiency (HEPA) filter that has an initial minimum collection efficignc
of 99.97 per cent according to EN 1822-1 (filter class H14ette), ASTM F 1471-
93 or equivalent standard.

FM2 Flow measurement device (fractional sampling type, figurenly3 o

Gas meter or other flow instrumentation to measure the dikxbdust gas flow.
FM2 is optional if the suction blower SB is calibrated to meague flow.

PB Pressure blower (fractional sampling type, figure 13 only)

To control the dilution airflow rate, PB may be connectedhéofiow controllers FC1
or FC2. PB is not required when using a butterfly valve. RB be used to measure
the dilution airflow, if calibrated.

SB Suction blower (fractional sampling type, figure 13 only)
SB may be used to measure the diluted exhaust gas flow, ifatatib
DT Dilution tunnel (partial flow)

The dilution tunnel:

(@ Shall be of a sufficient length to cause complete mixing of thaust and
dilution air under turbulent flow conditions (Reynolds numliee, greater
than 4000, wherBe is based on the inside diameter of the dilution tunnel) for a
fractional sampling system, i.e. complete mixing is not requiceda total
sampling system;

(b) Shall be constructed of stainless steel;
(c) May be heated to no greater than 325 K (52 °C) wall temperature;
(d) May be insulated.

PSP Particulate sampling probe (fractional sampling type, figuoaly3

The particulate sampling probe is the leading section of theylate transfer tube
PTT (see paragraph A.3.2.6.) and:

(@) Shall be installed facing upstream at a point where theatilatr and exhaust
gas are well mixed, i.e. on the dilution tunnel DT centreline
approximately 10 tunnel diameters downstream of the point wherextiaust
enters the dilution tunnel,

(b) Shall be 8 mm in minimum inside diameter;
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(c) May be heated to no greater than 325 K (52 °C) wall temperayudsrdrt
heating or by dilution air pre-heating, provided the dilutiontamperature
does not exceed 325 K (52 °C) prior to the introduction of thawst into the
dilution tunnel;

(d) May be insulated.
A.3.2.3.  Description of full flow dilution system

A dilution system is described based upon the dilutiorheftotal amount of raw
exhaust gas in the dilution tunnel DT using the CVS (@mistolume sampling)
concept, and is shown in figure 15.

The diluted exhaust gas flow rate shall be measured either with ivepos
displacement pump (PDP), with a critical flow venturi (CFV) or wattsubsonic
venturi (SSV). A heat exchanger (HE) or electronic flow compensatib@)Eay
be used for proportional particulate sampling and for flow deterromatince
particulate mass determination is based on the total diluted éxdesuBow, it is not
necessary to calculate the dilution ratio.

For subsequent collection of the particulates, a sample of tite dkxhaust gas shall
be passed to the double dilution particulate sampling system fi(pae 17).
Although partly a dilution system, the double dilutiorsteyn is described as a
modification of a particulate sampling system, since it shares shtise parts with a
typical particulate sampling system.

j» i—
!

&

AN
/F/CZ PDPAE] E]
N L

FC2

a = analyzer system b = background air ¢ = exhaust d = details see Figure 17
e = to double dilution system f =if EFC is used i=vent g = optional h =or

Figure 15
Scheme of full flow dilution system (CVS)
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Components of figure 15
EP Exhaust pipe

The exhaust pipe length from the exit of the engine exhaust rtartdiobocharger
outlet or after-treatment device to the dilution tunnel shall benawe than 10 m. If
the system exceeds 4 m in length, then all tubing in excessnddl#ll be insulated,
except for an in-line smoke meter, if used. The radial thickness ofgtiation shall
be at least 25 mm. The thermal conductivity of the insulatwiagerial shall have a
value no greater than 0.1 W/mK measured at 673 K. To reduce the theential of
the exhaust pipe a thickness-to-diameter ratio of 0.015 or leessdexmended. The
use of flexible sections shall be limited to a length-to-diameter o&ti@ or less.

PDP Positive displacement pump

The PDP meters total diluted exhaust flow from the number ofuthmp gevolutions
and the pump displacement. The exhaust system backpressuresballamtificially
lowered by the PDP or dilution air inlet system. Static exhdnastkpressure
measured with the PDP system operating shall remain withis kPa of the static
pressure measured without connection to the PDP at identiagakespgeed and load.
The gas mixture temperature immediately ahead of the PDP shallhie #v& K of

the average operating temperature observed during the test, whenowo fl
compensation (EFC) is used. Flow compensation is only pednitif the
temperature at the inlet to the PDP does not exceed 323 K (50 °C).

CFV Critical flow venturi

CFV measures total diluted exhaust flow by maintaining thev fad chocked
conditions (critical flow). Static exhaust backpressure measured wigh th
CFV system operating shall remain withirnl.5 kPa of the static pressure measured
without connection to the CFV at identical engine speed and Tdel gas mixture
temperature immediately ahead of the CFV shall be withitl K of the average
operating temperature observed during the test, when no flow coatijpan&FC) is
used.

SSv Subsonic venturi

SSV measures total diluted exhaust flow by using the gadfdilegtion of a subsonic
venturi in dependence of inlet pressure and temperature and pressulmetiveen
venturi inlet and throat. Static exhaust backpressure measured i85 system
operating shall remain withie 1.5 kPa of the static pressure measured without
connection to the SSV at identical engine speed and load. The igasrem
temperature immediately ahead of the SSV shall be withii K of the average
operating temperature observed during the test, when no flow coatijpan&FC) is
used.
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HE Heat exchanger (optional)

The heat exchanger shall be of sufficient capacity to maintain thetatapge within
the limits required above. If EFC is used, the heat exchangerlisqoted.

EFC Electronic flow compensation (optional)

If the temperature at the inlet to the PDP, CFV or SSV ikeapt within the limits

stated above, a flow compensation system is required for contimmasurement of
the flow rate and control of the proportional sampling into doeble dilution

system. For that purpose, the continuously measured flow @talsiare used to
maintain the proportionality of the sample flow rate throughpmticulate filters of

the double dilution system (see figure 17) withig.5 per cent.

DT Dilution tunnel (full flow)

The dilution tunnel

(@) Shall be small enough in diameter to cause turbulent flow (fRksynumber,
Re, greater than 4000, wheRe is based on the inside diameter of the dilution
tunnel) and of sufficient length to cause complete mixing of the exremd
dilution air;

(b) May be insulated;

(c) May be heated up to a wall temperature sufficient to eliminateocag
condensation.

The engine exhaust shall be directed downstream at the point wigenetibduced
into the dilution tunnel, and thoroughly mixed. A migiarifice may be used.

For the double dilution system, a sample from the dilutimmel is transferred to the
secondary dilution tunnel where it is further diluted, and thass@d through the
sampling filters (figure 17). The secondary dilution system giraNide sufficient
secondary dilution air to maintain the doubly diluted exhatsem at a temperature
between 315 K (42 °C) and 325 K (52 °C) immediately before thecplate filter.

DAF Diluent filter

The diluent (ambient air, synthetic air, or nitrogen) shall berétt with a high-
efficiency (HEPA) filter that has an initial minimum collection efficgn
of 99.97 per cent according to EN 1822-1 (filter class H14 otef)etASTM
F 1471-93 or equivalent standard.

PSP Particulate sampling probe
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The probe is the leading section of PTT and

(@) Shall be installed facing upstream at a point where theatilatr and exhaust
gases are well mixed, i.e. on the dilution tunnel DT centrelin@e dilution
systems, approximately 10 tunnel diameters downstream of thiewdwere the
exhaust enters the dilution tunnel,

(b) Shall be of 8 mm minimum inside diameter;

(c) May be heated to no greater than 325 K (52 °C) wall temperayuirect
heating or by dilution air pre-heating, provided the air temperatues dot
exceed 325 K (52 °C) prior to the introduction of the exhaushendilution
tunnel;

(d) May be insulated.
Description of particulate sampling system

The particulate sampling system is required for collecting thecpkates on the
particulate filter and is shown in figures 16 and 17. In the oédetal sampling
partial flow dilution, which consists of passing the entiratéii exhaust sample
through the filters, the dilution and sampling systems Usd@aim an integral unit
(see figure 12). In the case of fractional sampling partial flowtidih or full flow
dilution, which consists of passing through the filteréyan portion of the diluted
exhaust, the dilution and sampling systems usually form diffents.

For a partial flow dilution system, a sample of the dilutecheghgas is taken from
the dilution tunnel DT through the particulate sampling proBeE Bnd the particulate
transfer tube PTT by means of the sampling pump P, as shofiguie 16. The

sample is passed through the filter holder(s) FH that contairattieypate sampling
filters. The sample flow rate is controlled by the flow controlleBFC

For of full flow dilution system, a double dilution partiaté sampling system shall
be used, as shown in figure 17. A sample of the diluted exlgassis transferred
from the dilution tunnel DT through the particulate samplingbp PSP and the
particulate transfer tube PTT to the secondary dilution tu®i®l, where it is
diluted once more. The sample is then passed through the filokr{s) FH that
contain the particulate sampling filters. The dilution airflow iatesually constant
whereas the sample flow rate is controlled by the flow controlk8. Hf electronic
flow compensation EFC (see figure 15) is used, the total dikesbdust gas flow is
used as command signal for FC3.
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A.3.2.6.

PTT

BV

FM3

a = from dilution tunnel

Figure 16
Scheme of particulate sampling system

a = diluted exhaust from DT b = optional ¢ =vent d = secondary dilution air

Figure 17
Scheme of double dilution particulate sampling system

Components of figures 16 (partial flow system onlg) &an (full flow system only)
PTT Particulate transfer tube

The transfer tube:

(@) Shall be inert with respect to PM,;

(b) May be heated to no greater than 325 K (52 °C) wall temperature;
(c) May be insulated.

SDT Secondary dilution tunnel (figure 17 only)

The secondary dilution tunnel:

(@) Shall be of sufficient length and diameter so as to comply thwé residence
time requirements of paragraph 9.4.2.(f);
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(b) May be heated to no greater than 325 K (52 °C) wall temperature;
(c) May be insulated.

FH Filter holder
The filter holder:

(@) Shall have a 12.5° (from center) divergent cone angle to tranBiionthe
transfer line diameter to the exposed diameter of the filter face;

(b) May be heated to no greater than 325 K (52 °C) wall temperature;
(c) May be insulated.

Multiple filter changers (auto changers) are acceptable, as long as thece is
interaction between sampling filters.

PTFE membrane filters shall be placed in a specific cassette wighiittéin holder.
An inertial pre-classifier with a 50 per cent cut point betweerpgh5and 10 um
shall be installed immediately upstream of the filter holder, if@ndube sampling
probe facing upstream is used.

P Sampling pump

FC2 Flow controller

A flow controller shall be used for controlling the particulate darfipw rate.

FM3 Flow measurement device

Gas meter or flow instrumentation to determine the particulate sarapldéhtough
the particulate filter. It may be installed upstream or downstrefithe sampling
pump P.

FM4 Flow measurement device

Gas meter or flow instrumentation to determine the secondawmgiodil airflow
through the particulate filter.

BV Ball valve (optional)

The ball valve shall have an inside diameter not less than ghke idiameter of the
particulate transfer tube PTT, and a switching time of less thas 0.5
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STATISTICS
A4l Mean value and standard deviation

The arithmetic mean value shall be calculated as follows:

n

2%

i=1
n

X=

The standard deviation shall be calculated as follows:

A.4.2. Regression analysis

The slope of the regression shall be calculated as follows:

The y intercept of the regression shall be calculated as follows:

a, =y~ (& xX)

The standard error of estimate (SEE) shall be calculated as follows:

n 2
\/Z[yi ~a,~(a,xx ]
SEE=1=
n-2
The coefficient of determination shall be calculated as follows:
n 2
> [y —a, (3, xx)]

r2=1-1%
(yi _9)2

n
i=1

(92)

(93)

(94)

(95)

(96)

(97)
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Determination of system equivalency

The determination of system equivalency according to paragrdph. Shall be
based on a 7 sample pair (or larger) correlation study between theatarsjidtem
and one of the accepted reference systems of this gtr using the régiprogst
cycle(s). The equivalency criteria to be applied shall be the F-tdgharntwo-sided
Student t-test.

This statistical method examines the hypothesis that the eastgidard deviation
and sample mean value for an emission measured with the candidate dgshot

differ from the sample standard deviation and sample mean value fantission

measured with the reference system. The hypothesis shall bededtesl basis of a
10 per cent significance level of the F and t values. The criticadl Eaaues for 7 to
10 sample pairs are given in table 9. If the F and t values calcalededding to the
equation below are greater than the critical F and t values, the andigtem is not
equivalent.

The following procedure shall be followed. The subscripts R @Gnekfer to the
reference and candidate system, respectively:

(@) Conduct at least 7 tests with the candidate and reference sgpeaited in
parallel. The number of tests is referred togaandng;
(b) Calculate the mean valu% andx_C and the standard deviatiogsandsc;

(c) Calculate thé& value, as follows:

2
Smajor

> (98)
minor

F =

S

(the greater of the two standard deviatigger sc shall be in the numerator)

(d) Calculate thévalue, as follows:

(= ‘Z —Q (99)

VS /N +55/g

(e) Compare the calculated and t values with the criticalF and t values
corresponding to the respective number of tests indicated in talfléagger
sample sizes are selected, consult statistical tables for 10 per cefitaige
(90 per cent confidence) level;

() Determine the degrees of freedodf)(as follows:

for theF-test: dfl =ng-1,df2=nc -1 (100)
for thet-test: df = (nc + ng —2)/2 (101)
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(g) Determine the equivalency, as follows:

() If F<Fqiandt <ty then the candidate system is equivalent to the
reference system of this gtr;

(i) If F = Fgit ort = teit , then the candidate system is different from the
reference system of this gtr;

Sample Size F-test t-test
df I:crit df tcrit
7 6, 6 3.055 6 1.943
8 7,7 2.785 7 1.895
9 8,8 2.589 8 1.860
10 9,9 2.440 9 1.833
Table 9

t andF values for selected sample sizes
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Annex 5
CARBON FLOW CHECK
Introduction

All but a tiny part of the carbon in the exhaust comes from the &mel all but a
minimal part of this is manifest in the exhaust gas as. G@is is the basis for a
system verification check based on g@®easurements.

The flow of carbon into the exhaust measurement systems is detdrinom the
fuel flow rate. The flow of carbon at various sampling pointshim émissions and
particulate sampling systems is determined from the C@hcentrations and gas
flow rates at those points.

In this sense, the engine provides a known source of carbondtmivobserving the
same carbon flow in the exhaust pipe and at the outlet of thealp8dw
PM sampling system verifies leak integrity and flow measuremesuracy. This
check has the advantage that the components are operating under raginealest
conditions of temperature and flow.

Figure 18 shows the sampling points at which the carborsfstall be checked. The
specific equations for the carbon flows at each of the sample poirgivanebelow.

@
Air  Fuel @
CO, raw

'

ENGINE

Partial Flow System

Figure 18
Measuring points for carbon flow check
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A.5.2. Carbon flow rate into the engine (location 1)

The carbon mass flow rate into the engine for a fueJ@Ht given by:

128

= X 102
O 128+ +16¢ o ( )

where:
0w is the fuel mass flow rate, kg/s

A.5.3. Carbon flow rate in the raw exhaust (location 2)

The carbon mass flow rate in the exhaust pipe of the engine slu@tdyenined from
the raw CQ concentration and the exhaust gas mass flow rate:

- Ccoor ~ Ceona % % 12.011

Ormce (—100 ] Grme * =1 ) (103)
where:

Ccozr is the wet CQconcentration in the raw exhaust gas, per cent

Ccoza Is the wet CQconcentration in the ambient air, per cent

Ormew is the exhaust gas mass flow rate on wet basis, kg/s

Me is the molar mass of exhaust gas, g/mol

If CO, is measured on a dry basis it shall be converted to a wet besidiag to
paragraph 8.1.

A.5.4. Carbon flow rate in the dilution system (location 3)
For the partial flow dilution system, the splitting ratitso needs to be taken into

account. The carbon flow rate shall be determined from the dilutec@@entration,
the exhaust gas mass flow rate and the sample flow rate:

Umep

Ccozd ~ Ceoza 12.011 g,
=| ————=|x X X —Te 104

e Ump

where:

Ccozd IS the wet CQconcentration in the dilute exhaust gas at the outlet of the
dilution tunnel, per cent

Ccoza IS the wet CQconcentration in the ambient air, per cent

Orew IS the exhaust gas mass flow rate on wet basis, kg/s

Omp is the sample flow of exhaust gas into partial flow dilusgstem, kg/s

Me Is the molar mass of exhaust gas, g/mol
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If CO, is measured on a dry basis, it shall be converted to wet &a=sding to
paragraph 8.1.

Calculation of the molar mass of the exhaust gas

The molar mass of the exhaust gas shall be calculated accordingatmedtl
(see paragraph 8.4.2.4.)

Alternatively, the following exhaust gas molar masses may éxk us

Me (diesel) = 28.9 g/mol
Me (LPG) = 28.6 g/mol
Me (NG) = 28.3 g/mol
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A.6.1.

A.6.2.

Annex 6
EXAMPLE OF CALCULATION PROCEDURE

Speed and torque denormalization procedure
As an example, the following test point shall be denormalized:

per cent speed=43 per cent
per cent torque=382 per cent
Given the following values:

Nio =1,015 mift
Nhi =2,200 mift
Npref =1,300 mirt
Nidie = 600 min*
results in:

43x(0.45x1,015+ 0.45x1,300+0.1x 2,200~ 600)x 2.0327
10C

actual speed 600

= 1,178 mift

With the maximum torque of 700 Nm observed from the mappingecurv
at 1,178 mift

actual torque§2>< 700:574 Nm
10C

Basic data for stoichiometric calculations

Atomic mass of hydrogen 1.00794 g/atom
Atomic mass of carbon 12.011 g/atom
Atomic mass of sulphur 32.065 g/atom
Atomic mass of nitrogen 14.0067 g/atom
Atomic mass of oxygen 15.9994 g/atom
Atomic mass of argon 39.9 g/atom
Molar mass of water 18.01534 g/mol
Molar mass of carbon dioxide 44.01 g/mol
Molar mass of carbon monoxide 28.011 g/mol
Molar mass of oxygen 31.9988 g/mol
Molar mass of nitrogen 28.011 g/mol
Molar mass of nitric oxide 30.008 g/mol
Molar mass of nitrogen dioxide 46.01 g/mol
Molar mass of sulphur dioxide 64.066 g/mol

Molar mass of dry air 28.965 g/mol
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Assuming no compressibility effects, all gases involved e tengine
intake/combustion/exhaust process can be considered to be idealyarasmetric
calculations shall therefore be based on a molar volume of 22mMaHld¢tcording to
Avogadro's hypothesis.

Gaseous emissions (diesel fuel)

The measurement data of an individual point of the test cycla &emhpling rate

of 1 Hz) for the calculation of the instantaneous mass emissiotang 9elow. In

this example, CO and NCare measured on a dry basis, HC on a wet basis. The
HC concentration is given in propane equivalent (C3) and has touttiplied by 3

to result in the C1 equivalent. The calculation procedure is wgritor the other
points of the cycle.

The calculation example shows the rounded intermediate resultsdffénent steps
for better illustration. It should be noted that for actual calardatrounding of
intermediate results is not permitted (see paragraph 8.).

Ta,i Ha,i Wact Omew,i Omaw,i Ot CHC,i Cco,i CNOX,i
(K) | (g/kg) | kWh | (kg/s) | (kgls) | (kg/s) | (ppm) | (ppm) | (ppm)
295 8.0 40 0.155 0.150 0.005 10 40 500

The following fuel composition is considered:

Component Molar ratio per cent mass
H a=1.8529 WaLE = 13.45
C £ =1.0000 WgeT = 86.50
S y=0.0002 Wgam = 0.050
N 0= 0.0000 WpeL = 0.000
O £=0.0000 weps= 0.000

Step 1: Dry/wet correction (paragraph 8.1.):

Equation (16)kn = 0.055584 13.45 - 0.000108886.5 - 0.00015620.05 = 0.7382

1.2434x8+111.12x 13.45><&05

Equation (13)ky = | 1- 0.148

773.4+1.2434x8+ 2995, 0 7382¢1.000
0.148

x1.008 = 0.9331

40x 0.9331
500x 0.9331

=37.3 ppm
=466.6 ppm

Equation (12): Cco,i (wet)
Cnox,i (Wet)
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Step 2: NQ correction for temperature and humidity (paragraph 8.2.1.):

_ 15,698 800

Equation (23),, == = +0832= 0.9576

Step 3: Calculation of the instantaneous emission of eachidodlvpoint of the
cycle (paragraph 8.4.2.4.):

Equation (36): myc; = 10x3x0.155 =4.650
Mco i = 37.3x0.155 =5.782
Mox | = 466.6x 0.9576x 0.155 =69.26

Step 4: Calculation of the mass emission over the cycle bgraiien of the
instantaneous emission values anduhlalues from table 5 (paragraph 8.4.2.4.):

The following calculation is assumed for the WHTC cycle (1,8p@nd the same

emission in each point of the cycle.
1800

Equation (36): muc = 0.000479<Z4.650 = 4.01 gltest
i=1
1800
Mco = 0.000966¢ 25.782 = 10.05 g/test
i=1
1800
MNOX = 0.001586¢ Y 69.26 = 197.72 gltest

i=1
Step 5: Calculation of the specific emissions (paragraph 8.6.3.):

Equation (69): eyc = 4.01/40 = 0.10 g/kWh
€co = 10.05/40 =0.25 g/kWh
enox = 197.72/40 = 4.94 g/kWh
A.6.4. Particulate Emission (diesel fuel)
Po,b Po.a Wact | Omew,i e i Omdw,i Omdew,i Muncor,b | Muncor,a Msep
(kPa)| (kPa) | (kWh) | (kg/s) | (kals) | (kals) | (kals) | (mg) | (mg) (kg)
99 100 40 0.155 0.005 0.00150.0020 | 90.000091.7000| 1.515

Step 1: Calculation afegr (paragraph 8.4.3.2.2.):

0.002
(0.002-0.0015

0.155x 4

1800

>°0.620
i=1

Equation (48): rq;

=0.620 kg/s
= 1,116 kg/test

Equation (47): OQmedti

Equation (46): megs
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Step 2: Buoyancy correction of the particulate mass (paragraph 8.3.)

Before test:
. 99x 28.836
Equation (26): = 2 eueen = 1.164 kg/m
g (26): pap 8.3144x 29E g

(1-1.164/8,000)

Equation (25): = 90.0000x =90.0325m
a (23): mur (1-1.164/2,300) J
After test:
. 100x 28.836
Equation (26): = =1.176 kg/mi
quation (26 pa 8.3144x 295 ]
Equation (25): myg = 91.7000x% (1_1'176/8’000) =91.7334 mg

(1-1.176/2,300)

Equation (27): my 91.7334 mg — 90.0325mg =1.7009 mg
Step 3: Calculation of the particulate mass emission (paragrapt2&4:

. 1.7009x1,116
Equation (45): m = - = 1.253 g/test
d (45): Mew 1.515¢1,000 d

Step 4: Calculation of the specific emission (paragraph 8.6.3.):

Equation (69): ey = 1.253/40 =0.031 g/kWh
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INSTALLATION OF AUXILIARIES AND EQUIPMENT FOR EMISSIONS TEST

Number | Auxiliaries Fitted for emission test
1 Inlet system
Inlet manifold Yes
Crankcase emission control system Yes
Control devices for dual induction inlet manifagstem Yes
Air flow meter Yes
Air inlet duct work Yes, or test cell equipment
Air filter Yes, or test cell equipment
Inlet silencer Yes, or test cell equipment
Speed-limiting device Yes
2 Induction-heating device of inlet manifold Ydspossible to be set in th
most favourable condition
3 Exhaust system
Exhaust manifold Yes
Connecting pipes Yes
Silencer Yes
Tail pipe Yes
Exhaust brake No, or fully open
Pressure charging device Yes
4 Fuel supply pump Yes
5 Equipment for gas engines
Electronic control system, air flow meter, etc. sYe
Pressure reducer Yes
Evaporator Yes
Mixer Yes
6 Fuel injection equipment
Prefilter Yes
Filter Yes
Pump Yes
High-pressure pipe Yes
Injector Yes
Air inlet valve Yes
Electronic control system, sensors, etc. Yes
Governor/control system Yes
Automatic full-load stop for the control rack depleng on| Yes
atmospheric conditions
7 Liquid-cooling equipment
Radiator No
Fan No
Fan cowl No
Water pump Yes
Thermostat Yes, may be fixed fully open
8 Air cooling
Cowl No
Fan or Blower No
Temperature-regulating device No
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9 Electrical equipment
Generator No
Coil or coils Yes
Wiring Yes
Electronic control system Yes
10 Intake air charging equipment
Compressor driven either directly by the enging/anby | Yes
the exhaust gases
Charge air cooler Yes, or test cell system
Coolant pump or fan (engine-driven) No
Coolant flow control device Yes
11 Anti-pollution device (exhaust after-treatmeygtem) Yes
12 Starting equipment Yes, or test cell system
13 Lubricating oil pump Yes




