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Statement of technical rationale and justification

Introduction

The industry producing twethree and fouwheeled light motor vehicles is a global
one, with companies selling their products in many different countid®
Contracting Parties to the 1998 Agreement have all determined that work should be
undertaken to address emissions from-ieeled light motor vehicles as a way to
help improve air quality internationally.

This UN GTR covers three main environmentatification test type to verify and
validate the environmental performance of a wide range of light motor vehicle types
with two-wheels.

The aim of this UN GTR is to provide measures to strengthen the-ianfdonisation

of light motor vehicle approvalna certification legislation, in order to improve the

cost effectiveness of environmental performance testing, remove trade barriers, reduce
the overall complexity of global legislation, remove potential areas of conflict or
opposing requirements and impecthe air quality.

The first step in this process in 2004 was to establish the certification procedure for
motorcycle exhaust emissions in a harmonised UN GTR No 2. The UN GTR No 2
Revision 1 extends the scope to all twheeled vehicles, updates the itegpt
methodology for technical progress and sets out requirements to measure the energy
efficiency of different types of propulsion units fitted to twheeled light motor
vehicles. The test procedures were developed so that they would be:

A representativef world-wide onroad vehicle operation;

A able to provide an internationally harmonised set of environmental tests to ensure
efficient and practicable controls of -voad emissions over the normal life of a
vehicle;

A corresponding to statef-the-art tesing, sampling and measurement technology in
the area of environmental performance testing of-wheeled light motor
vehicles;

A applicable in practice to existing and foreseeable future exhaust emissions
abatement technologies;

A applicable in practicestexisting and foreseeable future powertrain technologies;

A capable of providing a reliable ranking of exhaust emission levels from different
engine types;
A include adequate provisions to prevent test cipgieass.

The technical and economic feasibilitfithe measures contained within this UN GTR
have been considered and are discussed further in Section A.5.

This UN GTR amendment covers three test types related to tailpipe emissions:
1. Test Type I: Tailpipe emissions after cold start

To monitor the gasesupollutant emissions a vehicle produces when in general use,
test type | defines a test procedure in a cold start and performing an appropriate driving
cycle in a chassis dynamometer which has been designed for that class of vehicle,
while taking into cosideration the requirements of test repeatability and
reproducibility.

2. Test Type IlI: Tailpipe emissions at idle (Pl engine) and free acceleration test
(Cl engine)

To test low idle and high idle emissions referred to in road worthiness testing, test type
Il defines a test procedure at two idle engine speeds for vehicles equipped with Pl
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engines to measure the emissions of CO and HC and a test procedure at free
acceleration for vehicles equipped with CI engines to measure opacity which is
indirectly represemttive of particulate matter emissions for Cl vehicles.

3. Test Type VII: Energy efficiency, i.e. G@missions and fuel consumption

To provide information required by consumers to judge the energy efficiency and
running costs and practicality of a vehiclestteype VII measures for publication and
inclusion in vehicle literature, the energy efficiency with respect togbssions and

fuel consumption.

The base UN GTR No 2 builds on the work of the WMTC Informal Working Group
(IWG), its deliberations and colusions, provided in the group's Technical Report
(ECE/TRANS/180/Add.2/Appendix 1) which produced its last amendment on the base
UN GTR in 2011. Amendment 4 to UN GTR No. 2 is based on the work of the
Informal Working Group on Environmental and Propulsianit Performance
Requirements of light motor vehicles (EPPR), from now on referred toERHAR
informal working group, which held its first meeting during the 65th GRPE in January
2013 sponsored by the European Commission (EC).

B. Procedural background

The original work on the base UN GTR No. 2 started in May 2000 with the
establishment of the WMTC Informal Working Group. At the UNB@®EBrking Rarty

on Pollution andEnergy (GRPE) 45th session in January 2003, a formal proposal by
Germany for the establishent of a UN GTR was approved for presentation to the
Executive Committee for the 1998 Agreement (AC.3). At its session on 13 November
2003, the proposal from Germany was also approved as a UN GTR project by AC.3.

The base UN GTR No. 2 was approved by A.3une 2005. Amendment 1 to the
base UN GTR No. 2 was approved by AC.3 in November 2007. The draft text of
Amendment 2 to UN GTR No. 2 on the introduction of performance requirements
(limit values for pollutant emissions for vehicles fitted with gasobngines) was
approved by GRPE in January 2011, subject to final decisions concerning the format
of the text by AC.3.

At its April 2006 meeting held in Pune (India), the informal working group
WMTC/FEG agreed to prepare new test cycle proposals and a nkigleve
classification for draft amendments to the UN GTR in order to suitpowered
vehicles, such as commonly used in India and China.

A small WMTC Task Force, coordinated by the International Motorcycle
Manufacturers Association (IMMA), was set up tepare a proposal on the test
cycle(s) and any new classification that might be necessary to achieve this objective.
The Task Force was attended by India, Italy, Japan, Germany, the EC and IMMA.
Task Force meetings were held in August and October 2006.

At its November 2006 meeting held in Ann Arbor (United States of America),
WMTC/FEG agreed to a modified version of one of the WMTC Task Force proposals
and forwarded it to WMTC Informal Group in January 2007 where it was approved
for submission to GRPE.

The ntention of setting up the group was put forward by the EU and announced during
the 63rd and 64th meetings of the GRPE in January and June 2012 and in the 157th
session of the WP.29 in June 2012.

With the mandate (informal document: WP-P88-15) accepteat the 158th session

of the WP.29 (13L.6th November 2012) to establish the environmental and propulsion
unit performance requirements for light motor vehiclesE@PR) informal working
group under the GRPE. At the GRPE 79th session in 2019, a formal ardpafed

by the L-EPPR informal working group for Amendment 4 of this UN GTR was tabled
for adoption by the Executive Committee for the 1998 Agreement (AC.3).
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C.1

c.2.

Ongoing developments of test types and procedures and global discussion on
harmonisation haveesulted in the technical requirements contained within this
UN GTR. The final text of the UN GTR is presented below, in Part Il of this document.

Existing regulations, directives and international voluntary
standards

Technical references in theiginal development of this UN GTR No 2 and related
UN GTRs in the area of environmental performance requirements

For the original development of this UN GTR No 2 and related UN GTRs in the area
of environmental performance requirements, the following edguis contained

relevant applications of exhaust emissions requirements for light motor vehicles
which were available for technical reference:

A UN Regulation No. 40, 01 series of amendments:

Uniform provisions concerning the approval of motorcycles gqopdpwith a
positiveignition engine with regard to the emission of gaseous pollutants by the
engine

A EU:

Regulation (EU) No 168/2013 was adopted in the course of 2013 as well as the
delegated act on environmental and propulsion unit performance requisemen
Regulation (EU) No 134/2014 (REPPR) in the beginning of 2014 setting out
technical provisions and environmental performance test procedures. Both
regulations have been amended by Regulation (EU) 2019/129 and by Regulations
(EU) 2016/1824 and 2018/295spectively.

A Indian Regulation:

MoSRT&H/ CMVR/ TAP-115/116, Central Motor Vehicle Rule No. 115 and
AlIS 137 Part 1

A Japanese Regulation:
- Road vehicle Act, Article 41 "Systems and Devices of Motor Vehicles";

- Safety Regulations for Road Vehicles, Article"Einission Control
Devices";

A United States of America Regulations:

- USFTP Subpart F, Emission Regulations for 1978 and Later New
Motorcycles

- 1SO standards:

- 1SO 11486 (MotorcyclesChassis dynamometer setting method);
- 1SO 6460 (gas sampling and fuel comgption);

- 1SO 4106 (Motorcycles- Engine test code Net power);

Most of these regulations had been in existence for many years and the methods of
measurement varied significantly. The technical experts were familiar with these
requirements and discussdtem in their working sessions. TheHPPR Informal

Working Group therefore considered that to be able to determine-ateeled light

mot or vehicledbds real i mpact on the envi
emissions and energy efficiency, ttest procedure and consequently the UN GTR

No. 2 needs to represent modern, +@akld vehicle operation.

Technical references in developing this Amendment 4 to UN GTR No. 2

For the development of Amendment 4 to UN GTR No. 2, the following legislatidn
technical standards contained relevant applications of requirements farhtzeled
light motor vehicles or transferable provisions for passenger cars:

ron



ECE/TRANS/WP.29/2019/121

C.3.

Test type I

A UN (1998 agreement, lightuty and heawguty vehicles): WLTP (UN GTR 15),
UN S.R.1;

A UN (1958 agreement, light motor vehicles): UN Regulation 40, UN Regulation
47 and UN R.E.3;

A UN (1958 agreement, MAdategory vehicles): UN Regulation 83;
EU: Regulation (EU) No 168/2013;

A Regulation (EU) No 134/2014 (REPPR) (EU delegated act oirdimaental and
Propulsion unit Performance supplementing Regulation (EU) No 168/2013).

b

Test type Il:

A UN (1958 agreement, light motor vehicles): UN Regulation 40, UN Regulation
47,

A UN (1958 agreement, lightuty vehicles): UN Regulation 83;
A EU: Reguldion (EU) No 168/2013;

A CITA (International Motor Vehicle Inspection Committee)
Test type VII:

A UN (1958 agreement, lightuty vehicles): UN Regulation 101, UN Regulation
83;

A EU: Regulation (EU) No 168/2013 and Regulation (EU) No 134/2014 (REPPR).

Methodology for deriving harmonised test procedures for this amendment of UN
GTR2

The European Commission launched aeRPR study in January 2012 with the
objective to develop proposals to revise and update UN GTR No 2 for technical
progress and to delop proposals for harmonised EPPR legislation not yet covered at
the international level for twand threewheeled light motor vehicles, e.g. crankcase
and evaporative emission test requirements, energy efficiency, durability of pollution
control devices,onboard diagnostic requirements, propulsion unit performance
requirements, etc. The output of this comprehensive study was submitted for the
assessment and approval of the&RPR group.

The methodology used in this study to develop the test proceduresneahwithin

the UN GTR involved an iterative process of review. The process was initially based
on an assessment of existing literature and new evidence, which was gathered from a
wide range of pertinent stakeholders, to provide more insight with refgattts future
requirements of the UN GTR.

The first phase comprised a stocktake of appropriate literature, international legislation
and proposals. The aim was to ensure that all current and proposed test types and the
specific requirements of differerggions were captured.

The second phase of the evidence gathering consisted of a stakeholder consultation.
An important part of this was a questionnaire, which asked stakeholders to provide
information and at times their views on current practices in diffferegions and the

way forward.

The third phase, involved the derivation of the test types contained within the
UN GTR, and consisted of a technical evaluation of the information collected in phases
one and two. Specifically, each test type was assemseédhe following aspects
considered:

A common international practices (existing harmonised practices);
A significant differences with respect to testing methods and procedures;

A the global technical feasibility;
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E.1.

the likely cost and economic impact;
the likely acceptability for all Contracting Parties;

the effectiveness of each proposal at improving vehicle emission performance;

o o o Do

the suitability of the testing procedures with regard to current and future
powertrains and technologies.

The order of te aspects presented above does not represent any ranking, the priority
was dependent on each of the specific areas analysed during the development of the
UN GTR. Where multiple options were left after the assessment of the factors listed
above, further itative evaluation was undertaken by the Informal Working Group.

The fourth and final stage of the study involved a review of the proposed harmonised

test procedures by the EC, and following further discussion this feedback was
incorporated and a final set iterations undertaken, which form the technical content

of the ECO6s proposals to revise and suppl en
available as working documents to be discussed and agreed BWERER. informal

working group.

The outcome of this wi was, among others, the development of a new proposal to
amend UN GTR No 2 based on the consolidation of existing global legislation-and up
to-date technical provisions.

Discussion of the issues addressed by t®& GTR

Amendment 4 to UN GTR No. 2 bgs together the tailpipe pollutant and £O
emissions related test types I, Il and VII. This latter mentioned test type VII verifies
the energy efficiency of the light motor vehicle in terms of setting out a test procedure
required to determine the G@missions and fuel consumption of vehicles equipped
with a combustion engine.

The process used to develop this UN GTR was based on reaching consensus in order
to allow this UN GTR to fulfil the requirements of different regions of the world.

The durability equirements (test type V) were outside the scope of the informal
group's mandate within the development of the Amendment 4 to UN GTR No. 2.
However, Contracting Parties were expressly permitted within this section to specify
durability requirements and/asseful life provisions in their national or regional
legislation in relation to the emission limits set out in this UN GTR. A new UN GTR
on durability of pollution control devices of tawheeled light motor vehicles (test
type V) will be formulated by thEPPR IWG with harmonised test procedure and will
use Amendment 4 to UN GTR No. 2 to verify the tailpipe emissions.

In the development of Amendment 4 to UN GTR No. 2, specific technical issues were
raised, discussed, and resolved, which are examined Tretthmical Report. The IWG
after long discussions took the decision that the basic text to work with was the
Regulation (EU) 168/2013, recently amended by Regulation (EU) 2019/129 (Euro 5
emission test provisions/technical requirements) and Regulation {84J2014, as
amended by Regulations (EU) 2016/1824 and 2018/295.

The main resolutions agreed by the IWG and the technical background are addressed
in the Technical Report accompanying this Amendment 4 to UN GTR 2.

Regulatory impact and economic effectigness

Anticipated benefits

Increasingly twewheeled light motor vehicles are being prepared for the world
market. To the extent that manufacturers are preparing substantially different models
in order to meet different emission regulations and mettafdmeasuring C®
emission and fuel consumption, testing costs and other production values are
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increased. It would be more economically efficient to have manufacturers using a
similar test procedure worldwide wherever possible to prove satisfactory
envirormental performance before placing a product on the market. It is anticipated
that the test procedures in this UN GTR will provide a common test programme for
manufacturers to use in countries worldwide and thus reduce the amount of resources
utilised to test two-wheeled light motor vehicles. These savings will accrue not only

to the manufacturers, but more importantly, to the consumers and the authorities as
well. However, developing a test programme just to address the economic question
does not completelgddress the mandate given when work on this UN GTR was first
started. The test programme also improves the state of testirwghealed light motor
vehicles, reflects better how those vehicles are used today and covers recent-and near
future powertrain tehnologies, fuels and emission abatement technologies.

E.2. Potential cost effectiveness
At the time of writing this amendment to this UN GTR 2, the data is not available to
undertake a full impact assessment of the test types contained within, as thél data
be available based on the implementation by Contracting Parties. This is in part
because not all limit values have been set out and it is undecided to what level the
proposed upgrade of test procedures will be accepted by Contracting Partiesc Specifi
cost effectiveness values can be quite different, depending on the national or regional
environmental needs and market situation. While there are no calculated values here,
the belief of the technical group is that there are clear and significant benefit
comparing to justifiable, anticipated cost increases associated with this UN GTR.
Finally, this Amendment to UN GTR 2 provides the Contracting Parties applying these
test procedures with the capability to test the vehicles according to a dynamic, real
world emission laboratory testycle which reflects much better actual environmental
performance of twavheeled light motor vehicles in terms of pollutant emissions and
energy efficiency. This in turn will allow for narrowing down the gap between claimed
andactual, realworld environmental performance experienced by society.
. Text of theUN GTR
1. Purpose
1.1. This Regulation provides a worldwidearmonized measurement method for
the determination of the levels of gaseous and particulate pollutant@msissi
at the tailpipe, the emissions of carbon dioxide and the energy efficiency in
terms of fuel consumption of twwheeled motor vehicles that are
representative for real world vehicle operation
2. Scope
2.1 Two-wheeled motor vehicles equipped with aguilsion unit in accordance
with Tablel:
Table 1
Scope with regard to the propulsion unit and fuel type
Vehicle with Pl engine Vehicle with CI
(Petrol) engine (Diesel)
Type | Test Yes Yes
Type | Test
particulate Yes (only for Drect
mass Injection Yes
Type Il Test Yes Yes
Type VII Test Yes Yes
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3. Vehicle subclassification

3.1 Figure 1 provides a graphical overview of the vehicle -sldssification in
terms of engine capacity and maximum vehicle speed if subject to the
environmental test types imdted by the (sud class numbers in the graph
areas. The numerical values of the engine capacity and maximum vehicle speed
shall not be rounded up or down

Figure 1

Vehicle subclassification for environmental testing, test types | and VIl
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3.2. Class0
Vehicles that fulfil the followingspecifications in Table 2 belong to class 0
and shall be sublassified in
Table 2
Sub-classification criteria for class 0 twewheeled vehicles
Engine Capaaodwxp O5EMmLt M Subclass 61
Engine Capact O ZaBdBkm/h < pax O50km/h Subclass 62
3.3. Class 1
Vehicles that fulfil the followingspecifications in Table 3 belong to class 1
Table 3

Classification criteria for class 1 twoewheeled vehicles

50cnt < Engine Capacity < 150¢mand axO50km/h
Or
Engine Capacity < 150chand 50km/h < Max< 10Gkm/h

Class 1

3.4. Class 2
Vehicles that fulfil the following specificationia Table 4belong to class 2
and shall be sublassified in:

Table4

Sub-classification criteria for class 2 twoewheded vehicles

Engine Capacity <150cta n d 1 0 Onl €1A%m/IO v
Or

Engi ne Cap a@andthy<18kmih5 0 c m

Subclass 21
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115 k minh< 18km/h Subclass 22

3.5. Class 3

Vehicles that fulfil the followingspecifications in Table 5 belong ttass 3
and shall be sublassified in:

Table 5

Sub-classification criteria for class 3two-wheeled vehicles

1 3 0 k Maha< 1@kmvh Subclass 31

Vmax O Krh/® Subclass 32

3.6. A Contracting Party may choose Class 0 vehicles to be excludedtlfiom
contractingpar t y6s regul ati on

4, Definitions
The following definitions shall apply in thisN GTR:

4.1, "Actuator’ means a converter of an output signal from a control unit into
motion, heat or other physical state in order to control the powertrajme{s)
or drive train;

4.2 "Air intake systethmeans a system composed of components allowing the
freshair charge or aifuel mixture to enter the engine and includes, if fitted,
the air filter, intake pipes, resonator(s), the throttle body and tlakeint
manifold of an engine;

4.3. "Boost contrdl means a device to control the boost level produced in the
induction system of a turbocharged or suglesirged engine;

4.4, "Carburettot' means a device that blends fuel and air into a mixture that can
be comlusted in a combustion engine;

4.5, "Catalytic convertér means an emission pollutigrontrol device which
converts toxic byproducts of combustion in the exhaust of an engine to less
toxic substances by means of catalysed chemical reactions;

4.6. "CO; emisions means carbon dioxigle

4.7. "Cold-start devicé means a device that temporarily enriches the air/fuel
mixture of the enginegr any deice or means which can assistsiart the
engine

4.8. "Common rail means a fuel supply system to the engine liictva common
high pressure is maintained;

4.9. "Compression ignition engitieor "Cl enginé means a combustion engine
working according to the principles of the "Diesel" cycle;

4.10. "Defeat device means any element of design which senses temperature,

vehicle speed, engine rotational speed, drive gear, manifold vacuum or any
other parameter for the purpose of activating, modulating, delaying or
deactivating the operation of any part of the emission control and exhaust after
treatment system that reduchs effectiveness of the emission control system
under conditions which may reasonably be expected to be encountered in
normal vehicle operation and use. Such an element of design may not be
considered a defeat device if:

(@) The need for the device is jif&d in terms of protecting the engine
against damage or accident and for safe operation of the vehicle; or

(b) The device does not function beyond the requirements of engine
starting; or
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4.11.

4.12.

4.13.

4.14.

4.15

4.16.

4.17.

4.18.

4.19.

4.20.

4.21.

4211

4.212.

4.22.

4.23.

(c) Conditions are substantially included in the Type 1 test proesd

"Drive train" means the part of the powertrain downstream of the output of the
propulsion unit(s) that consists if applicable of the torque converter clutches,
the transmission and its control, either a drive shaft or belt drive or chain drive,
the differentials, the final drive, and the driven wheel tyre (radius);

"Drive train control unit means the ooard computer that partly or entirely
controls the drive train of the vehicle;

"Driver mas$ means the nominal mass of a driveatttshall be 75 kg
(subdivided into 68 kg occupant mass at the seat and 7 kg luggage mass in
accordance with ISGtandard 241-4992)

"Electronic throttle contrdl (ETC) means the control system consisting of
sensing of driver input via the accelerapedal or handle, data processing by
the control unit(s), resulting actuation of the throttle and throttle position
feedback to the control unit in order to control the air charge to the combustion
engine;

"Engine and vehicle characteristicsSubjed to the provisions of paragraph
1.1 of Appendix 3 tAnnex 4, the engine and vehicle characteristics as defined
in Appendix 9 toAnnex 4 to this Regulatign

"Engine capacitymeans:
(a) for reciprocating piston engines, the nominal engine swapine;

(b)  for rotary-piston (Wankel) engines, double the nominal engine swept
volume;

"Engine control unit means an otvoard computer that partly or entirely
controls the engine(s) and all emission related devices / systems of the vehicle;

"Equivalent inertid determined in relation to the reference mass as defined in
paragrapht.36. to this Regulatign

"Exhaust emissiofismeans emissions of gaseous pollutants and particulate
matter from the tailpipe;

"Exhaust gas recirculation (BR) systethmeans a part of the exhaust gas flow
led back to the combustion chamber of an engine in order to lower the
combustion temperature;

"Forced Induction Systéhis the process of delivering compressed air -/ air
fuel mixture to the intake ofrainternal combustion engine

"Superchargef’ means an intake &ir fuel mixturecompressorun by any
means other than engine exhaustaset] for forced induction of a combustion
engine, thereby increasing propulsion unit performance

"Turbocharget means an exhaust gas turbjp@wered centrifugal compressor
boosting the amount of air charge into the combustion engine, thereby
increasing the propulsion unit performance

"Fuel consumptichmeans the amount of fuel consumed, caltad by the
carbon balance method

"Gaseous pollutantsneans carbon monoxide (CO), oxides of nitrogen (NOx)
expressed in terms of nitrogen dioxide ()l@quivalence, and hydrocarbons
(HC), assuming a ratio of:

CiH1 gsfor petrol,

C:H1 gsfor dieselfuel.

11
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4.24.

4.25.

4.26.

4.27.

4.28.

4.29.

4.30.

4.31.

4.32.

4.33.

4.34.

4.35.

4.36.

4.37.

4.38.

4.39.
4.40.

4.41.

"Intercoolet’ means a heat exchanger that removes waste heat from the
compressed air by a charger before entering into the engine, thereby improving
volumetric efficiency by incrasing intake air charge density;

"Maximum net engine powes the maximum net engine power of the vehicle
as declared by the manufacturer, measured in accordancépptndix 2,
Appendix 2.2, Appendix 2.2.1 and Appendix 2i3Annex X of European
Union Regulation (EU) no. 134/2014

"Maximum vehicle speédvmay is the maximum speed of the vehicle as
declared by the manufacturer, measured in accordance with Appendix 1 and
Appendix 1.1 to Annex X of European Union Regulation (EU) no. 134/2014
(on the maximum design speed, maximum torque and maximum neeengin
power of two wheeled motor vehicles)

"Opacity’ means an optical measurement of the density of particulate matter
in the exhaust flow of an engine, expressed fn m

"Parent vehiclé means a vehicle that is representative of a propulsion unit
family set out in Appendix 8 tdnnex4;

"Particulate filtet' means a filtering device fitted in the exhaust system of a
vehicle to reduce particulate matter from the exhaust flow;

"Particulate mattel (PM) means the mass of any particulateerat from the
vehicle exhaust quantified according to the dilution, sampling and
measurement methods as specified in this UN GTR

"Pollution-control devicé means those componelftardware or software)f
a vehicle hat control or reduce emissions;

"Positive ignition engineor "Pl enginé means a combustion engine working
according to the principles of the "Otto" cycle;

"Powertrail’ means the components and systems of a vehicle that generate
power and deliver it to the road surface,liniing the engine(s), the engine
management systems or any other control module, the pollution environmental
protection control devices including pollutant emissions and noise abatement
systems, the transmission and its control, either a drive shafttodrhve or

chain drive, the differentials, the final drive, and the driven wheel tyre (radius);

"Properly maintained and us&dneans that when selecting a test vehicle it
satisfies the criteria with regard to a good level of maintenance and nosmal us
according to the recommendations of the vehicle manufacturer for acceptance
of such a test vehicle;

"Propulsion unit means a combustion engine, an electric motor, any hybrid
application or a combination of those engine types or any other engie ty

"Reference mass @)' means theinladen masef the vehicle increased with
the mass of the driver (75 kg);

"Scavenging poftmeans a connector between crankcase and combustion
chamber of a twastroke engine through which the fresh chasbair, fuel and
lubrication oil mixture enters the combustion chamber;

"Sensot means a converter that measures a physical quantity or state and
converts it into an electric signal that is used as input to a control unit;

"Stopstart systethmeans automatic stomd start of the propulsion unit;

"Tailpipe emissiorfsmeans the emission of gaseous pollutants and particulate
matter at the tailpipe of the vehicle;

"Unladen mass (my) means the nominal mass of a complete vehicle as
detemined by the following criteria:
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4.42.

5.1.

5.2

5.2.1.

5.2.1.1.

5.2.1.2.
5.2.1.3.

5.3.

6.1

6.2

Mass of the vehicle with bodywork and all factory fitted equipment, electrical
and auxiliary equipment for normal operation of vehicle, including liquids,
tools, fire extinguisher, standard spare parts, chocks and speeg Wiitted.

The fuel tank shall be filled to at least 90 per cent of rated capacity and the
other liquid containing systems to 100 per cent of the capacity specified by the
manufacturer

"Useful lifé¢' means the relevant period of distance antifoe over which
compliance with the relevant gaseous and particulate emission limits has to be
assured.

General Requirements

The manufacturer shall equip tweheeled vehicles in the scope of this

UN GTR with systems, components and separate teghanits affecting the
environmental performance of a vehicle that are designed, constructed and
assembled so as to enable the vehicle in normal use and maintained according
to the prescriptions of the manufacturer to comply with the detailed technical
requirements and testing procedures of thié GTR during its useful life, as
defined by the Contracting Party, including when installed in the vehicle.

Any strategy that "optimises" the powertrain of the vehicle running the relevant
test cycles in andwvantageous way, reducing tailpipe emissions and running
significantly differently under realorld conditions differently than under
emission test laboratory conditions, is considered a defeat strategy and is
prohibited, unless the manufacturer has docuet and declared it to the
satisfaction of the responsible authority.

An element of design shall not be considered a defeat device if any of the
following conditions is met:

the need for the device is justified in terms of protecting tigine against
damage or accident and ensuring safe operation of the vehicle;

the device does not function beyond the requirements of engine starting;

the operating conditions are included to a substantial extent in the test
procedures foverifying if the vehicle complies with thidN GTR

The environmental performance typpproval regarding test types I, Il and
VIl shall extend to different vehicle variants, versions and propulsion unit
types and families, provided that the vehiclersion, propulsion unit or
pollution-control system parameters specifiedAippendix 8 toAnnex 4are
identical or remain within the prescribed and declared tolerances in that Annex.

Nomenclature

Wherever required, values shall be roundédhs fdlows:

When the digit next beyond that last place to be retained, is

(&) lessthan 5, retain the last digit unchanged. (E.g. 1.243 becomes 1.24)
(b) greater than 5, increase the last digit by one. (E.g. 1.246 becomes 1.25)

(c) equals 5, and there are digits beyond this, or only zeros, increase the
last digit by one, if the last digit is odd (E.g. 1.235 becomes 1.24) and
retain the last digit unchanged if it is even (E.g. 1.245 becomes 1.24)

(d) equals 5, and there are digits beyond this, increadashdigit by one.
(E.g. 1.2451 becomes 1.25)

Throughout this document the decimal sign is a full stop (period) "." and if

used, the thousands separator is a comma ",".

13
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6.3 Temperature shall be measured in °C. Wherever temperature conversion is
requred in K for calculation purpose, the following equivalence shall be used,
°C = 273.15K.

7. Performance requirements for the type | test of a twe

wheeled vehicle

7.1 The principal requirements of performance are set oplanagraphr.2 for
two-wheeledvehicles. Contracting Parties may also accept compliance with
one or more of the alternative performance requirements set out in
paragrapty.3. for two-wheeled vehicles.

7.2 The gaseous pollutant emissions for each class efulnexled vehicle set out
in paragrapiB. of section B.1., obtained when tested in accordance with the
applicable test cycle specified Appendix12 to Annex 4, shall not exceed
the pollutant tailpipe emission limit values specified in Table 6

Table 6
Principal performance requirements

Limits (mg/km)

Class CO THC(HC) NMHC NOXx PM Reference Fuel
PI 4.5 (only  As per Table A4.App2/4
1,000 100 68 60 for DI) (Appendix 2 to Annex

Cl As per Table A4.App2/€
500 100 68 90 45  (Appendix 2 to Annex }

Note The test values multipliely DF must be below the limits in the above table.
DF for PI engine vehicles for CO is 1.3, THC is 1.3, NMHC is 1.3, NOx is 1.3 and PM is 1.0.

DF for CI engine vehicles for CO is 1.3, THC is 1.1, NMHC is 1.1, NOx is 1.1 and PM is 1.0.
7.3 Alternative pe&formance requirements

The gaseous emissions for each class of vehicle set sedtion3. ofthis UN

GTR, obtained when tested in accordance with the applicable test cycle
specified inAppendix 12to Annex4., shall not exceed the pollutant emission
limit values specified ifable 7 as per the Alternate chosen by @entracting
Party.

Table 7
Alternate performance requirements

Limits (mg/km) for PI Engines

Sub

Class CO THC (HC) NOx THC+NOx (HC+NOx)
Alt A® AltB@® AltCO |AltA® AltB® Alt CO® AltA® AltB@ AltCO At AD® At B® At C®

1 1.403 1.140 2.620 | NA 380 750 390 70 170 790 NA NA

2-1® 11403 1.140 2.620 | NA 380 750 | 390 70 170 790 NA NA
2-2 1.970 1.140 2.620 | NA 380 750 | 340 70 170 670 NA NA

3 1970 1.140 2.620 | NA 170 330 200 90 220 400 NA NA
Notes
@ For Alt A, there is an option to comply with evaporative emission norm of 6g/test (instead of 2g/test).

HC+NOx norms to be tightened by 200mg/km from the values given in table

@ Applicable parts of driving cycle forlAA are part reduced speeBS) cold and part teduced speeBS)
hot, as against Euro 4 partdduced speeBE) cold and part 2educed speeRES) hot

®) For Alt A: Test values must be below the AltA limits in the above table

“) For Alt B: Test valuesnultiplied by DF must be below the Alt B limits in the above table; DF for CO is 1.3,
for NOx is 1.2 and for HC+NOx is 1.2

14
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®) For Alt C limits, DF are not applicable
7.4. In tables 6 & 7, THC (HC) refers to total hydrocarbon measured by FID (Flanzatiomi
Detector).

15
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Annex 1

Test Type |, exhaustemissions aftercold start

1.1.

1.2.

2.1,

3.1.
3.1.1.

3.1.2.

3.1.2.1.

3.1.3.

3.2.

TableAl/1

Introduction

This Annexprovides a harmonised method for the determination of the levels
of gaseous pollutant emissions and particulate matter collected at the tailpipe,
the emissions of carbon dioxide and is referred #rinex 3 to determine the
energy efficiency in terms of fuel consumption of the vehicle types within the
scope of thi$JN GTR that are representative for real world vehicle operation.

The results maform the basis for limiting gaseous pollutants, to report carbon
dioxide and the energy efficiency of the vehicle in terms of fuel consumption
by the manufacturer within the environmental performance approval
procedures in a robust and harmonised way.

General Requirements

The components liable to affect the emission of gaseous pollutants, carbon
dioxide emissions and affecting the energy efficiency of the vehicle shall be so
designed, constructed and assembled as to enable the vehicle in n@mal us
despite the vibration to which it may be subjected, to comply with the
provisions of thidJN GTR.

Note 1: The symbols used in Annex 1, Annex 2 and Annex 3. are summarised
in Appendix 1to Annex 4

Test Conditions

Test room

The test roonwith the chassis dynamometer and the gas sample collection
device shall have a temperature of 25+ 5 °C. The room temperature shall be
measured in the vicinity of the vehicle cooling blower (fan) before and after
the type | test.

The absolute humitli (Ha) of either the air in the test cell or the intake air of
the engine shall be measured, recoraed correction factors for NOx shall be
applied

Humidity correction factor
(reserved)

The soak area shall have a temperature of 25@& &nd be such that the test
vehicle which has to be preconditioned can be parked in accordance with para.
4.2.4. ofAnnex 1

WMTC, test cycle parts

The WMTC test cycle (vehicle speed patterns) for type |, VII and VIl
environmental tests consist op to three parts as set outAppendix12 to
Annex 4. Depending on the vehicle classification in terms of engine
displacement and maximum design vehicle speed in accordance with
paragrapt8. of this Regulationthe following WMTC test cycle parts ifable

A1/1 shall be run.

Applicable parts of WMTC as specified in Appendix 120 Annex 4,

Vehicle Sub classification

Applicable Parts of WMTC as specified in Appendix 12 to Annex 4

Class 0 subdivided in:

16
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Vehicle Sub classification Applicable Parts of WMTC as specified in Appendix 12 to Annex 4

Subclass 61 part 1, RST25 in cold condtin, followed by part 1, RST25 in warm condition
Subclass 62 part 1, RST45 in cold condition, followed by part 1, RST45 in warm conditiol
Class 1 part 1, reduced vehicle speed in cold condition, followed by part 1, reduced

vehicle speed in warm conditi
Class 2 subdivide in:

Subclass 21 part 1, reduced vehicle speed in cold condition, followed by part 2, reduced
vehicle speed in warm condition

Subclass 22 part 1, in cold condition, followed by part 2, in warm condition
Class 3 subdivided in:

Sub-class 31 part 1, in cold condition, followed by part 2, in warm condition, followed by p
3, reduced vehicle speed in warm condition

Subclass 32 part 1, in cold condition, followed by part 2, in warm condition, followed by p
3, in warm conditio

3.3. Specification of the reference fuel

The appropriate reference fuels as specifiefjgpendix2 to Annex 4shall be
used for conducting test type I.

Principal norms for Type | test shall be those of Table A4.App2/2, or Table
A4.App2/4 reference fudbr petrol vehicles, and Table A4.App2/6 for Diesel
vehicles. For alternate norms, regional reference fuels used for Type | test by
ContractingParties may be used as indicated in Table A1/2.

Table A1/2
Reference fuels to be used of the principal and alieative horms

Performance requirement Reference fuel specificatio
Principal Norm requirement See Table A4.App2/2,
Table A4.App2/4 and
Table A4.App2/6 _
Alternative A See Table A4.App2/1 of Appendix 2 to Annex 4
Alternative B See Table A4.App2/z
Alternative C See Table A4.App2/z
3.4. Type | test procedure
3.4.1. Driver

The test driver shall have a mass of 75 kg £ 5 kg.
3.4.2. Test bench specifications and settings

3.4.2.1. The chassis dynamometer shall have a single roller in the transverseipfane
a diameter of at least 400 mm, alternatively, a chassis dynamometer equipped
with two rollers on a single axle in the transverse plane (one for each wheel) is
permitted when testing twavheeled vehicles with twinned wheels.

3.4.2.2. The dynamometer sli be equipped with a roller revolution counter for
measuring actual distance travelled.

3.4.2.3. Dynamometer flywheels or other means shall be used to simulate the inertia
specified inparagraptt.2.2.

3.4.2.4. The dynamometer rollers shall be clean, dngd free from anything which
might cause the tyre(s) to slip.

3.4.2.5. Cooling fan specifications as follows:

17
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3.4.25.1.

3.4.2.5.2.

3.4.253.

3.4.2.6.

3.4.3.
3.4.3.1.

Throughout the test, a variakietation speed cooling blower (fan) shall be
positioned in front of the vehicle so as to direct theliog air onto it in a
manner that simulates actual operating conditions. The blower rotation speed
shall be such that, within the operating range of 10 to 50 km/h, the linear
velocity of the air at the blower outlet is within 5 km/h of the corresponding
roller speed (from which the actual vehicle speed is calculated). At the range
of over 50 km/h, the linear velocity of the air shall be within £10 percent. At a
desired vehicle speed of less than 10 km/h, air velocity may be zero.

The air velody referred to inparagraptB.4.2.5.1. shall be determined as an
averaged value of nine measuring points which are located at the centre of each
rectangle dividing the whole of the blower outlet into nine areas (dividing both
horizontal and vertical sidesf the blower outlet into three equal parts). The
value at each of the nine points shall be within 10 percent of the average of the
nine values.

The blower outlet shall have a cresection area of at least 0.4 m2 and the
bottom of the blower diet shall be between 5 and 20 cm above floor level.
The blower outlet shall be perpendicular to the longitudinal axis of the vehicle,
between 30 and 45 cm in front of its front wheel. The device used to measure
the linear velocity of the air shall be Ided at between 0 and 20 cm from the

air outlet.

The detailed requirements regarding the chassis dynamometer are listed in
Appendix6 to Annex4.

Exhaust gas measurement system

The gascollection device shall be a closggpe devicethat can collect all
exhaust gases at the vehicle exhaust outlets on condition that it satisfies the
backpressure condition of + 1.225 Pa (125 my@H An open system may be
used instead if it is confirmed that all the exhaust gases are collected. The gas
collection shall be such that there is no condensation which could appreciably
modify the nature of exhaust gases at the test temperature. An example of a
gascollection device is illustrated in Figufel/1a and Figurél/1b:
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Figure Alla
An example of cbsedtype systems for sampling gases and measuring their volume
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Schematic diagram for the representative closed type CVS system with PDP
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To HFID; special sampling line when HFID Is used.

To atmosphere.
To exhaust pump.
To analysing system.

To PM;special sampling line when PM is used.

Schematic diagram for the representative closed type CVS system with CFV
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Figure Al/1b

Key

An example of openrtype system for sampling gases and measuring their volume
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3.4.3.33.

3.4.3.3.4.

3.4.3.3.5.
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Schematic diagram for the representative open type CVS system with CFV

A connecting tube shall be placed between the device and the exhaust gas
sampling syste. This tube and the device shall be made of stainless steel, or
of some other material which does not affect the composition of the gases
collected and which withstands the temperature of these gases.

Positive displacement pump (PDP)

A positive displacement pump (PDP) full flow exhaust dilution system
satisfies the requirements of this Annex by metering the flow of gas through
the pump at constant temperature and pressure. The total volume is measured
by counting the revolutions made llye calibrated positive displacement
pump. The proportional sample is achieved by sampling with pump, flow
meter and flow control valve at a constant flow rate.

A heat exchanger capable of limiting the temperature variation of the diluted
gasesn the pump intake to £ 5 °C shall be in operation throughout the test.
This exchanger shall be equipped with a preheating system capable of bringing
the exchanger to its operating temperature (with the tolerance of + 5 °C before
the test begins.

A positive displacement pump shall be used to draw in the diluted exhaust
mixture. This pump shall be equipped with a motor with several strictly
controlled uniform rotation speeds. The pump capacity shall be large enough
to ensure the intake of the edst gases. A device using a critilalv venturi

(CFV) may also be used.

A device (T) shall be used for the continuous recording of the temperature of
the diluted exhaust mixture entering the pump.

Two gauges shall be used, thetfits ensure the pressure depression of the
dilute exhaust mixture entering the pump relative to atmospheric pressure, and
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3.4.3.4.
3.4.34.1

3.4.3.4.2.

3.4.3.4.3.

3.4.3.5.

3.4.3.6.

3.4.3.7.

3.4.3.8.
3.4.3.8.1.

3.4.3.8.2.

3.4.3.9.

3.4.3.10.
3.4.3.10.1.
3.4.3.10.1.1.

the second to measure the dynamic pressure variation of the positive
displacement pump.

Critical flow venturi (CFV)

The use of a CFV for the full flow exhaust dilution system is based on the
principles of flow mechanics for critical flow. The variable mixture flow rate
of dilution and exhaust gas is maintained at sonic velocity that is inversely
proportional to the seare root of the gas temperature and directly proportional
to gas pressure. Flow is continually monitored, computed and integrated
throughout the test.

The use of an additional critical flow sampling venturi ensures the
proportionality of the ga samples taken from the dilution tunnel. As both
pressure and temperature are equal at the two venturi inlets, the volume of the
gas flow diverted for sampling is proportional to the total volume of diluted
exhaust gas mixture produced.

A CFV shall measure the flow volume of the diluted exhaust gas.

A probe shall be located near to, but outside, thecgliscting device, to
collect samples of the dilution air stream through a pump, a filter and a flow
meter at constant flow rates thghout the test.

A sample probe pointed upstream into the dilute exhaust mixture flow,
upstream of the positive displacement pump, shall be used to collect samples
of the dilute exhaust mixture through a pump, a filter and a flow meter at
constantflow rates throughout the test. The minimum sample flow rate in the
sampling devices described jparagraph3.4.3.5. shall be at least 150
litre/hour.

Threeway valves shall be used on the sampling system described in
paragraph 3.4.3.5. and 3.4.8. to direct the samples either to their respective
bags or to the outside throughout the test.

Gastight collection bags

For dilution air and dilute exhaust mixture the collection bags shall be of
sufficient capacity not to impede moal sample flow and shall not change the
nature of the pollutants concerned.

The bags shall have an automatic $mtking device and shall be easily and
tightly fastened either to the sampling system or the analysing system at the
end of the tet.

A revolution counter shall be used to count the revolutions of the positive
displacement pump throughout the test.

Note 2: Attention shall be paid to the connecting method and the material or
configuration of the connecting parts, because saction (e.g. the adapter

and the coupler) of the sampling system can become very hot. If the
measurement cannot be performed normally due to heat damage to the
sampling system, an auxiliary cooling device may be used as lotigeas
exhaust gases are raffected

Note 3: With open type devices, there is a risk of incomplete gas collection and
gas leakage into the test cell. There shall be no leakage throughout the sampling
period.

Note 4: If a constant volume sampler (CVS) flow rate is used throughout the
test cycle that includes low and high vehicle speeds all in one (i.e. part 1, 2 and
3 cycles), special attention shall be paid to the higher risk of water
condensation in the high vehicle speed range.

Particulate mass emissions measurement atgrnp
Specification

System overview

21



ECE/TRANS/WP.29/2019/121

22

3.4.3.10.1.1.1.The particulate sampling unit shall consist of a sampling probe (PSP) located
in the dilution tunnel, a particle transfer tube (PTT), a filter holder(s) (FH),
pump(s), flow rateggulators and measuring units. $égure A12 andFigure
Al1/3.

3.4.3.10.1.1.2.A particle size prelassifier (PCF) (e.g. cyclone or impactor) may be used. In
such case, it is recommended that it is employed upstream of the filter holder.
However, a samplg probe, acting as an appropriate size classification device
such as that shown Figure Al/4 is acceptable.

3.4.3.10.1.2. General Requirements

3.4.3.10.1.2.1.The sampling probe for the test gas flow for particulates shall be so arranged
within the dlution tunnel that a representative sample gas flow can be taken
from the homogeneous air/exhaust mixture and shall be upstream of a heat
exchanger (if any).

3.4.3.10.1.2.2.The particulate sample flow rate shall be proportional to the total mass flow of
diluted exhaust gas in the dilution tunnel to within a tolerance of +5 per cent
of the particulate sample flow rate. The verification of the proportionality of
the PM sampling should be made during the commissioning of the system and
as required by the regpsible authority.

3.4.3.10.1.2.3.The sampled dilute exhaust gas shall be maintained at a temperature above
20°C (293.15K)and below 52°C (325.15K) within 20cm upstream or
downstream of the particulate filter face. Heating or insulation of components
of the PM sampling system to achieve this is permissible. In the event that the
52 °C limit is exceeded during a test where periodic regeneration event does
not occur, the CVS flow rate should be increased or dalikigon should be
applied (assuming thaterCVS flow rate is already sufficient so as not to cause
condensation within the CVS, sample bags or analytical system).

3.4.3.10.1.2.4 The particulate sample shall be collected on a single filter per cycle part
applicable according to vehicle class. ‘gtaing factor for PM to be same as
applied for all gaseous pollutants. All parts of the dilution system and the
sampling system from the exhaust pipe up to the filter holder, which are in
contact with raw and diluted exhaust gas, shall be designed to isgnim
deposition or alteration of the particulates. All parts shall be made of
electrically conductive materials that do not react with exhaust gas
components, and shall be electrically grounded to prevent electrostatic effects.

3.4.3.10.1.2.5.If itis notpossible to compensate for variations in the flow rate, provision shall
be made for a heat exchanger and a temperature control device as specified in
Appendix 7 to Annex 40 as to ensure that the flow rate in the system is
constant and the sampling rateardingly proportional.

3.4.3.10.1.2.6.Temperatures required for the PM mass measurement shall be measured with
an accuracy of £1 °C and a response timgt4g) of fifteen seconds or less.

3.4.3.10.1.2.7.The PM sample flow from the dilution tunnel $hbe measured with an
accuracy of +2.5 per cent of reading or £1.5 per cent full scale, whichever is
the least. The above accuracy of the PM sample flow from the CVS tunnel is
also applicable where double dilution is used. Consequently, the measurement
ard control of the secondary dilution air flow and diluted exhaust flow rates
through the PM filter must be of a higher accuracy. All data channels required
for the PM mass measurement shall be logged at a frequency of 1 Hz or faster.
Typically, these wouldnhclude:

(@) Diluted exhaust temperature at the PM filter;
(b)  PM sampling flow rate;
(c) PM secondary dilution air flow rate (if secondary dilution is used);

(d)  PM secondary dilution air temperature (if secondary dilution is used).
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3.4.3.10.1.2.8.For double dilution systems, the accuracy of the diluted exhaust transferred
from the dilution tunnel, in the equation is not measured directly but
determined by differential flow measurement:

Vep=Vset Vssd
where:

Vep: is the volume of diluted exhaust gas fiegvthrough particulate filter
under standard conditions;

Vset: is the volume of the double diluted exhaust gas passing through the
particulate collection filters;

Vssd: is the volume of secondary dilution air.

3.4.3.10.1.2.9.The accuracy of the flow mateused for the measurement and control of the
double diluted exhaust passing through the particulate collection filters and for
the measurement/control of secondary dilution air shall be sufficient so that the
differential volume shall meet the accuracwdaproportional sampling
requirements specified for single dilution. The requirement that no
condensation of the exhaust gas should occur in the CVS dilution tunnel,
diluted exhaust flow rate measurement system, CVS bag collection or analysis
systems shaklilso apply in the case of double dilution systems.

3.4.3.10.1.2.1Each flow meter used in a particulate sampling and double dilution system
shall be subjected to a linearity verification as required by the instrument
manufacturer.

Figure A1/2
Particulate Sampling Filter
Dilution Tunnel

PSP
PTT
Y — Flow selector valve
Flomy
Contraolier
Flow |_J A
Meter
Flow control demand
proportional to CVS
vented or returned to CVS flow rate

before flow metering
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Figure A1/3
Double Dilution Particulate Sampling System
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3.4.3.10.1.3.  Specific requirements
3.4.3.10.1.3.1. Particulate Matter (PM) sampling probe

3.4.3.10.1.3.1.1The sample probe shall deliver the partisiee classification pesfmance
described in paragraph 3.4.3.10.1.3.1.2. below. It is recommended that this
performance be achieved by the use of a shdged, opemnded probe facing
directly into the direction of flow plus a prassifier (cyclone impactor, etc.).
An approprate sampling probe, such as that indicated in FigureB.thay
alternatively be used provided it achieves thegbassification performance
described in paragraph 3.4.3.10.1.3.1.2. below.

Figure Al/4
Alternate particulate sampling probe configuration

_-‘.._

[all dimensions en mm]

3.4.3.10.1.3.1.2.The sample probe shall be installed at least 10 tunnel diameters downstream of
the exhaust gas inlet to the tunnel and have an internal diameter of at least 8
mm.

If more than one simultaneous sample is drawn frasingle sample probe,
the flow drawn from that probe shall be split into identical-#olvs to avoid
sampling artefacts.

If multiple probes are used, each probe shall be sbdged, opeended and
facing directly into the direction of flow. Probes shaldnually spaced around
the central longitudinal axis of the dilution tunnel, with the spacing between
probes at least 5 cm.
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3.4.3.10.1.3.1.3The distance from the sampling tip to the filter mount shall be at least five
probe diameters, but shall not eede2,000 mm.

3.4.3.10.1.3.1.4The preclassifier (e.g. cyclone, impactor, etc.) shall be located upstream of the
filter holder assembly. The paassifier 50 pecent cut point particle diameter
shall be between 2.5 um and 10 pym at the volumetric flae selected for
sampling particulate mass emissions. Theghassifier shall allow at least 99
percent of the mass concentration of 1 um particles entering thelgssifier
to pass through the exit of the priassifier at the volumetric flow rate seted
for sampling PM.

3.4.3.10.1.3.1.5 Particle transfer tube (PTT)
3.4.3.10.1.3.1.5.1Any bends in the PTT shall be smooth and have the largest possible radii.
3.4.3.10.1.3.1.6 Secondary dilution

3.4.3.10.1.3.1.6.1As an option, the sample extractedm the CVS for the purpose of PM
measurement may be diluted at a second stage, subject to the following
requirements:

(@  Secondary dilution air shall be filtered through a medium capable of
reducing particles in the most penetrating particle size offiliee
materi al by O 99.95 per cent, or through
H13 of EN 1822:2009. The dilution air may optionally be charcoal
scrubbed before being passed to the HEPA filter. It is recommended
that an additional coarse particle filtesigiated before the HEPA filter
and after the charcoal scrubber, if used.

(b)  The secondary dilution air should be injected into the PTT as close to
the outlet of the diluted exhaust from the dilution tunnel as possible.

(c)  The residence time from theipbof secondary diluted air injection to
the filter face shall be at least 0.25 seconds (s), but no longer than five
seconds.

(d) If the double diluted PM sample is returned to the CVS, the location of
the sample return shall be selected so that it doemterfere with the
extraction of other samples from the CVS.

3.4.3.10.1.3.2. Sample pump and flow meter

3.4.3.10.1.3.2.1.The sample gas flow measurement unit shall consist of pumps, gas flow
regulators and flow measuring units.

3.4.3.10.1.3.2.2.The tanperature of the gas flow in the flow meter may not fluctuate by more
than +3 K except

(@) When the PM sampling flow meter has real time monitoring and flow
control operating at 1 Hz or faster;

(b) During regeneration tests on vehicles equipped withogexally
regenerating aftetreatment devices.

Should the volume of flow change unacceptably as a result of excessive filter
loading, the test shall be invalidated. When it is repeated, the rate of flow shall
be decreased.

3.4.3.10.1.3.3. Filter and filterholder

3.4.3.10.1.3.3.1 A valve shall be located downstream of the filter in the direction of flow. The
valve shall open and close within 1 s of the start and end of test.

3.4.3.10.1.3.3.2For a given test, the gas filter face velocity shall be setioghe value within
the range 20 cm/s to 105 cm/s and should be set at the start of the test so that
105 cm/s will not be exceeded when the dilution system is being operated with
sampling flow proportional to CVS flow rate.

3.4.3.10.1.3.3.3Fluorocarboncoated glass fibre filters or fluorocarbon membrane filters are
required.
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All filter types shall have a0e3m D O @ctylplthalate) or PAO (polyalpha
olefin) CS 6864912-7 or CS 6803-01-4 collection efficiency of at least 99

per cent at a gas filter face velocity of 5.33cm/s measured according to one of
the following standards:

(@) U.S.A. Department of Defese Test Method Standard, M&TD-282
method 102.8: DOBSmoke Penetration of AerosBllter Element

(b)  U.S.A. Department of Defense Test Method Standard,-$1TD-282
method 502.1.1: DOBmoke Penetration of GAdask Canisters

(c) Institute of Environmetal Sciences and Technology, IERPCC021:
Testing HEPA and ULPA Filter Media.

3.4.3.10.1.3.3.4The filter holder assembly shall be of a design that provides an even flow

distribution across the filter stain area. The filter shall be round and have a stai
area of at least 1075 mdm

3.4.3.10.1.3.4. Weighing chambefor room) and analytical balance specifications
3.4.3.10.1.3.4.1 Weighing chambefor room) conditions

(@) The temperature of the chamber (or room) in which the particulate
filters are condittned and weighed shall be maintained to wit2rfC
+2°C, 22 °C + 1 °C if possible (295 .15K * 2 K, 295.15 K # 1K if
possible)during all filter conditioning and weighing.

(b)  Humidity shall be maintained to a dew point of less th&b°C
(283.65K)ard a relative humidity o5 per cent £ 8 per cent.

(c) Limited deviations from weighing temperature and humidity
specifications will be allowed provided their total duration does not
exceed 30 minutes in any one filter conditioning period.

(d) The levels of ambient contaminants in the chamber (or room)
environment that would settle on the particulate filters during their
stabilization shall be minimised.

(e) During the weighing operation, no deviations from the specified
conditions are permitted.

3.4.310.1.3.4.1.1Linear response of an analytical balance

The analytical balance used to determine the filter weight shall meet the
linearity verification criterion ofTable Al/3below. This implies a precision
(standard deviationl)utoiformtofl eatst|l a stg
1 egqg) . At Ispaced teferehce evaights khillybe tested. The zero
value shall be within Nileg.

TableA1/3
Analytical balance verification criteria

Codficient of
Measurement system Intercept, b Slope, m Standard error SEE determination,

PM Balance O 1 per 099101 O 1 per O 0.

3.4.3.10.1.3.4.2 Buoyancy Correction

The sample and reference filter weights shall be corrected for their buoyancy
in air. The buoyancy correction is a fumati of sampling filter density, air
density and the density of the balance calibration weight, and does not account
for the buoyancy of the PM itself.

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

(@) PTFE coatd glass fiber filter: 2,300 kg/in
(b) PTFE membrane filter: 2,144 kgfm

la nadg .a
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(c) PTFE membrane filter with polymethyl pentene support ring: 920
kg/me.

For stainless steel calibration weights, a density of 8,000 kg/m? shall be used.
If the material of the dibration weight is different, its density must be known.
International Recommendation OIML R 211 Edition 2004(E) from
International Organization of Legal Metrology on calibration weights should
be followed.

The following equation shall be used:

1-— Pa
_ Puw
Mg = Mypeorr X 1— Pa
Pf
where:
mg is the corrected particulate sample mass. mg;

Mypeore 15 the uncorrected particulate sample mass, mg:

Pa is the density of the air, kg/m’;
Pw is the density of balance calibration weight, kg.-’lns:
Pf is the density of the particulate sampling filter, kg.-’ma.

The density of the air p,shall be calculated as follows:
_ pn X 28.836
Pe = 33144 x T,

Ph is the total atmospheric pressure, kPa;

T, is the air temperature in the balance environment. Kelvin (K).

Thechamber (or room) environment shall be free of any ambient contaminants
(such as dust) that would settle on the particulate filters during their
stabilisation.

Limited deviations from weighing room temperature and humidity
specifications shall be allowegatovided their total duration does not exceed
30 minutes in any one filter conditioning period. The weighing room shall meet
the required specifications prior to personal entrance into the weighing room.
No deviations from the specified conditions are geed during the weighing
operation.

3.4.3.10.1.3.4.3The effects of static electricity shall be nullified. This may be achieved by

grounding the balance through placement on an antistatic mat and
neutralisation of the particulate filters prior to weighinsing a Polonium
neutraliser or a device of similar effect. Alternatively, nullification of static
effects may be achieved through equalisation of the static charge.

3.4.3.10.1.3.4.4 A test filter shall be removed from the chamber no earlier than arbledore

3.4.3.10.1.4.

the test begins.
Recommended system description

Figure Al/5is a schematic drawing of the recommended particulate sampling
system. Since various configurations can produce equivalent results, exact
conformity with this figure is notequired. Additional components such as
instruments, valves, solenoids, pumps and switches may be used to provide
additional information and coordinate the functions of component systems.
Further components that are not needed to maintain accuracy vetisgstem
configurations may be excluded if their exclusion is based on good engineering
judgment.
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FigureAl/5

Particulate sampling system

KNS

3.4.4.
3.4.4.1.

3.4.4.2.
3.44.2.1.

FC

[

Control demand
proportional to CV 5
flowirate

FI

A sample of the diluted exhaust gas is taken from the full flow dilution tunnel
(DT) through the particulate sampdj probe (PSP) and the particulate transfer
tube (PTT) by means of the pump (P). The sample is passed through the
particle size prelassifier (PCF) and the filter holders (FH) that contain the
particulate sampling filters. The flow rate for sampling it Isg the flow
controller (FC).

Driving schedules
Test cycle WMTC

The WMTC test cycles (vehicle speed patterns vs. test time) for the type | test
consist of up to three parts, as laid dowrmAppendix 12 to Annex 4The
applicable part of WNIC for each sub category shall be asgmmagrapt8.2

of this section.

Vehicle speed tolerances

The vehicle speed tolerance at any given time on the test cycles prescribed in
TableA4.App12 is defined by upper and lower limits. Thepap limit is 3.2

km/h higher than the highest point on the trace within one second of the given
time. The lower limit is 3.2 km/h lower than the lowest point on the trace within
one second of the given time. Vehicle speed variations greater than the
tolerances (such as may occur during gear changes) are acceptable provided
they occur for less than two seconds on aagasion. Vehicle speeds lower

than those prescribed are acceptable provided the vehicle is operated at
maximum available power during such aoences. Figure Al shows the

range of acceptable vehicle speed tolerances for typical points.
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Figure Al1/6:

Drivers trace, allowable range
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If the acceleration capability of the vehicle is not sufficient to carry out the
acceleration phas or if the maximum design speed of the vehicle is lower
than the prescribed cruising vehicle speed within the prescribed limits of
tolerances, the vehicle shall be driven with the throttle fully open until the
desired vehicle speed is reached or at tlaimum design vehicle speed
achievable with fully opened throttle during the time that desired vehicle speed
exceeds the maximum design vehicle speed. In both gesagrapl3.4.4.2.1.
is not applicable. The test cycle shall be carried on normally wheined
vehicle speed is again lower than the maximum design speed of the vehicle.

If the period of deceleration is shorter than that prescribed for the
corresponding phase, due to the vehicle characteristics, desired vehicle speed
shall be rested by a constant vehicle speed or idling period merging into
succeeding constant vehicle speed or idling operation. In such cases,
paragrapt8.4.4.2.1. is not applicable.

Apart from these exceptions, the deviations of the roller speed (frooh wWie

actual vehicle speed is calculated) in comparison to the desired vehicle speed
of the cycles shall meet the requirements describ@éiagrapt8.4.4.2.1. If

not, the test results shall not be used for further analysis and the test run shall
be repated.

Gearshift prescriptions for the WMTC prescribed for the test cycles set out in
Appendix13to Annex 4

Test vehicles equipped with an automatic transmission
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3.45.1.1.

3.45.1.2.

3.45.1.3.

3.4.5.1.4.

3.4.5.2.
3.4.5.2.1.

3.45.2.2.

3.4.5.3.
3.45.3.1.
3.4.5.3.1.1.

30

Vehicles equipped with transfer cases, multiple sprockets, kédl be tested
in the configuration recommended by the manufacturer for street or highway
use.

Idle modes shall be run with automatic transmissiotiBiive" and the wheels
braked. After initial engagement, the selector shall not be opetsdag time
during the test.

Automatic transmissions shall shift automatically through the normal sequence
of gears. The torque converter clutch, if applicable, shall operate as uneer real
world conditions.

The deceleration modes shd&le run in gear using brakes or throttle as
necessary to maintain the desired vehicle speed.

Test vehicles equipped with a seatitomatic transmission

Vehicles equipped with semaiutomatic transmissions shall be tested using the
gears ormally employed for driving, and the gear shift used in accordance
with the instructions in the owriermanual.

Idle modes shall be run with sewniitomatic transmissions fiDrive" and the
wheels braked. After initial engagement, the seledtall :iot be operated at
any time during the test.

Test vehicles equipped with manual transmission
Mandatory requirements
Step 18 Calculation of desired vehicle speeds to shift gear

Upshift desired vehicle speeds fv.andv; vi)+in km/h during acceleration
phases shall be calculated using the following formulae:

Pll

oxcE)
Mref/_(0.1)%(s—n 1

idle ) M jgle |X——

Vi o= (0.5753><e(_ —
1

1)

Py

—1.
v = (0.5753x e( mref) X(S—Mjge )+ Nigpe | X

i—i+l

i=2tong-1

where:

“" is the gear number (O 2)
"ng'
wp

is the total number of forward gears
is the rated power in kW

mef' is the reference mass in kg
"Nide”

gt

is the idling engine speed in rmiin
is the rated engine speed in rhin

"ndv" is the ratio between engine speed in+hiand vehicle speed in km/h

in gear"i".

Downshift desired vehicle speeds ) in km/h duringcruise or deceleration
phases in gears 4 (4th gear) to ng shall be calculated using the following
formula:
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(~1oxmty)
-1.9x—— 1
v]‘.—}]‘—l —_ (05?53X e Mref X(S—I‘Iidlc)--nidle K+
ndv, ,
3)
i=4tong
where:

i is the gear number (O 4)
ng is the total number of forward gears

P, is the rated power in kW

Mt IS the referencenass in kg

nige is the idling engine speed in min

s s the rated engine speed in mhin

ndvi; is the ratio between engine speed in+hiand vehicle speed in km/h in
gear i2

The downshift desired vehicle speed from gear 3 to gears;2 jvshall be
calculated using the following equation:

where:

Pn is the rated power in kW

Mrer IS the reference mass in kg

nige IS the idling engine speed in rmiin
s s the rated engine speed in rhin

ndv; is the ratio between engine speed in-famd velicle speed in km/h in
gear 1.

The downshift desired vehicle speed from gear 2 to gear,¥ jvshall be
calculated using the following equation:

1

Vo_ 1= [0-033 (s- Nigie) + nidle]3 havs

©)
where:

ndw is the ratio between engine speed in+hiand vehicle speed in km/h in
gear 2.

Since the cruise phases are defined by the phase indicator, slight vehicle speed
increases couldccur and it may be appropriate to apply an upshift. The upshift
desired vehicle speedsi(¥, V2- sand V. i+1) in km/h during cruise phases shall

be calculated using the following equations:

1
Vi o = [0-033 (S- Nigie) + nioue]3 v
20
Pll
—1.9x—1 1
» =] (05753 x e( eref) —0.1)=x ':E_ﬂidhj—ﬂi:lh | =
i " T ndwvy
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Vi—i+l

()

— 19—
=| (0.5753x e( Mref/ x (s — g ) +0ge ¥
| 11

(8)

3.4.5.3.1.2. Step 20 Gearchoice for each cycle sample

In order to avoid different interpretations of acceleration, deceleration, cruise
and stop phases, corresponding indicators are added to the vehicle speed
pattern as integral parts of the cycles (see tablappendix 12 to Anex 4.).

The appropriate gear for each sample shall then be calculated according to the
vehicle speed ranges resulting from equations to determine the desired vehicle
speeds to shift gears péragrap!8.4.5.3.1.1. and the phase indicators for the
cycleparts appropriate for the test vehicle, as follows:

Gear choice for stop phases:

For the last five seconds of a stop phase, the gear lever shall be set to gear 1
and the clutch shall be disengaged. For the previous part of a stop phase, the
gear lever sl be set to neutral or the clutch shall be disengaged.

Gear choice for acceleration phases:
gear 1l,y,if v O v
gear2,if\y< V2v@
gear3,ifyv=< V3vQ®
gear4,ifyvae< Va4v®
gear5,ifyy=< Vs5v@
gear6,ifv>yvs

< < < <

Gear toice for deceleration or cruise phases:
gearl,ifv<yvi

gear2,ifv<yv>

gear 3,ifyv O Vaiys v

gear4,ifuy® Vsys V

gear5,if¥ v Vevs V

gear 64ysif v O v

The clutch shall be disengaged, if:

(@) the vehicle speed dropslbe 10 km/h, or

(b)  the engine speed drops belower+ 0.03X (S - Nidie);

(c) thereis a risk of engine stalling during calrt phase.

3.4.5.3.1.3. Step 30 Corrections according to additional requirements

3.4.5.3.1.3.1.The gear choice shall beodified according to the following requirements:

(@) no gearshift at a transition from an acceleration phase to a deceleration
phase. The gear that was used for the last second of the acceleration
phase shall be kept for the following deceleration phadess the
vehicle speed drops below a downshift desired vehicle speed,;

(b)  no upshifts or downshifts by more than one gear, except from gear 2 to
neutral during decelerations down to stop;



ECE/TRANS/WP.29/2019/121

(c)  upshifts or downshifts for up to four seconds are replacetthdogear
before, if the gears before and after are identical, e.g. 2 3 3 3 2 shall be
replaced by 2222 2,and 4 33 3 34 shall bereplacedby 444444

In the cases of consecutive circumstances, the gear used longer takes
over,e.g.222333222333willbereplacedby222222222
2333

If used for the same time, a series of succeeding gears shall take
precedence over a series of preceding gears, e.g.222333222333
will be replaced by222222222333;

(d)  no downshift during an acceleration phase.
3.4.5.3.2.  Optional provisions
The gear choice may be modified according to the following provisions:

The use of gears lower than those determined by the requirements described in

paragraph 3.4.5.2.1. is permitted ina ny cycl e phase. Manuf act
recommendations for gear use shall be followed if they do not result in gears

higher than determined by the requirementgasbgrapl8.4.5.2.1.

3.4.5.3.3.  Optional provisions

Note 5: The calculation programme to be fowordthe UN website at the
following URL may be used as an aid for the gear selection:

http://live.unece.org/trans/main/wp29/wp29wgs/wp29grpe/wmtc.html

Explanations of the appach and the gearshift strategy and a calculation
example are given iAppendix13to Annex 4.

3.4.5.3.4. Idle modes shall be run with manual transmissions with wheels braked.
3.4.6. Dynamometer settings

A full description of the chassis dynamometer angtruments shall be
provided in accordance withppendix 6to Annex4. Measurements shall be
taken to the accuracies specifiedparagraph3.4.7. The running resistance
force for the chassis dynamometer settings can be derived either fraracbn
coastdown measurements or from a running resistance table, with reference
to Appendix4 or Appendix5 to Annex 4for a vehicle equipped with one wheel

on the powered axle.

3.4.6.1. Chassis dynamometer setting derived fromr@ad coastiown measurements

To usethis alternative, omoad coastiown measurements shall be carried out
as specified ilAppendix 5 to Annex 4 for a vehicle equipped with one wheel
on the powered axle.

3.4.6.1.1. Requirements for the equipment

The instrumentation for the roller speed (attvehicle speed), desired vehicle
speed and time measurement shall have the accuracies speqifegddgraph
3.4.7.

3.4.6.1.2. Inertia mass setting

3.4.6.1.2.1. The equivalent inertia mass; for the chassis dynamometer shall be the
flywheel equivaleninertia mass, m closest to the sum of thmladen mass
(my) of the vehicleand the mass of the driver (75 kg). Alternatively, the
equivalent inertia mass;man be derived from Appendix 4 to Annex 4.

3.4.6.1.2.2. If the reference mass mref cannot be adiged to the flywheel equivalent
inertia mass m to make the target running resistance force F* equal to the
running resistance forcez Fwhich is to be set to the chassis dynamometer),
the corrected coastown time DTe may be adjusted in accordance hwihe
total mass ratio of the target codstwn timeDT aqin the following sequence:

33


http://live.unece.org/trans/main/wp29/wp29wgs/wp29grpe/wmtc.html

ECE/TRANS/WP.29/2019/121

1 2pv
=—(Mm.+m . 9
(p-l;ad 36( a rl) F ( )
-1 20 v (10)
Cp-E 6 (ml + mrl) FE
F.=F (11)
m +m
= 3 0 1 (12)
Cp-E Cp];ad ma + mrl
with
0.95< Mi* M 4 05
ma + ml’l
where:

my may be measured or calculated, in kilograms, as appropriate. As an
alternative, mm may be estimated as 4 percent of m.

For measurement accuracy, Jedle A1A

3.4.6.2. Running resistance force derived from a running resistance table or on road
coast down

3.4.6.2.1. The chassis dynamometer may be set by the use of the running resistance table
instead of the running resistze force obtained by the coakiwn method. In
this table method, the chassis dynamometer shall be set Bfehence mass
(mrer) regardless of particular vehicle characteristics.

Note 6: Care shall be taken when applying this method to vehicles with
extraordinary characteristics.

3.4.6.2.2. The flywheel equivalent inertia mass; shall be the equivalent inertia mass
m; specified in Appendix4, or Appendix5 to Annex 4where applicable. The
chassis dynamometer shall be set by the rolling resistanibe ofondriven
wheels (a) and the aero drag coefficient (b) specifiepipendix 4 toAnnex
4, or determined in accordance with the procedures set out in Appendix 5 to
Annex 4.

3.4.6.2.3. The running resistance force on the chassis dynamometesh&ll te
determined using the following equation:

]':E =].:;' =a—h . T:
(13)

3.4.6.2.4. The target running resistance force F* shall be equal to the running resistance
force obtained from the running resistance t&hldecause the correction for
the standard améint conditions is not necessary.

3.4.7. Measurement accuracies

Measurements shall be taken using equipment that fulfils the accuracy
requirements in Table Al/4

Table A1/4

Required accuracy of measurements

Measurement items At measured values Resolution
a) Running resistance force, F + 2 percent --
b) Vehicle speed ¢y v2) + 1 percent 0.2 km/h
¢) Coastdown vehicle speed interval

( 2 pwvw)v + 1 percent 0.1 km/h
d)Coastd own t i me ( oot + 0.5 percent 0.01s
e) Total vehicle mass (&) + 0.5 percent 1.0 kg

34



ECE/TRANS/WP.29/2019/121

Measurement items At measured values Resolution
f) Wind speed + 10 percent 0.1 m/s
g) Wind direction - 5 deg
h) Temperature N 1

i) Barometric pressure - 0.2 kPa
j) Distance + 0.1 percent 1m
k) Time +0.1s 0.1s
4. Test procedures

4.1.

4.1.1.

41.1.1.

41.1.2.
41.1.2.1.

41.1.2.2.

Description of the type | test

The test vehicleshall be subjected, according to its category, to test type |
requirements as specified in thjgaragraph4. and comply with the
requirements set out lppendix3 to Annex4.

Type | test (verifying the average emission of gaseous pollutants, PM fo
gasoline direct injectionand diesel vehicle, COemissions and fuel
consumption in a characteristic driving cycle)

The test shall be carried out by the method describgadiiagraph.2. The
gases shall be collected and analysed by the predaniethods.

Number of tests

The number of tests shall be determined as shown in FALE Ri to Rs
describe the final measurement results for the first (No 1) test to the third (No
3) test and the gaseous pollutant and PM. Foocaedipxide emission and fuel
consumption refer Anne3. for number of tests.

In each test, the masses of the carbon monoxide, hydrocarbons, nitrogen
oxides, carbon dioxide and the fuel consumed during the test shall be
determined. The mass of niaulate matter shall be determined only for
vehicles equipped with a CI or a direct injeatP| combustion engine.
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Figure A1/7

Flowchart for the number of type | tests
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Exhaust emissions may be sampled during preparation tests for type | testing
or duing verification tests for test types IV, VII or VIII but the results of these
tests shall not be used for the purpose of exhaust emission approval /
certification to satisfy the requirements set oypdmnagrapht.1.1.2.2.

Type | test
Introduction

The type | test consists of prescribed sequences of dynamometer preparation,
fuelling, parking, and operating conditions.

The test is designed to determine hydrocarbon, carbon monoxide, oxides of
nitrogen, carbon dioxide, particudamatter mass emissions if applicable and
fuel consumption while simulating realorld operation. The test consists of
engine starups and vehicle operation on a chassis dynamometer, through a
specified driving cycle. A proportional part of the dilutedhanst emissions is
collected continuously for subsequent analysis, usiGy &.

Except in cases of component malfunction or failure, all emissimitrol
systems installed on or incorporated in a tested vehicle shall be functioning
during all proedures.

Background concentrations are measured for all emission constituents for
which emissions measurements are taken. For exhaust testing, this requires
sampling and analysis of the dilution air.

Background particulate mass measurement

The particulate background level of the dilution air may be determined by
passing filtered dilution air through the particulate filter. This shall be drawn
from the same point as the particulate matter sample, if a particulate mass
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measurement is appliock according tparagrapht.1.1.2.2. One measurement

may be performed prior to or after the test. Particulate mass measurements may

be corrected by subtracting the background contribution from the dilution

system. The permissible background contributibnasl | be O 1 mg/km (ol
equivalent mass on the filter). If the background contribution exceeds this

level, the default figure of 1 mg/km (or equivalent mass on the filter) shall be

used. Where subtraction of the background contribution gives a negative resul

the particulate mass result shall be considered to be zero.

4.2.2. Dynamometer settings and verification
4.2.2.1. Test vehicle preparation
The test vehicle shall comply with the requirements set oihivex4.

4.2.2.1.1. The manufacturer shall providelditional fittings and adapters, as required to
accommodate a fuel drain at the lowest point possible in the tanks as installed
on the vehicle, and to provide for exhaust sample collection.

4.2.2.1.2. The tyre pressures shall be adjusted to the manufaetu 6 s s peci fi cati ons t
satisfaction of the technical service or so that the speed of the vehicle during
the road test and the vehicle speed obtained on the chassis dynamometer are
equal.

4.2.2.1.3. The test vehicle shall be warmed up on the chassiardgmeter to the same
condition as it was during the road test.

4.2.2.2. Chassis dynamometer preparation, if settings are derived frenmaoncoast
down measurements:

Before the test, the chassis dynamometer shall be appropriately warmed up to
the stabilsed frictional force F The load on the chassis dynamometgsfHn

view of its construction, composed of the total friction logsvRich is the sum

of the chassis dynamometer rotating frictional resistance, the tyre rolling
resistance, the frictiohaesistance of the rotating parts in the powertrain of the
vehicle and the braking force of the power absorbing unit (pau)ds in the
following equation:

I:E = I:f + Fpau (14)

The target running resistance force F* derived from Appendix Anttex 4

and; for a vhicle equipped with one wheel on the powered axle Appendix 5
to Annex 4 or for a vehicle with two or more wheels on the powered axles
Appendix 6 to Annex 4, shall eproduced on the chassis dynamometer in
accordance with the vehicle speed, i.e.:

F (Vi ) =F (Vi ) (15)

The total friction loss fon the chassis dynamometer shall be measured by the
method inparagrap.2.2.2.1. or 4.2.2.2.2.

4.2.2.2.1. Motoring by chassis dynamometer

This method applies only to chassis dynamometers capable of driving a
vehicle. The tdsvehicle shall be driven steadily by the chassis dynamometer
at the reference vehicle speegwith the drive train engaged and the clutch
disengaged. The total friction loss (Wo) at the reference vehicle speedss
given by the chassis dynamometercta

4.2.2.2.2. Coastdownwithout absorption

The method for measuring the cedstvn time is the coastown method for

the measurement of the total friction logsFhe vehicle coagiown shall be
performed on the chassis dynamometer by the procedwserilied in
Appendix 4 and Appendix 5 to Annéxfor a vehicleequipped with one wheel

on the powered axle and with zero chassis dynamometer absorption. The coast
down time Dt corresponding to the reference vehicle speedshall be
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4.2.2.2.3.

42224,

4.2.2.2.5.

42.2.2.5.1.

42225.2.

422.253.

measured. The measuremshall be carried out at least three times, and the
mean coastlown time shall be calculated using the following equation:

PE=4 Pf (16)

i=1
Total friction loss

The total friction loss ffvg) at the reference vehicle speed vO is calcdlate
using the flowing equation:

F (Vo) = ?J-G(mi + mrl)ZCZZJtV 17

Calculation of powesbsorption unit force

The force kaVo) to be absorbed by the chassis dynamometer at the reference
vehicle speed wis calculated by subtracting() from the target running
resistance force K¥o) as shown in the following equation:

Fpau (VO) = F* (VO) - Ff (VO) (18)

Chassis dynamometer setting

Depending on its type, the chassis dynamometer shall be set by one of the
methods described paragraph 4.2.2.2.5.1. t0 4.2.2.2.5.4. The chosen setting
shall be appéd to the pollutant and G&mission measurements as well as
fuel consumption laid down iAppendix 1to Annex3.

Chassis dynamometer with polygonal function

In the case of a chassis dynamometer with polygonal function, in which the
absorpton characteristics are determined by load values at several specified
vehicle speed points, at least three specified vehicle speeds, including the
reference vehicle speed, shall be chosen as the setting points. At each setting
point, the chassis dynamomethall be set to the valugak (vj) obtained in
paragrapht.2.2.2.4.

Chassis dynamometer with coefficient control

In the case of a chassis dynamometer with coefficient control, in which the
absorption characteristics are determined by giesfficients of a polynomial
function, the value of f&u (vj) at each specified vehicle speed shall be
calculated by the procedureparagrapht.2.2.2.

Assuming the load characteristics to be:

F,ulv)=asvi+bev+c (19)
where:

the coefficients a, b and shall be determined by the polynomial regression
method.

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

Chassis dynamometer with F* polygonal digital setter

In the case oé chassis dynamometer with a polygonal digital setter, where a
central processor unit is incorporated in the systemis kriput directly, and

Dt;, i and Rau are automatically measured and calculated to set the chassis
dynamometer to the target runnirggistance force:

F =f,+f,Q° (20)

In this case, several points in succession are directly input digitally from the
data set of F*j and;vthe coastiown is performed and the coaliwn timeDt;
is measured. After the coadbwn test has been repeated several tiffgsis
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4.2.2.2.54.

4.2.2.2.6.
42226.1.

422.26.2.

automatically calculated and set at vehicle speed intervals of 0.1 km/h, in the
following sequence:

F+F = i(m, +m,, 2DV (21)
3.6 Pt
Fo = 7(mi + mrl) 2DV F (22)
3.6 Pt
Fa=F - F (23)

Chassis dynamometer withof**, coefficient digital setter

In the case of a chassis dynamometer withedfioient digital setter, where a
central processor unit is incorporated in the system, the target running
resistance force is automatically set on the chassis dynamometer.

In this case, the coefficientsgfand f*; are directly input digitally; the cet

down is performed and the coakiwn time Dt is measured. Ja iS
automatically calculated and set at vehicle speed intervals of 0.06 km/h, in the
following sequence:

F+F = (m +m,) 22 @49
3.6 ot
F= i(ml + mrl) 2Py, F (25)
3.6 mpt
I:pau =F - Ff (26)

Dynamometer settings verification
Verification test

Immediately after the initial setting, the codstwn timeDte on the chassis
dynamometer corresponding to the reference vehicle spegdsiall be
measured by the procedure eat in Appendix 4 and Appendix 5 to Annex 4

for a vehicle egipped with one wheel on the powered axle. The measurement
shall be carried out at least three times, and the meandmasttimeDte shall

be calculated from the results. The set running resistance force at the reference
vehicle speed, &(vo) on the chass dynamometer is calculated by the
following equation:

2PV 27)

R (vo) = g (M +m.) o8

Calculation of setting error

The setting error U is calculated by t
F.(v,)- F
o Felvo)- Flw)[, oo o8
F(v,)

The chassis dynamometer shall be readjusted if the setting error does not
satisfythe following criteria:

U O 2 pedcehtkrm/or v
U0 3 percent<H0&mh 30 km/ h O v

U O 10 pgBxkmht for v

The procedure iparagraph 4.2.2.2.6.1. to 4.2.2.2.6.2. shall be repeated until
the setting error satisfies the criteria. The sladynamometer setting and the
observed errors shall be record&@eémplate record forms are provided in the
template in accordance with Appendiktb Annex4.
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4.2.2.3.

4.2.2.3.1.

4.2.2.3.2.
4223.2.1.

4.2.2.3.2.2.

4.2.2.3.2.3.

4.2.2.3.2.4.

42.23.25.

4.2.2.3.2.6.

4224,

4.2.3.
4.2.3.1.

Chassis dynamometer preparation, if settings are derived from a running
resistance tdb

The specified vehicle speed for the chassis dynamometer

The running resistance on the chassis dynamometer shall be verified at the
specified vehicle speed v. At least four specified vehicle speeds shall be
verified. The range of specified viele speed points (the interval between the
maximum and minimum points) shall extend either side of the reference
vehicle speed or the reference vehicle speed range, if there is more than one
reference vehicle speed, by at lepstas defined ippendix4 andAppendix

5to Annex 4 for a vehicle equipped with one wheel on the powered axle. The
specified vehiclespeed points, including the reference vehicle speed points,
shall be at regular intervals of no more than 20 km/h apart.

Verification o chassis dynamometer

Immediately after the initial setting, the codstwn time on the chassis
dynamometer corresponding to the specified vehicle speed shall be measured.
The vehicle shall not be set up on the chassis dynamometer duringaste c
down time measurement. The cedstvn time measurement shall start when

the chassis dynamometer vehicle speed exceeds the maximum vehicle speed
of the test cycle.

The measurement shall be carried out at least three times, and the nstan coa
down timeqde shall be calculated from the results.

The set running resistance forcg(\f) at the specified vehicle speed on the
chassis dynamometer is calculated using the following equation:

2Av

M *
B AL,

F.lv )=

Laa

(29)
The setting errore at the specified vehicle speed is calculated using the
following equation:

()= ‘FE(VJ)' F ‘

.
The chassis dynamometer shall be readjusted if the setting error does not
satisfy the following criteria:

3100 (30)

o

U O 2 percent for v O 50 km/h
UO 3 percenv<50kmh 30 km/ h O
UO 10 percent for v < 30 km/h

The procedure described paragraph 4.2.2.3.2.1. to 4.2.2.3.2.5. shall be
repeated until the setting error satisfies the criteria. The chassis dynamometer
setting and the observed errors shall bended.

The chassis dynamometer system shall compith the calibration and
verification methods laid down in Appendix 6 to Annex 4.

Calibration of analysers
Analyser calibration procedures

Each analyser shall be calibrated as ggecby the instrument manufacturer
or at least as often as described @ble A1/5.
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Table Al1/5

Instrument calibration intervals

Instrument checks Interval Criteria

Gas analyser linearization

(calibration) Every 6 months + 2 per cent readin¢
Mid span Every 6 months + 2 per cent
CO NDIR:

CO2/H20 interface Monthly -1t0 3 ppm
NO:2 converter check Monthly > 95 percent
CHa cutter check Yearly 98 percent of Ethane
FID CHasresponse Yearly See paragraph 5.1.1.4..

FID air/fuel flow

NO/NO: NDUV:
H20, HC interference

Microgrambalancdinearity

According to instrument

At major maintenance manufacturer
According to instrument

At major maintenance manufacturer
Yearly or at major See paragrapt
maintenance 3.4.3.10.1.34.11

4.2.3.2.

4.2.3.2.1.

4.2.3.2.2.

4.2.3.2.3.

4.2.3.2.4.

4.2.3.2.5.

4.2.3.2.6.

4.2.3.3.
4.2.3.3.1.

Non-dispersive infrared absoiph analysers shall be checked at the same
intervals using nitrogen/ CO and nitroge@O, mixtures in nominal
concentrations equal to 10, 40, 60, 85 and 9&eet of full scale.

Each normally used operating range shall be linearized by thewiotjo
procedure:

The analyser linearization curve shall be established by at least five calibration
points spaced as uniformly as possible. The nominal concentration of the
calibration gas of the highest concentration shall be not less tharr 88mie

of the full scale.

The calibration gas concentration required may be obtained by means of a gas
divider, diluting with purified N or with purified synthetic air.

The linearization curve shall be calculated by the least sqonaethod. If the
resulting polynomial degree is greater than 3, the number of calibration points
shall be at least equal to this polynomial degree plus 2.

The linearization curve shall not differ by more than +2 per cent from the
nominal value otach calibration gas.

From the trace of the linearization curve and the linearization points, it is
possible to verify that the calibration has been carried out correctly. The
different characteristic parameters of the analyser shall be iedjcat
particularly:

(@) Scale;

(b)  Sensitivity;

(c)  Zero point;

(d) Date of the linearization.

If it can be shown to the satisfaction of the responsible authority that alternative
technologies (e.g. computer, electronically controlled rangelswetc.) can
give equivalent accuracy, these alternatives may be used.

Analyser zero and calibration verification procedure

Each normally used operating range shall be checked prior to each analysis in
accordance with the followingibparagraphs.
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4.233.1.1.

4.2.3.3.1.2.

4.2.3.4.

4.2.3.4.1.

4.2.3.4.2.

4.2.3.4.3.

42344,
4234.4.1.

The calibration shall be checked by use of a zero gas and by use of a calibration
gas according to paragraph 5.1.1.2. (a),(b),(c).

After testing, zero gas and the same calibration gas shall be used for rechecking
acording to paragraph 5.1.1.2. (e).

FID hydrocarbon response check procedure
Detector response optimisation

The FID shall be adjusted as specified by the instrument manufacturer.
Propane in air should be used on the most common operatigg.

Calibration of the HC analyser

The analyser shall be calibrated using propane in air and purified symatinetic
A calibration curve as described in paragraph 5.1.1.2. shalitablished.

Response factors of different hydesbons and recommended limits

The response factor (Rfor a particular hydrocarbon compound is the ratio of
the FID C1 reading to the gas cylinder concentration, expressed as ppm C1.
The concentration of the test gas shall be at a level to give ansesjppb
approximately 80 per cent of fedlcale deflection, for the operating range. The
concentration shall be known to an accuracy of 2 per cent in reference to a
gravimetric standard expressed in volume. In addition, the gas cylinder shall
be precondiioned for 24 hours at a temparsg between20 and 30°C
(293.15K and 303.15K).

Response factors shall be determined when introducing an analyser into
service and thereafter at major service intervals. The test gases to be used and
the recommended resporfaetors are:

Methane and purified air: 1.00 <R 1.15 or 1.00 <R < 1.05 for
NG/biomethanduelled vehicles

Propylene and purified air: 0.90Rs < 1.00

Toluene and purified air: 0.90 <R 1.00

These are relative to a response factey §R1.00for propane and purified air.
NOx converter efficiency test procedure

Using the test set up as shown in Figlt¥8 and the procedure described
below, the efficiency of converters for the conversioh@g into NO shall be
tested ly means of an ozonator as follows:

4.2.3.4.4.1.1The analyser shall be calibrated in the most common operating range following

the manufacturer's specifications using zero and calibration gas (the NO
content of which shall amount to approximately 80 partof the operating
range and thBlO, concentration of the gas mixture shall be less than 5 per cent
of the NO concentration). The NOx analyser shall be in the NO mode so that
the calibration gas does not pass through the converter. The indicated
concentation shall be recorded.

4.2.3.4.4.1.2Via a Titting, oxygen or synthetic air shall be added continuously to the

calibration gas flow until the concentration indicated is approximately 10 per
cent less than the indicated calibration concentration gimeparagraph
4.2.3.4.4.1.1above. The indicated concentration (c) shall be recorded. The
ozonator shall be kept deactivated throughout this process.

4.2.3.4.4.1.3The ozonator shall now be activated to generate enough ozone to bring the NO

concentratiordown to 20 per cent (minimum 10 per cent) of the calibration
concentration given in paragraph 4.2.3.4.4.0flthis Annex The indicated
concentration (d) shall be recorded.

4.2.3.4.4.1.4The NOx analyser shall then be switched to the NOx mode, whérelgas

mixture (consisting of NONO,, O, and N)) now passes through the converter.
The indicated concentration (a) shall be recorded.
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4.2.3.4.4.1.5The ozonator shall now be deactivated. The mixture of gases described in
paragraph 4.2.3.4.4.1.@f thisAnnexshall pass through the converter into the
detector. The indicated concentration (b) shall be recorded.

FigureA1/8
NOXx convertor efficiency test configuration

AC I I'—| IH‘I Ozonator

=
NON2 U:l to analyser
|

— 1
4.2.3.4.4.1.6 With the ozonator deactivated, the flow of oxygen or synthetic airlsdalhut

off. The NO; reading of the analyser shall then be no more than 5 per cent
above the figure given in paragraph 4.2.3.4.44dbbve.

4.2.3.4.4.1.7The efficiency of the NOx converter shall be calculated using the
concentrations a, b, ¢ and d detéered in paragraphs 4.2.3.4.4.1tBrough
4.2.3.4.4.1.5above as follows:

a-bhb
c—=d

Efficiency (per cent) = |:I + ] % 100

The efficiency of the converter shall not be less than 95 per cergffidiency
of the converter shall be tested in the frequency defined in Table A1/5.

4.2.3.5. Calibrationof the microgram balance

The calibration of the microgram balance used for particulate filter weighing
shall be traceable to a national or international standard. The balance shall
comply with the linearity requirements given in paragraph 3.4.3.10.18.4.1
The linearity verification shall be performed at least every 12 months or
whenever a system repair or change is made that could influence the
calibration.

Calibration and validation of the particle sampling system

Examples of calibration/validationethods are available at:
http://www.unece.org/trans/main/wp29/wp29wgs/wp29grpe/pmpFCP.html.

4.2.3.5.1. Flow meter calibration

The approval authority shall check that a calibration certificate has been issued
for the flow meter demonstrating compliancehndt traceable standard within

a 12month period prior to the test, or since any repair or change which could
influence calibration.

4.2.3.5.2. Microbalance calibration

The approval authority shall check that a calibration certificate has been issued
for the microbalance demonstrating compliance with a traceable standard
within a 12month period prioto the test.

43



ECE/TRANS/WP.29/2019/121

4.2.3.5.3. Reference filter weighing

To determine the specific reference filter weights, at least two unused reference
filters shall be weighewithin eight hours of, but preferably at the same time
as, the sample filter weighing. Reference filters shall be of the same size and
material as the sample filter.

If the specific weight of any reference filter changes by more than = 5 pg
between sampliiiter weighings, the sample filter and reference filters shall be
reconditioned in the weighing room and then reweighed.

This shall be based on a comparison of the specific weight of the reference
filter and the rollingeighitsrer age of that filt

The rolling average shall be calculated from the specific weights collected in
the period since the reference filters were placed in the weighing room. The
averaging period shall be between one day and 30 days.

Multiple reconditioning and reveighings of the sample and reference filters
are permitted up to 80 hours after the measurement of gases from the emissions
test.

If, within this period, more than half the reference filters meet the + 5 ug
criterion, the sample filter weighing can be ddesed valid.

If, at the end of this period, two reference filters are used and one filter fails to
meet the + 5 g criterion, the sample filter weighing may be considered valid
provided that the sum of the absolute differences between specific ang rollin
averages from the two reference filters is no more than 10 pg.

If fewer than half of the reference filters meet the £ 5 ug criterion, the sample
filter shall be discarded and the emissions test repeated. All reference filters
shall be discarded and repkd within 48 hours.

In all other cases, reference filters shall be replaced at least every 30 days and
in such a manner that no sample filter is weighed without comparison with a
reference filter that has been in the weighing room for at least one day.

If the weighing room stability criteria outlined paragrapt8.4.3.10.1.3.4. are

not met but the reference filter weighings meet the criteria listpdriagraph
4.2.3.5.3., the vehicle manufacturer has the option of accepting the sample
filter weights @ voiding the tests, fixing the weighing room control system and
re-running the test.

4.2.3.6. Reference gases
4.2.3.6.1. Pure gases

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

Purified nitrogen: (purity:CO) 10 ppm C1, O
ppm NO);

Purified synthetic air: (puriChy: OO 1 ppm C:
0.1 ppm NO); oxygen content between 18 and 2keet by volume;

Purified oxygen: (purity > 99.percent vol. Q);

Purified hydrogen (and mixture containing h
pPPMCOy);

Carbon monoxide: (minimum purity 99.5 percent);
Propane: (minimum purity 99.5 peent).
4.2.3.6.2. Calibration gases

The true concentration of@libration gas shall be within +1 per cent of the
stated value or as given below. Mixtures of gases having the following
compositions shall be available with a bulk gas specification according to
paragraphs 4.2.3.6:1
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4.2.3.7.

4.2.4.
4.2.4.1.

4.2.4.2.

4.2.4.3.

4.2.4.4.

4.2.4.5.

(@) CsHgin synthetic air (separagaph4.2.3.6.1above);
(b)  COin nitrogen;

(c) COuin nitrogen;

(d)  CHain synthetic air

(e) NO in Nitrogen (the amount @O, contained in this calibration gas
shall not exceed 5 peent of the NO content)

§)] NO: in nitrogen (tolerance 2 per cent);
Calibration andverification of the dilution system

The dilution system shall be calibrated and verified and shall comply with the
requirements of Appendix{d Annex 4.

Test vehicle preconditioning

The test vehicle shall be movéalthe test area and the following operations
performed:

The fuel tanks shall be drained through the drains of the fuel tanks provided
and charged with the test fuel requirement as specified in Appendix 2 to Annex
4 to half the capacity of the tanks.

The test vehicle shall be placed, either by being driven or pushed, on a
dynamometer and operated through the applicable test cycle as specified for
the vehicle (suf) category in Appendix 12 to Annex 4. The vehicle need not
be cold, and may be used to sgh@mometer power.

Practice runs over the prescribed driving schedule may be performed at test
points, provided an emission sample is not taken, for the purpose of finding the
minimum throttle action to maintain the proper vehicle spéeed
relationship, or to permit sampling system adjustments.

Within five minutes of completion of preconditioning, the test vehicle shall be
removed from the dynamometer and may be driven or pushed to the soak area
to be parked. The vehicle shall be storedifetween six and 36 hours prior to

the cold start type | test or until the engine oil temperatyrerTthe coolant
temperature dor the sparkplug seat/gasket temperatw@fly for aircooled
engine) equals the air temperature of the soak area \&ittin

For the purpose of measuring particulates, between six and 36 hours before
testing, the applicable test cycle set ouAppendix12 to Annex 4shall be
conducted. The technical details of the applicable test cycle are laid down in
Appendix12 to Annex 4and the applicable test cycle shall also be used for
vehicle preconditioning. Three consecutive cycles shall be driven. The
dynamometer setting shall be indicated agaragrapt8.4.6.

At the request of the manufacturer, vehicfegged with indirect injection
positivelignition engines may be preconditioned with one Part One, one Part
Two and two Part Three driving cycles, if applicable, from the WMTC.

In a test facility where a test on a low particulate emitting vehicle could be
contaminated by residue from a previous test on a high particulate emitting
vehicle, it is recommended that, in order to -poadition the sampling
equipment, the low particulate emitting vehicle undergo a 20 minute 120 km/h
steady state drive cycle or@ per cenpf the maximum design vehicle speed
for vehicles not capable of attaining 120 km/h followed by three consecutive
Part Two or Part Three WMTC cycles, if feasible.

After this preconditioning, and before testing, vehicles shall be kept in a room
in which the temperature remains relatively constant at 25 + 5°C. This
conditioning shall be carried out for at least six hours and continue until the
engine oil temperature and coolant, if any, are within £ 2.0 °C of the
temperature of the room.
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If the manufacturer so requests, the test shall be carried out not later than 30
hours after the vehicle has been run at its normal temperature.

4.2.5. Emissions tests

4.25.1. Engine starting and restarting

4.25.1.1. The engine shall be started according tothenuf act ur er 6s r ecommenc
starting procedures. The test cycle run shall begin when the engine starts.

4.25.1.2. Test vehicles equipped with automatic chokes shall be operated according to
the instruct i on spefatimginsthuetionmavonuef raécst unmaenr udasl
covering chokesetting and "kickdown" from cold fast idle. In the case of the
WMTC set out in Appendix 12 to Annex 4, thansmission shall be put in
gear 15 seconds after the engine is started. If necessary, braking may be
employed to keethe drive wheels from turning.

4.25.1.3. Test vehicles equipped with manual chokes shall be operated according to the
manufacturerb6s operating instructions or 0
provided in the instructions, the point for operation may leifipd, within
15 seconds of the recommended time.

4.25.1.4. The operator may use the choke, throttle, etc. where necessary to keep the
engine running.

42515 1 f the manufacturerés operating instruction
a warm enginestarting procedure, the engine (automatic and manual choke
engines) shall be started by opening the throttle about half way and cranking
the engine until it starts.

4.25.1.6. If, during the cold start, the test vehicle does not start after ten seconds of
cranking or ten cycles of the manual starting mechanism, cranking shall cease
and the reason for failure to start determined. The revolution counter on the
constant volume sampler shall be turned off and the sample solenoid valves
placed in the'standby position during this diagnostic period. In addition,
either the CVS blower shall be turned off or the exhaust tube disconnected
from the tailpipe during the diagnostic period.

4.25.1.7. In case of an operational error, that causes a delay in the st#r8agpling
collection at the initiation of engine start up procedure, the test vehicle shall be
rescheduled for testing from a cold start. If failure to start is caused by vehicle
malfunction, corrective action (following the unscheduled maintenance
provisions) lasting less than 30 minutes may be taken and the test continued
(During the corrective action sampling system shall be deactivated). The
sampling system shall be reactivated at the same time cranking is started. The
driving schedule timing sequenskall begin when the engine starts. If failure
to start is caused by vehicle malfunction and the vehicle cannot be started, the
test shall be voided, the vehicle removed from the dynamometer, corrective
action taken (following the unscheduled maintenapoavisions) and the
vehicle rescheduled for test from a cold start. The reason for the malfunction
(if determined) and the corrective action taken shall be reported.

4.2.5.1.8. |If the test vehicle does not start during the warm start after ten seconds of
cranking or ten cycles of the manual starting mechanism, cranking shall cease,
the test shall be voided, the vehicle removed from the dynamometer, corrective
action taken and the vehicle rescheduled for test. The reason for the
malfunction (if determined)rad the corrective action taken shall be reported.

4.25.1.9. If the engin€é'false starts the operator shall repeat the recommended starting
procedure (such as resetting the choke, etc.)

4.25.2. Stalling

4.25.2.1. If the engine stalls during an idle [, it shall be restarted immediately and
the test continued. If it cannot be started soon enough to allow the vehicle to
follow the next acceleration as prescribed, the driving schedule indicator shall
be stopped. When the vehicle restarts, the drivitgdule indicator shall be
reactivated.
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4.25.2.2.

4.2.5.2.3.

4.2.6.

4.2.6.1.

4.2.6.2.

4.2.6.3.

4.2.7.
4.2.7.1.

4.2.7.2.

If the engine stalls during some operating mode other than idle, the driving
schedule indicator shall be stopped, the test vehicle restarted and accelerated
to the vehicle speed required at that pointia driving schedule, and the test
continued. During acceleration to this point, gearshifts shall be performed in
accordance witparagrapl8.4.5.

If the test vehicle will not restart within one minute, the test shall be voided,
the vehicle remoed from the dynamometer, corrective action taken and the
vehicle rescheduled for test. The reason for the malfunction (if determined)
and the corrective action taken shall be reported.

Drive instructions

In case of multimode vehicles, theehicle shall be tested in the worst case
based on the different tailpipe emissions. It may be in one mode or more than
one mode. The decision for the worst case will be based on the documentation
provided by the vehicle manufacturers and mutually agrgetthéo approval
authority.

The test vehicle shall be driven with minimum throttle movement to maintain
the desired vehicle speed. No simultaneous use of brake and throttle shall be
permitted.

If the test vehicle cannot accelerate at thecHjed rate, it shall be operated
with the throttle fully opened until the roller speed (actual vehicle speed)
reaches the value prescribed for that time in the driving schedule.

Dynamometer test runs

The complete dynamometer test considtsonsecutive parts as described in
Appendix 12 to Annex 4.

The following steps shall be taken fesch test:
(@) place drive wheel of vehicle on dynamometer without starting engine;
(b) activate vehicle cooling fan;

(c) for all test vehicles, ith the sample selector valves in th&andby
position, connect evacuated sample collection bags to the dilute exhaust
and dilution air sample collection systems;

(d) startthe CVS (if not already on), the sample pumps and the temperature
recorder. (Théneat exchanger of the constant volume sampler, if used,
and sample lines shall be preheated to their respective operating
temperatures before the test begins);

(e) adjust the sample flow rates to the desired flow rate and set the gas flow
measuring devicet® zero;

0] For gaseous bag (except hydrocarbon) samples, the minimum
flow rate is 0.08 litre/second;

(ii) For hydrocarbon samples, the minimum flame ionisation
detection (FID) (or heated flame ionisation detection (HFID) in
the case of methanflelled vehicles) flow rate is 0.031
litre/second,;

)] attach the flexible exhaust tube to the vehicle tailpipes;

(g) start the gas flow measuring device, position the sample selector valves
to direct the sample flow into tHeransient exhaust sample bag, the
"transient dilution air sample bag, turn the key on and start cranking
the engine;

(h)  put the transmission in gear;
0] begin the initial vehicle acceleration of the driving schedule;

0] operate the vehicle according to the driving cycles specified in
Appendix12 to Annex 4
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(k)  atthe end of part 1 or part 1 in cold condition, simultaneously switch
the sample flows from the first bags and samples to the second bags and
samples, switch off gas flow measuring device Nand start gas flow
measuring devichlo. 2;

)] in case of vehicles capable of running Part 3 of the WMTC, at the end
of Part 2 simultaneously switch the sample flows from the second bags
and samples to the third bags and samples, switch off gas flow
measuring device N@ and, start gas fl@ measuring device N@;

(m) before starting a new part, record the measured roll or shaft revolutions
and reset the counter or switch to a second counter. As soon as possible,
transfer the exhaust and dilution air samples to the analytical system
and pre@ess the samples according paragraph5., obtaining a
stabilised reading of the exhaust bag sample on all analysers within 20
minutes of the end of the sample collection phase of the test;

(n)  turn the engine off two seconds after the end of the lasbpdre test;
(o) immediately after the end of the sample period, turn off the cooling fan;

(p)  turn off the constant volume sampler (CVS) or crititalv venturi
(CFV) or disconnect the exhaust tube from the tailpipes of the vehicle;

(q)  disconnect thexhaust tube from the vehicle tailpipes and remove the
vehicle from the dynamometer;

N for comparison and analysis reasons, sedpagecond emissions
(diluted gas) data shall be monitored as well as the bag results.

5. Analysis of results

5.1. Type | tests

5.1.1. Exhaust emission analysis

5.1.1.1. Analysis of the samples contained in the bags

The analysis shall begin as soon as possible, and in any event not later than 20
minutes after the end of the tests, in order to determine:

(@) the concentrationsf hydrocarbons, carbon monoxide, nitrogen oxides,
particulate matter if applicable and carbon dioxide in the sample of
dilution air contained in bag(s) B;

(b)  the concentrations of hydrocarbons, carbon monoxide, nitrogen oxides,
carbon dioxide and partitate matter if applicable in the sample of
diluted exhaust gases contained in bag(s) A.

5.1.1.2. Calibration of analysers and concentration results
The analysis of the results has to be carried out in the following steps:

(@) prior to each sample analysthe analyser range to be used for each
pollutant shall be set to zero with the appropriate zero gas;

(b)  the analysers are set to the calibration curves by means of span gases of
nominal concentrations of 70 to 100 pent of the range;

(c) theanalyssd zeroes are rechecked. | f
2 percent of range from that set in (b), the procedure is repeated;

(d)  the samples are analysed;

(e) after the analysis, zero and span points are rechecked using the same
gases. If the readingmre within 2 percent of those in point (c), the
analysis is considered acceptable;
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5.1.1.3.

5.1.1.4.

51.14.1.

5.1.1.4.2.

4] at all paragraph in this section the flowates and pressures of the
various gases shall be the same as those used during calibration of the
analysers;

(g) the figureadopted for the concentration of each pollutant measured in
the gases is that read off after stabilisation on the measuring device.

Measuring the distance covered

The distance (S) actually covered for a test part shall be calculated by
multiplying the number of revolutions read from the cumulative counter (see
paragraph4.2.7.) by the circumference of the roller. This distance shall be

expressed in km to three decimal places.

Determination of the quantity of gas emitted

The reported tesesults shall be computed for each test and each cycle part by
use of the following formulae. The results of all emission tests shall be
rounded.

Total volume of diluted gas (PDP)

The total volume of diluted gas, expressed iticgtle part,adusted to the
reference conditions of 0°C and 101.3 kPa, is calculated by Equation (31):

_V,3 N3 (P,- P)3 27315
10133 (T, +27315

(31)

where:

Vs the volume of gas displaced by pump P during one revolution, expressed
in m¥/revolution. This volume is a function of the differences between the
intake and output sections of the pump;

N is the number of revolutions made by pump P during each part of the test;
P. is the ambient pressure in kPa;

P, is the average und@ressure during the test part in the intake section of
pump P, expressed in &P

Tris the temperature (expressed in °C) of the diluted gases during the test part,
measured in the intake section of pump P.

Total volume of diluted gas (CFV)

The calibration procedure describedppendix 7to Annex 4paragrapi2.3.3.
t02.3.7.

Total volume of diluted gas is based on the flow equation for a critmal
venturi:

_Kk/P
RN
where:
Qs =flow in m¥/min;
Kv = calibration coefficient;
P = absolute pressure (kPa);
T = absolute temperature (K).

Gas flow is a function of inlet pressuaad temperature.

0T

P

v

where:
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5.1.1.4.3.

5.1.1.44.
51.14.4.1.

Qs = flow-rate in ni/min at 0 °C and 101.3 kPa;
T, = temperature at the venturi inlet (K);

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

JTv)

te” measuring time (s)

V= erje PV dt

Hydrocarbons (HC)

The mass of unburned hydrebans emitted by the exhaust of the vehicle
during the test shall be calculated using the following formula:

HC, = = & il S (32)
S 10
where:

HCn is the mass of hydrocarbons emitted during the test part, in mg/km;
S is the distance defined praragraptb.1.1.3.;
V is the btal volume, defined iparagraptb.1.1.4.1.;

duc is the density of the hydrocarbons at reference temperature and pressure
(0° C and 101.3 kPa);

dhe

= 619x1Gmg/n? for petrol (EO0) GH1 g5

= 631x10°mg/n? for petrol (ES) GH1.6dD0.015

= 646x10°mg/n7 for petrol (E10) GH1.9900.033

= 61X10°mg/n? for diesel (BO) GH1 .86

= 62%10°mg/n7 for diesel (B5/B7) @H1.8600.005

HC:. is the concentration of diluted gases, expressed in parts per million (ppm)
of carbon equivalent (e.g. the concentration in propaneiptiett by three),
corrected to take account of the dilution air by the following equation:

.0 l ~

HC, =HC, - HC, (- —8 (33)
C DIF =

where:

HC.is the concentration of hydrocarbons expressed in parts per million (ppm)
of carbon equivalent, in the sample of diluted gases collected in)b&g(

HCqy is the concentration of hydrocarbons expressed in parts per million (ppm)
of carbon equivalent, in the sample of dilution air collected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.1.4.9.
Non-methane hydrocarbon (NMHC

For methane measurement using a-BD, the noamethane hydrocarbon
(NMHC) concentration shall be calculated using the following equations:

NMHG, =HC, - (Rf, @H,.) (34)

where:
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5.1.1.4.4.2.

5.1.1.4.43.

HCc is the concentration of hydrocarbons (HC) in the diluted exhaust gas,
expressedn ppm carbon equivalent and corrected by the amount of HC
contained in the dilution air, defined jraragraptv.1.1.4.3.

Rfchais the FID response factor to methane as defingaiagrapt.2.3.4.3.

CHyc is the concentration of methane (§Hn the diuted exhaust gas,
expressed in ppm carbon equivalent, corrected to take account of the dilution
air by the following equation:

C 4e CH4d &

I o

35
where:

CHaeis the concentration of methane expressed in parts per million (ppm), in
the sample of diluted gases cotlett in bag(s) A;

CHaq is the concentration of methane expressed in parts per million (ppm), in
the sample of dilution air collected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.1.4.9.

The mass of namethane hydrocarbon (NMH@mitted by the exhaust of the
vehicle during the test shall be calculated using the following equation:

1. .  .NMHC.

NMHC,, = < & @lyyc 0= (36)

where:

NMHC, is the mass of neamethane hydrocarbon (NMHC) emitted during the
test part, in mg/km;

S is the distance defined jraragraptb.1.1.3.;
V is the total volume, defined jparagraptb.1.1.4.1.;

dnmic is the density for NMHC which shall be equal to that of hydrocarbons
at reference temperature and pressure (0°C and 101.3 kPa) and-is fuel
dependent;

NMHCc is the corrected concenti@n of the diluted exhaust gas, expressed in
ppm carbon equivalent.

For methane measurement using an NMO, the calculation of NMHC
depends on the calibration gas/method used for the zero/calibration
adjustment. The FID used for the HC maasnent (without NMC) shall be
calibrated with propane/air in the normal manner. For the calibration of the
FID in series with an NMC, the following methods are permitted:

(a) The calibration gas consisting of propane /air bypasses the NMC;
(b) The calilration gas consisting of methane/air passes through the NMC.

It is highly recommended to calibrate the methane FID \wwigthane/air
through the NMC.

In case &), the concentration of GEindNMHC shall be calculated using the
following equations:

HC(W/NMC)C - HC(W/ONMC)C 3 (1' EE)

CH,. = 37

4C Rf3(EE'EM) &

NMHCC — HC(W/ONMC)C 3 S—'_ ITEM) - HC(W/NMC)C (38)
E M
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In case (b), the concentration of £&hd NMHC shall be calculated using the
following equations:

— HC(\N/NMC)C3 Rf 3 (1' EM)' HC(W/ONMC)C3 (1‘ EE)

CH,. = 39
* Rf3(EE'EM) 9
NI\/IHCC - HCON/ONMC)C3 (1' EM I)E' -HCE:(W/NMC)C3 Rf 3 (1' EM) (40)
E M
where:

Rr is the methane response factor as defingrhimagrapi.2.3.4.3.;

Ew is the methane efficiency as determined peagaaph 5.1.1.4.4.3.2. below;

Ee is the ethane efficiency as determined per paragraph 5.1.1.4.4.3.3. below.
If R < 1.05, it may be omitted in the equations B.2. 39, 41 and 42.

HCwinmc)c is the HC concentration with sample gas flowing through theNM
ppm C,corrected to take account of the dilution air by the following equation
(42):

HCwionme)c is the HC  concentration with sample gas bypassing the NMC,
ppm C,corrected to take account of the dilution air by the following equation
(42).

o

HC(W/NMC)C = HC(W/NMC)e - HC(W/NMC)d %' (41)

1
DIF =

where:

HCwimmc)e is the concentration of HC expressed in parts per million (ppm), in
the sample of diluted gases flowing through the NMC, collected in bag(s) A;

HCHwmmcyd is the concentration of HC expressed in parts per million (ppm),
in the sample ofithtion air flowing through the NMC, collected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.1.4.9.

A 1
HC(W/ONMC)C = HC(W/ONMC)e - HC(W/oNMC)d %' ﬁg (42)

where:

HCwionmeye is the concentration of HC expressed in parts per million (ppm),
in the sample of diluted gases bypassing tM\collected in bag(s) A,

HCHwionme)d is the concentration of HC expressed in parts per million (ppm),
in the sample of dilution air bypassing the NMC, collected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.1.4.9.
5.1.1.4.4.3.1 Conver$on efficiencies of the nemethane cutter (NMC)

The NMC is used for the removal of the aAmethane hydrocarbons from the
sample gas by oxidizing all hydrocarbons except methane. Ideally, the
conversion for methane is O per cent, and for the other hgdroos
represented by ethane is 100 per cent. For the accurate measurement of NMHC,
the two efficiencies shall be determined and used for the calculation of the
NMHC emission.

5.1.1.4.4.3.2Methane conversion efficiency

The methane/air calibration gasafitbe flowed to the FID through the NMC
and bypassing the NMC and the two concentrations recorded. The efficiency
shall be determined using the following equations:
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£, =1- o mmmoe (43)

HCCH4(W/ONMC)C

where:

HCchawmnmeycis the HC concentration with CH4 flowing through the NMC,
ppm C;

HCcrawionmc)cis the HC concentration with CH4 bypassing the NMC, ppm C.

5.1.1.4.4.3.3Ethane conversion efficiency

The ethane/air calibration gas shall be flowed to the FID through the NMC and
bypassing the NMC and the two concentrations isxr The efficiency shall
be determined using the following equations:
E =1- HCCZHB(W/NMC)C (44)
E
HCQHG(W/ONMC)C
where:

HCconsmnmcyc is the HC concentration with,8g flowing through the NMC,
ppm C;

HCcanswionme)cis the HC concentration with,8s bypassing the NMC in ppm
C.

If the ethane conversion efficiency of the NMC is 0.98 or aboyesHzall be
set to 1 for any subsequent calculation.

5.1.1.4.4.3.41f the methane FID is calibrated through the cutter, theshall be 0.

51.1.45.

Equation(39) from above becomes:

CH,c = HCw/nmeyc (45)

Equation(40) from above becomes:

NMHGC. = HCy;onmgc = HCwinmore ® R (46)
Carbon monoxide (CO)

The mass of carbon monoxide emitted by the exhaust of the vehicle during the
test shall be calculated using the following formula:

co, = é & i, o‘i% (47)
where:

COn is the mass of carbon monoxide emittedimiyithe test part, in mg/km;
S is the distance defined praragraptb.1.1.3.;

V is the total volume defined iparagraptv.1.1.4.1.;

dcois the density of the carbon monoxidepd 1.25-106 mg/rhat reference
temperature and pressure (0 °C and 101.3 kPa);

COc is the concentration of diluted gases, expressed in parts per million (ppm)
of carbon monoxide, corrected to take account of the dilution air by the
following equation:

lg
DIF {

CO,=CO,- CQ, cgl (48)

where:
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5.1.1.4.6.

51.1.4.7.

CQ: is the concentration of carbon monoxide expressed in partifion
(ppm), in the sample of diluted gases collected in bag(s) A;

CQyq is the concentration of carbon monoxide expressed in parts per million
(ppm), in the sample of dilution air collected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.14.9.
Nitrogen oxides (NOX)

The mass of nitrogen oxides emitted by the exhaust of the vehicle during the
test shall be calculated using the following formula:

NO,, = Loy a, @0 e (49)
S 10°

where:

NOxm is the mass of nitrogen oxides emitted during the test partyfknm

S is the distance defined raragraptb.1.1.3.;

V is the total volume defined iparagraptv.1.1.4.1.;

dNO:; is the density of the nitrogen oxides in the exhaust gases, assuming that
they will be in the form of nitric oxide,MIO,= 2.05-106 mg/m3 ateference
temperature and pressure (0 °C and 101.3 kPa);

NOy. is the concentration of diluted gases, expressed in parts per million
(ppm), corrected to take account of the dilution air by the following equation:

NO, = NO, - Noxdcgl DlFH (50)

where:

NOxe is the concentration dfitrogen oxides expressed in parts per million
(ppm) of nitrogen oxides, in the sample of diluted gases collected in bag(s) A;

NOxyq is the concentration of nitrogen oxides expressed in parts per million
(ppm) of nitrogen oxides, in the sample of dilutaincollected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.1.4.9.;
K is the humidity correction factor, calculated using the following formula:
1

K, = By (51)
1- 0.03290H - 10.7)

where:

H is the absolute humidity in g of water per kg of dry air:

H = 6.2111W 33(, (52)

- O

pa pd 100

where:

U isthe relative humidity as a percentage;

pq is the saturated pressure of water at the test temperature in kPa;
pais the atmospheric pressure in kPa.

Particulate matter mass

Particulate emission p(mg/km) is calculated by means of the following
equation:
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5.1.1.4.8.

M, = Vo V)P, (53)
i Vv, &
where exhaust gases are vented outside the tunnel;
V., @
M b = mix (54)
v, &

where exhaust gases are returned to the tunnel;
where:
Vmix = volume of diluted exhaust gases under standard conditions;

Vep = volume of exhaust gas flowing through particuliiter under standard
conditions;

P = particulate mass collected by filter(s);
S =is the distance defined paragrapis.1.1.3.;
Mp = particulate emission in mg/km.

Where correction for the particulate background level from the dilution system
has beemsed, this shall be determined in accordance patiagrapht.2.1.5.
In this case, the particulate mass (mg/km) shall be calculated as follows:

gep_& 1 %ﬁévmixwep)

b

M- =é op g/ DIF -9 S 9

where exhaust gases are vented outside the tunnel,

M, ev— gy 1 Gdm (56)
6Vep SQ/ap C DIF —Q S

where exhaust gases are returned to the tunnel,
where:

Vap = volume of tunnel air flowing through the background particulate filter
under standard conditions;

P. = particulate mass collected by background filter;
DiF = dilution factor as determined paragraplb.1.1.4.9.

Where application of a backand correction results in a negative particulate
mass (in mg/km), the result shall be considered to be zero mg/km particulate
mass.

Carbon dioxide COy)

The mass of carbon dioxide emitted by the exhaust of the vehicle during the
test shall bealculated using the following formula:

co,. = %c‘_\y Bl o(% (57)
where:

COun is the mass of carbon dioxide emitted during the test part, in g/km;
S is the distance defined praragraptb.1.1.3.;

V is the total volume defined iparagraptb.1.1.4.1.;

dcozis the density oftte carbon monoxidecd,=1.964-103 g/m3 at reference
temperature and pressure (0 °C) and 101.3 kPa);
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COyc is the concentration of diluted gases, expressed as a percentage of carbon
dioxide equivalent, corrected to take account of the dilution air by the
following equation:

) (58)

where:

COz is the concentration of carbon dioxide expressed as a percentage of the
sample of diluted gases collected in bag(s) A;

COyis the concentration of carbon dioxide expressed as a percentage of the
sample of dilution aicollected in bag(s) B;

DiF is the coefficient defined iparagraptb.1.1.4.9.
5.1.1.4.9. Dilution factor (DiF)
The dilution factor is calculated as follows:

For each reference fuel, except hydrogen:

, X
DIF = . (59)
CCOZ +(CHC +CCO )O'O ¢

For a fuel of composition ElyO;, the general fonula is:

X =1000 a _ (60)
x+Y +376Gx+ - 23
2 c 4

For the reference fuels containeddippendix 2to Annex4, the values ofX"
are as follows:

TableA1/6

Factor "X" in formulae to calculate DiF

Fuel X
Petrol (EO~E10) 13.4
Diesel (B5) 13t

In these equations:

Cco2 = concentration ofCO, in the diluted exhaust gas contained in the
sampling bag, expressed in percent by volume,

Cwc = concentration of HC in the diluted exhaust gas contained in the sampling
bag, expressed in ppm carbon equivalent,

Cco= concentration of CO in the diluted exst gas contained in the sampling
bag, expressed in ppm,

5.1.1.5. Weighting of type | test results

5.1.1.5.1. With repeated measurements (paeagrapht.1.1.2.), the pollutant (mg/km),
andCO, (g/km) emission results obtained by the calculation methedrited
in paragraplb.1.1. and fuel consumption determined according to Section B.4.
are averaged for each cycle part.

5.1.1.6. Weighting of WMTC results

The (average) result of Part 1 or Part 1 reduced vehicle speed is called R1, the
(average) result dpart 2 or Part 2 reduced vehicle speed is called R2 and the
(average) result of Part 3 or part 3 reduced vehicle speed is called R3. Using
these emission (mg/km) and fuel consumption (litres/100 km) results, the final
result RF, depending on the vehicltegory as defined iparagrapl8. of this
Regulation shall be calculated using the following equations:
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R- =R Qv, + R Qu, (61)
R- =R Gy +R, Gy, (62)
where:

w1 = weighting factor cold phase

w» = weighting factor warm phase

R =Ry +R Qv +R,Qy, (63)
where:

wn = weighting factor phase n (n=1, 2 or 3)

5.1.16.1. For each gaseous pollutant, PM and carbon dioxide emission the weightings
shown in Tables Al/ghall be used.

TableA1/7
Type | test cycles (also applicable for test Types VII and VIII), applicable weighting
equations and weighting factors

Weighting Factor

Vehicle Chss Equation
w1 =0.50
0 B.2-63 w2 = 0.50
w1 =0.30
1 B.2-63 w2 =0.70
w1 =0.30
2 B.2-64 w2 =0.70
w1=0.25
3 B.2-65 w2 =0.50
wsz=0.25
6. Records required
6.1. The following information shall be recorded with respectdch test:

(@) test number;

(b)  vehicle, system or component identification;

(c) date and time of day for each part of the test schedule;
(d)  instrument operator;

(e)  driver or operator;

)] test vehicle: make, vehicle identification number, model vyear,
drivetrain / transmission type, odometer reading at initiation of
preconditioning, engine displacement, engine family, emissiorol
system, recommended engine speed at idle, nominal fuel tank capacity,
inertial loading, reference mass recorded at Onkdtse, and drive
wheel tyre pressure;

() dynamometer serial number: as an alternative to recording the
dynamometer serial number, a reference to a vehicle test cell number
may be used, with the advance approval of the Administration, provided
the test célrecords show the relevant instrument information;

(h)  all relevant instrument information, such as tuning, gain, serial number,
detector number, range. As an alternative, a reference to a vehicle test
cell number may be used, with the advance approvalthef
Administration, provided test cell calibration records show the relevant
instrument information;
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0] recorder charts: identify zerpoint, span check, exhaust gas, and
dilution air sample traces;

) test cell barometric pressure, ambient temperandehumidity;

Note 7: A central laboratory barometer may be used; provided that
individual test cell barometric pressures are shown to be within + 0.1
percent of the barometric pressure at the central barometer location.

(k) pressure of the mixture of eaist and dilution air entering the CVS
metering device, the pressure increase across the device, and the
temperature at the inlet. The temperature shall be recorded continuously
or digitally to determine temperature variations;

0] the number of revolutian of the positive displacement pump
accumulated during each test phase while exhaust samples are being
collected. The number of standard cubic meters metered by a eritical
flow venturi (CFV) during each test phase would be the equivalent
record for a CFWCVS;

(m) the humidity of the dilution air.

Note 8: If conditioning columns are not used, this measurement can be
deleted. If the conditioning columns are used and the dilution air is
taken from the test cell, the ambient humidity can be used for this
measuement;

(n)  the driving distance for each part of the test, calculated from the
measured roll or shaft revolutions;

(o) the actual roller vehicle speed pattern for the test;
(p)  the gear use schedule for the test;

(@) the emissions results of the type sttéor each part of the test and the
total weighted test results;

()  the secondby-second emission values of the type | tests, if deemed
necessary;,

(s) the emissions results of the type Il test (&aaex 2.
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Annex 2

Test Type Il, tailpipe emissions at(increased)idle and atfree
acceleration

2.1

2.2,

2.3.

3.1

3.2.

3.3.

3.4,

3.5.

3.6.

Introduction

This Annexdescribes the procedure for type |l testing designed to ensure the
onroad pollution under control requisite measurement of emissions during for
in-use vehicle roadworthiness testing.eTpurpose of the requirements laid
down in thisAnnexis to demonstrate that the approved / certified vehicle
complies with the minimum requirements with regard teuse vehicle
roadworthiness testing.

Scope

During the environmental performancepagval / certification process, it shall

be demonstrated to the technical service and responsible authority that the
vehicles shall comply with the test type Il requirements prescribed in regional
regulation of contracting parties applicable at the timeedfification.

Vehicles equipped with a propulsion unit type of which a positive ignition
combustion engine forms part shall be subject only to a type Il emission test as
set out inparagraps 3., 4., 5. and.®f this Annex.

Vehicles equipped ith a propulsion unit type of which a compression ignition
combustion engine forms part shall be subject only to a type Il free acceleration
emission test as set outparagraph 3., 7. and. of this Annex. Inthis case
paragrapt8.8. is not applicable.

General conditions of type Il emission testing

In general practice, Type |l test shall be carried out immediately after Type |
test, if not, a visual inspection of any emisstmmtrol equipment shall be
conducted prior to start of the type Il esien test in order to check that the
vehicle is complete, in a satisfactory condition and that there are no leaks in
the fuel, air supply or exhaust systems. The test vehicle shall be properly
maintained and used.

The fuel used to conduct the typedbkt shall be the reference fuel applicable
for Type | test.

During the test, the environmental temperature shall be between 20 °C and
30°C.

In the case of vehicles with manuatiperated or serautomatieshift
transmission, the test type listeshall be carried out with the gear lever in the
"neutral position and the clutch engaged.

In the case of vehicles with automasicift transmission, the idle type Il test
shall be carried out with the gear selector in eithel'tigaitral or the"park’
position. Where an automatic clutch is also fitted, the driven axle shall be lifted
up to a point at which the wheels can rotate freely.

The type Il emission test shall be conducted immediately after the type |
emission test. In any other eveiitfype-Il test is required to be conducted
independently of Typé test, the vehicle shall be warmed up until one of the
following conditions is satisfied:

(@) conditions at the end of type 1 test or, if not feasible
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3.7.

3.8.

3.9.

4.1.

4.1.1.

41.2

4.2

4.3

60

(b)  conditions according to ISO 174 0r, if not feasiblg
(c) lubricant temperature of at least 7Q04C

(d)  minimum of 600 seconds of continuous driving under normal traffic
conditions.

The exhaust outlets shall be provided with artighit extension, so that the
sample probe used tollect exhaust gases may be inserted at least 60 cm into
the exhaust outlet without increasing the back pressure of more than 125 mm
H-0O and without disturbing operation of the vehicle. This extension shall be
so shaped as to avoid any appreciableiditubf exhaust gases in the air at the
location of the sample probe. Where a vehicle is equipped with an exhaust
system with multiple outlets, either these shall be joined to a common pipe or
the measured pollutants carbon monoxide content shall be edliieotn each

of them and an arithmetical average taken.

The emission test equipment and analysers to perform the type Il testing shall
be regularly calibrated and maintained. A flame ionisation detection or
nondispersive infrared (NDIR) analyser maye hused for measuring
hydrocarbons.

For vehicles equipped with a stsfart system, the manufacturer shall provide

a type Il test'service modéthat makes it possible to inspect the vehicle for
this roadworthiness test on a running fuehsuming engie, in order to
determine its performance in relation to the data collected. Where this
inspection requires a special procedure, this shall be detailed in the service
manual (or equivalent media). That special procedure shall not require the use
of specialequipment other than that provided with the vehicle

Testtype Il'T description of test procedure to measure tailpipe
emissions at (increased) idle and free acceleration

The possible positions of the adjustment components shall be limited by any
of the following:

The larger of the following two values:

(@) the lowest idling engine speed which the engine can reach;

(b) the engine speed recommended by the manufacturer, minus 100
revolutions per minute;

The smallest of the following theevalues:

(@) the highest rotation speed which the crankshaft of the engine can attain
by activation of the idling engine speed components;

(b) the rotation speed recommended by the manufacturer, plus 250
revolutions per minute;

(c)  the cutin rotation sped of automatic clutches.

Settings incompatible with the correct running of the engine shall not be
adopted as measurement settings. In particular, if the engine is equipped with
several carburettors, all the carburettors shall have the same setting.

The following parameters shall be measured and recorded at normal idling
engine speed and at high idle engine speed, at the choice of CP:

(@) the carbon monoxide (CO) content by volume of the exhaust gases
emitted (in vol%);

(b)  the carbon dioxideGO;) content by volume of the exhaust gases
emitted (in vol%);

(c)  hydrocarbons (HC) in ppm;
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(d) the oxygen (@ content by volume of the exhaust gases emitted (in
vol%) or lambda, as chosen by the manufacturer;

(e) the engine speed during the test, inglgcany tolerances;

4] the engine oil temperature at the time of the test. Alternatively, for
liquid cooled engines, the coolant temperature shall be acceptable.
Alternatively, for vehicles with air cooling the sparkplug seat/gasket
temperature () shallbe acceptable.

4.3.1 With respect to the parameters ung@aragraph.3. (d), the following shall
apply:

43.1.1 the measurement shall only be conducted at high idle engine; speed

4.3.1.2 vehicles in the scope of this measurement are only thosgpeglivith a closed

loop fuel system;
4.3.1.3 exemptions for vehicle with:

4.3.1.3.1 engines equipped with a mechanicaiyntrolled (spring, vacuum) secondary
air system;

4.3.1.3.2 two-stroke engines operated on a mix of fuel and lubrication oil.

5. CO concentration calculation in the type Il idle test

5.1 The CO (Go) and CO, (Ccoz) concentration shall be determined from the
measuring instrument readings or recordings, by use of appropriate calibration
curves.

5.2 The corrected concentration foarbon monoxide is:

for 4-Stroke vehicles:

C
CCOcorr = 153 <0
C.t+C
co CcO, (1)
for 2-Stroke vehicles:
C
Ceocor =103 C _: (E:
Cco Cco, (2)
where:

Cco is the measured concentration of carbon monoxide, in vol. %;
Cco2 is the measured concentration of carbon dioxide, in vol. %;
Ccocorris the corrected concentratiorn foarbon monoxide, in vol. %;

5.3 The Go concentration (separagraplb.1.) shall be measured in accordance
with the formula irparagraptb.2. and does not need to be corrected if the total
of the concentrations measuredt¢G Cco) is at leasii5% forpetrol.

6. Fail criteria test type Il for vehicles equipped with a PI
combustion engine

6.1 The test shall only be regarded as failed if the reported values exceed the limit
values prescribed in the regulation of the contracting parties.
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7. Test type 11T free acceleration test procedure

7.1 The exhaust gas opacity shall be measured during free acceleration (no load
from idle up to cubff engine speed) with gear lever in neutral and clutch
engaged.

7.2. Vehicle preconditioning:

Vehicles may be tested thibut preconditioning although for safety reasons
checks should be made that the engine is warm and in a satisfactory mechanical
condition. The following precondition requirements shall apply:

7.2.1. The engine shall be fully warm, for instance the engpiletemperature
measured by a probe in the oil level dipstick tube to be at least 70°C, or normal
operating temperature if lower, or the engine block temperature measured by
the level of infrared radiation to be at least an equivalent temperature. I§ owin
to vehicle configuration, this measurement is impractical, the establishment of
the enginebs nor mal operating temperature I
example by the operation of the engine cooling fan;

7.2.2. The exhaust system shall be purged bgas$t three free acceleration cycles or
by an equivalent method;

7.2.3. For vehicles equipped with continuously variable transmission (CVT) and
automatic clutch, the driven wheels may be lifted from the ground;

7.2.4. For engines with safety limits in thengine control (e.g. max. 1500 rpm
without running wheels or without gear), this maximum engine speed shall be
reached.

7.3. Test procedure

The following test procedure shall be conducted:

7.3.1. The combustion engine and any turbocharger or stipenger itted shall be
running at idle before the start of each free acceleration test cycle;

7.3.2. To initiate each free acceleration cycle, the throttle shall be fully applied
gradually but not violently to reach full throttle operating condition within 5
secomls quickly and continuously (in less than one second) but not violently,
S0 as to obtain maximum delivery from the Fuel injection pump;

7.3.3. During each free acceleration cycle, the engine shall readiffergine speed
or, for vehicles with automaticansmissions, the engine speed specified by the
manufacturer or if this data is not available then two thirds of thef€angine
speed, before the throttle is released. This could be checked, for instance, by
monitoring engine speed or by allowing dfmient time to elapse between
initial throttle depression and release, which should be at fisasseconds
elapsing between initial throttle depression and release.

7.3.4. The average concentration level of the particulate matter opacity -@ih m
measued in the exhaust flow (opacity) for the 3 consecutive free acceleration
test shall be measured during five free acceleration tests taken for decision
making. The time duration between the two consecutive free accelerations tests
shall be between-20 s.

8. Fail criteria test type Il for vehicles equipped with a CI
combustion engine

8.1. The test shall only be regarded as failed if the arithmetic means of at least the
last three free acceleration cycles are in excess of the limit value as prescribed
in theregulation of th&ContractingParties. This may be calculated by ignoring
any measurement that departs significantly from the measured mean, or the
result of any other statistical calculation that takes account of the scattering of
the measurements.
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Annex 3

Testtype VI, energy efficiency

1. Introduction

1.1. This Annexsets out requirements with regard to energy efficiency of vehicles,
in particular with respect to the measurementsC@ emissions and fuel
consumption.

1.2. The requirements laid dowin this Annex apply to the measurement of the

emission of carbon dioxide (GPand fuel consumption farehicles equipped
with associated powertrain configurations:

1.3. A standardised met hod for measuring vehic
consumption andcarbon dioxide emissions) is necessary to ensure that
customers and users are supplied with objective and precise information.

2. Specification and tests

2.1. General

The components liable to affe€O, emissions and fuel consumption shall be

so designed;onstructed and assembled as to enable the vehicle, in normal use,
despite the vibrations to which it may be subjected, to comply with the
provisions of this section. The test vehicles shall be properly maintained and

used.
2.2. Description of tests for Vecles powered by a combustion engine only
2.2.1. The emissions o€0, and fuel consumption shall be measured according to

the test procedure describeddppendix 1 to thisAnnex. The test procedure,
test fuel, conditioning of vehicle, other requiremeets, are to be followed
for Type VIl test same as for Type | test describedrnnex 1.

2.2.2. For CO; emissions, the test results shall be expressed in grams per kilometre
(g/km) rounded to the nearest one decimal place.

2.2.3. Fuel consumption valuesahbe expressed in terms of both litres per 100 km
and alsokilometer per litre and their values shall be rounded off to two
decimals and one decimal respectively. The values shall be calculated
according toparagraphl.4.3. of Appendix 1 to thisAnnex bythe carbon
balance method, using the measured emissio@Opfand the other carben
related emissions (CO and HC).

2.2.4. The appropriate reference fuels as set otgpendix 2to Annex4 shall be
used for testing.

For the purpose of the calculation egkd in paragraph2.2.3., the fuel
consumption shall be expressed in appropriate units and the following fuel
characteristics shall be used:

(@) density: measured on the test fuel according to ISO 3675:1998 or an
equivalent method. For petrol and diesedlf the density measured at
15 °C and 101.3 kPa shall be used

(b)  hydrogencarbon ratio: fixed values will be used, as follows:
C1:1.8500.0 for EO petrol;
C1:1.8000.016for E5 petrol;
C1:1.9300.033for E10 petrol;
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2.3.

2.3.1.

2.3.2.

2.3.3.

3.1

3.1.1.

3.1.2.

3.2.

3.2.1.

3.2.2.
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C1:1.8000,0for BO diesel;
C1:1.86 O0.005 for B5/B7 diesel
Interpretation of test results

The CO, value or the value of fuel consumption adopted as the
approval/certification value shall be that declared by the manufacturer if this
is not exceeded by more than 4 pent by the alue measured by the technical
service. The measured value may be lower without any limitations.

If the measured value df0O, emissions or fuel consumption exceeds the
manufact ur €0&missidne or ffual comsimption by more than 4
percent another test shall be run on the same vehicle.

Where the average of the two test results

declared value by more than 4 gent, the value declared by the manufacturer
shall be taken as the approval/certification value.

If, in the event of another test being run, the average still exceeds the declared
value by more than 4 peent, a final test shall be run on the same vehicle. The
average of the three test results shall be taken as the approval/certification
value.

For Contracting Parties applying typeapproval
requirements with respect to modification and extension of
approval of the approved type

For all approved types, the approval authority that approved the type shall be
notified of any modification bit. The approval authority may then either:

consider that the modifications made are unlikely to have an appreciable
adverse effect on th@O, emissions and fuel consumption values and that the
original environmental performance approval will bedi¢ for the modified
vehicle type with regard to the environmental performance, or

require a further test report from the approval authority responsible for
conducting the tests in accordance with paragraph 4.

For Contracting Parties applyirigpe-approval confirmation or extension of
approval specifying the alterations, shall be communicated by the following
procedure:

If particulars recorded in the information package have changed, without
requiring inspections or tests to be repeatésy amendment shall be
designated arevisior!'.

In such cases, the approval authority shall issue the revised pages of the
information package as necessary, marking each revised page to show clearly
the nature of the change and,

The amendment shdle designated diextensioti when particulars recorded
in the information package have changed and any of the following occurs:

(@) further inspections or tests are required;

(b) any information on the approval certificate with the exception of its
attachments, has changed;

(c) new requirements become applicable to the approved vehicle type or to
the approved system, component or separate technical unit.

In the event of an extension, the approval authority shall issue an updated
approval certificate derted by an extension number, incremented in
accordance with the number of successive extensions already granted. That

(
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3.3.

3.3.1.

3.3.2.

4.1.

approval certificate shall clearly show the reason for the extension and the date
of re-issue.

The approval authority that grants ieension of the approval shall assign a
serial number for such an extension according to the procedure below:;

Whenever amended pages or a consolidated, updated version are issued, the
index to the information package attached to the approvaficatei shall be
amended accordingly to show the date of the most recent extension or revision,
or the date of the most recent consolidation of the updated version.

No amendment to the approval of a vehicle shall be required if the new
requirementseferred toin paragraph 3.2.&) are, from a technical point of
view, irrelevant to that type of vehicle or concern categories of vehicle other
than the category to which it belongs.

For Contracting Parties applying typeapproval
requirements with respect to conditions of extension of
vehicle environmental performance approval

Vehicles powered by an internal combustion engine only

An approval may be extended to vehicles produced by the same manufacturer
that are of the same type or of a type th#ies with regard to the following
characteristics:

(@) reference mass;

(b)  maximum authorised mass.;

(c) type of bodywork;

(d)  overall gear ratios;

(e) engine equipment and accessories;

) engine speed versus vehicle speed in highest gear nvdbairacy of
+/- 5 %.

Provided the C@emissions or fuel consumption as measured in Appendix 1
to this Annex by thepproval authoritydo not exceed the approval value by
more than 4 pecent.
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Method of measuring carbon dioxide emigsens and fuel
consumption of vehicleppowered by a combustion engine.

1.1.

1.2.

1.3.

1.3.1.

1.3.2.

1.3.3.

1.3.4.

1.3.5.

1.4.
1.4.1.

1.4.1.1.

1.4.2.

1.4.3.

1.4.3.1.

1.4.3.2.

1.4.3.3.

Specification of the test

TheCO, emissions and fuel consumption of vehicles powered by a combustion
engine only shall be determined according to the procedure for the type | tes
in Annex lin force at the time of the approval/certification of the vehicle.

In addition to theCO, emission and fuel consumption results for the entire type
| test,CO, emissions and fuel consumption shall also be determined separately
for parts 12 and 3, if applicable, by using the applicable type | test procedure.

In addition to the conditionsn Annex 1 in force at the time of the
approval/certification of the vehicle, the following conditions shall apply:

Only the equipment necesy for the operation of the vehicle during the test
shall be in use. If there is a manually controlled device for the engine intake
air temperature, it shall be in the position prescribed by the manufacturer for
the ambient temperature at which the tegtarformed. In general, the auxiliary
devices required for the normal operation of the vehicle shall be in use.

If the radiator fan is temperatuoentrolled, it shall be in normal operating
condition. The passenger compartment heating systemesept, shall be
switched off, as shall any afonditioning system, but the compressor for such
systems shall be functioning normally.

If a supercharger is fitted, it shall be in normal operating condition for the test
conditions.

All lubricants shall be those recommended by the manufacturer of the vehicle
and shall be specified in the test report.

The widest tyre shall be chosen, except where there are more than three tyre
sizes, in which case the second widest shall be chosenr@ssuges shall be
indicated in the test report.

Calculation ofCO, and fuel consumption values

The mass emission @0,, expressed in g/km, shall be calculated from the
measurements taken in accordance with the provisiorgagraphs of
Annex 1.

For this calculation, the density @O, shall be assumed to beCQ, =
1. 96%¢Mkao

The fuel consumption values shall be calculated from the hydrocarbon, carbon
monoxide and carbon dioxide emission measurements taken in accordance
with the provisions oparagraphd. of Annex 1in force at the time of the
approval/certification of the vehicle.

Fuel consumption (FC), expressed in litres per 100 km (in the case ojpetrol
for vehicles with a positive ignition engine fleel with petrol (E5):

FC = (0.1180/D) - ((0.848 - HC) + (0.429 - CO) + (0.273 )0 (1)

for vehicles with a compression ignition engine fuelled with diesel (B5):

FC = (0.1163/D) - ((0.860 - HC) + (0.429 - CO) + (0.273 230 2)

for vehicles with a compression ignition engine fuelled with diesel (B7):

FC = (0.1165/D) - ((0.858 - HC) + (0.429 - CO) + (0.273 20 (3)
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1.4.3.4.

1.4.35.

1.4.4.

for vehicles with a positive ignition engine fuelled with petrol (EO) :

FC = (0.1155/D) - ((0.866 - HC) 9429 - CO) + (0.273 - CA); (4)
for vehicles with a positive ignition engine fuelled with petrol (E10):
FC = (0.1206/D) - ((0.829 - HC) + (0.429 - CO) + (0.273 230 (5)

In these formulae:

FC = the fuel consumption in litres per 100 knthe case of petrol, diesel or
biodiesel, in Mper 100 km

HC = the measured emission of hydrocarbons in g/km
CO = the measured emission of carbon monoxide in g/km
CO;, = the measured emission of carbon dioxide in g/km

D = the density of the test fuel.
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Symbols& Abbreviations

Table B.A4.App 1/1
Symbds used

Symbol Definition Unit
a Coefficient of polygonal function -
ar Rolling resistance force of front whee N
A NG / biomethane quantity within theeNG mixture percent vol.
b Coefficient of polygonal function -
br Coefficient of aerodynamic fution N/(km/hy
c Coefficient of polygonal function -
Cco Concentration of carbon monoxide ppm
CCO, Concentration 0€0; in the diluted exhaust gas contained
the sampling bag percent vol.
Ccocorr Corrected concentration of carbon monoxic percent val
COxe Carbon dioxide concentration of diluted gas, corrected to t.
account of diluent air percent
COux Carbon dioxide concentration in the sample of diluent
collected in bag B percent
COs Carbon dioxide concentration in the sample of diluent
collected in bag A percent
COom Mass of carbon dioxide emitted during the test p: mg/km
CCe Carbon monoxide concentration of diluted gas, corrected to t
account of diluent air ppm
CQy Carbon monoxide concentration in the sample of diluent
collected in bag B ppm
CGe Carbon monoxide concentration in the sample of diluent
collected in bag A ppm
COn Mass of carbon monoxide emitted during the test p mg/km
Ch2 Concentration of hydrogen in the diluted exhaust gas contai
in sampling bag ppm
Ch20 Concentration of H20 in the diluted exhaust gas containet
the sampling bag percent vol.
Ch200n Concentration of H20 in the air used for dilutio percent vol.
Chc Concentration of HC in the diluted exhaust gas contained in ppm (carbon
sampling bag equivalent)
do Standard ambient relative air densit -
dco Density of carbon monoxide mg/cn?
dCO, Density of carbon dioxide g/dm?
dhe Density of hydrocarbon mg/cn?
Dav Average distance between two battery rechar¢ km
De Electric range ofhe vehicle km
DiF Dilution factor -
Dovc Distance from externally chargeable vehic km
S/d Distance driven in a cycle par km
dnox Density of nitrogen oxide mg/m3
dr Relative air density under test conditio -
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Symbol Definition Unit
Dt Coastdown time s
Dtai Coastdown time measured in the first road te: s
Db Coastdown time measured in the second road t s
DTe Coastdown time corrected for the inertia mas s
Dte Mean coastlown time on the chassis dynamometer at t
referencevehiclespeed S
DT Average coasdown time at specifiedehiclespeed s
Dii Coastdown time at correspondingvshiclepeed s
DT; Average coastlown time at specifiedehiclespeed S
DTroad Target coastlown time s
qﬂt Mean coastlown time on the chassis dynamometer withc
absorptio s
Dv Coastdownvehiclespeed interval @v = v1i v2) km/h
e Chassis dynamometer setting errc percent
Running resistance force N
F* Target running resistance forct N
F*wo) Target running resistance force at referergigiclespeed on
chassis dyamometer N
F* i Target running resistance force at specifietliclespeed on
chassis dynamomete N
f*o Corrected rolling resistance in the standard ambient cond N
2 Corrected coefficient of aerodynamic drag in the stanc
ambient condition N/(km/hY
F*j Target running resistance force at specifieticlespeed N
fo Rolling resistance N
f2 Coefficient of aerodynamic dra N/(km/hy
Fe Set running resistance force on the chassis dynamon N
Fewo) Set running resistance force at the refiee s/ehiclepeed on the
chassis dynamomete N
Fewz) Set running resistance force at the specifieiclespeed on the
chassis dynamomete N
Fe Total friction loss N
Fivo) Total friction loss at the refereneehiclespeed N
Fi Running resistancerce N
Fiwo) Running resistance force at the refereveaiclespeed N
Fpau Braking force of the power absorbing ur N
Fpau(vo) Braking force of the power absorbing unit at the refereetdécle
speed N
Foau(vj) Braking force of the power absorbingit at the specifiegtehicle
speed N
Fr Running resistance force obtained from the running resist
table N
H g of water / kg of
Absolute humidity dry air
HC. Concentration of diluted gases expressed in the ca
equivalent, corrected to take acovof diluent air ppm
HCd Concentration of hydrocarbons expressed in the cai
equivalent, in the sample of diluent air collected in ba ppm
HCe Concentration of hydrocarbons expressed in the cai
equivalent, in the sample of diluent air collectedbag A ppm
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Symbol Definition Unit
HCm Mass of hydrocarbon emitted during the test mg/km
i gear number -
Ko Temperature correction factor for rolling resistar -
Kh Humidity correction factor -
L Approval limit values of gaseous pollutant emissi mg/km
m Test vehiok mass kg
ma Actual mass of the test vehicl kg
Meorr PM mass corrected for buoyanc mg
mri Flywheel equivalent inertia mas kg
mi Equivalent inertia mas: kg
Mmix molar mass of air in balance environment (28.836 gjn« gmolt
mr Equivalent inertianass of all the wheel kg

mri Equivalent inertia mass of all the rear wheel and vehicle ¢
rotating with wheel kg

Mk mk is unladen mass of the vehic
Mref mretis reference mass of the vehic kg
mrid Rider mass kg
Muncorr PM mass uncorrected fbuoyancy mg
Mi Mass emission of the pollutant i in mg/ki mg

Mai Average mass emission of the pollutant i with an electr

energy/power storage device in minimum state of che
(maximum discharge of capacity mg/km

Maui Average mass emission of thellptant i with a fully charged
electrical energy/power storage devi mg/km
Mp Particulate mass emissio mg/km
n Engine speed mint
n Number of data regarding the emission or the -
N Number ofrevolutionsmade by pump F -

ndi Ratio between engispeed in mif and vehicle speed in km/h i
gear "i" -
ng Number of forward gears -
Nidle Idling engine speec mint

n_max_acg,) Upshift engine speed from gear 1 to gear 2 during acceler:
phases min?t

n_max_acg Up shift engine speed from gddo gear i+1 during acceleratio
phases, i>1 min?t
n_min_acg Minimum engine speed for cruising or deceleration in gei mint

NOxc Nitrogen oxide concentration of diluted gases, corrected to
account of diluent air ppm

NOxd Nitrogen oxide conadration in the sample of diluent a
collected in bag B ppm

NOxe Nitrogen oxide concentration in the sample of diluent
collected in bag A ppm
NOxm Mass of nitrogen oxides emitted during the test f mg/km
Po Standard ambient pressu kPa
Pa Ambient/atmospheric pressur kPa

Pabs absolute pressure in balance environm
pd Saturated pressure of water at the test tempere kPa
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Symbol Definition Unit
pi Average undepressure during the test part in the sectior
pump P kPa
pr Mean ambient pressure during the t kPa
Pn Rated power kw
Q Electric energy balance Ah
lo Standard relative ambient air volumetric me mg/cn?
} air density of air in balance environmel mg/cn?
} weight density of calibration weight used to span balai mg/cn?
} media density of PM sample medium (filter) with filter medium Teflc
coatedglas f i br e (media=@.300 Kgknd mg/cn?
r(i) Gear ratio in gear i -
R molar gas constant (8.314 Jnikitt) JmotK-1
Re Response factor to calibrate HC analy: -
Re Final test result of pollutant emissions, carbon dioxide emis: mg/km
or fuel cosumption  g/km, 1/100km
R1 Test results of pollutant emissions, carbon dioxide emissio mg/km
fuel consumption for cycle part 1 with cold ste  g/km, 1/100km
Re Test results of pollutant emissions, carbon dioxide emissio mg/km
fuel consumption focycle part 2 with warm conditior  g/km, 1/100km
Rs Test results of pollutant emissions, carbon dioxide emissio mg/km
fuel consumption for cycle part 1 with warm conditic g/km, 1/100km
Ri1 First type | test results of pollutant emissio mg/km
Ri2 Second type | test results of pollutant emissic mg/km
Ris Third type | test results of pollutant emissio mg/km
RS Reduced spee( -
RST25 Reduced speed truncated2&8km/h -
RST45 Reduced speed truncatedd&km/h -
S Rated engine spee mint
S Accumulated distance in test cygfgragraptb.1.1.3 of Annex
1) km
Tamb absolute ambient temperature of balance environn °C
Tc Temperature of the coolar °C
To Temperature of the engine o °C
Te Temperature of the spafug seat/gaske °C
To Standard ambient temperatul °C
Tp Temperature of the diluted gases during the test part, measu
the intake section of pump | °C
Tr Mean ambient temperature during the t °C
] Relative humidity percent
v Specifiedvehiclespeed km/h
\Y Total volume of diluted gas m3
Vmax Maximum desigrvehiclespeed of test vehicle km/h
Vo Reference vehicle spee km/h
Vo Volume of gas displaced by pump P during one revolur m3/rev.
%1 Vehicle speed at which the measurement of the -@@ash time
begins km/h
V2 Vehicle speed at which the measurement of the -@@ash time
ends km/h
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Symbol Definition Unit
Vi Specified vehicle speed selected for the cdasin time

measurement km/h
w1 Weighting factor of cycle part 1 with cold sta -
Wiwarm Weighting factor of cycle part 1 withavm condition -
W2 Weighting factor of cycle part 2 with warm conditic -
w3 Weighting factor of cycle part 3 with warm conditic -
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Reference fuels

1.

1.1.

Specifications of reference fuels for testing vehicles in environments) es
particular for tailpipe and evaporative emissions testing

The following tables list the technical data on liquid reference fuels that
Contracting Parties may require to be used for environmental performance
testing of twewheeled vehicles. Theseference fuels were used to define the
emission limits set out iparagraply. ofthis Regulation.
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Table A4.App2/1
Type: Petrol EO (nominal 90 RON)
Standard
Fuel Property or Substance Name Unit Minimum Maximum Test method
Research octane numbBON 90 92 JIS K2280
Motor octane number, MON 80 82 JIS K2280
Density g/cm3 0.72 0.77 JIS K2249
Vapour pressure kPa 56 60 JIS K2258
Distillation:
8 10 % distillation temperature K(°C) 318(45) 328 (55) JIS K2254
8 50 % distillation temperater K(°C) 363(90) 373(100) JIS K2254
8 90 % distillation temperature K(°C) 413(140) 443(170) JIS K2254
o final boiling point K (°C) 488 (215) JIS K2254
) JIS K25361
o8 olefins % viv 15 25 JIS K25362
JIS K25361
0 aromatics % viv 20 45 JIS K25362
JIS K25363
JIS K25362
8 benzene % viv 1.0 JIS K25363
JIS K25364
JIS K25362
Oxygen content not to be detectec JIS K25364
JIS K25366
Existent gum mg/100ml 5 JIS K2261
JIS K25411
Sulphur content Wt ppm 10 JIS K25412
JIS K25416
JIS K25417
Lead content not to be detectec JIS K2255
JIS K25362
Ethanol not to be detectec JIS K25364
JIS K25366
JIS K25362
Methanol not to be detectec JIS K25364
JIS K25365
JIS K25366
JIS K25362
MTBE not to be detectec JIS K25364
JIS K25365
JIS K25366
Kerosene not to be detectec JIS K25362
JIS K25364
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Table A4.App2/2
Type: Petrol EO (nominal 95 RON)
Limits*
Parameter Unit Test method Publication
Minimum Maximum
Research octane number,
RON 95.0 EN 25164 1993
Motor octane number,
MON 85.0 EN 25163 1993
Density at 15 °C ka/m3 748 762 ISO 3675 1995
Reid vapour pressure kPa 56.0 60.0 EN 12 1993
Distillation:
- initial boiling point C 24 40 EN-ISO 3205 1988
- evaporated at 100 °C per cent
viv 49.0 57.0 EN-1SO 3205 1988
- evaporated at 150 °C per cent
viv 810 87.0 EN-1SO 3205 1988
- final boiling point C 190 215 EN-ISO 3205 1988
Residue per cent 2 EN-ISO 3205 1988
Hydrocarbon analysis:
- olefins per cent
viv 10 ASTM D 1319 1995
- aromatic$ per cent
viv 28.0 40.0 ASTM D 1319 1995
- benzene per cent
viv 1.0 pr. EN 12177 19982
- saturates per cent
viv balance: ASTM D 1319 1995
Carbon/hydrogen ratio report report
Oxidation stability min. 480 EN-1SO 7536 1996
Oxygen contefit per cent
m/m 2.3 EN 1601 19972
Existent gum mag/ml 0.04 EN-1SO 6246 19972
Sulphur contef§t pr.ENHISO/DIS
ma/ka 100 14596 19982
Copper corrosion at 50 °C 1 EN-1SO 2160 1995
Lead content g/l 0.005 EN 237 1996
Phosphorus content a/l 0.0012 ASTM D 3231 1994
1 The values quoted in the specification are "true values”. In establishment of their limit values

the terms of ISO 425%%troleum productsDetermination and application of precision data in relation

to methods of test,” have been applied and in fixing a minimum value, a minimum difference of 2R
above zero has been taken into account; in fixing a maximum and minimum tedusinimum
difference is 4R (R = reproducibility).

Notwithstanding this measure, which is necessary for statistical reasons, the manufacturer of fuels
should nevertheless aim at a zero value where the stipulated maximum value is 2R and at the mean
valuein the case of quotations of maximum and minimum limits. Should it be necessary to clarify the
guestion as to whether a fuel meets the requirements of the specifications, the terms of ISO 4259 should
be applied.

2 The month of publication will be compést in due course.
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3 The reference fuel used shall have a maximum aromatics content of 35 per cent v/v.

4 The fuel may contain oxidation inhibitors and metal deactivators normally used to stabilise

refinery petrol streams, but detergent/dispersive additimdssolvent oils shall not be added.

5 The actual oxygen content of the fuel for the tests shall be reporteddition,the maximum

oxygen content of the reference fuel shall be 2.3 per cent.

6 The actual sulphur content of the fuel used for the & be reported. laddition,the
reference fuel shall have a maximum sulphur content of 50 ppm.
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Table A4.App2/3
Type: Petrol EO (nominal L00RON)

Standard
Fuel Property or Substance Name Unit Minimum  Maximum Test method
Research octane numbBON 99 101 JIS K2280
Motor octane number, MON 86 88 JIS K2280
Density g/cm3 0.72 0.77 JIS K2249
Vapour pressure kPa 56 60 JIS K2258
Distillation:

8 10 % distillation temperature K(°C) 318(45) 328 (55) JIS K2254
d 50 % distillation temperature K(°C) 363(90) 373(100) JIS K2254
8 90 % distillation temperature K(°C) 413(140) 443(170) JIS K2254
o final boiling point K (°C) 488 (215) JIS K2254

0 olefins JIS K25361

% viv 15 25 JIS K25362

0 aromatics JIS K25361

JIS K25362

% viv 20 45 JIS K25363

8 benzene JIS K25362

JIS K25363

% viv 1.0 JIS K25364

Oxygen content JIS K25362
JIS K25364

not to be detectec JIS K25366

Existent gum mg/100ml 5 JIS K2261

Sulphur content JIS K25411

JIS K25412

JIS K25416

Wt ppm 10 JIS K25417

Lead content not to be detectec JIS K2255

Ethanol JIS K25362
JIS K25364

not to be detectec JIS K25366

Methanol JIS K25362
JIS K25364

JIS K25365

not to be detectec JIS K25366

MTBE JIS K25362
JIS K25364

JIS K25365

not to be detectec JS K25366

Kerosene JIS K25362
not to be detectec JIS K25364
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