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05 series of amendment® UN Regulation N0.96 Diesel
emission (agricultural tractors))

Short title of the Regulationamend to read:

" Emissions from NonRoad Mobile Machinery (NRMM)
engines

Title of the Regulatioramend to read:

" Uniform provisions concerning the approval of engines to
be installed in agricultural and forestry tractors and in non
road mobile machinery with regard to the emissions of
pollutants by the engire"

Text of the Regulatigramend to read:

"UN Regulation No. 96

Uniform provisions concerning the approval of engines to be
installed in agricultural and forestry tractors and in non-
road mobile machinery with regard to the emissions of
pollutants by the engine
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1.1

1.11

1.1.2

1.1.3

1.14

1.1.5

1.1.6

1.1.7.

1.2

2.1
2.1.1.

2.1.2.

Scope

This Regulation applies to all engines falling within the categories set out in
paragraph 1.1 which are installed in or are intended to be installed in category
T vehicled and norroad mobile machinery.

For the purposes of this Belation, the following engine categories, divided
into the subcategories set out in Appendixd this Regulationapply:

"Category NRE! engines for category T vehicles and soad mobile
machinery intended and suited to move, or to be movedhduyor otherwise,
and are not included in any other category set out in paragraphs 1.1.2.t0 1.1.7;

"Category NRG: engines having a reference power that is greater than 560
kW, exclusively for use in generating sets; engines for generatingtbets

than those having those characteristics are included in the categories NRE or
NRS, according to their characteristics;

"Category NRSh handheld Aprak Ignition (Sl)engines having a reference
power that is less than 19 kW, exclusively for isbandheld machinery;

"Category NRS Sl engines for category T vehicles and moad mobile
machinery having a reference power that is less than 56 kW and not included
in category NRSh;

"Category SMB: S| engines exclusively for use smowmobiles; engines for
snowmobiles other than Sl engines are included in category NRE;

"Category ATS Sl engines exclusively for use Al -terrain vehicls (ATVs)
andSideby-Side Eb9 that are either category T vehicles or itoad mobile
machinery; engines for ATVs and SbS other than Sl engines are included in
category NRE.

A variablespeed engine of a particular category may be used in the place of a
constantspeed engine ohe same category.

This UN Regulation shall not apply to monitoring of emissions of pollutants
from engines operated in category T vehicles ormaa mobile machinery
over their normal patterns, conditions and payloads.

Definitions and abbreviations

For the purpose of this Regulation,

"Adjustable parametémmeans any device, system, or element of design that
someone can adjust (including those which are difficult to access) and that, if
adjusted, may affect emissions or engine perfogaaluring emissions testing

or normal inuse operation. This includes, but is not limited to, parameters
related to injection timing and fuelling rate;

"Adjustment factofsmean additive (upward adjustment factor and downward
adjustment factor) omultiplicative factors to be considered during the
periodic (infrequent) regeneration;

Theclassification of powedriven vehicles and traileis reproduce in paragraph 2o the
Consolidated Resolution on the Construction of Vehicles (R.Eo8yrdent
ECE/TRANS/WP.29/78/Rev.6
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html
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2.1.3. "All-Terrain \ehicle(ATV)" means a nomoad mobile machine or category T
vehicle, propelled by an engine, intended primarily to travel on unpaved
surfaces on fauor more wheels with lowpressure tyres, having a seat
designed to be straddled by the driver only, or a seat designed to be straddled
by the driver and a seat for no more than one passenger, and handlebars for
steering;

2.1.4, "Ambient temperatufemeans, in relation to a laboratory environment (e.qg.
filter weighing room or chamber), the temperature within the specified
laboratory environment;

2.1.5. "Aqueous condensatibnmeans the precipitation of wateontaining
constituents from a gas phaseatbquid phase.;

2.1.6. "Auxiliary emission control strategyor "AECS' means an emission control
strategy that is activated and temporarily modifid8aae EmissionControl
Strategy (BECS) for a specific purpose and in response to a specific set of
ambiert and/or operating conditions and only remains in operation as long as
those conditions exist;

2.1.7. "Base emission control stratégyr "BECS' means an emission control
strategy that is active throughout the range of torque and speed over which the
engire operates, unless auxiliary Emission Control Srategy (AECS) is

activated;

2.1.8. "Calibration” means the process of setting a measurement system's response
so that its output agrees with a range of reference signals. Contrast with
"verification’;

2.19. "Calibration gas means a purified gas mixture used to calibrate gas analysers.

2.1.10. "Compression ignition (i enginé means an engine which works on the

compressioxignition principle ;

2.1.11. "Constantspeed engifemeans an engin¢he type-approval of which is
limited to constantpeed operation, excluding engines the constpeéd
governor function of which is removed or disabled; it may be provided with an
idle speed that can be used during staror shutdown and it may be equipge
with a governor that can be set to an alternative speed when the engine is
stopped;;

2.1.12. "Constantspeed nowroad steadystate testcyclel her ei naf-¢peed O6constant
NRSCO6) means any -road staathstate fest tytles definedy n o n
in Appendix A.6 to Annex 4o this Regulation: D2, G1, G2 or G3;

2.1.13. "Constantspeed operatidhmeans an engine operation with a governor that
automatically controls the operator demand to maintain engine speed, even under
changing load;

2.1.14 "Crankcas& means the enclosed spaces in, or external to, an engine which are
connected to the oil sump by internal or external ducts through which gases and
vapours can be emitted;

2.1.15. "Defeat strategy means an emission control strategy that reduces the
effectiveness of the emission control system under ambient or engine operating
conditions encountered either during normal machine operation or outside the
approval test procedures;
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2.1.16.

2.1.17.

2.1.18.

2.1.19.

2.1.20.

2.1.21.

2.1.22.

2.1.23.

2.1.24.

2.1.25.

2.1.26.

2.1.27.

2.1.28.

2.1.29.

2.1.30.

2.1.31.

"DeNCx systerfi means an exhaust afteeatment system designed to reduce
emissions of oxides of nitrogen (ND(e.g. passive and active lean NO
catalysts, N@ adsorbers and selective catalytic reduction (SCR) systems);

"Deterioration factors means the set of factors that indicate the relationship
between emissions at the start and end of the emission durability period;

"Dew point means a measure of humidity stated as the equilibrium
temperature at which water condenses under a gikessure from moist air
with a given absolute humidity. Dew point is specified as a temperature in °C
or K, and is valid only for the pressure at which it is measured;

"Drift" means the difference between a zero or calibration signal and the
respective value reported by a measurement instrument immediately after it
was used in an emission test, as long as the instrument was zeroed and spanned
just before the test;

"Dual-fuel engin& means an engine that is designed to simultaneously operate
with a liquid fuel and a gaseous fuel, both fuels being metered separately, the
consumed amount of one of the fuels relative to the other one being able to
vary depending on the opéian;

"Dual-fuel modé means the normal operating mode of a dual engine
during which the engine simultaneously uses liquid fuel and a gaseous fuel at
some engine operating conditions;

"Electronic control unit means an engine's eleaiio device that is part of the
emission control system and uses data from engine sensors to control engine
parameters;

"Emission control systéhmeans any device, system, or element of design that
controls or reduces the emissions of regulatedutaits from an engine;

"Emission control strateymeans an element or a set of design elements
incorporated into the overall design of an engine, or into-road mobile
machinery in which an engine is installed, and used in controlling emissions;

"Emission durability period or OEDPG& means the number
applicable, the distance used to determine the deterioration factors;

"Endusel’ means any natural or legal person, other than the manufacturer or
OEM, that isresponsible for operating the engine installed in-raad mobile
machinery or category T vehicle;

"Engine family means a manufacturer's grouping of engine types which,
through their design, have similar exhaust emission characteristics, art respe
the applicable emission limit values;;

"Engine governed speédneans the engine operating speed when it is
controlled by the installed governor;

"Engine production datemeans the date, expressed as the month and year, on
which the engia passes the final check, after it has left the production line,
and is ready to be delivered or to be put into stock;

"Engine typk means a group of engines which do not differ in such essential
engine characteristies defined in Annex 10 to $1lUN Regulation;

"Entry into serviceé means the first use, for its intended purpose, in a
Contracting Party of a category T vehicle;

of
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2.1.32.

2.1.33.

2.1.34.

2.1.35.

2.1.36.

2.1.37.

2.1.38.

2.1.39.

2.1.40.

2.1.41.

"Exhaust aftetreatment systefrmeans a catalyst, particulate filter, deNO
system, or any other emissioeducing devicgincluding any combination of
systems that share the same physical comporibatss installed downstream

of the engine. This definition excludes exhaust gas recirculation (EGR) and
turbochargers, which are considered an integral pdhieogngine;

"Exhaustgas recirculatiof or O EGR6 means a techni
the emission control system and reduces emissions by routing exhaust gases
that have been expelled from the combustion chamber(s) back into the engine
to be nixed with incoming air before or during combustion, except for the use

of valve timing to increase the amount of residual exhaust gas in the
combustion chamber(s) that is mixed with incoming air before or during
combustion;

"Full flow dilution" means the method of mixing the exhaust gas flow with
dilution air prior to separating a fraction of the diluted exhaust gas flow for
analysis;

"Gaseous fuélmeans any fuel which is wholly gaseous at standard ambient
conditions (298 K, absolute amhiepressure 101.3 kPa);

"Gaseous pollutantsmeans the following pollutants in their gaseous state
emitted by an engine: carbon monoxide (CO), total hydrocarbons (HC) and
oxides of nitrogen (N&); NOx being nitric oxide (NO) and nitrogen dioxide
(NOy), expressed as N@quivalent;

"Generating sétmeans an independent royad mobile machine that is not
part of a power train, primarily intended to produce electric power;

"GER' (Gas Energy Ratio) means, in the case of a-thellengine, the ratio

of the energy content of the gaseous fuel over the energy content of both fuels;
in the case of a singlelel engine, GER is defined as being either 1 or 0O
according to the type of fuel;

"Good engineering judgméntmeans judgmentsmade consistent with
generally accepted scientific and engineering principles and available relevant
information;

"Governot means a device or control strategy that automatically controls
engine speed or load, other than an espeed limiter agstalled in an engine

of category NRSh limiting the maximum engine speed for the sole purpose of
preventing the engine operating at speeds in excess of a certain limit;

"Hand-held Sl enginemeans an Sl engine having a reference power of less
than19 kW, and used in a piece of equipment that meets at least one of the
following conditions:

(a) Itis carried by the operator throughout the performance of its intended
function(s);

(b) It operates mukpositionally, such as upside down or sideways,
perform its intended function(s);

(c) Its dry mass, including engine, is less than 20 kg, and it meets at least
one of the following conditions:

0] Its operator provides physical support for or, alternatively,
carries the equipment throughout the performance of its intended
function(s);
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2.1.42.

2.1.4.

2.1.44.

2.1.45.

2.1.46.

2.1.47.

2.1.48.

2.1.49.

2.1.50.

2.1.51.

2.1.52.

(i) Its operator provides physical support or attitudinal control for
the equipment throughout the performance itsf intended
function(s);

(i) Itis used in a generator or a pump;

"HEPA filter" means higkefficiency particulate air filters that are rated to
achieve a minimum initial particleemoval efficiency of 99.97 per cent using
ASTM F 1471 93;

"Highspeed ond @@pans the highest engine speed wh
maximum power occurs;

"Idle speeli means the lowest engine speed with minimum load (greater than
or equal to zero load), where an engine governor function contngisies
speed. For engines without a governor function that controls idle speed, idle
speed means the manufactudeclared value for lowest engine speed possible
with minimum load. Note that warm idle speed is the idle speed of a warmed
up engine;

"Initial entry into servicémeans:
(@)  The first registration, if the registration is compulsory, or,

(b) If the registration is compulsory only for road circulation or is not
compulsory, the placing on the market;

"Internal combustion engile d&mgindd means an energy converte
than a gas turbine, designed to transform chemical energy (input) into

mechanical energy (output) with an internal combustion process; it includes,

where they have been installed, the emission control system and the

communication interface (hardware and messages) between the engine's

electronic control unit(s) and any other powertrain or category T vehicle or

nonroad mobile machinery control unit necessary to comply with this

Regualtion;

"ashift factot' or "S;' means an expression that describes the required
flexibility of the engine management system regarding a change of the-excess
air ratioa-if the engine is fuelled with a gas composition different from pure
methane;

"Liquid fuel' means a fuel wibh exists in the liquid state at standard ambient
conditions (298 K, absolute ambient pressure 101,3 kPa);

"Liquid-fuel modé& means the normal operating mode of a ¢ual engine
during which the engine does not use any gaseous fuel for any epgirating
condition;

"Low speetior (06 nmeans the | owest engine speed whe
maximum power occurs;

"Making available on the marKeteans any supply of an engine or +road
mobile machinery for distribution or use arContracting Party market in the
course of a commercial activity, whether in return for payment or free of
charge;

"Manufacturel means any natural or legal person who is responsible to the
Type Approval Authority for all aspects of the engine rappl and for
ensuring conformity of engine production, whether or not they are directly
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involved in all stages of the design and construction of the engine which is the
subject of the approval process;

2.1.53. "Manufacturer's representatiVer "represenative’ means any natural or legal
person established in the Contracting Party whom the manufacturer duly
appoints by a written mandate to represent it in matters concerning the Type
Approval Authority of the Contracting Party and to act on its behalf itemsa
covered by this Regulation;

2.1.54. "Maximum net powel means the highest value of the net power on the
nominal fultload power curve for the engine type;

2.1.55. "Maximum torque speédneans the engine speed at which the maximum
torque is obtaineftom the engine, as specified by the manufacturer;

2.1.56. "Net powet means the power in " KW" obtained on the test bench at the end
of the crankshaft, or its equivalent, measured in accordance with the method
described ilUN Regulation No. 120 on the measurement of the net power, net
torque and specific fuel consumption of internal combustion engines for
agricultural and forestry tractors and Aamad mobile machinery.

2.1.57. "Nonroad mobile machinety means any mobile maite, transportable
equipment or vehicle with or without bodywork or wheels, not intended for the
transport of passengers or goods on roads, and includes machinery installed on
the chassis of vehicles intended for the transport of passengers or goods on

roads;
2.1.58. "Open crankcase emissidnaeans any flow from an engine's crankcase that
is emitted directly into the environment;
2.1.59. "Operator demantimeans an engine operator's input to control engine output;
2.1.60. "Original equipment manufactureror "OEM' means any natural or legal

person that manufactures nooad mobile machinery or category T vehicles;

2.1.61. "Parent enginémeans an engine type selected from an engine family in such
a way that its emissions characteristics are representativat@ngine family;

2.1.62. "Particulate aftertreatment systefrmeans an exhaust afteeatment system
designed to reduce emissions of particulate pollutants through a mechanical,
aerodynamic, diffusional or inertial separation;

2.1.63. "Partial flow diution " means the method of analysing the exhaust gas
whereby a part of the total exhaust gas flow is separated, then mixed with an
appropriate amount of dilution air prior to reaching the particulate sampling
filter;

2.1.64. "Particle numbet o r 6B té numiberaof solid particles emitted by an
engine with a diameter greater than 23 nm;

2.1.65. "Particulate matter (PM) means any material collected on a spediffilter
medium after dilutingan engine exhaust gas with clean filtered air so that the
temperature does not exceed 325 K (52 °C);

2.1.66. "Particulate pollutants means any matter emitted by an engine that is
measured as PM or PN;

2.1.67. "Per cent loal means the fraction of the maximum available torque at an
engine speed;

10
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2.1.68. "Permanenly installed means bolted, or otherwise effectively fixed so that it
cannot be removed without the use of tools or equipment, to a foundation or
an alternative constraint intended to cause the engine to operate in one single
location in a building, struate, facility or installation;

2.1.69. "Placing on the mark&tmeans the first making available on the market of a
Contracting Party of an engine or amad mobile machinery. For category T
vehicles placing on the market shall be read as initial entmysirvice of the
vehicle;

2.1.70. "Probe' means the first section of the transfer line which transfers the sample
to next component in the sampling system;

2.1.71. "Rated net pow&means the net power in kW as declared by the manufacturer
of an engine tarated speed;

2.1.72. "Rated speddmeans the maximum full load speed allowed by an engine's
governor, as designed by the manufacturer, or, if a governor is not present, the
speed at which the maximum net power is attained by the engine, as specified
by the manufacturer;

2.1.73. "Reagent means any consumable or agtoverable medium required and
used for the effective operation of the exhaust dfemtment system;

2.1.74. "Reference powkrmeans the net power that is used to determine the
applicable emission limit values for the engine;

2.1.75. "Regeneratioh means an event during which emissions levels change while
the exhaust aftereatment system's performance is being restored by design
and which can be classified as continuous regeneration or infrequent (periodic)
regeneration;

2.1.76. "Service modemeans a special mode of a dtiedl engine that is activated for
the purpose of repairing, or of moving the road mobile machinery to a safe
location when operation in the dtfakel mode is not possible;

2.1.77. "SIl enginé means arngine that worksonthesparkgni ti on (6S1 &) princi

2.1.78. "Sideby-side vehiclé or "SbS means a selpropelled, operatecontrolled,
nontarticulated nofroad mobile machinery or category T vehicle intended
primarily to travel on unpaved surfaces four or more wheels, having a
minimum unladen mass, in running order, of 300 kg (including standard
equipment, coolant, lubricants, fuel and tools but excluding optional
accessories and the driver) and a maximum design speed of 25 km/h or more;
such avehicle is also designed to transport persons and/or goods, and/or to pull
and push equipment, is steered by a control other than a handlebar, is designed
for recreational or utility purposes and carries no more than six people
including the driver, sittig side by side on one or more rsinaddle seats;

2.1.79. "Singlefuel enging means an engine that is not a diual engine;

2.1.80. "Snowmobilé means a selfropelled machine that is intended for-oftd
travel primarily on snow, is driven by tracks in contact with snow and steered
by a ski or skis in contact with the snow, and has a maximum unladen mass, in
running order, of 454 kg (includingandard equipment, coolant, lubricants,
fuel and tools but excluding optional accessories and the driver);

2.1.81. "Spari means to adjust an instrument so that it gives a proper response to a
calibration standard that represents between 75 per cent apérl&nt of the
maximum value in the instrument range or expected range of use;

11
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2.1.82. "Span gasmeans a purified gas mixture used to span gas analysers;
2.1.83. "Specific emissiofigneans the mass emissions expressed in g/kwWh;
2.1.84. "Stationary machmery' means machinery that is intended to be permanently

installed in one location for its first use and is not intended to be moved, by
road or otherwise, except during shipment from the place of manufacture to
the place of first installation;

2.1.85. "Seadystate test cyclemeans a test cycle in which engine speed and torque
are held at a finite set of nominally constant values; stetatg tests are either
discrete mode tests or rampexbdal tests;

2.1.86. "Stoichiometrit means relating to the partilar ratio of air and fuel such that
if the fuel were fully oxidized, there would be no remaining fuel or oxygen;

2.1.87. "Storage mediufrmeans a particulate filter, sample bag, or any other storage
device used for batch sampling;

2.1.88. "Tampering means inactivation, adjustment or modification of the emission
control system, including any software or other logical control elements of
such a system, that has the effect, whether intended or not, of worsening the
emissions performance of the engine;

2.1.89. "Test cyclé means a sequence of test points, each with a defined speed and
torque, to be followed by the engine when being tested under steady state or
transient operating conditions;

2.1.90. "Test intervdl means a duration of time over which keaspecific emissions
are determined;

2.1.91. "Tolerancé means the interval in which 95 per cent of a set of recorded values
of a certain quantity shall lie, with the remaining 5 per cent of the recorded
values deviating from the tolerance interval,

2.192. "Transient test cyclemeans a test cycle with a sequence of normalised speed
and torque values that vary on a secbgeésecond basis with time;

2.1.93. "Type approval means the procedure whereby an Type Approval Authority
certifies that an engine tgpor engine family satisfies the technical
requirements and relevant administrative provisions of this Regulation;

2.1.94. "Updatingrecording’ means the frequency at which the analyser provides
new, current, values;

2.1.95. "Variable-speed engiffemeansan engine that is not a constapieed engine;

2.1.96. "Variable-speed nofroad steadystate test cycle(hereinaftef' variable-speed
NRSC) means a nonoad steadystate test cycle that is not a constspeed
NRSC;

2.1.97. "Verification' means to evaluat whether or not a measurement system's

outputs agree with a range of applied reference signals to within one or more
predetermined thresholds for acceptance. Contrast eétibtation”;

2.1.98 "Wall-flow particulate afteitreatment systeimmeans a particulate after
treatment system in which all the exhaust gas is forced to flow through a wall
which filters out the solid matter.

2.1.99. "Wobbe indekor "W' means the ratio of the corresponding calorific value of
a gas per unit volume and thguare root of its relative density under the same
reference conditions:
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2.1.100. "To zerd means to adjust an instrument in a manner that it gives a zero
response to a zero calibration standard, such as purified nitrogemifeddpu
air;

2.1.101. "Zero gas means a gas that yields the value zero as response to its input in an
analyser;

2.2. Symbols and abbreviations

2.2.1. Symbols

The symbols are explained in Annex 4, paragraph 3.2. and specific symbols
are found in the correspding Annexes.

2.2.2. Abbreviations
ASTM American Society for Testing and Materials
BMD Bag minkidiluter
BSFC Brakespecific fuel consumption
CFV Critical Flow Venturi
Cl Compressiosignition
CLD Chemiluminescent Detector
Cvs Constant Volume Sampler
De NOx NOx aftertreatment system
DF Deterioration factor
ECM Electronic control module
EFC Electronic flow control
EGR Exhaust gas recirculation
FID Flame lonization Detector
GC Gas Chromatograph
HCLD Heated Chemiluminescent Detector
HFID Heated Flame lonaion Detector
IBP Initial boiling point
ISO International Organization for Standardization
LPG Liquefied Petroleum Gas
NDIR Nondispersive infrared (Analyser)
NDUV Nondispersive ultraviolet (Analyser)
NIST US National Institute for Standards and Technology
NMC Non-Methane Cutter
PDP Positive Displacement Pump
%FS Per cent of full scale
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3.1

3.2.

3.3.

3.3.1.

3.4.

3.5.

PFD Partial Flow Dilution

PFS Partial Flow System

PTFE Polytetrafluoroethylene (commonly
RMC Rampedmodal cycle

RMS Rootmean square

RTD Resistivetemperature detector

SAE Society of Automotive Engineers

SSsv Subsonic Venturi

UCL Upper confidence limit

UFM Ultrasonicflowmeter

Application for approval of an engine type or
family

The application for approval of an engilype or an engine family with regard
to the level of the emission of gaseous and particulate pollutants shall be
submitted by the engine manufacturer or by a duly accredited representative.

The applicant shall provide the Type gxpval Authority with an information
folder which includes the following:

(@) Aninformation document, including a list of reference fuels and, where
requested by the manufacturer, any other specified fuels, fuel mixtures
or fuel emulsions referred to iparagraph 5.1.3 and described in
accordance with Annex 6 to this Regulation.

(b)  All relevant data, drawings, photographs and other information relating
to the engine type or, where applicable, the parent engine;

(c)  Any additional information requesd by the Type Approval Authority
in the context of the typapproval application procedure.

A description of the engine type and if applicable the particulars of the engine
family referred to in Anne® 0 to this Regulation.

The information foldemay be provided in paper form or in an electronic
format that is accepted by the technical service and the Type Approval
Authority.

Applications submitted on paper shall be in triplicate. Any drawings shall be
to an appropriate scale and in suffitieletail on size A4 sheets or in a folder
of A4 format. Photographs (if any) shall show sufficient detail.

Manufacturers shall make available to the technical service responsible for
conducting the typapproval tests defined in paragraph 5, an engin
conforming to the engine type or, in the case of an engine family, to the parent
engine characteristics described in Annex 1, Appendix@tBis Regulation.

In the case of an application for an engine family tgpproval, if the

Technical Sende determines that, with regard to the selected parent engine,
the application submitted does not fully represent the engine family described
in Annex 1, Appendix A.3, manufacturers shall make available an alternative

kno
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4.1.

4.2

4.3.

4.3.1.

4.3.2.

4.3.3.

and, if necessary, an additional pdremgine which is considered by the
Technical Service to represent the engine family.

Approval

If the engine submitted for approval pursuant to paragraph 3. of this Regulation
meets the requirements of paragraph 5. below, approval of that eyygnert
engine family shall be granted. The Type Approval Authority shall issue the
relevant communication as set out in Annex 2.

For the purposes of clarity and easing access to relevant data, the
communication includes an addendum containing the mostvaet
information related with the typapproved engine type or engine family.

In order to receive a type approval of an engine type or engine family, the
manufacturer shall demonstrate compliance, of the engine type or engine
family with the provisions athis Regulation set out in paragraphs 5., 6., 8. and
Annexes 4, 7, 8, 9 and 10he manufacturer shall also ensure the use of
reference fuels set out in Annex Baving regard to Appendid to this
Regulation.

Additionally, in order to receive typapproval of a vehicle with an approved
engine with regard to emissions or a type approval of a vehicle with regard to
emissions the OEM shall ensure compliance with the installation requirements
set out in paragraph 6.

In case the manufacturer allowise use of commercial fuels that do not
correspond to the reference fuels set out in Annex 6, the provisions of
Appendix4 to this Regualtion shall apply.

Approval marks and labelling for engines

An approval number shall be assigned to eadjine type or engine family
approved. Its first two digits shall indicate the series of amendments
incorporating the most recent major technical amendments made to this
Regulation at the time of issue of the approval. The-gggaoval number shall

be followed by the engine category identification code for the relevant engine
category and subcategory described in the Table 1 set out in Appeddix
Annex 3. This is to be further foll
Type Code from Table 2 @&ppendixA.1 to Annex3. In the case of dudiliel
engines, the applicable Dulel Suffix from Table 3 set out in Appendix1

to Annex 3 is added to denote the gaseous fuel. The same Contracting Party
shall not assign the same number to another engaeedr family.

Notice of approval or of extension or refusal of approval of an engine type or
engine family pursuant to this Regulation shall be communicated to the Parties
to the 1958Agreement which apply this Regulation, by means of a form
confoming to the model in Annex 2, as applicable, to this Regulation. Values
measured during the type test shall also be shown.

There shall be affixed, conspicuously and in a readily accessible place to every
engine conforming to an engine type or endiamily approved under this
Regulation, an international approval mark consisting of:

owed
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4.3.3.1.

4.3.3.2.

4.3.4.

4.3.5.

4.3.6.

4.3.7.
4.3.8.

4.3.9.

4.3.9.1.

4.3.9.2.

4.3.9.3.

4.4,

A circle surrounding the letter "E" followed by the distinguishing number of
the country which has granted appro¥al;

The number of this Regulation, folved by the letter "R", a dash and the
approval number to the right of the circle prescribed in paragraph 4.3.3.1.

If the engine conforms to an approved type or family under one or more
Regulations annexed to the Agreement, in the country whichgteaged
approval under this Regulation, the symbol prescribed need not be repeated; in
such a case, the regulation and approval numbers and the additional symbols
of all the Regulations under which approval has been granted under this
Regulation shall beplaced in vertical columns to the right of the symbol
prescribed in paragraph 4.3.3.1. above.

The approval mark shall be placed close to or on the data plate affixed by the
manufacturer to the approved type.

Where the statutory marking of tlemgine is not visible without removing
parts, the vehicle manufacturer shall affix to the category T vehicle or the non
road mobile machinery, in a visible manner, a duplicate of the marking
provided by the manufacturer.

Annex 3 to this Regulatiogives examples of arrangements of approval marks.
Approved engines shall bear markings, in addition to the approval mark:

(@) The trademark or trade name of the manufacturer aérigine and the
address at which it can be contacted,;

(b)  The manufaturer's engine type or engine family designation in case the
engine type belong to a family;

(c)  The unigue engine identification number;

(d) Engine production date as defined in paragraph 2.1.29. of this
Regulation.

Method of affixing the statuty marking

The statutory marking shall be affixed to an engine part necessary for normal
engine operation and not normally requiring replacement during engine life.

It shall be affixed in such a manner that will remain durable foethission
durability period of the engine and shall be clearly legible and indelible.

If labels or plates are used, they must be affixed in such a manner that they
cannot be removed without being destroyed or defaced.

The Type Approval Authoty shall put together an information package

consisting of the information folder accompanied by the test report and all

other documents added by the technical service or by the Type Approval

Authority to the information folder in the course of carrying their functions

(6the information packaged). The informatic
listing its contents, suitably numbered or otherwise marked so as to clearly

identify all the pages and the format of each document, in order to present a

The distinguish numbers of the Contracting Parties to th8 2greement are reproduced in Annex 3
to the Consolidated Resolution on the Construction of Vehicles (R.B@)nknt
ECE/TRANS/WP.29/78/Rev.6, Annex-3
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html
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5.1.

5.1.1.

5.1.1.1.

51.2

5.1.3

record of the successive steps in the management of the type approval, in
particular the dates of revisions and updating.

The approval authority shall ensure that the information contained in the
information package is available for a period of at least 25 yellswing the
end of the validity of the type approval concerned.

Requirements and tests

General

Engines shall be designed, constructed and assembled so as to enable them to
comply with the provisions of this Regulation.

The technical measures taken by the manufacturer shall be such as to ensure
that the gaseous and particulate pollutant emissions are effectively limited, as
set out in Appendix to this Regulationthroughout the emission durability
period of theengine,as set out in Appendix ® this Regulationand under
normal conditions of use.

For this purpose, the engine final emission test result calculated according to
the requirements of paragraph 5.1sRall not exceed the exhaust ernuss
limits setout in Appendix 2o this Regulationwhen:

(@) Tested in accordance with the test conditions and detailed technical
procedures set out in Annex 4 to this Regulation,

(b)  Using the fuel(s) specifiend in paragraph 5.1.3.

(c) Using the test cycles speeifl in Appendix A.6 to Annex 4o this
Regulation.

The final exhaust emission test results for engines subject to this Regulation
shall be calculated by applying all of the following to the laboratory test results:

(&) The emissions of crankcageses as required by paragrépf.;

(b)  Any necessary adjustment factor, where the engine includes an
infrequently regenerating exhaust aftexatment system;

(c) Inrespect of all engines, as a final step in the calculation, deterioration
factors appopriate to the emission durability periods specified in
Appendix 2 to this Regulationand calculated according to the
prescription set out in Annex 8.

In accordance with Appendikto this Regulation, the testing of an engine type
or engine family to determine whether it meets the emission limits set out in
this Regulation shall be carried out by using the following reference fuels or
fuel combinations, as appropriate:

(@) Diesel;

(b)  Petrol,

(c)  Petrol/oil mixture, for two stroke Sl engines;
(d)  Natural gas/bio methane;

(e) Liquid petroleum gas (LPG);

4] Ethanol.
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The engine type or engine family shall, in addition, meet the exhaust emission
limits set out in this Regulation in respect of any other specified fuels, fuel
mixtures or fuel emulsions included by a manufacturer in an application for
type approval and desbed in the Appendix to this Regulation.

5.1.4 As regards the conduct of measurements and tests, the technical requirements
shall be met in respect of:

(@) Apparatus and procedures for the conduct of tests;

(b)  Apparatus and procedures for emassmeasurement and sampling;
(c) Methods for data evaluation and calculations;

(d)  Methods for establishing deterioration factors;

(e) Methods for taking account of emissions of crankcase gases;

) Methods for determining and taking account of continuous or
infrequent regeneration of exhaust afteratment systems;

(g9) Inrelation to electronically controlled engines in categories NRE, NRG,
complying with the emissn limits set out in Appendix 20 this
Regulationand using electronic control to determine both the quantity
and timing of injecting fuel or using electronic control to activate, de
activate or modulate the emission control system used to redugce NO

0] Emission control strategiespd shall include the documentation
required to demonstrate those strategies;

(i) NOx control measures, and shall include the method used to
demonstrate those control measures;

(i)  The area associated with the relevant-rmad steadistate test
cycle, within which the amount by which the emissions are
permitted to exceed the emission limits set out in AppeRdiix
this Regulations controlled;

(iv)  The selection by the technical service of additional measurement
points from within the control aseduring the emission bench
test.

5.1.5. Any adjustment, repair, disassembly, cleaning or replacement of engine
components or systems which are scheduled to be performed on a periodic
basis to prevent malfunction of the engine, shall only be done totta éxat
is technologically necessary to ensure proper functioning of the emission
control system as set out in paragraph 3.4 of Annex 8.

5.2. Where, in accordance with the parameters defining the engine family laid
down in Annex 10, one engine familpwers more than one power range, the
parent engine (for the purposes of tygmproval) and all engine types within
the same family (for the purposes of conformity of production) shall, with
respect to the applicable power ranges:

(@) Meet the most stringéemission limit values;

(b)  Be tested using the test cycles that correspond to the most stringent
emission limit values;

(c) Be subject to the earliest applicable dates for-pyperoval and placing
on the market set out in paragraph 12.
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5.3.

5.4.
5.5.

5.6

5.6.1.

5.6.2.

The technichrequirements relating to emission control strategies as set out in
Annex 9 to this regulation shall apply.

The use of defeat strategies shall be prohibited.

Engine types and engine families shall be designed and fitted with emission
control stategies in such a way as to prevent tampering to the extent possible.
For this purpose, paragraphs 3 and 4 of Annex 9 and Appendix A.3 of Annex
9 shall apply.

Measurements and tests with regard to the area associated with tr@adon
steadystate testycle.

General requirements

This paragraph shall apply for electronically controlled engines of categories
NRE and NRG, complying with emission limits set out in Apperlix this
Regulationand using electronic control to determine both the quantity and
timing of injecting fuel or using electronic control to activatesagéivate or
modulate the emission control system used to rebi@e

This paragraph sets out the technical requirementtingl to the area
associated with the relevant NRSC, within which the amount by which that the
emissions shall be permitted to exceed the emission limits set out in Appendix
2 to this Regulatioris controlled.

When an engine is tested as set out in tegtirements of paragraph 5.6.4. the
emission of gaseous and particulate pollutants sampled at any randomly
selected point within the applicable control area set out in paragraph 5.6.2.
shall not exceed the applicable emission limit values in Appehdax this
Regulationmultiplied by a factor of 2.0.

Paragraph 5.6.3. sets out the selection by the technical service of additional
measurement points from within the control area during the emission bench
test, in order to demonstrate that the requirementsop#nragraph 5.6.1. have
been met.

The manufacturer may request that the Technical Service excludes operating
points from any of the control areas set out in paragraph 5.6.2. during the
demonstration set out in paragraph 5.6.3. The Technical Service amdyhis
exclusion if the manufacturer can demonstrate that the engine is never capable
of operating at such points when used in any-re@d mobile machinery or
category T vehicle combination.

The installation instructions provided by the manufacturethto OEM in
accordance with AppendiX to this Regulation shall identify the upper and
lower boundaries of the applicable control area and shall include a statement
to clarify that the OEM shall not install the engine in such a way that it
constrains the gjine to operate permanently at only combinations of speed
and torque outside of the control area for the torque curve corresponding to the
approved engine type or engine family.

Engine control area

The applicable control area for conducting theieaigest shall be the area
identified in this paragraph that corresponds to the applichbieRoad
Steady CycldNRSQ for the engine being tested.
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5.6.2.1. Control area for engines tested on NRSC cycle C1

These engines operate with variabfeeed and kad. Different control area
exclusions apply depending upon the cdtegory and operating speed of
the engine.

5.6.2.1.1. Variablespeed engines of category NRE with maxi
and variablespeed engines of category NRG.

The control areésee Figure 1.) is defined as follows:
upper torque limit: full load torque curve;
enginespeed range: speed Arng;
where:
speed A =i, + 0.15T(nni T Nio);
Nni = high speed (see paragraph 2.1.43.),
Nie = low speed (see paragraph 2.1.50.).
Thefollowing engine operating conditions shall be excluded from testing:
(@) Points below 30 per cent of maximum torque;
(b)  Points below 30 per cent of maximum net power.

If the measured engine speed A is within = 3 per cent of the engine speed
declared bythe manufacturer, the declared engine speeds shall be used. If the
tolerance is exceeded for any of the test speeds, the measured engine speeds
shall be used.

Intermediate test points within the control area shall be determined as follows:

% torque= percent of maximum torque;
i n oot ¢
i Q—nn
n 2 3 >
where:nioo%is the 100 per cent speaat the corresponding test cycle,

Nidie is the idle speed
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Figure 1.

Control area for variable-speed engines of category NRE with maximum et power
19 kW and variable-speed engines of category NRG
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Variablespeed engines of category NRE with maximum net power < 19 kW.

The control area specified in paragraph 5.6.2.1.1. shall apply but with the
additional exclusiomf the engine operating conditions given in this paragraph
and illustrated in Figures 2. and 3..

@)

(b)

For particulate matter only, if the €éginespeed is below 2400 r/min,
points to the right of or below the line formed by connecting the points
of 30 % d maximum torque or 30 per cent of maximum net power,
whichever is greater, at thegBginespeed and 70 per cent of maximum
net power at the high speed,;

For particulate matter only, if the @ginespeed is at or above 2400
r/min, points to the rightf the line formed by connecting the points of
30 per cent of maximum torque or 30 per cent of maximum net power,
whichever is greater, at the éhginespeed, 50 per cent of maximum
net power at 2400 r/min, and 70 per cent of maximum net power at the
high speed.

where:

enginespeed B =, + 0.5T(nni T Nio);
enginespeed C #y, + 0.75T(Mi T o).

nhi = high speed (see paragraph 2.1.43.),
N, = low speed (see paragraph 2.1.50.).

If the measured engine speeds A, B and C are within + 3 % of the spgiee
declared by the manufacturer, the declared engine speeds shall be used. If the
tolerance is exceeded for any of the test speeds, the measured engine speeds
shall be used.

o
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Figure 2.
Control area for variable-speed engines of category NRE with maximumet power <
19 kW and speed C < 2400 rpm .
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Figure 3.
Control area for variable-speed engines of category NRE with maximum net power <
19 kW and speed C O 2400 rpm
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Control area for engines tested on NRSC cycles D2 and G2

These engines are mainly operated very close to their designed operating
speed, hence the control area is defined as:

enginespeed: 100 per cent
torque range: @ per cent to the torque corresponding to maximum power.
Demonstration requirements

The technical service shall select random loademginespeed points within

the control area for testing. For engines subject to paragraph 5.6.2.1. up to three
points shall be selected. For engines subject to paragraph 5.6.2.2. one point
shall be selected. The technical service shall also determine a random running
order of the test points. The test shall be run in accordance with the principal
requirements of thBIRSC, but each test point shall be evaluated separately.

For the purpose of the random selections required in paragraph 5.6.3.,
recognisedtatistical methods of randomization shall be used.

Test requirements

The test shall be carried doimediately after the applicable NRSC as follows:
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(@) The test of the randomly selected torque endinespeed points shall
either be carried out immediately after the discratele NRSC test
sequence described in sphragraphs (a) to (e) of paragrapB.1.2. of
Annex 4 but before the post tesbpedures (f) or after theafped
Modal nonroad steadytate test @cle ("RMC") test sequence
described in suiparagraphs (a) to (d) of paragraph 7.8.2.3. of Annex 4
but before the post test procedures (aes/ant;

(b)  The tests shall be carried out as required inmartagraphs (b) to (e) of
paragraph 7.8.1.2. of Annex 4 using the multiple filter method (one
filter for each test point) for each of the test points chosen in accordance
with paragraph 3.;

(c) A specific emission value shall be calculated (in g/kWh or #/kWh as
applicable) for each test point;

(d) Emissions values may be calculated on a mass basis using Appendix
A.1. of Annex 5 or on a molar basis using Appendix A.2. of Annex 5,
but shall be onsistent with the method used for the discratele
NRSC or RMC test;

(e) For gaseous and PN, if applicable, summation calculationse
equation (A.564) or (A.5136) and (A.5180) shall be set to 1 and a
weighting factor of 1 shall be used;

) For particulate calculations the multiple filter method shall be used; for
summation calculations, N in equation (A3) shall be set to 1 and a
weighting factor of 1 shall be used.

5.6.5 Regeneration

In the case that a regeneration event occurs during or immediately preceding
the procedure in paragraph 5.6.4., upon completion of that procedure the test
may be voided at the request of the manufacturer irrespective of the cause of
the regeneration. Iis case the test shall be repeated. The same torque and
enginespeed points shall be used although the running order may be changed.
It shall not be deemed necessary to repeat any torquengkespeed points

for which a pass result has already beetaioked. The following procedure
shall be used for the repeat test:

(@) The engine shall be operated in a manner to ensure that the regeneration
event has completed and, where applicable, the soot load in the
particulate aftetreatment has been-establitied;

(b) The engine warpup procedure shall be performed according to
paragraph 7.8.1.1. of Annex 4;

(c) The test procedure specified in paragraph 5.6.4. shall be repeated
commencing at suparagraph 5.6.4. (b).

5.7 Verifying emissions of crankcase gases

5.7.1. Engines may discharge crankcase emissions into the exhaust upstream of any
after treatment device during all operation.

5.7.2 Crankcase emissions that are discharged directly into the ambient atmosphere
shall be added to the exhaust emissionsnduail emission testing. For this
purpose the manufacturer shall install the engines so that all crankcase
emission can be routed into the emissions sampling system, according to the
requirements set out in paragraph 6.10. of Annex 4 to this Regulation.
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6.

6.1.

6.1.1.

6.1.2.

6.1.3.

6.1.4.

6.1.5

6.2.

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

Installation on the vehicle

Information and instructions intended for OEMs and-asadrs.

A manufacturer shall not supply to OEMs or amgrs any technical
information related to the particulars provided for in this Regulation which
divergesfrom the particulars approved by the Type Approval Authority.

The manufacturer shall make available to OEMs all relevant information and
instructions that are necessary for the correct installation of an engine-in non
road mobile machinery or category T vehicles, including a description of any
special conditions oestrictions linked to the installation or use of the engine.

The manufacturer shall make available to OEMs all relevant information and
necessary instructions intended for the-emdr, including a description of any
special conditions or restriotis linked to the use of an engine.

Manufacturers shall make available to OEMs the value of the carbon dioxide
(CO,) emissions determined during the tygygproval process and shall
instruct the OEMs to communicate that information, together witlaagpory
information on the test conditions, to the arskr of the nomoad mobile
machinery or category T vehicle in which the engine is intended to be installed.

Details of the relevant information and instructions for the OEMs are set out
in Appendix5 to this Regulation

Obligations of OEMs concerning the installation of engines

OEMs shall install approved engines in rroad mobile machinery in accordance

with the instructions provided by the manufacturer pursuant to paragraph 6.1.2
and in a manner that does not adversely affect the engine's performance with regard
to its gaseous and particulate pollutant emissions.

Where an OEM does not follow the instructions referred to in paragraph 6.2.1., or
modifies an engine in the course of its installation in-read mobile machinery

or category T vehicles, in a manner that adversely affects the engine's performance
with regard to its gaseous and particulate pollutant emissions, that OEM shall be
considered to be a manufacturer for the purposes of this Regulation and shall, in
particular, be subject to the obligations laid down in paragraphs 5, 7, 8 and 9.

OEMs shallinstall typeapproved engines in neomad mobile machinery and
category T vehicles only in accordance with the kinds of exclusive use provided
for the engine categories set out in paragraph 1.1.

Where the approval mark of the engine referred fminex 3 is not visible without
removing parts, the OEM shall affix to the Amad mobile machinery or category

T vehicle, in a visible manner, a duplicate of the mark as referred to in that Annex
and in the relevant implementing act, provided by the neaturfer.

Details of the relevant information and instructions for the @s®ts are set out in
Appendix 6to this Regulation
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7. Engine family and engine type

7.1 Parameters defining the engine family

The engine family, as determined by the engimenufacturer shall comply
with the criteria set out in Annex 10.

7.2. Choice of the parent engine

The parent engine of the family shall be selected in accordance with the
requirements set out in Annex 10.

7.3. Parameters defining an engine type

The tednical features of an engine type shall be those defined in its
information document drafted in accordance with the template set out in
Appendix A.3. to Annex 1.

8. Conformity of production

8.1. Every engine bearing an approval mark as prescribed undeRégulation
shall be so manufactured as to conform, with regard to the description as given
in the approval form and its annexes, to the approved type. The conformity of
production procedures shall comply with the following requirements which
include tlose set out in the Agreement, Schedule 1
(E/ECE/TRANS/505/Re®):

8.2 Definitions
For the purposes of this paragraph the following definitions shall apply:

8.2.1. fiQual ity ma n a g meamsnat set ofyistarrelated or interacting
elements that organisations use to direct and control how quality policies are
implemented and quality objectives are achieved;

8.2.2. fliAu d inmteans an evidenggathering process used to evaluate how well audit
criteria are being applied; it should be objective, impartial and independent,
and the audit process should be both systematic and documented;

8.2.3. fiCor r e ct i vmeana & firdblersolsiny process with subsequent steps
taken to remove the causes ofi@nconformity or undesirable situation and
designed to prevent their recurrence;

8.3. Purpose

8.3.1. The conformity of production arrangements aim to ensure that each engine is
in conformity with the specification, performance and marking requirements
of the approved engine type or engine family.

8.3.2. Procedures include, inseparably, the assessment of quality management
systems, referred as 06initial assessment 6
verification and productionelated controls, referredtoaspr oduct conf or mi ty
arrangementsé and set out in paragraph 8. 5.

8.4. Initial assessment

8.4.1. Before granting a typapproval, the Type Approval Authority shall verify the

existence of satisfactory arrangements and procedures established by the
manufaturer for ensuring effective control so that engines when in production
conform to the approved engine type or engine family.
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8.4.2. Guidelines for quality and/or environmental management systems auditing set
out in the EN ISO 19011:2011 standard shallyappthe initial assessment.

8.4.3. The Type Approval Authority shall be satisfied with the initial assessment and
the product conformity arrangements in paragraph 8.5. taking account as
necessary of one of the arrangements described in paragraph 8&83113.3.
or a combination of those arrangements in full or in part as appropriate.

8.4.3.1. The initial assessment and/or verification of product conformity arrangements
shall be carried out by the Type Approval Authority granting the approval or
an apointed body acting on behalf of the Type Approval Authority.

8.4.3.1.1. When considering the extent of the initial assessment to be carried out, the
Type Approval Authority may take account of available information relating
to the ma n u f ationt whicke ha8 10t beenr dccepted cuader
paragraph 8.4.3.3.

8.4.3.2. The initial assessment and verification of product conformity arrangements
may also be carried out by the Type Approval Authority of another Contracting
Party, or the appointed body desitgtafor this purpose by the Type Approval
Authority.

8.4.3.2.1. In such a case, the Type Approval Authority of the other Contracting Party
shall prepare a statement of compliance outlining the areas and production
facilities it has covered as relevant be tengines to be type approved.

8.4.3.2.2. On receiving an application for a compliance statement from the Type
Approval Authority of a Contracting Party, the Type Approval Authority of
another Contracting Party shall send forthwith the statement of cmoplior
advise that it is not in a position to provide such a statement.

8.4.3.2.3. The statement of compliance shall include at least the following:
8.4.3.2.3.1. Group or company (e.g. XYZ manufacturing);

8.4.3.2.3.2. Particular organisation (e.g. Eurean division);

8.4.3.2.3.3. Plants/sites (e.g. engine plant 1 (Turk&ykengine plant 2 (Germany));
8.4.3.2.3.4. Engine types/families included

8.4.3.2.3.5. Areas assessed (e.g. engine assembly, engine testing;tredterent
manufacture)

8.4.3.2.3.6. Documents examined (e.g. company and site quality manual and procedures);
8.4.3.2.3.7. Date of the assessment (e.g. audit conducted from 18 to 30.5.2018);
8.4.3.2.3.8. planned monitoring visit (e.g. October 2020).

8.4.3.3. The Type Approval Authority shl | al so accept the manufact
certification to harmonised standard EN 1SO 9001:2008 or an equivalent
harmonised standard as satisfying the initial assessment requirements of
paragraph 8.4. The manufacturer shall provide details of the catitifn and
undertake to inform the Type Approval Authority of any revisions to its
validity or scope.

8.5. Product conformity arrangements

8.5.1. Every engine typapproved pursuant to this Regulation, shall be so
manufactured as to conform to the approegadine type or engine family by
meeting the requirements of this paragraph.
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8.5.2.

8.5.3.
8.5.3.1.

8.5.3.2.

8.5.3.3.

8.5.3.4.

8.5.3.5.

8.5.3.6.

8.5.4.

8.6.
8.6.1.

8.6.1.1.

8.6.1.1.1.

8.6.1.1.2.

Before granting a typepproval pursuant to this Regulation, the Type
Approval Authority shall verify the existence of adequate arrangements and
documented control plansp tbe agreed with the manufacturer for each
approval, to carry out at specified intervals those tests or associated checks
necessary to verify continued conformity with the approved engine type or
engine family, including, where applicable, tests specifiedaragraph 5 of

this Regulation.

The holder of the typapproval shall:

Ensure the existence and application of procedures for effective control of the
conformity of engines to the approved engine type or engine family;

Have access to the testing or other appropriate equipment necessary for
checking conformity to each approved engine type or engine family;

Ensure that test or check result data are recorded and that annexed documents
remain available for a period of wip 10 years to be determined in agreement
with the Type Approval Authority;

For engine categories NRSh and NRS, except for-MRB and NRSv-3,

ensure that for each type of engine, at least the checks and the tests prescribed
in this Regulatiorare carried out. For other categories tests at a component or
assembly of components level with appropriate criterion may be agreed
between the manufacturer and the Type Approval Authority.

Analyse the results of each type of test or check, iera@verify and ensure
the stability of the product characteristics, making allowance for variation in
industrial production;

Ensure that any set of samples or test pieces giving evidence-obnfarmity
in the type of test in question giveseito a further sampling and test or check.

If the further audit or check results referred to in paragraph 8.5.3.6. are deemed
not to be satisfactory in the opinion of the Type Approval Authority, the
manufacturer shall ensure that conformity ofdarction is restored as soon as
possible by corrective actions to the satisfaction of the Type Approval
Authority.

Continued verification arrangements

The authority which has granted the tyg@proval may at any time verify the
conformity of praluction control methods applied in each production facility

by means of periodic audits. The manufacturer shall for that purpose allow
access to the manufacture, inspection, testing, storage and distribution sites and
shall provide all necessary informatiwith regard to the quality management
system documentation and records.

The normal approach for such periodic audits shall be to monitor the continued
effectiveness of the procedures laid down in paragraphs 8.4. and 8.5. (initial
assessment amoduct conformity arrangements).

Surveillance activities carried out by the technical services shall be accepted
as satisfying the requirements of paragraph 8.6.1.1. with regard to the
procedures established at initial assessment.

The minimum frequency of verifications (other than those referred to in
paragraph 8.6.1.1.1.) to ensure that the relevant conformity of production
controls applied in accordance with paragraphs 8.4. and 8.5. are reviewed over
a period consistent with theirwlate of trust established by the Type Approval
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8.6.2.

8.6.3.

8.6.4.

8.6.5.

8.6.6

8.7.

8.7.1.

8.7.2.

8.7.2.1.

8.7.2.2.

8.7.2.3.

Authority shall be at least once every two years. However, additional
verifications shall be carried out by the Type Approval Authority depending
on the yearly production, the results of previous evaluatitves,need to
monitor corrective actions and upon a reasoned request from another Type
Approval Authority or any market surveillance authority.

At every review, the records of tests, checks and production records, and in
particular the records of the tests or checks documented as required in
paragraph 8.5.2., shall be available to the inspector.

The inspector may select random samples to
laboratory or in the facilities of the technical service, in which cagg on

physical tests shall be carried out. The minimum number of samples may be
determined according to the results of the

Where the level of control appears unsatisfactory, or when it seems necessary

to verify the valdity of the tests carried out in application of paragraph 8.6.2.,

or upon a reasoned request from another Type Approval Authority, the
inspector shal/l select samples to be testec
sent to the technical service to perfopmysical tests in accordance with the

requirements set out in paragraph 8.7. and in this Regulation.

Where unsatisfactory results are found by the Type Approval Authority that
granted the typapproval during an inspection or a monitoring reviewhdll

ensure that all necessary steps are taken to restore conformity of production as
rapidly as possible. Such measures may include the withdrawal of the type
approval if the remedial actions taken by the manufacturer are inadequate.

Whereunsatisfactory results are found by an Type Approval Authority in other
Contracting Party, it may request that the Type Approval Authority that
granted the typapproval verifies that the engine in production continues to
conform to the approved engine g&pr engine family. On receipt of such a
request, the Type Approval Authority that granted the-yperoval shall take
the actions described in paragraph 8.6.5.

Conformity of production test requirements in cases of an unsatisfactory level
of productconformity control as referred to in paragraph 8.6.

In case of an unsatisfactory level of product conformity control as referred to
in paragraphs 8.6.4., 8.6.5. or paragraph 8.6.6., conformity of production shall
be checked by emissions testingtbe basis of the description in the approval
communication.

Except otherwise provided in paragraph 8.7.3., the following procedure shall
apply:

Three engines and, if applicable, three afiteatment systems shall randomly

be taken for inspction from the series production of the engine type under
consideration. Additional engines shall be taken as necessary to reach a pass
or fail decision. For reaching a pass decision, a minimum of four engines needs
to be tested.

After the inspetor's selection of the engines, the manufacturer shall not carry
out any adjustment to the engines selected.

Engines shall be subjected to emissions testing in accordance with the
requirements of Annex 4, or, in the case of €ual engines, in @ordance

with Annex 7 , and shall be subject to the test cycles relevant for the engine
type in accordance with Appendix6 to Annex 4.
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8.7.2.4. The limit values shall be those set out in Apperdia this Regulation. Where
an engine with aftetreatment regenerates infrequently as referred to in
paragraph 6.6.2. of Annex 4, each gaseous or particulate pollutant emission
result shall be adjusted by the factor applicable to the engine type or family. In
all cases each gaseous or particulate pollutargséom result shall be adjusted
by application of the appropriate deterioration factors (DFs) for that engine
type or family, that were determined in accordance with paragraph 5 of this
Regulation.

8.7.2.5. The tests shall be carried out on newly manufact@ngines.

8.7.2.5.1. At the request of the manufacturer, the tests may be conducted on engines
which have been ruim, up either 2 per cent of the emission durability period
or, if this is a shorter period of time, 125 hours. Where themyprocedure
shall be conducted by the manufacturer who shall undertake not to make any
adjustments to those engines. Where the manufacturer has specifietha run
procedure in the information document referred to in Annex 1, tharsimall
be conducted using thatqmedure.

8.7.2.6. On the basis of tests of the engine by sampling as set out in Appeiodixis
Regulation the series production of the engines under consideration is
regarded as conforming to the approved type where a pass decision is reached
for all the pollutants and as naonforming to the approved type where a fail
decision is reached for one pollutant, in accordance with the test criteria
applied in Appendix to this Regulationand as shown in Figure

8.7.2.7. When a pass decision has beeached for one pollutant, this decision may not
be changed as a consequence of a result from any additional tests made in order
to reach a decision for the other pollutants.

If a pass decision is not reached for all the pollutants and no fail decision is
reached for any of the pollutant, a test shall be carried out on another engine.

8.7.2.8. If no decision is reached, the manufacturer may at any time decide to stop
testing. In that case a fail decision shall be recorded.

8.7.3. By derogation from paragraB.7.2.1., the following procedure shall apply for
engine types with a total sales volume of less than 100 units per year:

8.7.3.1. One engine and, if applicable, one afteratment system shall be taken
randomly for inspection from the series productidrthe engine type under
consideration.

8.7.3.2. If the engine meets the requirements outlined in paragraph 8.7.2.4., a pass
decision is reached and no further test is necessary.

8.7.3.3. If the test does not satisfy the requirements outlined in paragt@gh4., the
procedure outlined in paragraphs 8.7.2.6. to 8.7.2.8. shall be followed.

8.7.4. All these tests may be conducted with the applicable market fuels. However,
at the manufacturerds request 5tathe referenc
this Regulationshall be used. For gaseous fuelled engines this means that tests
shall be performed with at least two of the reference fuels for each gaseous
fuelled engine, except in the case of a gaséoeited engine with a fuel
specific typeapproval where my one reference fuel is required, as described
in Appendix4 to this RegulationWhere more than one gaseous reference fuel
is used the results shall demonstrate that the engine meets the limit values with
each fuel.
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8.7.5. Non-compliance of gaseotfaelled engines

In the case of dispute concerning compliance of gaskmlied engines,
including duaifuel engines, when using a market fuel, the tests shall be
performed with each reference fuel on which the parent engine has been tested,
and, at the requesf the manufacturer, with the possible additional third fuel,

as referred to in paragraphs A.3.2.3.1.1.1., A.3.2.3.2.1. and A.3.2.4.1.2. of
Appendix 4 to this Regulationon which the parent engine may have been
tested. When applicable, the result sHadl converted by a calculation,
applying the relevant factors "r", "ra" or "rb" as described in paragraphs
A.3.2.3.3.,, A.3.2.3.4.1. and A.3.2.4.1.3. of Appendlio this Regulationifr,

ra or rb are less than 1, no correction shall take place. The redassults

and, when applicable, the calculated results shall demonstrate that the engine
meets the limit values with all relevant fuels (for example fuels 1, 2 and, if
applicable, the third fuel in the case of natural gasfhithane engines, and
fuels Aand B in the case of LPG engines).

Figure 4
Schematic flow of production conformity testing
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9.

9.1.

9.2.

10.

10.1.

10.11

10.1.2.

10.2.

10.2.1.
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Penalties for norrconformity of production

The approval granted in respect of an engine type or family pursuant to this
Regulation may be withdrawn if the requirements laid down in paragraph 5.
aboveare not complied with or if the engine or engines taken fail to pass the
tests prescribed in paragh 8

If a Contracting Party to the Agreement applying this Regulation withdraws an
approval it has previously granted, it shall forthwith so notify the other
Contracting Parties applying this Regulation by means of a communication
form conforming tahe model in Annex 2 to this Regulation.

Modifications and extension of approval of the
approved type

The manufacturer shall inform the Type Approval Authority that granted the
type-approval of any change in the particulars recorded in theniaftion
package, without delay. In the event of such a change, that Type Approval
Authority shall decide which of the procedures laid down in paragraph 10.2 is
to be followed. Where necessary, the Type Approval Authority may decide,
after consulting the marfiacturer, that a new typepproval is to be granted.

An application for the amendment of an tygggproval shall be submitted only
to the Type Approval Authority that granted the original tapproval.

If the Type Approval Authority findghat, for the purposes of making an
amendment, inspections or tests need to be repeated, it shall inform the
manufacturer accordingly. The procedures laid down in paragraph 10.2. shall
apply only if, on the basis of those inspections or tests, the Typeoxg
Authority concludes that the requirements for tgpgroval continue to be
fulfilled.

Where particulars recorded in the information package have been changed,
without requiring inspections or tests to be repeated, such an amendment shall
bete med a O6érevisiond.

In the event of such a revision, the Type Approval Authority shall, without
unjustified delay, revise the relevant pages of the information package as
necessary, marking each of them to clearly show the nature of the amendment,
and it $all also state the date of revision and include a revised index to the
information package. A consolidated, updated version of the information
package, accompanied by a detailed description of the amendments, shall be
deemed to fulfil the requirement dfis paragraph.

An amendment as referred to in paragraph.x02al | be ter med
where the particulars recorded in the information package have been changed
and any of the following occurs:

(@) Further inspections or tests are reqdijre

(b)  Any information included in the communication, with the exception of
its attachments, has changed;

(c) A new requirement set out in this Regulation becomes applicable to the
approved engine type or engine family.
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10.2.2.

10.2.3

10.2.4.

10.3.

10.4

11.

12.

12.1.

12.2.

12.3.

In the event of an eghsion, the Type Approval Authority shall establish an
updated communication denoted by an extension number that shall be
incremented in accordance with the number of successive extensions
previously granted. That communication shall clearly show the mefasahe
extension and the date of extension. The Type Approval Authority shall inform
the other Contracting Parties to the 1958 Agreement applying this Regulation
of the extension granted.

Whenever pages of the information package are amendadctansolidated,
updated version is established, the index to the information package attached
to the communication shall be amended accordingly to indicate 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 tygpproval of an engine type or engine family shall
be required if a new requirement referred to in point (c) of paragraph 10.2.1.
is, from a technical point of view, irrelevant to that engine type oineng
family with regard to its emission performance.

In the event of a revision of a tyg@proval, the Type Approval Authority shall
issue to the applicant, without unjustified delay, the revised documents or the
consolidated, updated version, as rajpiate, including the revised index to

the information package, as referred to in the second subparagraph of
paragraph 10.2

In the event of an extension of an tygygproval, the Type Approval Authority
shall issue to the applicant, without unjtisd delay, the updated
communication referred to in paragraph 10.2.2., including the attachments
thereto, and the index to the information package.

Production definitively discontinued

If the holder of the approval completely ceases to manufacturgyleeor
family approved in accordance with this Regulation he shall so inform the
authority which granted the approval. Upon receiving the relevant
communication that authority shall inform thereof the other Parties to the
Agreement which apply this Regtiion by means of a communication form
conforming to the model in Annex 2 to this Regulation.

Transitional provisions

As from the official date of entry into force of the 05 series of amendments, no
Contracting Party applying this Regulation $hefuse to grant typapproval
under this Regulation as amended by the 05 series of amendments.

As from the typeapproval dates indicated in Tables 22 to 27, Contracting
Parties applying this Regulation may refuse to grant-gggaovals to engine
types, or engine families, of the categories defined in paragraph 1 which do not
meet the requirements of this Regulation as amended by tkeri@S of
amendments.

As from the placing on the market dates indicated in Tables 23 to 28,
Contracting Pdies applying this Regulation may refuse the placing on the
market of engine types, or engine families, of the categories defined in
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paragraph 1 not approved under this Regulation as amended by the series 05
of amendments

12.4 Contracting Partieapplying this Regulation may continue to grant approvals
to those engines which comply with any previous sets of requirements, or to
any level of this Regulation provided that the engines or the vehicles are
intended for export to countries that apply thkating requirements in their
national legislationsMarkings for these engines shall maintain the format
defined in the relevant series of amendments to this UN Regulation.

12.5 Without prejudice to paragraph 12.4. of this Regulation, Contracting artie
applying this Regulation may continue to grant approvals to those engines
which comply with the requirements of this Regulation as amended by any
previous series of amendments, or to any level of this Regulation, provided
that the engine is intended aseglacement for an existing engine of the same
or a less stringent emission level installed in anga vehicle.

Tablel

Dates of application of this Regulation for engine category NRE

Ignition Power range Type approvalof Placing on the market of
Category type (kW) Subcategory engines engines and vehicles
NRE-v-1
Cl 0<P<8 v
NRE-c-1
XX xxxx 2019 * XX xxxx 2019 *
Cl gOP<1{ NREV2
NRE-c-2
19 0P<3 NRE-v-3
7 NRE-c-3
Cl XX xxxx 20191 XX xxxx 20191
NRE . NRE-v-4
37 0P<H
NRE-c-4
N NRE-v-5
560P<1 XX xxxx 2019 * 1 January 2020
NRE-c-5
N N NRE-v-6
all 1300PO XX xxxx 2019 * XX xxxx 2019 *
NRE-c-6
P>560 NREv-7 XX xxxx 2019 1 XX xxxx 2019 1
NRE-c-7

1Date of entry into force of the 05 series of amendments

Table 2
Dates ofapplication of this Regulation for engine category NRG
Ignition Power range Type approval of Placing on the market o
Category type (kW) Subcategory engines engines and vehicles
NRG-v-1
NRG all P>560 XX xxxx 2019 1 XX xxxx 2019 *
NRG-c-1

1Date ofentry into force of the 05 series of amendments
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Table3
Dates of application of this Regulation for engine category NRSh
Ignition Power range Type approval of | Placing on the market o
Category type (kw) Subcategory engines engines and vehicles
NRSh S| 0<p<1g | NRSMVA 20101 | XX o0 2019
NRShv-1b

1Date of entry into force of the 05 series of amendments

Table4

Dates of application of this Regulation for engine category NRS

Category

Ignition
type

Power range
(kw)

Subcategory

Type- approvalof
engines

Placing on the market o
engines and vehicles

NRS

SI

0<P<56

NRSwvr-1a
NRSvi-1a
NRSwvr-1b
NRSvi-1b
NRSv-2a
NRSv-2b
NRSv-3

XX xxxx 2019 1

XX xxxx 2019 *

1Date of entry into force of the 05 series of amendments

Table5

Dates of applicationof this Regulation for engine category SMB

Category Ignition Power range Subcategory Type approval of | Placing on the market o
type (kW) engines engines and vehicles
SMB Sl P>0 SMB-v-1 XX xxxx 20191 XX xxxx 2019 1

1Date of entry into force of th@5 series of amendments

Table6

Dates of application of this Regulation for engine category ATS

Category Ignition Power range Subcategory Type approval of | Placing on the market o
type (kW) engines engines and vehicles
ATS SI P>0 ATS-v-1 XX xxxx 20191 XX xxxx 2019?

1Date of entry into force of the 05 series of amendments

13.

Names and addresses of Technical Services
responsible for conducting approval tests and of

Type Approval Authorities

The Contracting Parties to the 1958 Agreement applyiisgRegulation shall
communicate to the United Nations Secretariat the names and addresses of the
Technical Services responsible for conducting approval tests and the Type
Approval Authorities which grant approval and to which forms certifying
approval orextension or refusal or withdrawal of approval, issued in other
countries are to be sent.
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Appendix 1
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Definition of engine subcategories referred to in paragraph 1

Table 7
Sub-categories of engine category NRE defined in paragraph 1.1.1
Category Ignition type Speed Power range (kW) |  Subcategory Reference
operation power
Icg:;cr)liF;ir:)rrtw3 Sé‘llc;n 0<P<8 NRE-v-1
cl 80OP<19| NREv-2
- variable 19 (:)P <3 NRE-v-3 Maximum net
cl 370P<5( NREv-4 power
56 0P<13 NREvV5
all 1300PO5 NREv-6
NRE P>560 NRE-v-7
cl 0<P<8 NRE-c-1
cl 80OP<19| NREc2
Cl 190P<3]| NREc3
Cl constant 370P<5 NRE-c-4 Rated net
N power
56 OP<13 NREc5
all 1300PO5 NREc6
P>560 NRE-c-7
Table 8

Sub-categories of engine category NR@efined in paragraph 1.1.2

Category Ignition Speed operatior] Power range (kW) | Subcategory Reference power
type
. Maximum net
variable P>560 NRGv-1
NRG all power
constant P>560 NRG-c-1 Rated net powe
Table 9
Sub-categories of engine category NRSthefined in paragraph 1.1.3
Category Ignition Speed Power range Total swept Subcategory Reference
type operation (kW) volume (cr) power
riable or SV<50 NRShv-1a Maximum net
NRSh s | vanableor) 4 b g , &amum ne
constant SV O50| NRShv-1b power
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Tablel0
Sub-categories of engine category NRS defined in paragraph 1.1.4
Category Ignition Speed Power range | Total swept volume| Subcategory Reference
type operation (kw) (cnP) power
variable 800SV<2 NRSvrla
03, 6 SvV06225
rpm; or NRSvr-1b Maxi
constant | p<p<19 aximum
- - - netpower
Variable 800SV<2 NRSvi-la
<3,600 <
' Sv0O225 -
NRS S| rpm NRSvi-1b
SVO1, 00 NRSv-2a Maxi
- 190P< net power
variable or SV>1,000 NRSv-2b P
constant
300P< any NRSv-3 Maximum
net power

For engines <19 kW witl$V<80 cni in machinery other than hateld machinery, engines of the category
NRSh shall be used

Tablel1
Sub-categories of engine category SMB defined in paragraph 1.1.5

Category Ignition Speed Power range (kW)|  Subcategory Reference
type operation power
SMB si variable or P>0 SMB-v-1 Maximum net
constant power
Table12
Sub-categories of engine category ATS defined in paragraph 1.1.6
Category Ignition Speed Power range Subcategory Reference power
type operation (kW)
ATS S| variable or P>0 ATS-v-1 Maximum net
constant power
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Stage V &hausts emission limits

Tablel3
Emission limits for engine category NRE defined in paragraph 1.1.1.
Engine sub Power range Ignition co HC NOx PM PN A
category type mass
kw g/kwh | g/kWh | g/kwWh | g/kWh | #/kwh
NRE-v-1 .
0<P<8 Cl 8.00 (HC+NOx O 7 . 5| 0.40¢ - 1.10
NRE-c-1
NRE-v-2 N N 1.10
80P<1 Cl 6.60 (HC+NOxO7 . 5| 0.40 -
NRE-c-2
NRE-v-3 N N 1.10
v 190P<3 CI 500 | (HC+NOxO4 . 7| 0.015 | 1x102
NRE-c-3
NREV-4 1 3706p<d 500 | (HC+NoxO4 . 7| 0015 | e | 110
NRE-c-4 1 ' ' '
NRE-v-5 . 1.10
P<1 Il . i A4 .01 1x10t2
NRE-C-5 56 OP< a 5.00 0.19 0.40 0.015 x10t
NRE-v-6 N N 1.10
1300PO all 3.50 0.19 0.40 0.015 1x10?
NRE-c-6
NRE-v-7 6.00
v P>560 all 350 | 019 | 350 | 0.045 -
NRE-c-7
10.60 for hanestartable, aicooled direct injection engines
Table14
Emission limits for engine category NRG defined in paragraph 1.1.2
Engine sub Power Ignition co HC NOX PM mass PN A
category range type
kW g/kWh | g/kWh | g/kWh | g/kWh | #/kWh
NRG-v-1
P>560 all 3.50 0.19 0.67 0.035 - 6.00
NRG-c-1
Table15
Emission limits for engine category NRSh defined in paragraph 1.1.3.
Engine sub Power Ignition
category range type co HC + NO«
KW g/kWh g/kWh
NRShv-la 805 50
0<P<19 Sl
NRShv-1b 603 72
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Tablel6
Emission limits for engine category NRS defined in paragraph 1.1.4.
Engine sub Power Ignition co HC + NOx
category range type
KW g/kWh g/kWh
NRSvr-1a
610 10
NRSvi-1a
0<P<19
NRSvr-1b
610 8
NRSi-1b S|
NRSv-2a 190P( 610 8
NRSv-2b .
190PC< 4.40 2,70
NRSv-3

1 Optionally, as an alternative, any combination of values satisfying the equ
(HC+NO) xCO™0O 8,57 as well as the fol
gkWhand HC+NQ) O 2, 7 g/ k Wh

Table I7
Emission limits for enginecategory SMB defined in paragraph 1.1.5.
Engine sub Power Ignition co NOx HC
category range type
kw g/kWh g/kWh g/kWh
SMB-v-1 P>0 Sl 275 - 75
Tablel18
Emission limits for engine category ATS defined in paragraph 1.1.6.
Engine sub Power Ignition
category range type co HC + NO«
kW g/kWh g/kWh
ATS-v-1 P>0 Sl 400 8
A.l.1. Specific provisions on total hydrocarbon (HC) limits for fully and partially gaséeelted

engines

For the sukcategories where an-factor is defined, the HC limit for fully and
partially gaseousuelled engines indicated in Tablé8 and14 is replaced by
a limit calculated using the following formula:

HC =0.19 + (1.58A AGER)
where GER is the avera@asEnergyRatio over the appropriate test cycle.

Where both a steaestate and transient test cycle apply, the GER shall be
determined from the hegtart transient test cycle. Where more than one steady
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state test cycle appliethe average GER shall be determined for each cycle
individually.

If the calculated limit for HC exceeds the value of 0.19+A, the limit for HC
shall be set to 0.19+A

Figureb.
Diagram showing HC emission limit as function of average GER

it [g/KWh]

HC limit

0 0.2 0.4 0.6 0.8 1
Average Gas Energy Ratio (GER)

For subcategories with a combined HC ah®Dx limit, the combined limit
value for HC andNOx shall be reduced by 0.19 g/kWh and apply for NO
only.

For nongaseouduelled engines, the formula does not apply.
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Appendix 3

Emission durability periods (EDP)

Tablel9
EDP for engine category NRE
Category Igtnyi ggn Speed operatior] Power range (kW) | Subcategory EDP (hours)
Cl 0<P<8 NRE-v-1
3,000
Cl 8 OP<19| NREv-2
Cl 190P<3 NRE-v-3 5,000
Cl variable 370P<5 NRE-v-4
56 O0P<13 NREv5
8,000
all 1300PO5 NRE-v-6
P>560 NRE-v-7
NRE
Cl 0<P<8 NRE-c-1
Cl 80P<19 NRE-c-2 3,000
Cl 190P<3 NRE-c-3
Cl constant 370P<5 NRE-c-4
56 OP<13 NREc5
8,000
all 1300PO5 NRE-c-6
P>560 NRE-c-7
Table20
EDP for enginecategory NRG
Category Igtnyi ggn Speedbperation | Power range (kW) Subcategory EDP (hours)
constant NRG-v-1
NRG all P>560 8,000
variable NRG-c-1
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Table21
EDP for engine category NRSh
Category Igtnyi Sgn opSeF;Z?ign POV\(E\rNr)a nge SWte(;énr:?)lume Subcategory EDP (hours)
bl SV<50 NRShv-1a
NRSh V?gﬁstzn‘ir 0<P<19 50/125/300
SVO50 | NRShv-1b

1

EDP hours correspond to the EDP categories Cat 1/Cat 2/Cat 3 as set out in T2bté Arhex 8 to this Regulation

Table22
EDP for engine category NRS
Category Igtnition Speed operatior Power range Swept volume (cth | Subcategory EDP (hours)
ype (kw)
variable,
rated; or NRSvr-1la
constant 800SV<?2 125/250/500
variable, .
intermediate NRSvi-1a
0<P<19
variable,
rated; or NRSvr-1b
NRS S| constant sv06225 250/500/1,000
variable, .
intermediate NRSvi-1b
SvVv0100 NRSv-2a 1,000
variable or 190P<
constant SVv>1000 NRSv-2b 5,000
300P< any NRSv-3 5,000
! EDP hours correspond to the EDP categories Cat 1/Cat 2/Cat 3 as defined as set out in -Patflé\Arx 8 to this
Regulation.
Table23
EDP for engine category SMB
Ignition .
Category type Speed operatior] Power range (kW) | Subcategory EDP (hours)
SMB variable or P>0 SMB-v-1 400
constant

1 Alternatively, an emission durability period of 8,000 km is permitted
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Table24
EDP for engine category ATS
c Ignition .
ategory type Speed operatior] Power range (kW) | Subcategory EDP (hours)
ATS S variable or P>0 ATS-v-1 500/1,000
constant
1 EDP hours correspond to the following total engine swept volumes: < 100@m 1 80 ¢ m
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Appendix 4

Requirements in relation to any specified fuels, fuel mixtures
or fuel emulsions.

A4l Requirements for enginéselled with liquid fuels

A4.1.1. When applying for an approval, manufacturers may select one of the following
options with regard to the engine's fuel range:

(@) Standard fuel range engine, in accordance with the requirements set out
in paragrapth.4.1.2.; or,

(b)  Fuelspecific engine, in accordance with the requirements set out in
paragrapth.4.1.3..

A4.1.2. Requirements for a standard fuel range (diesel, petrol) engine

A standard fuel range engine shall meet the requirements specified in
paragraph#\.4.1.2.1 toA.4.1.2.4.

A.41.2.1 The parent engine shall meet the applicable limit values set out in Appgndix
to this Regulatiorand theotherrequirements set out in this Regulation when
the engine is operated on the reference fuels specified in paragraphs 1.1 or 2.1
of Annex 6.

A.4.1.2.2. Inthe absence of an international standard fornoawl gasoil, the diesel (non
road gasoil) referencefuel in Annex 6 shall represent market road gas
oils with a sulphur content not greater than 10 mg/kg, cetane number not less
than 45 and an Fatt§cid Methyl Ester ("FAME") content not greater than 8.0
per cent volume/volume V/v). Except where otherge permitted in
accordance with paragraphs.4.1.2.2.1., A.41.2.3.. andA.4.1.2.4., the
manufacturer shall make a corresponding declaration to theussmd in
accordance with the requirements in Appendixo6this Regulationthat
operation of the enginen nonroad gaoil is limited to those fuels with a
sulphur content not greater than 10 mg/kg (20 mg/kg at point of final
distribution) cetane number not less than 45 and an FAME content not greater
than 8.0 per cent v/v. The manufacturer may optionalhecify other
parameters (eg for lubricity).

A.4.1.2.2.1. The engine manufacturer shall not indicate at any time that an engine type or
engine family may be operated in the territory of any Contracting Party on
market fuels other than those that complyhwibe requirements in this
paragraph unless the manufacturer additionally complies with the requirement
in paragrapth.4.1.2.3..

(@ Inthe case of petrol, CEN standard EN 228:2012. Lubricating oil may
be added according to the specification of the mantulfar;

(b) In the case of diesel (other than rad gasoil), CEN standard EN
590:2013;

(c) In the case of diesel (newmad gasil), the maximum permissible
sulphur content of 10 mg/kg and also both a cetane number not less than
45 and FAME not greatéhan 8.0 per cent v/v.

A.4.1.2.3. Ifthe manufacturer permits engines to run on additional market fuels other than
those identified in paragrapA.4.1.2.2., such as running on B100 (EN
14214:2012+A1:2014), B20 or B30 (EN16709:2015), or on specific fiugls,
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A41.2.4

A.4.1.3.

A.4.1.3.1.

A.4.13.2

A4.2.

A42.1.

A4.2.2.

A.4.2.3.
A.4.2.3.1.

mixtures or fuel emulsions, all of the following actions shall be taken by the
manufacturer in addition to the requirements of paragfapti.2.2.1.:

(@) Declare, in the information document set out in Annex e
specification of the commercialiéls, fuel mixtures or emulsions on
which the engine family is capable to run;

(b) Demonstrate the capability of the parent engine to meet the
requirements of this Regulation on the fuels, fuel mixtures or emulsions
declared:;

(c) Be liable to meet the reqaments of irservice monitoring set out by
any Contracting Party, if angn the fuels, fuel mixtures or emulsions
declared, including any blend between the declared fuels, fuel mixtures
or emulsions, and the applicable market fuel identified in parhgrap
A4.1.2.2.1..

For Sl engines, the fuel/oil mixture ratio must be the ratio which shall be
recommended by the manufacturer in Appendito @his Regulation. The
percentage of oil in the fuel/llubricant mixture shall be recorded in the
information document set out in Annex 1A.

Requirements for a fuapecific (ED 95 or E 85) engine

A specific fuel (ED 95 or E 85) engine shall meet the requirements specified
in paragraph#.4.1.3.1 andA.4.1.3.2..

For ED 95, the parent engine shall meet the requirements of this Regulation
including the applicable limit values set out in Appenglito this Regulation

when the engine is operated on the reference fuel specified in paragraph 1.2.
of Annex 6.

For E 85, the parent engine shall meet the requirmeents of this regulation,
including the applicable limit values set out in Appengio this Regulation

when the engine is operated on the reference fuel specified in paragraph 2.2 of
Annex 6.

Requirements for engines fuelled with natural gas/biomethane (NG) or
liquefied petroleum gas (LPG), including ddakl engines

When applying for an approval, manufacturers may select one of the following
options with regard to the engine's fuaiga:

(@)  Universal fuel range engine, in accordance with the requirements set
out in paragrapi.4.2.3.;

(b)  Restricted fuel range engine, in accordance with the requirements set
out in paragrapi.4.2.4.;

(c)  Fuelspecific engine, in accordance with trefjuirements set out in
paragrapth.4.2.5..

Tables summarizing the requirements for tgperoval of natural
gas/biomethane fuelled engines, LiR@lled engines and dufiel engines
are provided in paragrapgh4.3..

Requirements for aniversal fuel range engine

In the case of natural gas/biomethane fuelled engines, includinefugdial
engines, the manufacturer shall demonstrate the parent engines capability to
adapt to any natural gas/biomethane composition that may oaassabe
market. That demonstration shall be carried out in accordance with this
paragrapth.4.2.. and, in case of dudlel engines, also in accordance with the
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additional provisions regarding the fuel adaptation procedure set out in
paragraph 6.4. oAnnex 7.

A.4.2.3.1.1. In the case of compressed natural gas/biomethane (CNG) there are generally
two types of fuel, high calorific fuel ({das) and low calorific fuel (dgas), but
with a significant spread within both ranges; they differ significanthhéirt
energy content expressed by the Wobbe Index and inaishiift factor ().
Natural gases witha@s hi ft factor betwe®nl008) and 1.08
considered to belong to-tange, while natural gases withaeshift factor
between1,08anti. 19 (0. A8 1®)S are consgangtered to bel
The composition of the reference fuels reflects the extreme variations of S

The parent engine shall meet the requirements of this Regulation on the
reference fuels (fuel 1) and Gs (fuel 2),as specified in Annex 6, or on the
equivalent fuels created using admixtures of pipeline gas with other gases as
specified inAppendixA.1 to Annex 6 without any manual readjustment to the
engine fuelling system between the two tests-@adfptation isequired). One
adaptation run is permitted after the change of the fuel. The adaption run shall
consist of performing the preonditioning for the following emission test
according to the respective test cycle. In the case of engines tested on the
NRSC, wlere the preonditioning cycle is iradequate for the engine fuelling

to selfadapt an alternative adaption run specified by the manufacturer may be
performed prior to preonditioning the engine.

A.4.2.3.1.1.1At the manufacturer's request the engine bmayested on a third fuel (fuel 3)
if the a-shift factor () lies between 0.89 (that is the lower range gf éd
1.19 (that is the upper range ofsf;z for example when fuel 3 is a market fuel.
The results of this test may be used as a basis for thieiation of the
conformity of the production.

A.4.2.3.1.2. In the case of liquefied natural gas/liquefied biomethane (LNG) the parent
engine shall meet the requirements of this Regulation on the referenceduels G
(fuel 1) and Go (fuel 2), as specified innex 6, or on the equivalent fuels
created using admixtures of pipeline gas with other gases as specified in
Appendix A.1 to Annex 6, without any manual readjustment to the engine
fuelling system between the two tests (salfptation is required). One
adaptation run is permitted after the change of the fuel. The adaption run shall
consist of performing the pmeonditioning for the following emission test
according to the respective test cycle. In the case of engines tested on the
NRSC, where the preondtioning cycle is inadequate for the engine fuelling
to selfadapt an alternative adaption run specified by the manufacturer may be
performed prior to preonditioning the engine.

A.42.3.2. In the case of an engine fuelled with compressed natural gaeftbhiane
(CNG) which is seHadaptive for the range of-gases on the one hand and the
range of lgases on the other hand, and which switches betweenthegd
and the Lrange by means of a switch, the parent engine shall be tested on the
relevant referece fuel as specified in in Annex 6 for each range, at each
position of the switch. The fuels are: @uel 1) and Gs (fuel 3) for the H
range of gases and£3fuel 2) and Gs (fuel 3) for the L.range of gases, or the
equivalent fuels created using admixtures of pipeline gas with other gases as
specified in AppendixA.1 to Annex 6. The parent engine shall meet the
requirements of this Regulation at both positions of the swiiithout any
readjustment to the fuelling between the two tests at each position of the
switch. One adaptation run is permitted after the change of the fuel. The
adaption run shall consist of performing the-poaditioning for the following
emission test@ording to the respective test cycle. In the case of engines tested
on the NRSC, where the peenditioning cycle is iradequate for the engine
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A.4.2.3.2.1.

A.4.2.3.3.

A.4.2.3.4.

A.42.3.4.1.

A42.4.

A42.4.1.

A424.1.1.

fuelling to selfadapt an alternative adaption run specified by the manufacturer
may be performed prior to ponditioning the engine.

At the manufacturer's request the engine may be tested on a third fuel instead
of Gz (fuel 3) if thea-shift factor () lies between 0,89 (that is the lower range

of Ggr) and 1.19 (that is the upper range of)Gfor example when fuel 3 is a
market fuel. The results of this test may be used as a basis for the evaluation
of the conformity of the production.

In the case of natural gas/biomethane engines, the ratio of the emission results
"r" shall be determied for each pollutant as follows:

emi ssion result on reference fuel 2
r= - -
emi ssion result on reference fuel 1

or,
._emission result on reference fuel

“emission resul't on reference fuel
and

._emission result on reference fuel
emi ssion result on reference fuel

N

w

(B

w

In the case of LPG the manufacturer shall demonstrate the parent engines
capability to adapt to any fuel composition that may occur across the market.

In the case of LPG there are variations in C3/C4 conipasithese variations

are reflected in the reference fuels. The parent engine shall meet the emission
requirements on the reference fuels A and B as specified in Annex 6 without
any readjustment to the fuelling between the two tests. One adaptation run is
permitted after the change of the fuel. The adaption run shall consist of
performing the preonditioning for the following emission test according to

the respective test cycle. In the case of engines tested on the NRSC, where the
pre-conditioning cycle isn-adequate for the engine fuelling to satfapt an
alternative adaption run specified by the manufacturer may be performed prior
to preconditioning the engine.

The ratio of emission results "r" shall be determined for each pollutant as
follows:

emi ssion result on reference fuel B
r= - -
emi ssion result on reference fuel A

Requirements for a restricted fuel range engine

A restricted fuel range engine shall meet the requirements specified in
paragraph#\.4.2.4.1. toA.4.2.4.3..

Exhaust emissions typapproval of an engine running on CNG and laid out
for operation on either the range ofgdses or on the range ofgases

The parent engine shall be tested on the relevant reference fuel, as specified in
Annex 6,for the relevant range. The fuels arg @el 1) and Gs(fuel 3) for

the Hrange of gases and£3fuel 2) and Gs (fuel 3) for the l-range of gases

or the equivalent fuels created using admixtures of pipeline gas with other
gases as specified in Apperdi.1to Annex 6. The parent engine shall meet

the requirements of this Regulation without any readjustment to the fuelling
between the two tests. One adaptation run is permitted after the change of the
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A42.4.1.2

A4.2.4.1.3.

A42.4.2.

A424.2.1.

A42.4.2.2.

A.4.2.5.

A.425.1.

A4251.1
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fuel. The adaption run shall consist of performiihg preconditioning for the
following emission test according to the respective test cycle. In the case of
engines tested on the NRSC, where thecoreditioning cycle is iradequate

for the engine fuelling to seddapt an alternative adaption run sgediby the
manufacturer may be performed prior to-ponditioning the engine.

At the manufacturer's request the engine may be tested on a third fuel instead
of Gz (fuel 3) if thea-shift factor () lies between 0.89 (that is the lower range

of Gg) and 1.19 (that is the upper range ef)Gfor example when fuel 3 is a
market fuel. The results of this test may be used as a basis for the evaluation
of the conformity of the production.

The ratio of emission results "r" shall be eletined for each pollutant as
follows:

emi ssion result on reference fuel
r= - -
emi ssion result on reference fuel

or,

._emission result on reference fuel
“"emission resul't on reference fuel

and

._emission result on reference fuel
“emission result on reference fuel

Exhaust emissions approval of an engine running on natural gas or LPG and
designed for operation on one specific fuel composition

The parent engine shall meet the emission requirements oefé¢hence fuels

Gr and Gsor on the equivalent fuels created using admixtures of pipeline gas
with other gases as specified in Appendit to Annex 6 in the case of CNG,

on the reference fuelsgGnd Go or on the equivalent fuels created using
admixtures of pipeline gas with other gases as specified in Appénaito
Annex6 in the case of LNG, or on the reference fuels A and B in the case of
LPG, as specified in Annex 6. Fiening of the fuelling sytem is allowed
between the tests. This fitening will consist of a recalibration of the fuelling
database, without any alteration to either the basic control strategy or the basic
structure of the database. If necessary the exchange of parts thatetlg dir
related to the amount of fuel flow such as injector nozzles is allowed.

In the case of CNG, at the manufacturer's request, the engine may be tested on
the reference fuelsfGand Gg, or on the reference fuels£and Gs, or on the
equivalent fuels created using admixtures of pipeline gas with other gases as
specified in AppendipA.1to Annex 6, in which case the tyagproval is only

valid for the Hrange or the krange of gases respectively.

Requirements for a fuapecific engne fuelled with liquefied natural
gas/liquefied biomethane (LNG)

A liquefied natural gas/liquefied biomethane specific fuel) engine shall meet
the requirements specified in paragraph4.2.5.1. toA.4.2.5.2..

Conditions for applying for a fuedpecific engine fuelled with liquefied natural
gas/liquefied biomethane (LNG)

The manufacturer can only apply for a fsglecific typeapproval in the case
of the engine being calibrated for a specific LNG gas composition resulting in

2
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A.42.5.1.2.

A.4.2.5.2.
A.425.2.1.

A.4.2.6.
A4.2.6.1.

A.4.2.6.2.

A42.7.

A.4.3.

A.43.1.

aa-shift factor not differing by more than 3 per cent from gshift factor of
the Gy fuel specified in Annex 6, and the ethane content of which does not
exceed 1.5 per cent.

In all other cases the manufacturer shall apply for a universalefugihe
according to the specifications set out in paragragt?.1.3.2..

Specific test requirements in the case of a-fpelcific duaffuel engine (LNG)

In the case of a dudliel engine family where the engines are calibratecfor
specific LNG gas composition resulting ineashift factor not differing by

more than 3 per cent from tbeshift factor of the & fuel specified in Annex

6, and the ethane content of which does not exceed 1.5 per cent, the parent
engine shall only be tested on they &ference gas fuel, or on the equivalent
fuel created using an admixture of pipeline gas with other gases, asespecif

in AppendixA.1to Annex 6.

Exhaust emissions approval of a member of a family

With the exception of the case mentioned in paragragi?.6.2., the type
approval of a parent engine shall be extended to all family members, without
further testing, for any fuel composition within the range for which the parent
engine has been tyfaproved (in the case of engines described in paragrapht
A.4.2.5.) or the same range of fuels (in the case of engines described in either
paragraphA.4.2.3. or A.4.2.4.) for which the parent engine has been type
approved.

If the technical service determines that, with regard to the selected parent
engine the submitted application does not fully represent the engine family
defined in paragraph 7 d¢liis Regulationan alternative and if necessary an
additional reference test engine may be selected by the technical service and
tested.

Additional requirements for dudiliel engines

In order to receive a typapproval of a dualuel engine or engine family, the
manufacturer shall:

(@) Conduct thetests in accordance with Table.25

(b)  In addition to the requirements set out in paragfagt®., demonstrate
that the duafuel enginesare subject to the tests and comply with the
requirements set out in Annex 7.

Summary of approval process for natural gas and LPG fuelled engines
including duaifuel engines

Tables 19 to 21. show a summary of the approval processataral gas
fuelled engines and LPG fuelled engines and of the minimum number of tests
required for approval of dudiiel engines.
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Table25
Type-approval of natural gas fuelled engines

ParagraphA.42.3:

Paragraph
A42.4:

Requirements for ai Number of Calculation of "r" Requirements| Number of Calculation of "r"
universal fuel range testruns for a restricted test runs
engine fuel range
engine
. Q6 'Qd0
Referto | Gg (1) and Gs(2) ' "5 @do
paragraph | Atmanuf ac and, if tested with an
A.42.3.1. | request engine mal 2 additional fuel;
NG-engine | be tested on an . Q6 Q40
adaptable tq additional market (max. 3) ' Qs ad o1 om0
any fuel fuel (3), ’ and
composition| if S, =0.891 1.19 . 06 pd0
06 QA0 € 16 1 OWOQ
GR (1) and G3 (3)
Refer to for Hand 2 for the U
paragraph | Ges(2)and Gs(3) | H-range, an{ 1 (ﬁd,goé?ddgi o
A4232. |forL 2 for the and
NG-engine | At manuf g L-range; ) 06 Q§O
which is request engine ma| at respectivd ' 06 @G0 ¢ & &1 OO0
seltadaptivg be tested on a positionof
by a switch [ market fuel (3) switch
instead of G,
if S =0.89i 1.19
2 for the H
Gr (1) and Gs|range
(3) for H or gl‘f o
or the
Refer to G5 (2) and Gs L-range
paragraph (3) for L "6 @0
A4.2.4.1. 06 @0 £ 16 b1 W0
NG-engine
laid out for for the Hrange
operation o] At or 06 080
either manuf a i

QO QA0 € iG (i QO

H-range gas request enging
or L-range may be tested for the L-range
gas on amarket |2

fuel (3) instea

of Gz,

if S = 0-891

1.19

Gr (l) and Gs

(2),

Finetuning 2
Refer to between the
paragraph tests allowed.
A4242. At
NG-engine manuf a 2 for the
laid out for . N
operation of request engind H-range
one specific mally be tested| or
fuel on: 2 for the
composition Gr (1) and Gs | |_-range

(3) for H or

st (2) and G3

(3) for L
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Table &.
Type-approval of LPG fuelled engines
ParagraphA.42.3: ParagraphA.42.4:
Requirements for arf Number of Calculation of Requirements for a Number o] Calculation
universal fuel range| testruns | "r" restricted fuel range testruns | of"r"
engine engine
Refer to paragraph
A423.4. 006 '@ &
LPG-engine Fuel A and fuel B 2 —_—
adaptable to any Q6 Qa
fuel composition
Refer to paragraph
A'4'2'4'2_' . Fuel A and fuel B,
LPG-engine laid out . .
for operation on fine-tuning between the 2
onespecific tests allowed
fuel composition

Table 27
Minimum number of tests required for type-approval of dual-fuel engines
Dual- | Liquid-fuel Dual-fuel mode
fuel mode
type
CNG LNG LNGyo LPG
1A Universal or restricted Universal | Fuelspecific | Universal or restricted
(2 tests) (2 tests) (1 test) (2 tests)
1g | Universal | Universal or restricteq Universal | Fuekspecific | Universal or restricted
(1 test) (2 tests) (2 tests) (1 test) (2 tests)
2A Universal or restricteq Universal Fuetspecific | Universal or restricted
(2 tests) (2 tests) (1 test) (2 tests)
2B Universal | Universal or restricted Universal Fuetspecific | Universal or restricted
(1 test) (2 tests) (2 tests) (1 test) (2 tests)
3B Universal | Universal or restricteq Universal Fuetspecific | Universal or restricted
(1 test) (2 tests) (2 tests) (1 test) (2 tests)

51



ECE/TRANS/WP.29/201851

Appendix 5

52

Details of the relevant information and instructions for the
OEMs

AS5.1. As required byparagraph 6.1the manufacturer shall provide to the OEM all
relevant information and instructions to ensure that the engine conforms to the
approved engine type when installed in moad mobile machinernand
category T vehiclednstructions for this purpose shall bearly identified to

the OEM.

A5.2. The instructions may be provided on paper or a commonly used electronic
format.

A.53. Where a number of engines requiring the same instructions are supplied to the
same OEM it shall be necessary to provide onlyssief instructions.

A54. The information and instructions to the OEM shall include at least:

A54.1. installation requirements to achieve the emissions performance of the engine

type, including the emissions control system, that shall be taken ichorzc
to ensure the correct operation of the emissions control system;

A542. a description of any special conditions or restrictions linked to the installation
or use of the engine, as noted on¢benmunicatiorset out inAnnex 2

A543 a statemernindicating that the installation of the engine shall not permanently
constrain the engine to exclusively operate within a power range corresponding
to a (sub)category with gaseous and particulate pollutant emission limits more
stringent than the (sdjzakgory the engine belongs to;

A544. for engine families to whicharagraph 5.6 of this Regulatiapplies, the upper
and lower boundaries of the applicable control area and a statement indicating
that the installation of the engine shall not constragnethgine to exclusively
operate at speed and load points outside of the control area for the torque curve
of the engine;

A545. where applicable, design requirements for the components supplied by the
OEM that are not part of the engine and are necessagpsure that, when
installed, the engine conforms to the approved engine type;

A546. where applicable, design requirements for the reagent tank, including freeze
protection, monitoring of reagent level and means to take samples of reagent;

A54.7. where applicable, information on the possible installation of aheated
reagent system;

A5428. Reserved

A549. where applicable, a statement indicating that the OEM shall provide a warning

sysem as set out iAppendices 1 and 2 of Annex 9;

A.5.4.10. where applicable, information on the interface between the engine and the non
road mobile machinergr category T vehiclef®r the operator warning system,
referred to in pragraptA.5.4.9,;

A5411.  where applicable, information on the interface between the engine and the non
road mobile machinery or category T vehicles for the operator inducement
system, as set out Annex 9
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A54.12.

A54.13

A54.14.

A.54.15.
A.54.16.

A54.17.

A55.

A5.6.

where applicable, information on a means to temporarily dighbleperator
inducement as defined Annex 9

where applicable, information on the inducement override function as defined
in Annex 9

in the case of dudliel engines:

(@) A statement indicating that the OEM shall provide a-fuelloperating
mode indicator as describedAppendixA.5. to Annex 7

(b) A statement indicating that the OEM shall provide a-dwel warning
system as described AppendixA.5. to Annex 7,

(c) Information on the interface between the engine and therczah
mobile machinerpr category T vehiclef®r the operator indication and
warnng system, referred to in paragrapti4)(a) and (b);

Reserved

In the case of a constaspeed engine equipped with alternative speeds as set
out inparagraph 1.1.2.3. oAnnex 10:

(a) A statement indicating that the installation of the engine shall ensure
that:

0] The engine is stopped prior to resetting the conseéed
governor to an alternativenginespeed; and,

(i)  The constanspeed governor is only set to the alternagingine
speeds permitted by the engine manufacturer;

(b) Details of each (sulcategory and operating mode (speed operation)
for which the engine is typapproved and may be set when installed;

In the case that the engine is equipped with an idle speed feugtand shut

down, a statement indicating that the installation of the engine shall ensure that
the constarispeed governor function is engaged prior to increasing the load
demand tdhe engine from the nlmad setting.

The manufacturer shall provide to the OEM all information and necessary
instructions that the OEM shall provide to the @sgérs in accordance with
Appendix 6to this Regulation

The manufacturer shatirovide to the OEM the value of the carbon dioxide
(COy) emissions in g/lkWh determined during the tgmproval process and
recorded inthe engine communicatiof his value shall be provided by the
OEM to the endusers accompanied of the following stateménT hi 5 CO
emission value resultsom testing over a fixed test cycle under laboratory
conditions of an (a parent) engine representative of the engine type (engine
family) and shall not imply or express any guarantee of the performance of a
particular engine once installed in a type of nromad mobile machinery or
category T vehiclg .
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Details of the relevant information and instructions for the
end-users
A.6.1. The OEM shall provide to the endsers all information and necessary

A.6.2.
A.6.2.1.

A.6.2.2.
A.6.2.3.

A.6.2.3.1.

A.6.3.
A.6.3.1.

A.6.3.2.

A.6.33.

A.6.34.

A.6.35.

A.6.3.6.

A.6.3.7.
A.6.38.

instructions for the correct operation of the engine in order to maintain the
gaseous and particulate pollutant emissions of the engine within the limits of
the approved engine type or engine family. Instructions for this purpose shall
be clearly identifid to the eneusers.

The instructions to the engsers shall be:

Written in a clear and netechnical manner using the same language that is
used in the instructions to enders for the nonoad mobile machinergr
category T vehicles

Be provided on paper or, alternatively, a commonly used electronic format;

Be part of the instructions to enders for the nonoad machinergr category
T vehiclespr, alternatively, a separate document;

When delivered sepately from the instructions to engers for the nonoad
machineryor category T vehiclebe provided in the same form;

The information and instructions to the emskrs shall include at least:

A description of any special conditionsrestrictions linked to the use of the
engine, as noted on the typpprovalcommunication

A statement indicating that the engine, including the emissions control system,
shall be operated, used and maintained in accordance with the instructions
provided to the endisers in order to maintain the emissions performance of
the engine within the requirements applicable to the engine's category;

A statement indicating that no deliberate tampering with or misuse of the
engine emissions control system should take place; in particular with regard to
deactivating or not maintaining an exhaust gas recirculation (EGR) or a reagent
dosing system.

A statement indicating that it is essential to take prompt action to rectify any
incorrect operation, use or maintenance of the emissions control system in
accordance with the rectification measures indicated by the warnings referred
to in paragraptA.6.3.5. and A.63.6,;

Detailed explanations of the possible malfunctions of the emissions control
system generated by incorrect operation, use or maintenance of the installed
engine, accompanied by the associated warning signals and the corresponding
rectification measures;

Detailed explanations of the possible incorrect use of thergeath mobile
machineryor category T vehiclethat would result in malfunctions of the
engine emissions control system, accompanied by the associated warning
signals and the corresponding rectification measures;

Reserved

Reserved
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A.6.3.9.

A.6.3.10.

A.6.3.11.

A.6.3.12.

A.6.3.13.
A.6.3.14.

A.6.3.15.

A.6.3.16.

A.6.3.17.

A.6.3.18.

For nonroad mobile machinemyr category T vehiclevith an operator warning
system, a statement indicating that the operator will be informed by the
operatorwarning system when the emission control system does not function
correctly;

For nonroad mobile machinerpr category T vehiclewvith an operator
inducement system a statement indicating that ignoring the operator warning
signals will lead to ta activation of the operator inducement system, resulting
in an effective disablement of nenad mobile machinerpr category T
vehicleoperation;

For nonroad mobile machinergr category T vehiclewith an inducement
override function for relesing full engine poweustified by safety concerns
orto allow for selfhealing diagnostigsnformation about the operation of this
function;

Where applicable, explanations of how the operator warning and inducement
systems referred to iparayrapts A.6.3.9, A.6.3.10.and A.6.3.11. operate,
including the consequences, in terms of performance and fault logging, of
ignoring the warning system signals and of not replenishing, where used, the
reagent or rectifying the problem identified;

Reserved

for nonroad mobile machinergr category T vehiclewith a means to disable

the operator inducement, information about the operation of this function, and
a statement indicating that this function shall be only activated in case of
emergencies, that any activation will be recorded in théaard computer log

and that national inspection authorities will be able to read these records with
a scan tool;

Information on thefuel(s) necessary to maintain the performance of the
emissions control system in particular:

(@) Where theengine is to be operatazh diesel or nomoad gasoil, a
statement indicating that a fuel with sulphur content not greater than 10
mg/kg (20 mg/kg at point of final distribution) cetane number not less
than 45 and an FAME content rgrieater than 8.0 per ceviv shall be
used.

(b)  Where additional fuels, fuel mixtures or fuel emulsions are compatible
with use by the engine, as declared by the manufacturer and stated in
the typeapprovalcommunicationthese shall be indicated;

Information on the lubrication oil specifications necessary to maintain the
performance of the emissions control system;

Where the emission control system requires a reagent, the characteristics of
that reagenincluding the type of reagent, information on concentration when
the reagent is in solution, operational temperature conditions and reference to
international standards for composition and quality, consistent with the
specification sebut in the engine pe-approval.

Where applicable, instructions specifying how consumable reagents have to be
refilled by the operator between normal maintenance intervals. They shall
indicate how the operator should refill the reagent tank and the anticipated
frequency of refill, depending upon utilisation of the mmad mobile
machineryor category T vehicles
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A.6.3.19.

A.6.3.20.

A.6.321.

A.64.

A statement indicating that in order to maintain the emissions performance of
the engine, it is essential to use and refill reagent in accordasititethe
specifications set out iparagrapb A.6.3.17. andA.6.3.18;

Scheduled emissicrelated maintenance requirements including any
scheduled exchange of critical emissiefated components;

In the case afluatfuel engines:
(@) Where applicable, information on the ddaél indicators,

(b)  Where adualfuel engine has operability restrictions in a service mode,
a statement indicating that the activation of the service mode will result
in an effective disablement of neoad mobilemachineryor category
T vehicleoperation,

(c)  Where an inducement override function for releasing full engine power
is available, information about the operation of this function shall be
provided,

The OEM shall provide to the entbers the valuef the carbon dioxide (C£
emissionsn g/kWh determined during thgpe-approval process and recorded

in type-approval certificate accompanied of the following statenet:h i .s CO
emission value resultsom testing over a fixed test cycle under latiora
conditions of an (a parent) engine representative of the engine type (engine
family) and shall not imply or express any guarantee of the performance of a
particular engine once installed in a type of n@ad mobile machinery or
category T vehiclg .
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Appendix 7

Procedure for production conformity testing

A.7.1 This appendix describes the procedure to be used to verify production
conformity for the emissions of pollutants.

A7.2. With a minimum sample size of three engines, the sampling procsthitde
set out so that the probability of a lot passing a test with 30 per cent of the
engines defective is 0.90 (producer's risk = 10 per cent) while the probability
of a lot being accepted with 65 per cent of the engines defective is 0.10
(consumer'sisk = 10 per cent).

A.7.3. The following procedure is used for each of thession pollutants (see Figure
4)):
Let: n = the current sample number.

A7A4. Determine for the sample the test statistic quantifying the cumulative number
of nonconforming testat the H test.

A.75. Then:

(@) If the test statistic is less than or equal to the pass decision number for
the sample size given in Tabl8.2a pass decision shall be reached for
the pollutant;

(b) If the test statistic is greater than or equal ® féil decision number
for the sample size given in Tabl8.2a fail decision shall be reached
for the pollutant;

(c) Otherwise, an additional engine is tested in accordance with paragraph
8.7.2. and the calculation procedure shall be applied to the sampl
increased by one more unit.

In Table B the pass and fail decision numbers shall be calculated by means of
the International Standard ISO 8422/1991.
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Table B

Test statistics for production conformity testing

Minimum sample size: 3 Minimum samplesize for pass decision: 4

Cumulative number of engines tested (sample size| Pass decision numbe| Fail decision number

3 o) 3
4 0 4
5 0 4
6 1 5
7 1 5
8 2 6
9 2 6
10 3 7
11 3 7
12 4 8
13 4 8
14 5 9
15 5 9
16 6 10
17 6 10
18 7 11
19 8 9
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Annex 1

Templates for information folder and information document

1.

1.1.

1.2.

1.3.

1.4.

1.4.1.

1.5.

1.5.1.

152

153

1.6.

1.6.1.

1.6.2

1.6.3

Information folder

The information folder referred to in paragraph 3 of this Regulation shall
contain the following:

A list of contents;

Manufacturer's declaration on adherence to all requirements of this Regulation
in accordance with the template set ouppendixA.1. to this Annex

Manufacturer's statement on the compliance of the engine type or engine
family with the exhaust emission limits set out in Apperitliathis Regulation

with regard to specified liquid fuels, fuel mixtures or fuel emulsions other than
those set out in paragraph A.3.1.2.2. of Appeddixthis Regulation;

For electronically controlled engines of categories NRE and NRG, complying
with the emission limits set out in Append2xto this Regulation and using
electronic control to determine both the quantity and timing of injecting fuel
or using electronic control to activate,-detivate or modulate the emission
control system used to recki NGk, a complete overview of the emission
control strategy, including the base emission control strategy and the means by
which every auxiliary control strategy directly or indirectly controls the output
variables;

Additional confidential information as set out in Appendix A.2 shall be made
available, only for the technical service performing the tests and not included
in the information folder;

Where applicable, a full description of the functional operational
characteristics of the NCrontrol measures and inducement system as referred
to in Annex 9 to this Regulation;

Where applicable, a copy of the demonstration reports set out in paragraphs
A.1.10.5. and A.1.13.4. of Appendix At Annex 9;

Where applicable, a desciign of the connection for, and method to read, the
records set out at paragraph A.1.5.2.1.1.(e) of Appendixodhnex 9;

Where the engine type or engine family is member of a NCD engine family, a
justification of its membership together with th&ormation requested in
paragraph 1.5., 1.5.1. and 1.5.2. on the NCD engine family may be supplied
alternatively, upon agreement of the Type Approval Authority;

Where applicable, a full description of the functional operational
characteristics of thparticulate control measures as referred to in Annex 9 to
this Regulation;

Where applicable, a copy of the demonstration report set out in paragraph
A.2.9.3.6. of Appendix A.20 Annex 9;

Where applicable, a description of the connectimnand method to read, the
records set out at paragraph A.2.5.2. of Appendixt&2nnex 9;

Where the engine type or engine family is a member of a PCD engine family,
a justification of its membership together with the information requested in
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1.7.

1.7.1

1.8.

1.8.1

1.9.

1.9.1.

1.9.2.

1.9.3

1.10.

1.11.

1.12.

1.13.
1.131

paragraph 1.6., 1.6.1. and 1.6.2. on the PCD engine family may be supplied
alternatively, upon agreement of the Type Approval Authority;

Manufacturer's declaration, and supporting test reports or data, on deterioration
factors as referred to in paragha5 and in Annex 8 of this Regulation;

Where the engine type or engine family is a member of an engine after
treatment system family, a justification of its membership together with the
information requested in paragraph 1.7 on the dfteatmen system family
may be supplied alternatively, upon agreement of the Type Approval
Authority;

Where applicable, the manufacturer's declaration, and supporting test reports
or data, of the infrequent regeneration adjustment factors referred to @ Ann
4 to this Regulation;

Where the engine type or engine family is a member of an eaffiere
treatment system family, a justification of its membership together with the
information requested in paragraph 1.8 on the enrgfte-treatment system
family may be supplied alternatively, upon agreement of the Type Approval
Authority;

Manufacturer's declaration and supporting data demonstrating that the
emission control strategies fitted are designed in such a way as to prevent
tampering to thex¢ent possible, as referred to in paragraghabhd Appendix

A.3 to Annex 9 of this Regulation.

For engine types and engine families that use an Electronic Control Unit (ECU)
as part of the emission control system the information shall include a
description of the provisions taken to prevent tampering with and modification
of the ECU including the fality for updating using a manufacturer approved
programme or calibration;

For engine types and engine families that use mechanical devices as part of the
emission control system the information shall include a description of the
provisions takerio prevent tampering with and modification of the adjustable
parameters of the emission control system. This shall include the tamper
resistant components such as carburettor limiter caps or sealing of carburettor
screws or special screws not adjustalyleiger;

In order to place engines from different engine families into the same tamper
prevention engine family the manufacturer shall provide confirmation to the
Type Approval Authority that the measures used to prevent tampering are
similar.

A description of the physical connector required to receive the torque signal
from the engine ECU in case the contracting party requires to conduct in
service monitoring tests, in order to procure such a connector.

A description of overall qualibassurance management systems for conformity
of production in accordance to paragraph 8. of this Regulation;

A list of scheduled emissierelated maintenance requirements and the period
at which each should occur Inding any scheduled exchange of critical
emissionrelated components;

The completed information document as set out in paragraph 2 of this Annex;

Where the particulars appearing in the information document for an engine
approval have chrged, the manufacturer shall submit revised pages to the
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approval authority showing clearly the nature of the change(s) and the date of
re-issue;

1.14. All relevant data, drawings, photographs and other information as required in
the information document;

2. Information document
The information document shall have a reference number issued by the
applicant.

2.1 All information documents shall contain the following:

2.1.1. the general information set out in Part A of Appendli8;

2.1.2. the informdion set out in Part B of AppendiX.3, to identify the common
design parameters of all engine types within an engine family or applicable to
the engine type where not part of an engine family, intended for type approval;

2.1.3. the information set out iRart C of AppendiA.3 following the format of the
matrix set out in paragraph 2.1.3.1 to identify the items applicable to the parent
engine or engine type and the engine types within the engine family, if
applicable:

2.1.3.1. Engine type or engine fafgimatrix with example data

Parent Engine type_s Within the engind
ltem o engine/ family(if applicable)
Item Description .
Number engine | type | type | type | type
type 2 3 é n
3.1 Engine Identification
3.11 Engine type designation| AO01 | A02 | AO3 | A04 | AO5
3.2 Performance Parameter
321 Declalred rated speed(s) 2200 | 2200 | 2000 | 1800 | 1800
(rpm):
3.10 Miscellaneous devices:
Yes/No
3.10.1 | Exhaust gas recirculatio
(EGR)
3.10.1.1| Characteristics
(cooled/uncooled, high
pressure/lovwpressure,
etc.):
€ é é

2.13.2 Reserved

2.1.3.3. In the case of constant speed engines with multiple rated speeds an additional
set column(s) of data for each speed shall be recorded in paragraph 3.2
(Performance Parameters).

2.2. Explanatory notes on creation of information document:

2.2.1. Upon agreement of the approval authority, the information in paragraph 2.1.2

and 2.1.3 may be presented in an alternative format;
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2.2.2. Each engine type or the parent engine in the madtigt in paragraph 2.1.3.1
shall be identified in accordance with the engine family designation and engine
type designation set out in paragraph 2.3.

2.2.3. Only those paragraphs of this Annex relevant for the particular engine family,
engine types witin the engine family or engine type shall be listed; in any
case, the list shall adhere to the proposed numbering system,

2.2.4, Where several options separated by forward slash are given for an entry, the
unused options shall be struck out, or onlydked option(s) shall be shown;

2.2.5. When the same value for or description of a certain engine characteristic
applies for several or all members of an engine family the corresponding cells
may be merged.

2.2.6. Where a picture, diagram or detailed information is required, a reference to an
appendix may be given;

2.2.7. Where a 6typed of a component is requested
uniquely identify the component; this may be a list of characteristic
manufacturers' name and part or drawing number, a drawing, or a combination
of the aforementioned or other methods that achieves the same result.

2.3. Engine type designation and engine family designation

The manufacturer shall allocate to each entyipe and engine family a unique
alphanumeric code.

2.3.1. In the case of an engine type, the code is hamed engine type designation and
shall clearly and unequivocally identify those engines presenting a unique
combination of technical features for teatems set out in Part C of Appendix
A.3 to this Annex applicable to the engine type.

2.3.2. In the case of engine types within an engine family, the whole code is named
Family-Type or OFTO, and is composed of t wo s
named egine family designation and identifies the engine family; the second
section is the engine type designation of each particular engine type within the
engine family;

The engine family designation shall clearly and unequivocally identify those
engines pres#ing a uniqgue combination of technical features for those items
set out in Parts B and C of Append&3 to this Annex applicable to the
particular engine family.

The FT shall clearly and unequivocally identify those engines presenting a
unique combinatin of technical features for those items set out in Part C of
Appendix A.3 to this Annex applicable to the engine type within the engine
family.

2.3.2.1. The manufacturer may use the same engine family designation to identify the
same engine family undéwo or more engine categories.

2.3.2.2. The manufacturer shall not use the same engine family designation to identify
more than one engine family under the same engine category.

2.3.2.3. Display of the FT

In the FT, a space shall be left betweenahgine family designation and the
engine type designation, as shown in the example below:

0159AF[ space] 005456
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2.3.3. Number of characters
The number of characters shall not exceed the following:
(@) 15 for the engine family designation;
(b) 25 for the engine type designation;
(c) 40 for the FT.
2.34. Characters allowed

The engine type designation and engine family designation shall be made up
of Roman letters and/or Arabic numerals;

2.3.4.1. The use of brackets and hyphens is pernhitmovided they do not replace a
letter or a numeral.

2.3.4.2. The use of variable characters is permitted; variable characters shall be denoted
by a 6#6, where the variable character is

2.3.4.2.1. The reasons forging such variable characters shall be explained to the
technical service an@lype ApprovalAuthority.
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Declaration by the manufacturer on compliance withUN
Regulation No. 96, 05 series of amendments.

B LI ¥ Lo (=T 67T T = o o [
(full name and positon)] hereby declares that the following engine type/engine family (*)
complies in all respects with thequirements of UN RegulatioNo. 96, 05 series of
amendmentand does not use any defeat strategy.

All emission control strategies comply, where applicable, with the requirements for Base
Emission Control Strategy (BECS) and Auxiliary Emission Cor§tmtegy (AECS) satut

in paragraph 2 of Annex 9to Regulatior@band have been disclosed in accordance with
that Annex and with Annex 1 to Regulation@B.

1. Make (trade name(s) of ManufaCturer): .........cccoviiiieiiiiiie e e
2 Commercial name(s) (if applicable): ... e
3 Company name and address of manufacturer: ..........cccccccoviiiiiiieeenesccieeeeen
4, Name and address of manufacturer's authorised representative (if.any):............
5 Engine type designation/ engine family designation/ FT (*): .......ccoeeemeeiiiceennne

Identity(**) and signature of the person enpowered to draw up the declaration on behalf of
the manUfaCtUrer: ...

Explanatory notes to Appendixl to Annex 1

(Footnote markers, footnotes and explanatooges not to be stated on the manufacturer's
declaration)

(*) Strike out the unused options, or only show the used option(s).

(**) The identity of the person empowered by the manufacturer or his authorised
representative to sign this declaration mustikicated adjacent to his of her signature. The
identitiy of the person is understood as comprising his or her name and position.
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Annex 1- Appendix A.2

Confidential information on emission control strategy

A.2.1. This Appendix shall apply to electronically controlled engines, which use
electronic control to determine both the quantity and timing of injecting fuel.

A2.2. Additional information shall & presented to the technical service but not
annexed to the application for type approval. This information shall include all
the parameters modified by any auxiliary emission control strategy and the
boundary conditions under which this strategy operatesin particular:

(&) A description of the control logic, of timing strategies and switch points,
during all modes of operation for the fuel and other essential systems,
resulting in effective emission control (such as exhaust gas recirculation
(EGR) orreagent dosing);

(b) A justification for the use of any auxiliary emission control strategy
applied to the engine, accompanied by material and test data,
demonstrating the effect on exhaust emissions. This justification may
be based on test data, sowmdjineering analysis, or a combination of
both;

(c) A detailed description of algorithms or sensors (where applicable) used
for identifying, analysing, or diagnosing incorrect operation of the NO
control system;

(d) A detailed description of algorithsror sensors (where applicable) used
for identifying, analysing, or diagnosing incorrect operation of the
particulate control system.

A.2.3. The additional information required in paragraph A.2.2 shall be treated as
strictly confidential. It shall be rained by the manufacturer and made
available for inspection by the Type Approval Authority at the time of type
approval or upon request at any time during the validity of the type approval.
In this case, the Type Approval Authority shall treat this infdiomaas
confidential and shall not disclose it to other parties.
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Template for information document

1.1.
1.2.
1.3
1.4.
1.5.
1.6.
1.7.

1.8.

1.9.

1.10.
1.11.
1.12.
1.13.
1.14.

2.1
2.2,
2.3.
2.3.1.

PART A

GENERAL INFORMATION

Make (trade name(s) of manufacturer): .........cccoovviiiiiceeecceee e
Commercial name(s) (if applicable): ...,
Company name and address of manufacturer: ............ccooeevvvvveeeeneeeeeiinnns
Name and addresof manufacturer's authorised remstive (if any): ............
Name(s) and address(es) of assembly/manufacture plant(s).....................
Engine type designation/engine family designation/FT: .........cceeeeeeerrenee..

Category and subategory of the engine type/engine fahilMRE-v-1/NRE-
V-2/NRE-V-3/NREV-4/NREV-5/NREV-6/NREV-7/NRE-c-1/NRE-C-2
INRE-c-3/NRE-c-4/NRE-c-5/NRE-c-6/NRE-c-7/NRG-v-1/NRG-c-1/NRSh
v-1a/NRShv-1b/NRSvr-1a/NRSvr-1b/NRSvi-1a/NRSvi-1b/NRSv-2a
INRSV-2b/NRSV-3/SMB-v-1/ATSv-1

Emissions durability period category: Not Applicable/Cat 1 (Consumer
products)/Cat 2 (Sengrofessional products)/Cat 3 (Professional products)

Reserved

Reserved

Reference power is: rated net power/maximum net power
Primary NRSC test cycle: C1/C2/D2/G1/G2/G3/H
Transient test cycle: Not applicable/NRTC/LSRTC

Restrictions on use (if applicable):

PART B

COMMON DESIGN PARAMETERS OF ENGINE FAMILY?Y}

Combustion Cycle: four stroke cycle/two strokeleyrotary/other (specify) ....
Ignition Type: Compression ignition/spark ignition

Configuration of the cylinders

Position of the cylinders in the block: Single/\in
line/opposed/radial/other(SPecify): .......ooooiiiiiiiiie e

" Strike through what is natpplicable
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2.3.2. Bore centre to centre dimension (MM, ....ceeeeiieiicviiirieenre e e e e e sesvreeeee e

2.4, Combustion chamber type/design

2.4.1. Open chamber/divided chamber/other(specify)

24.2. Valve and porting configuration: ............ccooviieiiiiiiie s e

2.4.3. Number of valves per CYliNAer: ... s e

2.5, Range of swept volume per cylinder @m..........ccoovvvviiecmie i,

2.6. Main Cooling medium: Air/Weer/Oil

2.7. Method of air aspiration: naturally aspirated/pressure charged/pressure
charged with charge cooler

2.8. Fuel

2.8.1. Fuel Type: Diesel (nomoad gasoil)/Ethanol for dedicated compression

ignition  engines  (ED95)/Petrol  (E10)/ Ethanol (E8NH({ural
gas/Biomethane)/Liquid Petroleum Gas (LPG)

2.8.1.1. Sub Fuel type (Natural gas/Biomethane only): Universaldudligh calorific
fuel (H-gas) and low calorific fuel (gas)/Restricted fuél high calorific fuel
(H-gas)/Restricted fuél low calorific fuel (L-gas)/Fuel specific (LNG);

2.8.2. Fuelling arrangment: Liquidfuel only/Gaseou$uel only/Duatfuel type
1A/Dualfuel type 1B/Duaffuel type 2A/Dualfuel type 2B/Duaffuel type 3B
2.8.3. List of additional fuels, fuel mixtures or emulsions compatible with use by the

engine declared by the manufactuireraccordance with Appendi to this
Regulation (provide reference to recognised standard or specification):

2.8.4. Lubricant added to fuel: Yes/No

2.84.1. Specification;

2.8.4.2. Ratio Of fUBITO Oll: ..o e
2.8.5. Fuel supply type: Pump (high pressure) line and injectéie pump or

distributor pump/Unit injector/ Common rail/Carburettor)/port injector/direct
injector/Mixing unit/other(SPECIfY): ......uviiiiiiiie e

2.9. Engine management systems: mechanical/electronic control stritegy (

2.10. Miscellaneous devices: Yes/No (if yes provide a schematic diagram of the
location and order of the devices)

2.10.1. Exhaust gas recirculation (EGR): &¥8lo (if yes, complete section 3.10.1 and
provide a schematic diagram of the location and order of the devices)

2.10.2. Water injection: Yes/No (if yes, complete section 3.10.2 and provide a
schematic diagram of the location and order of the devices)

2.10.3. Air injection: Yes/No (if yes, complete section 3.10.3 and provide a schematic
diagram of the location and order of the devices)

2.10.4. Others: Yes/No (if yes specify, complete section 3.10.4 and provide a
schematic diagram of the location and ordef the devices):

2.11. Exhaust aftetreatment system: Yes/No (if yes provide a schematic diagram
of the location and order of tlievices)
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2.11.1.

2.11.2.

2.11.3.

2.11.4.

2.11.5.

2.11.5.1.

2.11.6.

2.11.6.1.

2.11.7.

2.11.8.

2.11.9.

Oxidation catalyst: Yes/No
(if yes, complete section 3.11.2)

De NOx system with selective reduction of NQaddition of reducing agent):
Yes/No

(if yes, complete section 3.11.3)

Other De NQ systems: Yes/No

(if yes, complete section 3.11.3)

Threeway catalyst combining oxidation and N@duction: Yes/No

(if yes, complete section 3.11.3)

Particulate aftetreatment system with passive regeneration:; Yes/No
(if yes, complete section 3.1}.4

Wall-flow/non-wall-flow

Particulate aftetreatment system with active regeneration: Yes/No
(if yes, complete section 3.11.4)

Wall-flow/nonwall-flow

Other particulate aftereatment systems: Yes/No

(if yes, complete section 3.11.4)

Other aftertreatment devices (SPECIfY): .....ooviririieiiiiiiicmeeeen e
(if yes, complete section 3.11.5)

Other devices or features that have a strong influencemissions Yes/No

(SPECITY ) e ————————————————————

(if yes, complete section 3.11.7)
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PART C
Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Descriotion engine/ | (if applicable) included in document)
P engine
type type2 | type3 |t yp g typen

3.1. Engine Identification
3.1.1. Engine type designation

Engine type designation shown on engine
3.1.2. marking:yes/no
3.1.3. Location of the statutory marking:
3.1.4. Method of attachment of the statutory marking

Drawings of the location of the engine
3.1.5. identification number (complete example with

dimensions):
3.2. Performance Parameters
3.2.1. Declared rated speed(s) (rpm):

Fuel delivery/stroke (m#) for diesel engine,
3.2.1.1. fuel flow (g/h) for other engines, at rated net

power:
3.2.1.2. Declared rated net power (kW):

) If different from

3.2.2. Maximum powerspeed(rpm): rated speed
Fuel delivery/stroke (m#) for diesel engine,

3.2.2.1. fuel flow (g/h) for other engines, at maximum
net power:

. If different from
3.2.2.2. Maximum net power (kW): rated speed
3.2.3. Declaredmaximum torque speed (rpm): If applicable

Fuel delivery/stroke (m#) for diesel engine,
3.2.3.1. fuel flow (g/h) for other engines, at maximum

torque speed:
3232 Declared maximum torque (Nm): If applicable
3.2.4. Declared 100 % tespeed: If applicable
3.25. Declared Intermediate test speed: If applicable
3.2.6. Idle speed (rpm) If applicable
3.2.7. Maximum no load speed (rpm): If applicable
3.2.8 Declared minimum torque (Nm) If applicable

. Optional at choice of

3.3. Run-in procedure manufacturer
3.3.1. Rurtin time:
3.3.2. Rurtin cycle:
3.4. Engine test
3.4.1. Specific fixture required: Yes/No For NRSh only

Description, including photographs and/or

drawings, ofthe system for mounting the engir
3411 on the test bench including the power

transmission shaft for connection to the

dynamometer:
342 Exhaust mixing chamber permitted by For NRSh only

e manufacturer: Yes/No

3491 Exhaust mixing chambetescription, If applicable

photograph and/or drawing:
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Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Description 223:22/ (if applicable) included in document)
type type2 | type3 |t yp g typen
Manufacturers chosen NRSC: RMC/Discrete
3.4.3. mode
3.4.4. Reserved
Number of preconditioning cycles prior to If gpplicable,
3.45. transient test minimum 1.0
Preconditioning for RMC NRSC: Steaebtate
3.4.6. operation/RMC
3461 In case pf RMC, number of peonditioning Minimum 0.5
D RMC prior to RMC NRSC test
3.5. Lubrication system
3.5.1. Lubricant temperature If applicable
3.5.1.1. Minimum (xC):
3.5.1.2. Maximum &C):
3.6. Combustion Cylinder
3.6.1. Bore(mm):
3.6.2. Stroke(mm):
3.6.3. Number of cylinders:
3.6.4. Engine total swept volume (én
365 Swgpt volume per cylinder as % mdrent If engine family
Rk engine:
3.6.6. Volumetric compression ratio: Specifytolerance
3.6.7. Combustion system description:
Drawings of combustion chamber and piston
3.6.8. crown:
Minimum cross sectional area of inlet amuatlet
3.6.9. .
ports (mnd):
3.6.10. Valve timing
Maximum lift and angles of opening and
3.6.10.1. closing in relation to dead centre or equivalen
data:
3.6.10.2. Reference and/or setting range:
If applicable and
3.6.10.3. Variable valve timing systen¥es/No where intake and/or
exhaust
3.6.10.3.1. | Type: continuous/(on/off)
3.6.10.3.2. | Cam phase shift angle:
. ) . 2-strokeonly, if
3.6.11. Porting configuration applicable
3.6.11.1. Positon, size and number:
; Complete relevant
3.7. Cooling system cection
3.7.1. Liquid cooling
3.7.1.1. Nature of liquid:
3.7.1.2. Circulating pumps: Yes/No
3.7.1.2.1. | type(s):
3.7.1.2.2. Drive ratio(s): If applicable
3.7.1.3. Minimum coolanttemperature at outlexC):
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Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Description 223:22/ (if applicable) included in document)
type type2 | type3 |t yp g typen
3.7.1.4. Maximum coolant temperature at outlgEy:
3.7.2. Air cooling
3.7.2.1. fan: Yes/No
3.7.2.1.1. | type(s):
3.7.2.1.2. | Drive ratio(s): If applicable
3.7.2.2. Maximum temperature agference pointC):
3.7.2.2.1. Reference point location
3.8. Aspiration
Maximum allowable intake depression at 100}
3.8.1. engine speed and at 100% load (kPa)
3.8.1.1. With clean air cleaner:
3.8.1.2. With dirty air cleaner:
3.8.1.3. Location, of measurement:
3.8.2. Pressure charger(s): Yes/No
3.8.2.1. Type(s):
Description and schematic diagram of the
3.8.2.2. system (e.g. maximum charge presswaste
gate, VGT, Twin turbo, etc.):
3.8.3. Charge air cooler: Yes/No
3.8.3.1. Type: airair/air-water/other(specify)
Maximum charge air cooler outlet temperaturt
3.8.3.2. at 100% speed and 100% loag);
Maximum allowable pressure drop across
3.8.3.3. charge cooler &00% engine speed and at
100% load (kPa):
3.8.4. Intake throttle valve: Yes/No
3.8.5. Device for recycling crankcase gases: Yes/Nc
3.85.1. If yes, description and drawings:
If no, compliance with paragraph 5.7. of this
3.8.5.2. Regulation: Yes/No
2-stroke, NRS and
3.8.6. Inlet path NRSh only
Description of inlet path, (with drawings,
3.86.1. photographs and/or part numbers):
s 2-stroke, NRS and
3.8.7. Air filter NRSh only
3.8.7.1. Type:
L 2-stroke, NRS and
3.8.8. Intake airsilencer NRSh only
3.8.8.1. Type:
3.9. Exhaust system
Desc_ription of the exhaust system (with 2 stroke NRS and
3.9.1. drawings, photos and/or part numbers as NRShonly
required):
3.9.2. Maximum exhaust temperatu@eC):
Maximum permissible exhaust backpressure
3.9.3. 100% engine speed and at 100% load (kPa):
3.9.3.1. Location of measurement:
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Parent E_ngine_types within the engine family Explanatgry notes (not
ltem Number | Item Description 223:22/ (if applicable) included in document)
type type2 | type3 |t yp g typen
Exhaust backpressure at loading level specifi
3.94. by manufacturefor variable restriction after
treatment at start of test (kPa):
3.94.1. Location and speed/load conditions:
3.9.5. Exhaust throttle valve: Yes/No
3.10. Miscellaneous devices: Yes/No
3.10.1. Exhaust gas recirculation (EGR)
Characteristics: cooled/uncooled, high
3.10.1.1. pressure/low pressure/other (specify).
3.10.2. Water injection
3.10.2.1. Operation principle:
3.10.3. Air injection
3.10.3.1. Operation principle
3.10.4. Others
3.10.4.1. Type(s)
3.11. Exhaust after-treatment system
3.11.1. Location
Place(s) and maximum/minimum distance(s)
3.11.1.1. from engine to first aftetreatment device:
Maximum temperature drop from exhaust or
3.11.1.2. turbineoutlet to first aftettreatment devicexC)
if stated:
3.11.1.2.1. | Test conditions for measurement:
Minimum temperature at inlet to first after
3.11.13. treatment devicej C) if stated:
3.11.1.3.1. | Test conditions for measurement:
3.11.2. Oxidation catalyst
3.11.2.1. Number of catalytic converters and elements:
311.2.2. Ecl)r:\tla:r?éc;?ss):and volume of the catalytic Or drawing
3.11.2.3. Total charge of precious metals (g):
3.11.2.4. Relativeconcentration of each compound (%)
3.11.2.5. Substrate (structure and material):
3.11.2.6. Cell density:
3.11.2.7. Type of casing for the catalytic converter(s):
Catalytic exhaust aftdreatment system for
3.11.3. NOx or three way catalyst
3.11.3.1. Type:
3.11.3.2. Number of catalytic converters and elements:
3.11.3.3. Type ofcatalyticaction:
311.3.4. CD(l)r:\(/egsle??ss):and volume of the catalytic Or drawing
3.11.3.5. Total charge of precious metals (g):
3.11.3.6. Relative concentration of each compound (%]
3.11.3.7. Substrate (structure and material):
3.11.3.8. Cell density:
3.11.3.9. Type of casing for the catalytic converter(s):
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Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Description 223:22/ (if applicable) included in document)
type type2 | type3 |t yp g typen
3.11.3.10. Method of regeneration: If applicable
. If yes, complete
3.11.3.10.1. | Infrequent regeneration: Yes/No: section 3.11.6.
3.11.3.11. Normal operating temperature rang€)
3.11.3.12. Consumable reagent: Yes/No
Type and concentration of reagent needed fo
3.11.3.12.1. catalytic action:
Lowest concentration of the active ingredient
3.11.3.12.2. | present in the reagent that does not activate
warning system (CR) (%vol):
Normal operational temperature range of
3.11.3.12.3. reagent:
3.11.3.12.4. | International standard: If applicable
3.11.3.13. NOx sensor(s): Yes/No
3.11.3.13.1. | Type:
3.11.3.13.2. | Location(s)
3.11.3.14. Oxygen sensor(s): Yes/No
3.11.3.14.1. | Type:
3.11.3.14.2. | Location(s):
3.11.4. Particulate aftetreatment system
Type of filtration: waltflow/ non-wall-
3.11.4.1. flow/other (specify)
3.11.4.2. Type:
Dimensions and capacity of tparticulate Or drawin
3.11.4.3. aftertreatment system: 9
Location place(s) and maximum and minimun
3.11.4.4. distance(s) from engine:
Method or system of regeneration, descriptiof
3.11.4.5. and/or drawing:
. If yes, complete
3.11.4.5.1. | Infrequent regeneratiory:es/No section 3.11.6.
Minimum exhaust gas temperature for initiatir]
3.11.4.5.2. regeneration procedurgQ):
3.11.4.6. Catalytic coating: Yes/No
3.11.4.6.1. | Type of catalytic action:
3.11.4.7. Fuel bornecatalyst (FBC): Yes/No
3.11.4.8. Normal operating temperature rang€)
3.11.4.9. Normal operating pressure range (kPa)
3.11.4.10. Storage capacity soot/ash (g):
3.11.4.11. Oxygen sensor(s): Yes/No
3.11.4.11.1. | Type:
3.11.4.11.2. | Location(s):
3.11.5. Other afteftreatment devices
3.11.5.1. Description and operation:
3.11.6. Infrequent Regeneration
3.11.6.1. Number of cycles with regeneration
3.11.6.2. Number of cycles without regeneration
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Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Description 223:22/ (if applicable) included in document)
type type2 | type3 |t yp g typen
3.11.7. Other devices or features
3.11.7.1. Type(s)
Fuel feed for liquid-fuelled CI or, where
3.12. applicable, duatfuel engines
3.12.1. Feed pump
3.12.1.1. Pressure (kPa) @haracteristic diagram:
3.12.2. Injection system
3.12.2.1. Pump
3.12.2.1.1. | Type(s):
3.12.2.1.2. | Rated pump speed (rpm):
mm? per stroke or cycle at full injection at rate Specify tolerance
312.2.13. | hymp speed: pecify
3.12.2.1.4. | Torque peak pump speed (rpm):
mm? per stroke or cycle at full injection at Specifvtolerance
3.12.2.15. torque peak pump speed peciy
As alternative to
3.12.2.1.6. | Characteristic diagram: entries 3.12.2.1.1. to
3.12.2.1.5.
3.12.2.1.7. | Method used: on engine/on pump bench
3.12.2.2. Injection timing
o . Specify tolerance, if
3.12.2.2.1. | Injection timing curve: applicable
3.12.2.2.2. | Static Timing: Specify tolerance
3.12.2.3. Injection piping
3.12.2.3.1. | Length(s) (mm):
3.12.2.3.2. | Internal diameter (mm):
3.12.2.4. Common rail: Yes/No
3.12.2.4.1. | Type:
3.12.3. Injector(s)
3.12.3.1. Type(s):
3.12.3.2. Opening pressure (kPa): Specify tolerance
3.12.4. ECU: Yes/No
3.12.4.1. Type(s):
3.12.4.2. Software calibration number(s):
Communication standard(s) for access to dati
stream information: 1ISO 27145 with ISO
3.12.43. | 157654 (CAN-based)/ISO 27145 with ISO
13400(TCP/IRbased)/SAE J193%3
3.12.5. Governor
3.12.5.1. Type(s):
. ) Specify range, if
3.12.5.2. Speed at which ctdff starts under full load: applicable
. Specify range, if
3.12.5.3. Maximum neload speed: applicable
Specify range, if
3.12.5.4. Idle speedrpm). applicable
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Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Descriotion engine/ | (if applicable) included in document)
P engine
type type2 | type3 |t yp g typen
3.12.6. Cold-start system: Yes/No
3.12.6.1. Type(s):
3.12.6.2. Description:
Fuel temperature at the inlet to the fuel injecti
3.12.7. pump
3.12.7.1. Minimum (xC):
3.12.7.2. Maximum &C):
3.13. Fuel feed for liquid fuel spark ignition engine
3.13.1. Carburettor
3.13.1.1. Type(s):
3.13.2. Port fuel injection:
3.13.2.1. single-point / multi-point
3.13.2.2. Type(s):
3.13.3. Direct injection:
3.13.3.1. Type(s):
Fuel temperature at location specified by
3.13.4. manufacturer
3.13.4.1. Location:
3.13.4.2. Minimum (xC)
3.13.4.3. Maximum &C)
Fuel feed for gaseous fuel engines or where
applicable, duatfuel engines (in the case of
3.14. systems laid out in a different manner,
supply equivalent information)
Fuel: LPG /INGH/NG-L /ING-HL/LNG/Fuel
3.14.1. specific LNG
3.14.2. Pressure regulator(s)/vaporiser (s)
3.14.2.1. Type(s)
3.14.2.2. Number of pressure reduction stages
Pressure in final stage minimum and maximy
3.14.2.3. (kPa)
3.14.2 4. Number of main adjustment points:
3.14.2.5. Number of idle adjustment points:
Fuelling system: mixing unit/gas
3.14.3. injection/liquid injection/direct injection
3.14.3.1. Mixture strength regulation
System description and/or diagram and
3.14.3.1.1. drawings:
3.14.4. Mixing unit
3.14.4.1. Number:
3.14.4.2. Type(s):
3.14.4.3. Location:
3.14.4.4. Adjustment possibilities:
3.14.5. Inlet manifold injection
3.14.5.1. Injection: singlepoint/multi-point
Injection: continuous/simultaneously timed/
3.14.5.2.

sequentially timed
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Parent | Enginetypes within the engine family Explanatory notes (not
ltem Number | Item Description eng!ne/ (if applicable) included in document)
engine
type type2 | type3 |t yp g typen
3.14.5.3. Injection equipment
3.14.5.3.1. | Type(s):
3.14.5.3.2. | Adjustment possibilities:
3.14.5.4. Supply pump If applicable
3.14.5.4.1. | Type(s):
3.14.5.5. Injector(s)
3.14.5.5.1. | Type(s):
3.14.6. Direct injection
3.14.6.1. Injection pump/pressure regulator
3.14.6.1.1. | Type(s):
3.14.6.1.2. | Injection timing (specify):
3.14.6.2. Injector(s)
3.14.6.2.1. | Type(s):
3.14.6.2.2. | Opening pressure or characteristic diagram :
3.14.7. Electronic Control Unit (ECU)
3.14.7.1. Type(s):
3.14.7.2. Adjustment possibilities:
3.14.7.3. Software calibration number(s):
Approvals of engines for several fuel
3.14.8. compositions
3.14.8.1. Selfadaptive feature: Yes/No
Calibration for a specific gas composition: NG
3.14.8.2. | NG-LING-HL/ LNG/Fuel specific LNG
Transformation for a specific gaemposition:
3.1483. | NG-HT/NG-LT/NG-HLT
3.14.9. Fuel temperature pressure regulator final stag
3.14.9.1. Minimum ((xC):
3.14.9.2. Maximum (§C):
3.15. Ignition system
3.15.1. Ignition coil(s)
3.15.1.1. Type(s):
3.15.1.2. Number:
3.15.2. Spark plug(s)
3.15.2.1. Type(s):
3.15.2.2. Gap setting:
3.15.3. Magneto
3.15.3.1. Type(s):
3.15.4. Ignition timing control: Yes/No
Static advance with respect to top deadtre
3.15.4.1. (crank angle degrees):
3.15.4.2. Advance curve or map: If applicable
3.15.4.3. Electronic control: Yes/No
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Explanatory notes to Appendix 3:

(Footnote markers, footnotes and explanatory notes not to be stated on the information document)
(Whenever options are offered please strikeout or do not mention those not applicable)

In the case of combined catalyst and particulate filter both persieetibns shall be filled.

@ As defined in paragraphof this Regulation.

@ Refer to paragraph 2.4.13 in Annex 10 (engine family definition).
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Communication
(Maximum format: A4 (210 x 297 mm) issued by : Name of administration:
Concerning’ Approval granted

78

Approval extended

Approval refused

Approval withdrawn

Production definitively discontinued

of an engine type or engine family with regard to gaseous and particulate pollutant emissions
pursuant tdJN Regulation No. 96, 05 series of amendments.

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.
1.8.

SECTION |
Make (trade name(s) of ManUfaCLUIEr): .........oovviviiiiiiiiiiiiieiieiee e s e
Commerciainame(s) (if applicable): ...
Company name and address of manufacturer: ...........cccceeeeeeiiii s eeeeeeeeeeee e,
Name and address of manufactureatharised representative (if any)...................
Name(s) and address(es) of assembly/manufacture plant(s): .........cccccccuvnvnnnn.
Engine type designatidengine family designation/ET ........c..cccoceveeeeieeecenecvee
Category and subategory othe engine type/engine famil§® ............cccccoveevveeene.
Emissions durability period category: Not Applicable/Cat 1/Cat 2/Cat 3

SECTION I
Technical service responsildfter carrying out the test(S): ..........uvveeicemem e
Date(s) Of the teSt FEPOIT(S): «.oviie it mmmmmeeeee e e e e
Number(s) of the teSt rePOrt(S): . .cceeiiii i ieeeemee et
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SECTION 1l

The undersigned hereby certifies the accuracy of the manufacturer's description in the
attached information documentthie engine type/engine familgescribed above, for

which ore or more representative samples, selected by the approval authority, have been
submitted as prototypes and that the attached test results afipdyetogine type/engine
family?.

1. The engine type/engine familyjneds/does not meethe requirements iid down in
UN Regulation 96, 05 series of amendments.

2. The approval is grited/extended/refused/withdraivn

[ = To7 <
D= | (= S PP

NAME AN SIGNALUIE: ...eiiii e et e e e e e s s s e e e ee e e s e s s ane e et smmm—— 112
Attachments:

Information folder

Test report(s)

All other documents added by the technical services or by the Type Approval Authority
to the information folder in the course of carrying out their functions.

ADDENDUM

Y o] o1 (01721 10 4] 1= PP
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PART A 8 CHARACTERISTICS OF THE ENGINE TYPE/ENGINE FAMILY ( 2

2. Common design parameters oéthngine type/engine famity

21. Combustion Cycle: four stroke cycle/two stroke cycle/rotary/other:
................................................................................................ (descrilre)

2.2, Ignition Type: Compressn ignition/spark ignitior?

2.3.1. Position of the cylinders in the block: iW/line/radial/other(describé)

2.6 Main Cooling medium: Air/Water/Oit

2.7. Method of air aspiration: naturally aspirated/pressure charged/pressure
charged with carge coolef

2.8.1. Fuel Type(s): Diese(nonroad gasoil)/Ethanol for dedicated compression

ignition  engines  (ED95)/Petrol  (E10)/ Ethanol (E85)/(Natural
gas/Biomethae)/Liquid Petroleum Gas (LP@®)

2.8.1.1. Sub Fuel type (Natural gas/Biomethane only): Universaldudligh calorific
fuel (H-gas) and low calorific fuel (kgas)/Restricted fuél high calorific fuel
(H-gas)/Restricted fuél low calorific fuel (L-gas)/Fuel specific (LNG);

2.8.2. Fuelling arrangement: Liquitlel only/Gaseouuel only/Duatfuel type
1A/Dualfuel type 1B/Dualfuel type 2A/Dualfuel type 2B/Dualfuel type
3B?

2.8.3. List of additional fuels compatible with use by the engine declared by the

manufacturer in accordance with paragraph A.3.1.2.3. of Annex 3 to paragraph
5 of this Regulation (provide reference tocagnised standard or

SPECIfiCAtioN): ...eeviiiiiiii
2.8.4. Lubricant added to fuel: Yes/No
2.8.5. Fuel supply type: Pump (high pressure) line and injectdine pump or

distributor pump/Unit injectorCommon rail/Carburettor)/port injector/direct
injector/Mixing unit/other(specify¥

2.9. Engine management systems: mectalfétectronic control strategy

2.10. Miscellaneous devices: Yes/No

2.10.1. Exhaust gs recirculation (EGR): Yes/No

2.10.2. Water injection: Yes/Né

2.10.3. Air injection: Yes/No?

2.10.4. Others (SPECITY): .eoiiiiiiiiie e et

2.11. Exhaustaftertreatment system: Yes/No

2.111. Oxidation catyyst: Yes/No?

2.11.2. De NOx system with selective reduction of NQaddiion of reducing agent):
Yes/No?

2.11.3. Other De NQ systems: Yes/Né

2.11.4. Threeway catalyst combining oxidian and NOx reduction: Yes/No

2.11.5. Particulate aftetreagment system wit passive regeneration: Yes/Rlo

2.11.6. Particulate aftetreatment system with active regeneration: Yes/No
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2.11.7. Other particulate aftereatment systems: Yes/No
2.11.8. Threeway catalyst combining oxidation and N@duction: Yes/NG
2.11.9. Other aftertreatment devices (SPECIfY): ....ovuviiviiiieiiii e
2.11.10. Other devices or features that have a strong influence on emissions (specify):
3. Essential characteristics of the engine type(s)
item Number| Item Description Parer.1t Engine I:Tngingtypes within the famil
/ Engine type | (if applicable)
3.1.1. Engine Type Designation:
3.1.2. Engine type designation shown on
engine mark: Yes/No
3.1.3. Location of the manufacturer's
statutory marking:
3.2.1. Declared rated speed (rpm):
3.2.1.2. Declared rated net Power (kW):
3.2.2. Maximum power speed (rpm):
3.2.2.2. Maximum net power (kW):
3.2.3. Declared maximum torque speed
(rpm):
3.2.3.2. Declared maximum torque (Nm):
3.6.3. Number of Cylinders:
3.6.4. Engine total swept volume (&n
3.8.5. Devicefor recycling crankcase gase
Yes/NG
3.11.3.12. | Consumable reagent: Yes/No
3.11.3.12.1.| Type and concentration of reagent
needed for catalytic action:
3.11.3.13. | NOx sensor(s): Yes/No
3.11.3.14. | Oxygen sensor: Yes/No
3.11.4.7. Fuel borne catalyst (FBC): Yes/Ro

Particular conditions to be respected in the installation of the engine enoadmobile machinery
or category T vehicle:

Maximum allowable intake
depression at 100% engine speed a

38.11. at 100%load (kPa) with clean air
cleaner:
Maximum charge air cooler outlet
3.8.3.2. temperature at00% speed and 1009

load (C):
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Parent Engine

Engine types within the famil

Item Number| Item Description ) ) )
/ Engine type | (if applicable)
Maximum allowable pressure drop
3833 across charge cooler at 100% engin
R speed and at 100% load (kRi&)
applicable):
Maximum permissible exhaust gas
3.9.3. backpressure at 100% engine spee
and at 100% load (kPa):
3.9.3.1. Location of measurement:
Maximum temperature drop from
311.1.2 exhaust system or turbine outlet to
A first exhaust aftertreatmensystem
(°C) if stated:
3.11.1.2.1. | Test conditions for measurement:
PART Bi TEST RESULTS
3.8. Manufacturer intends to use ECU torque signal fesdrvice monitoring:
Yes/NG
3.8.1. Dynamometer torque greater than ouacfo 0.93x ECU torqueres/NG
3.8.2. ECU torque correction factor in case that dynamometer torque less than 0.93x
ECU torque:
111 Cycle emissions results
Emissi Cco HC NOx HC+ NO PM PN Test
mIssions (@kwh) | (g/kwh) | (g/kwh) (@/kWh) | (g/kwh) |  #KkWh Cyclé

NRSC final result with

DF.

NRTC Final test result

with DF
11.2 CO; result:
11.3. Reference values in case the contracting party requires to conekenvice
monitoring tests
11.3.1. NRTC reference work (kWh):
11.3.2. NRTC reference CO2 (g):
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Explanatory notes tBnnex 2

(Footnote markers, footnotes and explanatory notes not to be stated on thppxmeal
certificate)

L The distinguish numbers of the Contracting Parties to the 1958 Agreement are

reproduced in Annex 3 to the Consolidated Resolution o tmstruction of
Vehicles (R.E.3), dcument ECE/TRANS/WP.29/78/Rev.6 -
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html

Strike out the unused optis, or only show the used option(s).

Indicate the applicable option for the category andaatbgory in accordance
with entry 1.7. of the information document set out in Part A of AppeAdx
to Annex 1.

Indicate the used test cycle as prescribefigpendix A.6to Annex 4 to this
Regulation.
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Test Report

A.l.1.

A.1.2.

Al.2.1.
Al1.2.2.

A.l1.2.3.

A.l.2.4.

A.1.2.5.

A.1.2.6.

A.l1l3

General requirements

One test report shall be completed for each tests required for thagppaval.

Each additional (e.g. a second speed on a constant speed engine) or
supplementary test (e.g. another fuel is tested) will require an additional or
suppementary test report.

Explanatory notes on creation of a test report
A test report shall contain at least the information set out in paragraph A.1.3.

Notwithstanding paragraph A.1.2.1, only those sections orseations
relevant for the particular test and for the particular engine family, engine types
within the engine family or engine type tested need to be stated in the test report
(e.g. if a NRTC is not run this section may be omitted);

The test report may ctain more information than that requested in paragraph
A.1.2.1 but in any case, shall adhere to the proposed numbering system;

Where several options separated by forward slash are given for an entry, the
unused options shall be struck out, olydhe used option(s) shall be shown;

Where a 6typed of a component is requested
uniquely identify the component; this may be a list of characteristic, a

manufacturers' name and part or drawing number, a draairrgsombination

of the aforementioned or other methods that achieves the same result.

The test report may be delivered on paper on in an electronic format agreed
between the manufacturer, technical service and Type Approval Authority.

Template for the test report
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1.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.
1.8.
1.9.
1.10.
1.10.1.

2.1,
2.2,
2.3.

3.1.
3.2.
3.3.

3.4.

3.5.

3.6.

3.7.

TEST REPORT FOR NON-ROAD ENGINES

General Information

Make(s) (trade name(s) of manufacturer): ......ccccccovviciiiieeee e rer e

Commercial name(s) (if applicable): ........oooo e,

Company name and address of manufacturer; ............ccccoeveciivveeeeeeeeninns
Name of technical SErVICE: ........ccuviviiiiiiiie e
Address of technical SErVICE: ........coouviiiiiiiiie e
(o To= o] g 0] 1 (=2] oo PRSP
DAtE OftEST: ...ttt
=S O (] oo T 10 1] = PR
Information documenteference number (if available): ........................ce.
Test report type Primary test/additional test/supplementary test
Description of the purpose of the test: ...........viiiiicccce e
General engine information (test engine)

Engine type designation/engine family designation/FT: .ccccee.vvvvvveininnien.
Engine identification number: ................cc e,

Engine Category and subcategonNRE-v-1/NREV-2/NREV-3/NRE-v-
4/NRE-V-5/NREV-6/NREV-7/NRECc-1/NRE-c-2/NRE-C-3/NRE-c-4/NRE-
¢-5/NRE-c-6/NRE-c-7/NRGV-1/NRG-c-1/NRShv-1a/NRShv-1b/NRSvr-
la/ NRSvr-1b/ NRSvi-1a/NRSvi-1b/NRSv-2a/NRSv-2b/NRSvV-3/SMB-
v-1/ATSv-1

Documentation and information Check list (primary test only)

Engine mapping documentation reference: ...............vvveeeeemeemmreceeeieeeeeieenn,

Infrequent regeneration factors determination documentation reference, where
APPLICADIE: ..o ———————————

NOx control diagnostic e@monstration documentation reference, where
APPLICADIE: ..o e ———————aaaees

Particulate control diagnostic demonstration documentation reference, where

applicable:

For engine types and engine families that use an ECU as part of the emission
control system amfiampering declaration documentation reference:

For engine types and engine families that use mechanical devices as part of the
emission control system antampering and adjustable parameters declaration
and demonstration documentation reference: .........cccooveeeeeevie e esieee e

Strike out whais not applicable
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3.8.

3.8.1.
3.8.2.

4.1.

4.1.1.
4.1.2.
4.1.3.
4.1.4.
4.1.5.
4.1.6.
4.2

4.2.1.
4.2.2.
4.2.3.
4.2.4.
4.2.5.
4.3.

4.3.1.
4.3.2.
4.3.3.
4.3.4.
4.4,

4.4.1.
4.4.2.
4.4.3.

4.43.1.
4.4.3.2.

4.4.4,

44.4.1.
4442,
4.4.43.

Manufacturer intends to use ECU torque signal fesarvice monitoring
Yes/No

Dynamometertorqug r e at er t han EGUtoreuégYea/No t o 0, 93 A

ECU torque correction factor in case that dynamometer torque less thak 0,93
ECU torque: ..

Reference fuel(s) used for test (complete relevant subparagraph(s))

Liquid fuel for sparkignition engines

MBKE: ..t
LY/ LSO PPPPPPPTRPRPPPIN
Octane NUMDBDEr RON: ......ooiieee et
Octane NUMDBEr MON: .......viiiiiiieiie e e e
Ethanol CONteNt (90): .....coeiieeeeeeeeeeeee e erreees s e e e e e e e e e e e e e e e e e ae e e
Density at 15C (KG/MB): oeveeiiiiiiiiiiiis s s r e e e s e e e e e e e e e e e aaaeaaaaeaees

Liquid fuel for compressiotignition engines

YD e
(00 e (I 010 11 0] o 1=

FamMeE CONLENT ((20): .uveeeeeiiiiiie ettt meemme e et ee e
Density at 15C (KG/M3B): .ooiiiiiiiiiii e smmeeme e
Gaseous fued LPG

Y= 1 PSP PEEEPR
LI/
Reference fuel type: Fuel A/Fuel B

Octane NUMDBDEN MONE L....oiiiiiiiiiie e et
Gaseous fuelMethane/biomethane

Reference fuel type GR/G23/G25/G20

Source of reference gas: specific reference fuel/pipeline gas with admixture

For specific reference fuel

For pipeline gas with admixture
Admixture(s): Carbon dioxide/Ethane/Methane/Nitrogen/Propane

The value of $for the resulting fuel blend: ... ceeee e

" Strike out whais not applicable
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4.5,
4.5.1.

5.1.
5.2
5.3.
5.4.
54.1.

6.1.
6.1.1.

6.1.2.
6.2.
6.2.1.

6.3.

7.1,
7.1.1.

Table 1

Dualfuel engine (in addition to relevant sections above)

Gas energy ratio ONtESt CYCIE: ..oovieiiii i s e oo e e
Lubricant

Y= 1T ) PSSR
LI/ 0 1=1 (S S
SAE VISCOSILY: ..uuvttiiiiiiiieeeisiiiititirtreeeee e s s s ssetraeeeeeaee e s s s s mwmmmsmm e e e eeessesnnnsnnneees
Lubricant and fuel are mixédyes/no

Percentage of 0il IN MIXIUIE: ........cociiiiiriee e o
Engine Speed

O[O o T=T=To I (o1 1) AU

100 % speed determined*byeclared rated speed/Declared maximum test
speed (MTS)/Measured MTS

Adjusted MTS if applicable (Frpm): ..o
Intermediate SPEEU: .....ccoeie i

Intermediate speed determined :bpeclared intermediate speed/Measured
intermediate speed/60 % of 100 % speed/75 % of 100 % speed/85 % of 100 %
speed

[0TSR o ToT=T (o] 1 ) S
Engine Power
Engine driven equipment (if applicable)

Power absorbed at indicated engine speeds by necessary auxiliaries for engine
operation that cannot be fitted fihie test (as specified by the manufacturer) to
be stated in Table 1.

Power absorbed by engine auxiliaries

Auxiliary

type and Power absorbed by auxiliary (kW) at indicated engine speed (complete relevant col
identifying details

Inter- Max. 100%

Idle 63% 80% 91% .
mediate power

Total (Px,):

7.1.2.

Power absorbed at indicated engine speeds by auxiliaries linked with the
operation of the category T vehicle and woad mobile machinery that cannot

be removedor the test (as specified by the manufacturer) to be stated in
Table2:

Strike out whais not applicable
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Table 2
Power absorbed by norroad mobile machinery auxiliaries

Auxiliary type and| Power absorbed by auxiliary (kW) at indicated engine speed (complete retelamns)
identifying details nt Ny
Idle 63% 80% 91% wer o 100%
mediate power
Total (Pr):
7.2. Engine net power to be stated in Table 3:
Table 3

Engine net power

Engine net power (kW) at indicated engine speed (com
Condition relevant columns)

Intermediate Max. power 100 %

Reference power measured at specii
test speed )

Total auxiliary power from Table 1 (#

Total auxiliary power from Table 2 (fp

Engine net power

Pi=PnT Pt + P

8. Conditions at test

8.1. fawithin range 0.93 to 07": Yes/No

8.1.1. If fa is not within specified range state altitude of test facility and dry
atmaspheric pressure: ...

8.2. Applicable intake air temperature rafig0 to 30°C/i 5 to i 15 °C
(snowmobiles only)/ 20 to 3% (NRE greater than 560 kW only)

9. Information concerning the conduct of the NRSC test:

9.1. Cycle (mark cycle used with X) to be stated in Table 4:

Table 4

NRSC test cycle

Cycle C1 Cc2 D2 Gl G2 G3 H

Discrete mode

RMC N/A

" Strike out whais not applicable
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9.2, Dynamometer setting (kW) to be stated in Table 5:

Table 5
Dynamometer setting

% Load at point or % of rated
power (as applicable)

Dynamometer setting (kW) at indicated engine speed after adjustmen

auxiliary power {) (complete relevant columns)

Idle

63% 80% 91% Intermediate

100%

5%

10%

25%

50%

75%

100%

(H The dynamometer setting shall be determined using the procedure set out in paragraph 7
Annex 4 to this Regulation . The auxiliary power in that point shall be determined using th
values set out in Tables 1 and 2 of this Appendix.

9.3. NRSC Emissions results
9.3.1. Deterioration Factor (DF): calculated/assigned
9.3.2. DF values and the cycle weighted emissions results to be stated in Table 6:

Note: In the event that a discrete mode NRSC is run wheratbe K factors
have been established for individual modes then a table showing each mode

and the applied Kor K4 should replace the shown table
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Table 6
NRSC cycle DF values and weighted emissions results

Cco HC NOx HC+ NOx PM PN

DF
mult/add

CO HC NOx HC+ NOx PM PN

EmISSIons | qiwh) | (gkwh) | (gkwh) | (gkWh) | (g/kwWh) | #kwh

Test result
with/without
regeneration

Kru/Krd
mult/add

test result with
infrequent
regeneration
adjustment
factors
(IRAFs)

Final test
result with
DF

9.3.3. Cycle weighted C®(g/kwh):
9.3.4. Cycle average NE{ppm):
9.4. Additional control area test points (if applicable) to be stated in Table 7:

Table 7
Additional control area test points

Emissions at test | Engine Load HC+ NO PM PN
KWh) | HC (g/kWh) | NOx (g/kWh
point Speed (%) CO (g/kwh) | HC (g/kwWh) | NOc(@kWh) |~y (g/kwWh) #kWh

Test result 1

Test result 2

Test result 3

9.5. Sampling systems used for the NRSC test:
9.5.1. Gaseous emissions:
9.5.2. PM:

9.5.2.1. Method: single/multiplefilter

9.5.3. Particle number:

* Strike out whais not applicable
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10. Information concerning the conduct of the transient test (if applicable):
10.1. Cycle (mark cycle with X) to be stated in Table 8:
Table 8
Transient test cycle
NRTC
LSI-NRTC
10.2. Transient test deterioratidactors:
10.2.1. Deterioration Factor (DF): calculated/fixed
10.2.2. DF values and the emissions results to be stated in Table 9
10.3 NRTC emissiorresults:
Table 9
DF values and the emissions results for NRTC
co HC NO HC+ NOx PM PN
DF
mult/add
Emissions CcO HC NOx HC+ NOx PM PN
(9/kwh) | (g/kwh) (9/kWh) (g/kWh) (9/kWh) #/kWh
Cold start

Hot start test
result
with/without
regeneration

Weighted test
result

kru/krd
mult/add

Weighted test
result with IRAFs

Final test result

with DF
103.1. Hot cycle CQ (g/kWh):
10.3.2. Cycle average NEi(ppm):
10.3.3. Cycle work for hot start test (kwWh):
10.3.4. Cycle CQ for hot start test (g):
10.4 LSI-NRTC emission results
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Table 10
DF values and the emissions resulfser LSI-NRTC
co HC NOx HC+ NO PM PN
DF
mult/add
Emissions CcO HC NOx HC+ NOx PM PN
(9/kWh) | (g/kwh) | (g/kwWh) (9/kWh) (g/kWh) | #KWh
Test result
with/without
regeneration
keu/krd
mult/add
Test result
with IRAFs
Final test
result with
DF
10.4.1. Cycle CQ (g/kWh):
10.4.2. Cycle average NE(ppm):
10.4.3. Cycle work (kwWh):
10.4.4. Cycle CQ (9):
10.5. Sampling system used for the transient test
10.5.1. Gaseous emissions:
10.5.2. PM:
10.5.3. Particle number:
11. Final emissions results
11.1 Cycle emissions results to be stated in Table 11.
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Table 11
Final emissions results

co HC NOx HC+ NOx PM PN Test
(g/kWh) (g/kwh) (g/kwh) (g/kwh) (g/kWh) | #kwh | CycléV

Emissions

NRSC final test
result with
DF®,

Finaltransient
test result with

DF®
11.2 CO, resultf):
11.3. Reference values in case the contracting party requires to condacvice monitoring tests
11.3.1. NRTC reference work (KWh):
11.3.2. NRTC reference CO2 (F)

Explanatory noteto the test report template

(Footnote markers, footnotes and explanatory notes not to be stated on the test report)

Q) For NRSC note the cycle indicated in paragraph 9.1.; for transient test note
cycle indicated in paragraph 10.1.

® Copy the resultfrom table 6

® Copy the results from table 9 or 10, as applicable

* For an engine type or engine family that is tested on both the NRSC and a

transient cycle , indicate the hot cycle £#Missions values from the NRTC
noted in paragraph 10.2.3. or t6€), emissions values from the LSIRTC

noted in paragraph 10.3.3. For an engine only tested on an NRSC indicate the
CO; emissions values given in that cycle from paragraph 9.3.3

® Where engine is tested on NRTC record value from 10.3.3., otherwise leave
blank

® Where engine is tested on NRTC record value from 10.3.4., otherwise leave
blank
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Arrangements of approval marks

Model A
(See paragraph 4.3.3. of this Regulation)

NSRBI

2] ( E4)1s 96 R - 051857 EV6/D_J3

a=8 mm min

The above approval mark affixed to an engine shows that the engine type concerned
has been approved in the Netherlands (E 4) pursudjiitBegulation No. 96 ( at Stage V
level for subcategory NRE6 variable speed 130 to 560 kW, diesel fuelled) and under
approval number 051857. The first two digits of the approval number indicaté&hat
Regulation No. 96 was in its amended form (05 series of amendments) when the approval
was granted.

Model B
(See paragraph 4.4.3.4. of this Regulation)

SR=y i 96 | 051857 EC4/P
2
NS L 120| 011628 |3

w o

w o

NI NI

a=8 mm min

The above approval mark affixed to an engine shows that the engine type concerned
has been approved in the Netherlandgd)pursuant td&JN Regulations Nos. 96 (according
to the level corresponding MRE subcategory constant speed 56 to 130 kW, as indicated by
the code EC4 and fuelled with petrol (E10) as indicated by the JattedPL20. The first two
digits of the approval number indicatet, at the dates when the respective approvals were
granted UN Regulation No. 96 was in its amended forrh ¢@ries of amendments) and 120
in itsamended form (Dseries of amendments)
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Engine Category Identification Code for type approval mark

Table 1
Engine Categoryldentification Code for type approval mark

. . EDP Category Engine Category
Engine Category Engine Subcategory (where applicable) Identification Code
(column 1) (column 2) (column 3) (column 4)
NRE-v-1 EV1
NRE-v-2 EV2
NRE-v-3 EV3
NRE-v-4 EV4
NRE-v-5 EV5
NRE-v-6 EV6
NRE-v-7 EV7
NRE
NRE-c-1 EC1
NRE-c-2 EC2
NRE-c-3 EC3
NRE-c-4 EC4
NRE-c-5 EC5
NRE-c-6 EC6
NRE-c-7 EC7
NRGv-1 GVl
NRG
NRG-c-1 GC1
Catl SHAl1
NRShv-1a Cat 2 SHA2
Cat 3 SHA3
NRSh
Catl SHB1
NRShv-1b Cat 2 SHB2
Cat 3 SHB3
SMB SMB-v-1 SM1
ATS ATS-v-1 AT1
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Engine Category Engine Subcategory (Wigz ggﬁi?:(;rtg/le) |<;Eer;giifri]§aﬁgrt1€g?):jye
(column 1) (column 2) (column 3) (column 4)
Catl SRAl
NRSvr-1a Cat 2 SRA2
Cat 3 SRA3
Catl SRB1
NRSvr-1b Cat 2 SRB2
Cat 3 SRB3
Catl SYAl
NRSvi-1a Cat 2 SYA2
Cat 3 SYA3
Catl SYB1
NRS NRSvi-1b Cat 2 SYB2
Cat 3 SYB3
Catl SVAl
NRSv-2a Cat 2 SVA2
Cat 3 SVA3
Catl SVB1
NRSv-2b Cat2 SVB2
Cat 3 SVB3
Catl SV31
NRSv-3 Cat 2 Sv32
Cat 3 SV33
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Table 2

Fuelling type codes for approval marks

Engine Fuel type
(column 1)

Subtype, where applicable

Fuel Type Code

Diesel (norroad gas
oil) fuelled CI engine

Dedicated Ethanol
(ED95) fuelled CI
engine

Ethanol (E85) fuelled ¢
engine

Petrol (E10) fuelled S
engine

LPG fuelled Sl enging

Natural gas/biomethar

fuelled Sl engine

(column 2) (column 3)
D
ED
E85
P
Q
Engine approved and calibrated for theamge of H
gases
Engine approved and calibrated for theange of L
gases
Engine approved and calibrated for both f{ HL
H-range and trange of gases
Engine approved and calibrated for a specific
composition in the Hange of gases an
. . HT
transformable to anothespecific gas in the H
range of gases by fine tuning of the engine fuell
Engine approved and calibrated for a specific
composition in the kange of gases an
transformable to another specific gas in the LT
range of gases after fine tuning of tkagine
fuelling
Engine approved and calibrated for a specific
composition in either the 4fange or the trange
of gases and transformable to another specific HLT
in either the Hrange or the krange of gases b
fine tuning of the engine fuelling
Engine approved and calibrated for a spec
liquefied natural gas / liquefied biomethal
composition resulting in aa-shift factor not
differing by more than 3 percent theshift factor LN2
of the Go gas specified iPAppendix 4 to this
Regulation and the ethane content of which da
not exceed 1.5 percent
Engine approved and calibrated for any other (t
above) liquefied natural gas / liquefied biomethg LNG

composition.
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Engine Fuel type Subtype, where applicable Fuel Type Code
(column 1) (column 2) (column 3)
for duakfuel engines of Type 1A 1AHO)
for duakfuel engines of Type 1B 1B#"
Duakfuel engines for duakuel engines of Type 2A 2AH#"
for duatfuel engines of Type 2B 2B#")
for duatfuel engines of Type 3B 3B#)
*) Replace 6#6 with approved gas specil
Table 3

Dual-fuel Suffix

Approved Gas specification Dual-fuel Suffix

(column 2)
Dualfuel engine approved and calibrated for theadge of gases as gaseou 1
component of fuel
Duakfuel engine approved and calibrated for themhge of gases as gaseou 5
component of fuel
Duakfuel engine being and calibrated for both thedrdge and trange of 3

gases as gaseous component of fuel

Dualfuel engine approved and calibrated for a specific gas composition i
H-range of gases and transformable to another specific ¢fas irange of 4
gases by fine tuning of the engine fuelling as gaseous component of fuel

Dualfuel engine approved and calibrated for a specific gas composition i
L-range of gases and transformable to another specific gas irréimgé of 5
gases aér fine tuning of the engine fuelling as gaseous component of fue

Dualfuel engine approved and calibrated for a specific gas composition i
either the Hrange or the trange of gases and transformable to another
specific gas in either the-knge or e L-range of gases by fine tuning of th
engine fuelling as gaseous component of fuel

Duakfuel engine approved and calibrated for a specific liquefied natural g
liquefied biomethane composition resulting ie-ahift factor not differing by
more han 3 percent theshift factor of the @ gas specified ippendix 4 to 7
this Regulationand the ethane content of which does not exceed 1.5 perd
as gaseous component of fuel

Dualfuel engine approved and calibrated for any other (than atiquefied
natural gas / liquefied biomethane composition as gaseous component o

Dualfuel engine approved for operation on LPG as gaseous component
fuel
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Test procedure

1.

3.2.

Introduction

This Annex describes the method of determining emissions of gaseous and

particulate pollutants from the engirpelte tested and the specifications related

to the measurement equipment.

General overview

This Annex contains the technical provisions needed for conducting an
emissions test.

Definitions, symbols and abbreviations

Definitions

Seeparagraph 2.1. of this Regulation

General symbols

Symbol Unit Term

=N - y intercept of the regression line

a - Slope of the regression line

Up rad/¢ Derivative of the engine speed at the set poir

AlFs - Stoichiometric air to fuel ratio
c ppm, per cent Concentration (also ipmol/mol = ppm)
vol

D - Dilution factor

d m Diameter

E per cent  Conversion efficiency

e g/kWh Brake specific basis
€gas g/kWh Specific emission of gaseous components
epm g/kwh Specific emission of particulates

ew g/kWh Weighted specific emission

F F-test statistics

F - Frequency of the regeneration event in terms

fraction of tests during which the regeneratiol
occurs

fa - Laboratory atmospheric factor

ke - Multiplicative regeneration factor

kor - downward adjustment factor

Kur - upward adjustment factor

= - Excess air ratio

L - Per cent torque

Ma g/mol Molar mass of the intake air

1 Specific symbols are found in annexes.
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Symbol
Me
Mgas

Myas
Mpm

Nhi
Nio

Pmax

Paux

Pa
PF

Omaw
Omdw
Omdew
Omew
Omf
Qmp

SEE

t1o

tso

Unit
g/mol
g/mol

kg

min?

min'?

min?
kW
kw

kw

kPa
kPa
per cent
kals
kg/s
kals
kg/s
kals
kg/s

m3/s

kg/m3

kw

°C

N-m
N-m

Term

Molar mass of the exhaust

Molar mass of gaseous components

Mass

Mass of gaseousmissions over the test cycle
Mass of particulate emissions over the test ¢
Engine rotational speed

High engine speed

Low engine speed

Power

Maximum observed or declared power at the
test speednder the test conditions (specified
the manufacturer)

Declared total power absorbed by auxiliaries
fitted for the test

Pressure

Dry atmospheric pressure

Penetration fraction

Intake air mass flow rate omet basis

Dilution air mass flow rate on wet basis
Diluted exhaust gas mass flow rate on wet bz
Exhaust gas mass flow rate on wet basis
Fuel mass flow rate

Sample flow of exhaust gas into parfialw
dilution system
Volume flow rate

Response factor

Dilution ratio

Coefficient of determination
Density

Standard deviation
Dynamometer setting

Standard error of estimate ybn x
Temperature

Absolute temperature

Engine torque

Demanded torque with "sp" set point

Ratio between densities of gas component ai
exhaust gas

Time

Time interval

Time between step input and 10 per cent of f
reading
Time between step input and 50 per cent of f
reading
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Symbol Unit Term
too S Time between step input and 90 per cent of f
reading
\% m? Volume
w kWh Work
y Generic variable
y Arithmetic mean
3.3. Subscripts
abs Absolute quantity
act Actual quantity
air Air quantity
amb Ambient quantity
atm Atmospheric quantity
cor Corrected quantity
CFV Critical flow venturi
denorm DeNormalisedquantity
dry Dry quantity
exp Expected quantity
filter PM sample filter
i Instantaneous measurement (e.g. 1 Hz)
i An individual of a series
idle Condition at idle
in Quantity in
leak Leak quantity
max Maximum (peak) value
meas Measured quantity
min Minimum value
mix Molar mass of air
out Quantity out
PDP Positive displacement pump
ref Reference quantity
SSV Subsonic venturi
total Total quantity
uncor Uncorrected quantity
vac Vacuum quantity
weight Calibration weight
wet Wet quantity
3.4. Symbols and abbreviations for the chemical componémed also as a
subscript)

See paragraph 2.2.2. of this Regulation

3.5. Abbreviations

See paragraph 2.2.3. of this Regulation
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5.1.
51.1.
5.1.2.

General requirements

The engines to be tested shall meet the performance requirements set out in
paragraph 5 when testeddancordance with the test conditions of paragraph 6.
and the test procedure of paragraph 7.

Performance requirements

General requirements

Reserved

Emissions of gaseous and particulate pollutants
The pollutants are represented by:

(@) Oxides of nitrogen, NQ

(b)  Hydrocarbons, which are expressed as total hydrocarbons, HC (or
THC);

(c) Particulate matter, PM;
(d)  Particle number, PN.
(e) Carbon monoxide, CO.

The measured values of gaseous and particulate matter polerbatssted by

the engine refer to the brakpecific emissions in grams per kilowatiur
(g/kwh), while for particulate number the measured values refers to the brake
specific emissions in number of particles per kilowettir (#/kwh) Other
system of unig may be used with appropriate conversion.

The gaseous and patrticulate pollutants that shall be measured are those for
which limit values are applicable to the engine-sategory being tested as set
out in Appendix2 to this Regulation.

The resultgletermined as set out in paragraph 5.1 of this Regulation shall not
exceed the applicable limit values.

The CQ emission values shall be measured and reported for all engine sub
categories as required by paragraph 6.1.4. of this Regulation.

The mean emissh of ammonia (NB) shall additionally be measured, as
required in accordance with paragraph 3.4. of Annex 9, whek@yecontrol
measures that are part of the engine emission control system, include use of a
reagent and shall not exceed the values gdhdhat paragraph.

The emissions shall be determined on the duty cycles (s&tatty and/or
transient), as described in paragraphof this Annex.The measurement
systems shall meet tlealibration and performance checks set out in paragraph
8 of this Annex. with the measurement equipment described in paragrajph
this Annex.

Other systems or analysers may be approved by the Type Approval Authority
if it is found that they vyield equivalent results in accordance with
paragraptb.1.3 of this Annex.

2 Thenumbering of this annex is consistent with the numbering djt& TR No 11 However, some
sections of th&JN GTR No 1lare not needed in this annex.
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5.13.

5.2
5.2.1.

5.2.2.

5.2.3.

5.2.4.

5.2.5.
5251

5.2.5.1.1.

Equivalency

The determination of system equivalency shall be based on a-savgre
pair (or larger) correlation study between the system under consideration and
one of the systems of this annex.

"Results"refer to the specific cycle weighted emissoalue. The correlation
testing is to be performed at the same laboratory, test cell, and on the same
engine, and is preferred to be run concurrently. The equivalency of the sample
pair averages shall be determinedrstiest and-test statistics as deas#oed in

Annex 5, Appendix A.3. obtained under the laboratory test cell and the engine
conditions described above. Outliers shall be determined in accordance with
ISO 5725 and excluded from the database. The systems to be used for
correlation testing shalbbe subject to the approval by the Type Approval
Authority.

General requirements on the test cycles

The typeapproval test shall be conducted using the appropriateraamh
steady cycle (NRSC) and, where applicable,-raad transient cycle (NRC
or LSI-NRTC), specified in Appendix A.@o this Annex.

The technical specifications and characteristics of the NRSC cycles are set out
in Appendix A.6.. At the choice of the manufacturer, a NRSC ststatg test

may be run as a discreteode cycle or, where available, as a rampedial

cycle (RMC) as set oum paragraph 7.4.1..

The technical specifications and characteristics of the NRTC antNRSIC
cycles are set out in Appendix At8.this Annex.

The test cycles specified in paragraph 7.4. and in Appendix@\iiBis Annex
are designedround percentages of maximum torque or power and test speeds
that need to be determined for the correct performance of the test cycles:

(@) 100 per cent speed (maximum test speed (MTS) or rated speed)
(b) Intermediate speed(s) as specified in paragraph 5.2.5.4;
(c) Idle speed, as specified in paragraph 5.2.5.5..

The determination of the test speeds is set opaimagraptb.2.5., the use of
torque and power iparagraplb.2.6..

Test speeds
Maximum test speed (MTS)

The MTS shall be calculated in accordanwith paragraph5.2.5.1.1. or
paragraptv.2.5.1.3..

Calculation of MTS

In order to calculate the MTS the transient mapping procedure shall be
performed in accordance with paragraph 7.4.. The MTS is then determined
from the mapped values ofgine speed versus power. MTS shall be calculated
by means of one of the following options:

(@) Calculation based upon low speed and high speed values
MTS =nio + 0,95 T(Nhi T Nio) (A.4-1)
where:

MNhi is thehigh speed as defined in paragraph 2.1.43.,
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5.25.1.2.

5.2.5.1.8.

Nio is the low speed as defined in paragraph 2.1.50.,

(b)  Calculation based upon the longest vector method
MTS =ny (A.4-2)
with:

ni® istheaverage of the lowest and highest speeds at whighi{
+ P%omi) is equal to 98 per cent of the maxim value of §%normi
+ Pznorm‘)

If there is only one speed at which the valueéffi + P%homi) is equal
to 98 per cent of the maximum value ofbmi + P?hormi):

MTS =n; (A.4-3)

with:

nj is thespeed at which the maximum value ofufmi + P?nomi)
occurs.

where:

n is the engine speed

i is an indexing variable that represents one recorded value of an
engine map

Nomi IS @n engine speddormalisedby dividing it by bmax
Promi IS a@n engine powerormalisd by dividing it by Rax

Nemax IS the average of the lowest and highest speeds at which power
is equal to 98 per cent &fnax

Linear interpolation shall be used between the mapped values to
determine:

0] the speeds where power is equal to 98 per ceRi.gf If there
is onlyone speed at which power is equal to 98 per centaf P
nNemaxShall be the speed at whichdoccurs;

(i)  the speeds wher@Xom + P?omi) is equal to 98 per cent of the
maximum value oft@normi + P?homi)-

Use of a declared MTS

If the MTS calculated in accordance wjhragraptb.2.5.1.1. or 5.2.5.1.3. is
within = 3 per cent of the MTS declared by the manufacturer, the declared
MTS may be used for the emissions test. If the tolerance is exceeded, the
measured MTS shall be used fhe emissions test.

Use of an adjusted MTS

If the falling part of the full load curve has a very steep edge, this may cause
problems to drive the 105 per cent speeds of the NRTC test cycle correctly. In
this case it is allowed, with prior agnment of the technical service, to use an
alternative value of MTS determined using one of the following methods:

(@ The MTS may be slightly reduced (maximum 3 %) in order to make
correct driving of the NRTC possible.

(b)  Calculate an alternative MTS byeans of equation (A-4):
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5.2.5.2.

5.2.5.3.

5.2.5.4.

MTS = ((nmax'l' nid|e)/1.05) +Nigle (A.4-4)
where:

Nmax = iS the engine speed at which the engine governor function
controls engine speed with operator demand at maximum and with zero
load applied ("maximum ntoad speed")

Nigle = is the idle speed
Rated speed

The rated speed is defined in paragraph 2.1.72. Rated speed for variable speed
engines subject to an emission test other than those tested on a espestaint
NRSC defined in paragraph 2.1.12. shalldetermined from the applicable
mapping procedure set out in paragraph 7.6.. Rated speed for vapablt
engines tested on a constapeed NRSC shall be declared by the
manufacturer according todhcharacteristics of the engin@ated speed for
constanspeed engines shall be declared by the manufacturer according to the
characteristics of the governor. Where an engine type equipped with alternative
speeds as permitted Iparagraph 2.1.11 of this Regulatinsubject to an
emission test, each alternatispeed shall be declared and tested.

If the rated speed determined from the mapping procedyaragraplty.6. is

within £ 150 rpm of the value declared by the manufacturer for engines of
category NRS provided with governor, or within £ 350 rpm or £dgent for
engines of category NRS without governor, whichever is smaller, or within
100 rpm for all other engine categories, the declared value may be used. If the
tolerance is exceeded, the rated speed determined from the mapping procedure
shall be usd.

For engines of category NRSh the 100 per cent test speed shall be within £ 350
rpm of the rated speeatkclared by the manufacturer

Optionally, MTS may be used instead of rated speed for any steady state test
cycle.

Maximum torque speed for kiable speed engines

Where required, thenaximum torque speed determined from the maximum
torque curve established from the applicable engine mapping procedure in
paragrapty.6.1 or 7.6.2. shall be one of the following:

(@) The speed at which the highesitgue was recorded; or,

(b) The average of the lowest and highest speeds at which the torque is
equal to 98 per cent of the maximum torque. Where necessary, linear
interpolation shall be used to determine the speeds at which the torque
is equal to 98 perent of the maximum torque.

If the maximum torque speed determined from the maximum torque curve is
within £ 4 per cent of the maximum torque speed declared by the manufacturer
for engines of category NRS, or = 2,5 per cent of the maximum torque speed
declaed by the manufacturer for all other engine categories, the declared value
may be used for the purpose of this regulation. If the tolerance is exceeded, the
maximum torque speed determined from the maximum torque curve shall be
used.

Intermedia¢ speed

The intermediate speed shall meet one of the following requirements:
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(@) For engines that are designed to operate over a speed range on a full
load torque curve, the intermediate speed shall be the maximum torque
speed if it occurs between 60 pentand 75 per cent of rated speed,;

(b) If the maximum torque speed is less than 60 per cent of rated speed,
then the intermediate speed shall be 60 per cent of the rated speed;

(c) If the maximum torque speed is greater than 75 per cent of the rated
speedthen the intermediate speed shall be 75 per cent of rated speed.
Where the engine is only capable of operation at speeds higher than 75
per cent of rated speed the intermediate speed shall be the lowest speed
at which the engine can be operated;

(d)  Forengines that are not designed to operate over a speed range on a
full-load torque curve at steadyate conditions, the intermediate speed
shall be between 60 per cent and 70 per cent of the rated speed.

(e) For engines to be tested on cycle G1, excepefmines of category
ATS, the intermediate speed shall be 85 per cent of the rated speed.

)] For engines of category ATS tested on cycle G1 the intermediate speed
shall be 60 per cent or 85 per cent of rated speed based on which is
closer to the actual mamum torque speed.

Where the MTS is used in place of rated speed for the 100% test speed, MTS
shall also replace rated speed when determining the intermediate speed.

5.2.5.5. Idle speed

The idle speed is the lowest engine speed with minimum load (gteateor

equal to zero load), where an engine governor function controls engine speed.
For engines without a governor function that controls idle speed, idle speed
means the manufacturdeclared value for lowest engine speed possible with
minimum load. No¢ that warm idle speed is the idle speed of a wanpged
engine.

5.2.5.6. Test speed for constant speed engines

The governors of constant speed engines may not always maintain speed

exactly constant. Typically speed can decrease (0,1 tpet®entbelowthe

speed at zero |l oad, such that the minimum s
of maximum power. The test speed for constant speed engines may be

commanded by using the governor installed on the engine or usingbeedest

speed demand where this re@m®ts the engine governor.

Where the governor installed on the engine is used, thperGfnspeed shall
be the engine governed speed as defined in paragrapiB.2df.2his
Regulation.

Where a tesbed speed demand signal is used to simulate the goydineo

100 per centspeed at zero load shall be theload speed specified by the
manufacturer for that governor setting and the 4€0centspeed at full load

shall be the rated speed for that governor setting. Interpolation shall be used to
determinethe speed for the other test modes.

Where the governor has an isochronous operation setting, or the nominal rated
speed and rtpad speed declared by the manufacturer differ by no more than
3 per centa single value declared by the manufacturer may befoisgéee 100

per centspeed at all load points.
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5.2.6.

5.2.6.1.

6.1.1.

6.1.2.

6.1.3.

6.1.4.

Torque

The torque figures given in the test cycles are percentage values that represent,
for a given test mode, one of the following:

(@) The ratio of the required torque to the maximpossible torque at the
specified test speed (all cycles except D2);

(b)  The ratio of the required torque to the torque corresponding to the rated
net power declared by the manufacturer (cycle D2).

Test conditions
Laboratory test conditions

The abslute temperature @ of the engine air at the inlet to the engine
expressed in Kelvin, and the dry atmospheric pressyyeefpressed in kPa
shall be measured and the paramktsiall be determined in accordance with
the following provisions and by means of equation (B)4r (A.46). If the
atmospheric pressure is measured in a duct, negligible pressure losses shall be
ensured between the atmosphere and the measurement loaatiochanges

in the duct's static pressure resulting from the flow shall be accounted for. In
multi-cylinder engines having distinct groups of intake manifolds, such as in a
"V" engine configuration, the average temperature of the distinct groups shall
be taken. The parameter fa shall be reported with the test results.
Naturally aspirated and mechanically supercharged engines:

a99 a
% (A.4-5)

Turbocharged engines with or without cooling of the intake air:

a o 3
99 % (A.4-6)
g —-—

For the test to be considered valid both the following conditions must be met:

(@) fashall be within the range 0.98f, ¢ 1.07 except as permitted by
paragraphss 6.1.2. and 6.1.4.;

(b)  The temperature of intake air shall be maintaineda® + 5 K (25 +
5°C), measured upstream of any engine component, except as permitted
by paragraphs 6.1.3. and 6.1.4., and as required by paragraphs 6.1.5.
and 6.1.6..

Where the altitude of the laboratory in which the engine is being tested exceeds
600 m, with the agreement of the manufactutemay exceed 1.07 on the
condition thatps shall not be less than 80 kPa.

Where the power of the engine being testegréater than 560 kW, with the
agreement of the manufacturer the maximum value of intake air temperature
may exceed 303 K (30°C) on condition that it shall not exceed 308 K (35°C).

Where the altitude of the laboratory in which the engine is bestgd exceeds

300 m and the power of the engine being tested is greater than 560 kW, with
the agreement of the manufactuk:eamay exceed 1.07 on the condition tpat

shall not be less than 80 kPa and the maximum value of intake air temperature
may exceed03 K (30°C) on the condition that it shall not exceed 308 K
(35°C).
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6.1.5.

6.1.6.

6.1.6.1.

6.1.7.

6.2.

In the case of an engine family of category NRS less than 19 kW exclusively
consisting of engine types to be used in snow throwers, the temperature of the
intake air shall be maiained between 273 K and 268 K (0 °C ahdC).

For engines of category SMB the temperature of the intake air shall be
maintained to 263 = 5 K-10 + 5 °C), except as permitted by paragraph
6.1.6.1.

For engines of category SMB fitted wigtectronically controlled fuel injection

that adjusts the fuel flow to the intake air temperature, at the choice of the
manufacturer the temperature of the intake air may alternatively be maintained
t0 298+ 5K (25 +5 °C)

It is allowed to use:

(@) an atmospheric pressure meter whose output is used as the atmospheric
pressure for an entire test facility that has more than one dynamometer
test cell, as long as the equipment for handling intake air maintains
ambient pressure, where the engine isethswithin +1 kPa of the
shared atmospheric pressure;

(b)  a humidity measurement device to measure the humidity of intake air
for an entire test facility that has more than one dynamometer test cell,
as long as the equipment for handling intake air mistdew point,
where the engine is tested, within £ 0.5 K of the shared humidity
measurement.

Engines with charge air cooling

(@) A chargeair cooling system with a total intaler capacity that
represents production engines‘use installation shiabe used. Any
laboratory chargair cooling system to minimise accumulation of
condensate shall be designed. Any accumulated condensate shall be
drained and all drains shall be completely closed before emission
testing. The drains shall be kept closedmythe emission test. Coolant
conditions shall be maintained as follows:

0] A coolant temperature of at least 293 K (20 °C) shall be
maintained at the inlet to the chargie cooler throughout
testing;

(i)  Atthe rated speed and full load, the cooftow rate shall be set
to achieve an air temperature within +5 K of the value designed
by the manufacturer after the chaiaje cooler's outlet. The air
outlet temperature shall be measured at the location specified by
the manufacturer. This coolant flowate set point shall be used
throughout testing. If the engine manufacturer does not specify
engine conditions or the corresponding cheaagecooler air
outlet temperature, the coolant flow rate shall be set at maximum
engine power to achieve a chae cooler air outlet
temperature that representslise operation;

(i) If the engine manufacturer specifies pressing limits across
the chargeair cooling system, it shall be ensured that the
pressure drop across the chaajecooling system at engine
conditions specified by the manufacturer is within the
manufacturer's specified limit(s). The pressure drop shall be
measured at the manufacturer's specified locations;
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6.3.

6.3.1.

6.3.2.

6.3.3.

6.3.4.

6.3.5

(b)  When the MTS defined in paragraph 5.2.5.1. is being used in place of
rated speed taun the test cycle then this speed may be used in place of
rated speed when setting the charge air temperature.

(c) The objective is to produce emission results that are representative of
in-use operation. If good engineering judgment indicates that the
specifications in this paragraph would result in unrepresentative testing
(such as overcooling of the intake air), more sophisticated set points and
controls of chargair pressure drop, coolant temperature, and flow rate
may be used to achieve more repntative results.

Engine power
Basis for emission measurement

The basis of specific emissions measurement is uncorrected net power as
defined in paragraph 2.1.56. of this Regulation.

Auxiliaries to be fitted

During the test, thauxiliaries necessary for the engine operation shall be
installed on the test bench according to the requirements of Appendix A.2.

Where the necessary auxiliaries cannot be fitted for the test, the power they
absorb shall be determined and subtracted fremmeasured engine power.

Auxiliaries to be removed

Certain auxiliaries whose definition is linked with the operation of the machine and
which may be mounted on the engine shall be removed for the test.

Where auxiliaries cannot be removed, theveothey absorb in the unloaded
condition may be determined and added to the measured engine power (see
note g in the table of Appendix A.2). If this value is greater than 3 per cent of
the maximum power at the test speed it may be verified by the tekhnica
service. The power absorbed by auxiliaries shall be used to adjust the set values
and to calculate the work produced by the engine over the test cycle in
accordance with paragraph 7.7.1.3. or 7.7.2.3.(b) of this Annex.

Determination of auxiliary gwer

Where applicable, the values of auxiliary power and the
measurement/calculation method for determining auxiliary power shall be
submitted by the engine manufacturer for the whole operating area of the
applicable test cycles, and approved by the Typpréval Authority.

Engine cycle work

The calculation of reference and actual cycle work (see paragraph 7.8.3.4.)
shall be based upon engine power in accordance with paragraph 6.3.1. In this
case, Pand Rof equation (A.47) are zero, and P equals.

If auxiliaries/equipment are installed in accordance with paragraphs 6.3.2.
and/or 6.3.3., the power absorbed by them shall be used to correct each
instantaneous cycle power valugiFoy means of equation (A8):

Pi=Pnmi-Pri + B (A.4-7)

Paux = P.i T Pxj (A.4-8)
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6.4.

6.4.1.

6.4.2.

6.5.

6.6.

Where:

Pmi is the measured engine power, kW

P:i isthe power absorbed by auxiliaries/equipment to be fitted for the test
but that were not installed, kW

P.i  is the power absorbed lauxiliaries/equipment to be removed for the

test but that were installed, kW.
Engine intake air
Introduction

The intakeair system installed on the engine or one that represents a typical
in-use configuration shall be used. This includes t@rgeair cooling and
exhaust gas recirculation systems.

Intake air pressure restriction

An engine air intake system or a test laboratory system shall be used presenting
an intake air pressure restriction withif800Pa of the maximum value
specified by the manufacturer for a clean air cleaner at the rated speed and full
load. Where this is not possible due to the design of the test laboratory air
supply system a pressure restriction not exceeding the value specified by the
manufacturer for a dirtjilter shall be permitted subject to prior approval of

the technical service. The static differential pressure of the restriction shall be
measured at the location and at the speed and torque set points specified by the
manufacturer. If the manufacturerefonot specify a location, this pressure
shall be measured upstream of any turbocharger or exhaust gas recirculation
system connection to the intake air system. When the MTS defined in
paragraph 5.2.5.1. is being used in place of rated speed to runttbgctes

then this speed may be used in place of rated speed when setting the intake air
pressure restriction.

Engine exhaust system

The exhaust system installed with the engine or one that represents a typical
in-use configuration shall be used. Téxhaust system shall conform to the
requirements for exhaust emissi@anpling, as set out in paragrefB. An

engine exhaust system or a test laboratory system shall be used presenting a
static exhaust gas backpressure within 80 to 100 per cent ofakienom
exhaust gas pressure restriction at the rated speed and full load. The exhaust
gas pressure restriction may be set using a valve. If the maximum exhaust gas
pressure restriction is 5 kPa or less, the set point shall not be more than 1.0 kPa
from themaximum. When the MTS is being used in place of rated speed to run
the test cycle then this speed may be used in place of rated speed when setting
the exhaust gas pressure restriction.

Engine with exhaust aftdreatment system

If the engine is equipped with an exhaust afteatment system that is not
mounted directly on the engine, the exhaust pipe shall have the same diameter
as found inuse for at least four pipe diameters upstream of the expansion
section containing the afttreatment device. The distance from the exhaust
manifold flange or turbocharger outlet to the exhaust -tftatment system

shall be the same as in the rmad mobile machinery configuration or within

the distance specifications of the manufactureheW®¥ specified by the
manufacturer the pipe shall be insulated to achieve anted@ment inlet
temperature within the specification of the manufacturer. Where other
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6.6.1.

6.6.2.

installation requirements are specified by the manufacturer these shall also be
respeatd for the test configuration. The exhaust system -paeksure or
pressure restriction shall be set according to paragraph 6.5.. For exhaust after
treatment devices with variable exhaust gas pressure restriction, the maximum
exhaust gas pressure restoatiused in paragraph 6.5. is defined at the -after
treatment condition (degreening/ageing and regeneration/loading level)
specified by the manufacturer. The aftexatment container may be removed
during dummy tests and during engine mapping, and replaédd an
equivalent container having an inactive catalyst support.

The emissions measured on the test cycle shall be representative of the
emissions in the field. In the case of an engine equipped with an exhaust after
treatment system that requires the suomption of a reagent, the reagent used
for all tests shall be declared by the manufacturer.

For engines equipped with exhaust afteatment systems that are regenerated

on an infrequent (periodic) basis, as described in paragraph 6.6.2., emission
resuls shall be adjusted to account for regeneration events. In this case, the
average emission depends on the frequency of the regeneration event in terms
of fraction of tests during which the regeneration occurs. Afeatment
systems with a regeneratioropess that occurs either in a sustained manner or

at least once over the applicable transient test cycle or rampddl cycle
("continuous regeneration”) in accordance with paragraph 6.6.1. do not require
a special test procedure.

Continuougsegeneration

For an exhaust aftéreatment system based on a continuous regeneration
process the emissions shall be measured on artE#ment system that has
been stabilised so as to result in repeatable emissions behaviour. The
regeneration proceshall occur at least once during the NRTC hot start test,
LSI-NRTC or NRSC test, and the manufacturer shall declare the normal
conditions under which regeneration occurs (soot load, temperature, exhaust
system baclpressure, etc.). In order to demonstrtiat the regeneration
process is continuous, at least three NRTC hot start testfy RBC or NRSC

tests shall be conducted. In case of NRTC hot start test, the engine shall be
warmed up in accordance with paragraph 7.8.2.1., the engine shall be soaked
according to paragraph 7.4.2.1.(b) and the first NRTC hot start test shall be
run.

The subsequent NRTC hot start tests shall be started after soaking according
with paragraph 7.4.2.1.(b). During the tests, exhaust gas temperatures and
pressures shall be mcled (temperature before and after the dafetment
system, exhaust system bgmlessure, etc.). The afteeatment system is
considered to be satisfactory if the conditions declared by the manufacturer
occur during the test within a sufficient timadathe emission results do not
scatter by more than * 25 per cent from the mean value or 0.005 g/kwh,
whichever is greater.

Infrequent regeneration

This provision only applies to engines equipped with an exhaust- after
treatment system that is regeated on an infrequent basis, typically occurring

in less than 100 hours of normal engine operation. For those engines, either
additive or multiplicative factors shall be determined for upward and
downward adjustment as referred to in paragraph 6.6Q2atljustment
factor").
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6.6.2.1.

6.6.2.2.

6.6.2.3.

Testing and development of adjustment factors is only required for one
applicable transient (NRTC or LSIRTC) or RMC NRSC test cycle. The
factors that have been developed may be applied to results from the other
applicable test cyes including discretenode NRSC.

In case that no suitable adjustment factors are available from testing using
transient or RMC NRSC test cycles then adjustment factors shall be established
using an applicable discretrode test. Factors developed usingiscrete

mode test cycle shall only be applied to discratale test cycles.

It shall not be required to conduct testing and develop adjustment factors on
both RMC and discretmode NRSCs.

Requirement for establishing adjustment factors using GIRISI-NRTC or
RMC NRSC testing

The emissions shall be measured on at least three NRTC hot start tests, LSI
NRTC or rampeédnodal cycle (RMC) NRSC tests, one with and two without

a regeneration event on a stabilised diteatment system. The regeneration
process shall occur at least once during the NRTGNESTC or RMC NRSC

test with a regeneration event. If regeneration takes longer than one NRTC,
LSI-NRTC or RMC NRSC test, consecutive NRTC, INRRTC or RMC
NRSC tests shall be run and emissions contineetle measured without
shutting the engine off until regeneration is completed and the average of the
tests shall be calculated. If regeneration is completed during any test, the test
shall be continued over its entire length.

An appropriate adjustmeradtor shall be determined for the entire applicable
cycle by means of equations (Ald) to (A.413).

Requirement for establishing adjustment factors using disoretee NRSC
testing

Starting with a stabilised aftéreatment system the emissioshall be
measured on at least three runs of each test mode of the applicable -discrete
mode NRSC on which the conditions for regeneration can be met, one with
and two without a regeneration event. The measurement of PM shall be
conducted using the multipfédter method described in paragraph 7.8.1.2.(c).

If regeneration has started but is not complete at the end of the sampling period
for a specific test mode extend the sampling period shall be extended until
regeneration is complete. Where there are nialtipns for the same mode an
average result shall be calculated. The process shall be repeated for each test
mode.

An appropriate adjustment factor shall be determined by means of equations
(A.4-10) to (A.413) for those modes of the applicable cycle fduick
regeneration occurs.

General procedure for developing infrequent regeneration adjustment factors
(IRAFs)

The manufacturer shall declare the normal parameter conditions under which
the regeneration process occurs (soot load, temperature seglatem back
pressure, etc.). The manufacturer shall also provide the frequency of the
regeneration event in terms of number of tests during which the regeneration
occurs. The exact procedure to determine this frequency shall be agreed by the
Type Approwal Authority based upon good engineering judgement.
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Figure A.41.

For a regeneration test, the manufacturer shall provide antrmtément
system that has been loaded. Regeneration shall not occur during this engine
conditioning phase. As an option, the manufacturay nan consecutive tests

of the applicable cycle until the aftereatment system is loaded. Emissions
measurement is not required on all tests.

Average emissions between regeneration phases shall be determined from the
arithmetic mean of several approxitely equidistant tests of the applicable
cycle. As a minimum, at least one applicable cycle as close as possible prior to
a regeneration test and one applicable cycle immediately after a regeneration
test shall be conducted.

During the regeneration testl the data needed to detect regeneration shall be
recorded (CO or NQ emissions, temperature before and after the -after
treatment system, exhaust system bai@ssure, etc.). During the regeneration
process, the applicable emission limits may be exceddedtest procedure is
schematically shown in Figure AX4.

Scheme of infrequent regeneration witim number of measurements and number of
measurements during regeneration
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The average specific emission rate related to the testomolsicted according
to paragraphs 6.6.2.1. or 6.6.2.2. [g/lkWh or #/kWh] shall be weighted by
means of equation (A-@) (see Figure 1.):

_ _nE@ B(
n+n
where:
n = number of tests in which regeneration does not occur,
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n = number of tets in which regeneration occurs (minimum one
test),
e = average specific emission from a test in which the regeneration

does not occur [g/kWh or #/kWh]

e = average specific emission from a test in whiah tbgeneration
occurs [g/kWh or #/kWh]

At the choice of the manufacturer and based on good engineering judgment,
the regeneration adjustment factoy éxpressing the average emission rate,
may be calculated either multiplicative or additive for all gasguollutants,

and, where there is an applicable limit, for PM and PN, by means of equations
(A.4-10) to (A.413):

Multiplicative

ko) B —"_l_ (upward adjustment factor) (A.4-10)
TN r .

Q [ —l_ (downward adjustment factor) (A.4-11)
Additive

Q S O B ¢ (upward adjustment factor)  (A.4-12)

Q E T I (downward adjustment factor) (A.4-13)

6.6.2.4. Application of adjustment factors

Upward adjustment factors are multiplied with or addedaasured emission
rates for all tests in which the regeneration does not occur. Downward
adjustment factors are multiplied with or added to measured emission rates for
all tests in which the regeneration occurs. The occurrence of the regeneration
shall be dentified in a manner that is readily apparent during all testing. Where
no regeneration is identified, the upward adjustment factor shall be applied.

With reference to Annex 5, Appendices A.1 and A.2 on brake specific emission
calculations, the regenei@t adjustment factor:

(@) When established for an entire weighted cycle, shall be applied to the
results of the applicable weighted NRTC, H8RTC and NRSC tests;

(b)  When established specifically for the individual modes of the applicable
discretemode gcle, shall be applied to the results of those modes of
the applicable discretmode NRSC cycle for which regeneration
occurs prior to calculating the cycle weighted emission result. In this
case the multiple filter method shall be used for PM measurement;

(c) May be extended to other members of the same engine family;

(d)  May be extended to other engine families within the same engine after
treatment system family, as defined in Annex 1, with the prior approval
of the Type Approval Authority based on tedtal evidence to be
supplied by the manufacturer that the emissions are similar.
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6.7.

6.8.

6.9.

6.10.

The following options shall apply:

(@) A manufacturer may elect to omit adjustment factors for one or more of
its engine families (or configurations) because the effect of the
regeneration is small, or because it is not practical to identify when
regenerations occur. In these cases, no adamtfactor shall be used,
and the manufacturer is liable for compliance with the emission limits
for all tests, without regard to whether a regeneration occurs;

(b)  Upon request by the manufacturer, the Type Approval Authority may
account for regeneratioavents differently than is provided in sub
paragraph (a). However, this option only applies for events that occur
extremely infrequently, and which cannot be practically addressed
using the adjustment factors described in paragraph 6.6.2.3. of this
Annex.

Cooling system

An engine cooling system with sufficient capacity to maintain the engine, with
its intakeair, oil, coolant, block and head temperatures, at normal operating
temperatures prescribed by the manufacturer shall be used. Laboratory
auxiliary coolers and fans may be used.

Lubricating oil

The lubricating oil shall be specified by the manufacturer and be representative
of lubricating oil available in the market; the specifications of the lubricating
oil used for the test shall be recoddend presented with the results of the test.

Specification of the reference fuels
The reference fuels are specified in Annex 6.

The fuel temperature shall be in accordance with the manufacturer's
recommendations. The fuel temperature shall be medst the inlet to the

fuel injection pump or as specified by the manufacturer, and the location of
measurement recorded.

Crankcase emissions

Crankcase emissions that are discharged directly into the ambient atmosphere
shall be added to the exhaeshissions (either physically or mathematically)
during all emission testing.

Manufacturers taking advantage of this exception shall install the engines so
that all crankcase emission can be routed into the emissions sampling system.
For the purpose of thiparagraph, crankcase emissions that are routed into the
exhaust upstream of exhaust aftieratment during all operation are not
considered to be discharged directly into the ambient atmosphere.

Open crankcase emissions shall be routed into the exdyatetn for emission
measurement, as follows:

(@) The tubing materials shall be smoatialled, electrically conductive,
and not reactive with crankcase emissions. Tube lengths shall be
minimised as far as possible;

(b)  The number of bends in the laborataryankcase tubing shall be
minimised, and the radius of any unavoidable bend shall be maximized;
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(c) The laboratory crankcase exhaust tubing shall meet the engine
manufacturer's specifications for crankcase back pressure;

(d) The crankcase exhaust tubingahconnect into the raw exhaust
downstream of any aftertreatment system, downstream of any installed
exhaust restriction, and sufficiently upstream of any sample probes to
ensure complete mixing with the engine's exhaust system before
sampling. The crankse exhaust tube shall extend into the free stream
of exhaust to avoid boundatgyer effects and to promote mixing. The
crankcase exhaust tube's outlet may orient in any direction relative to
the raw exhaust flow.

7. Test procedures
7.1. Introduction

This paragraph describes the determination of brake specific emissions of
gaseous and particulate pollutants on engines to be tested. The test engine shall
be the parent engine configuration for the engine family as specified in Annex
10.

A laboratory enssion test consists of measuring emissions and other
parameters for the test cycles specified in this annex. The following aspects are
treated in this Annex 4:

(@) The laboratory configurations for measuring the brake specific
emissions (paragraph 7.2.);

(b)  The pretest and postest verification procedures (paragraph 7.3.);
(c) The test cycles (paragraph 7.4.);
(d)  The general test sequence (paragraph 7.5.);
(e) The engine mapping (paragraph 7.6.);
)] The test cycle generation (paragraph 7.7.);
() The ecific test cycle running procedure (paragraph 7.8.).
7.2. Principle of emission measurement

To measure the bralgpecific emissions, the engine shall be operated over the
test cycles defined in paragraph 7.4., as applicable. The measurement-of brake
speific emissions requires the determination of the mass of pollutants in the
exhaust emissions (i.e. HC, CO, Né@nd PM), the number of particulates in

the exhaust emissions (i.e. PN), the mass ofi@@he exhaust emissions, and

the corresponding engineovk.

7.2.1. Mass of constituent

The total mass of each constituent shall be determined over the applicable test
cycle by using the following methods:

7.2.1.1. Continuous sampling

In continuous sampling, the constituent's concentration is measured
continwusly from raw or dilute exhaust. This concentration is multiplied by
the continuous (raw or dilute) exhaust flow rate at the emission sampling
location to determine the constituent's flow rate. The constituent's emission is
continuously summed over thesténterval. This sum is the total mass of the
emitted constituent.
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7.2.1.2. Batch sampling

In batch sampling, a sample of raw or diluted exhaust is continuously extracted
and stored for later measurement. The extracted sample shall be proportional
to the raw or dilute exhaust flow rate. Examples of batch sampling are
collecting diluted gaseous emissions in a bag and collecting PM on a filter. In
principal the method of emission calculation is done as follows: the batch
sampled concentrations are multigliey the total mass or mass flow (raw or
dilute) from which it was extracted during the test cycle. This product is the
total mass or mass flow of the emitted constituent. To calculate the PM
concentration, the PM deposited onto a filter from proportignaXtracted
exhaust shall be divided by the amount of filtered exhaust.

7.2.1.3. Combined sampling

Any combination of continuous and batch sampling is permitted (e.g. PM with
batch sampling and gaseous emissions with continuous sampling).

The following Figure A.42 illustrates the two aspects of the test procedures
for measuring emissions: the equipments with the sampling lines in raw and
diluted exhaust gas and the operations requested to calculate the pollutant
emissions in steadstate and transiergst cycles.

Figure A.42
Test procedures for emission measurement

Note on Figuréd.4-2.: The term "Partial flow PM sampling" includes the partial flow dilution to extract
only raw exhaust with constant or varying dilution ratio.

7.2.2. Work determination

The work shall be determined over the test cycle by synchronously multiplying
speed and brake torque to calculate instantaneous values for engine brake
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