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The text of the Regulatioamend to read:

1.

1.1.

1.2.

1.3.

2.1.

2.1.1.

2.1.2.

2.1.3.

2.1.4.

2.15.

2.1.6.

2.1.7.

Scope

This Regulation applies to the emission of gaseousparticulate pollutants
from C.I. engines:

used in category T vehicldsving an installed net power higher than 18 kw
but not more than 560 kW,

used in non-road mobile machirfehaving an installed net power higher
than 18 kW but not more than 560 kW, operated uudsable speed.

used in non-road mobile machirfehaving an installed net power higher
than 18 kW, but not more than 560 kW, operated uodestant speed.

Definitions and abbreviations

For the purpose of this Regulation,

‘Adjustment factofs mean additive (upward adjustment factor and
downward adjustment factor) or multiplicative fastoto be considered
during the periodic (infrequent) regeneration;

'‘Applicable emission limitmeans an emission limit to which an engine is
subject;

‘Approval of an engirfemeans the approval of an engine type or familghwi
regard to the level of emission of gaseous andgudate pollutants by the
engine;

'Aqueous condensatibnmeans the precipitation of water-containing
constituents from a gas phase to a liquid phaseiedgs condensation is a
function of humidity, pressure, temperature, andhcemtrations of other
constituents such as sulphuric acid. These parasnetey as a function of
engine intake-air humidity, dilution-air humiditgngine air-to-fuel ratio, and
fuel compoasition - including the amount of hydroger sulphur in the fuel;

'‘Atmospheric pressutaneans the wet, absolute, atmospheric static press
Note that if the atmospheric pressure is measunea@ iduct, negligible
pressure losses shall be ensured between the dterespand the
measurement location, and changes in the ductis ptassure resulting from
the flow shall be accounted for;

‘Calibration” means the process of setting a measurement sgstesponse
so that its output agrees with a range of referesigaals. Contrast with
"verification";

‘Calibration ga8 means a purified gas mixture used to calibrats ga
analysers. Calibration gases shall meet the spatidns of 9.5.1. Note that
calibration gases and span gases are qualitativelgame, but differ in terms
of their primary function. Various performance ¥ieation checks for gas

1 As defined in the Consolidated Resolution on thesBrotion of Vehicles (R.E.3)
(ECE/TRANS/WP.29/78/Rev.2).
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analysers and sample handling components might tefeither calibration
gases or span gases;

2.1.8. '‘Compression ignition (C.l.) engiheneans an engine which works on the
compression-ignition principle (e.g. diesel engine)

2.1.9. '‘Constant-speed engihemeans an engine whose type approval or
certification is limited to constant-speed openatiEngines whose constant-
speed governor function is removed or disablechartonger constant-speed
engines;

2.1.10. 'Constant-speed operatibrmeans engine operation with a governor that
automatically controls the operator's demand tontaa engine speed, even
under changing load. Governors do not always miaingxactly constant
speed. Typically, speed can decrease (0.1 to I03que below the speed at
zero load, such that the minimum speed occurs thearengine's point of
maximum power;

2.1.11. 'Continuous regeneratidnmeans the regeneration process of an exhaust
after-treatment system that occurs either in aasuesti manner or at least
once over the applicable transient test cycle aonped-modal cycle; in
contrast to periodic (infrequent) regeneration;

2.1.12. 'Conversion efficiency of non-methane cutter (NMCingans the efficiency
of the conversion of a NMC that is used for remgvihe non-methane
hydrocarbons from the sample gas by oxidizing aiirbcarbons except
methane. Ideally, the conversion for methane ig0cent Ecys = 0) and for
the other hydrocarbons represented by ethane ip&0€ent -, = 100 per
cent). For the accurate measurement of NMHC, tledfficiencies shall be
determined and used for the calculation of the NMét@ission mass flow
rate for methane and ethane. Contrast with "peti@tré&action”;

2.1.13. Delay timé& means the difference in time between the chanfehe
component to be measured at the reference poind agdtem response of 10
per cent of the final readingy§) with the sampling probe being defined as the
reference point. For the gaseous components,ghireitransport time of the
measured component from the sampling probe to #tectbr (see Figure
3.1);

2.1.14. 'leNQ, systeh means an exhaust after-treatment system designestiuce
emissions of oxides of nitrogen (WO(e.g. passive and active lean NO
catalysts, NQadsorbers and selective catalytic reduction (S&Riems);

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

2.1.16. "Discrete-modé means relating to a discrete-mode type of stesddte test,
as described in paragraph 7.4.1.1. and Annex 5;

2.1.17. Drift" means the difference between a zero or calibwasignal and the
respective value reported by a measurement instrtimamediately after it
was used in an emission test, as long as the metru was zeroed and
spanned just before the test;

2.1.18. ‘Electronic control unit means an engine's electronic device that uses dat
from engine sensors to control engine parameters;
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2.1.19.

2.1.20.

2121

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.

2.1.32.

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

'Emission control strateymeans a combination of an emission control
system with one base emission control strategyvéttdone set of auxiliary
emission control strategies, incorporated intodherall design of an engine
or non-road mobile machinery into which the engmimstalled.

'Emission durability pericdmeans the number of hours indicated in Annex
8 used to determine the deterioration factors.

'Engine family means a manufacturer's grouping of engines wihfabugh
their design, are expected to have similar exhaméssion characteristics and
comply with the requirements in paragraph 7 of Regulation;

'Engine governed spekdneans the engine operating speed when it is
controlled by the installed governor;

'Engine systefnmeans the engine, the emission control system thad
communication interface (hardware and messagesyeket the engine
system electronic control unit(s) (ECU) and anyeothowertrain or vehicle
control unit;

'Engine typk means a category of engines which do not differsuch
essential engine characteristics as defined ingpapas 1 to 4 of Annex 1A,
Appendix 3 to this Regulation;

"Exhaust after-treatment system" meanstaysd, particulate filter, deNQO
system, combined deNQparticulate filter or any other emission-reducing
device that is installed downstream of the engiftas definition excludes
exhaust gas recirculation (EGR) and turbochargensg;h are considered an
integral part of the engine;

'Exhaust-gas recirculatidnmeans a technology that reduces emissions by
routing exhaust gases that had been exhausted frmmcombustion
chamber(s) back into the engine to be mixed wittoiming air before or
during combustion. The use of valve timing to irse the amount of
residual exhaust gas in the combustion chambeh@) s mixed with
incoming air before or during combustion is not sidered exhaust-gas
recirculation for the purposes of this Regulation;

'Full flow dilution methotd means the process of mixing the total exhaust
flow with dilution air prior to separating a fragti of the diluted exhaust
stream for analysis;

'Gaseous pollutantsmeans carbon monoxide, hydrocarbons (assuming a
ratio of GH; g5 and oxides of nitrogen, the last named being esg®d in
nitrogen dioxide (NG) equivalent;

'‘Good engineering judgméntmeans judgments made consistent with
generally accepted scientific and engineering fples and available
relevant information;

'HEPA filter' means high-efficiency particulate air filters thare rated to
achieve a minimum initial particle-removal effic@nof 99.97 per cent using
ASTM F 1471-93 or equivalent standard;

'Hydrocarbon (HC) means THC, NMHC as applicable. Hydrocarbon
generally means the hydrocarbon group on whickethission standards are
based for each type of fuel and engine;
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2.1.34.

2.1.35.

2.1.36.

2.1.37.

2.1.38.

2.1.39.

2.1.40.

2.1.41.

2.1.42.
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2.1.44.

ECE/TRANS/WP.29/2011/125

High speed (p)" means the highest engine speed where 70 peroféhe
maximum power occurs;

dle speetl means the lowest engine speed with minimum lgadater than

or equal to zero load), where an engine governoctfon controls engine
speed. For engines without a governor function tioatrols idle speed, idle
speed means the manufacturer-declared value foesiovengine speed
possible with minimum load. Note that warm idle exghés the idle speed of a
warmed-up engine;

Intermediate speédmeans that engine speed which meets one of the
following requirements:

(@) For engines which are designed to operate @gpeed range on a full
load torque curve, the intermediate speed shallthee declared
maximum torque speed if it occurs between 60 pet aed 75 per
cent of the rated speed;

(b) If the declared maximum torque speed is leas #0 per cent of the
rated speed, then the intermediate speed shalDbgeb cent of the
rated speed;

(c) If the declared maximum torque speed is gretit@n 75 per cent of
the rated speed then the intermediate speed shab lper cent of the
rated speed.

‘Linearity' means the degree to which measured values agtieeespective
reference values. Linearity is quantified usingnedr regression of pairs of
measured values and reference values over a rdngelues expected or
observed during testing;

'Low speed ()" means the lowest engine speed where 50 per d¢aheo
maximum power occurs;

'Maximum power (R.)" means the maximum power in kW as designed by
the manufacturer;

'Maximum torque spe&dneans the engine speed at which the maximum
torque is obtained from the engine, as specifiethbymanufacturer;

'Means of a quantitybased upon flow-weighted mean values means the
mean level of a quantity after it is weighted pndjpmally to the
corresponding flow rate;

'Net powet means the power in "ECE kW" obtained on the bestch at the
end of the crankshaft, or its equivalent, measunedccordance with the
method described in Regulation No. 120 on the nreasent of the net
power, net torque and specific fuel consumptionirdgérnal combustion
engines for agricultural and forestry tractors and-road mobile machinery.

‘Non-methane hydrocarbons (NMHQneans the sum of all hydrocarbon
species except methane;

'Open crankcase emissidmaeans any flow from an engine's crankcase that
is emitted directly into the environment;

'Operator demant means an engine operator's input to control engin
output. The "operator" may be a person (i.e. mgnual a governor (i.e.,
automatic) that mechanically or electronically sitgnan input that demands
engine output. Input may be from an acceleratoaped signal, a throttle-
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2.1.45.

2.1.46.

2.1.47.

2.1.48.

2.1.49.

2.1.50.

2.1.51.

2.1.52.

2.1.53.

2.1.54.

2.1.55.

2.1.56.

control lever or signal, a fuel lever or signalsgeed lever or signal, or a
governor setpoint or signal;

'Oxides of nitrogehmeans compounds containing only nitrogen and eryg
as measured by the procedures specified in thisulRégn. Oxides of
nitrogen are expressed quantitatively as if theidl{@ the form of N@, such
that an effective molar mass is used for all oxidesitrogen equivalent to
that of NQ;

'Parent engin€é means an engine selected from an engine familsugch a
way that its emissions characteristics are reptatiea for that engine family
and that it complies with the requirements set ioufAnnex 1B of this
Regulation;

'Partial pressuré means the pressur, attributable to a single gas in a gas
mixture. For an ideal gas, the partial pressur@dil by the total pressure is
equal to the constituent's molar concentration,

'Particulate after-treatment deviteneans an exhaust after-treatment system
designed to reduce emissions of particulate paitata(PM) through a
mechanical, aerodynamic, diffusional or inertiga@@tion;

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

'Particulate matter (PM) means any material collected on a specifiedrfilte
medium after diluting C.l. engine exhaust gas wiéan filtered air so that
the temperature does not exceed 325 K (52 °C);

'Penetration fraction PF means the deviation from ideal functioning of a
non-methane cutter (see Conversion efficiency ofFmethane cutter (NMC)
E). An ideal non-methane cutter would have a methaawetration factor,
PFcha Of 1.000 (that is, a methane conversion efficjeBgq, of 0), and the
penetration fraction for all other hydrocarbons lgdoe 0.000, as represented
by PFcone (that is, an ethane conversion efficienB¢,ns of 1). The
relationship is:

PFchs = 1 —Ecpg andPFeaps = 1 —Econg

'Per cent loati means the fraction of the maximum available terg an
engine speed;

'Periodic (or infrequent) regeneratidmeans the regeneration process of an
exhaust after-treatment system that occurs peaddii typically less than
100 hours of normal engine operation. During cycldsere regeneration
occurs, emission standards may be exceeded;

Placing on the markétmeans the action of making available a product
covered by this Regulation on the market of a agurapplying this
Regulation, for payment or free of charge, withi@wto distribution and/or
use in the country;

'Probé' means the first section of the transfer line whi@nsfers the sample
to next component in the sampling system;

'PTFE' means polytetrafluoroethylene, commonly knowTafion ™:
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'Ramped modal steady state test cyoleans a test cycle with a sequence of
steady state engine test modes with defined spe@doaque criteria at each
mode and defined speed and torque ramps betwesas thades;

'Rated speédmeans the maximum full load speed allowed bygbeernor,
as designed by the manufacturer, or, if such a oveis not present, the
speed at which the maximum power is obtained frioenengine, as designed
by the manufacturer;

'Reagerit means any consumable or non-recoverable mediguiresl and
used for the effective operation of the exhaugtrafeatment system.

'Regeneratiohmeans an event during which emissions levels ghavhile
the aftertreatment performance is being restoredidsign. Two types of
regeneration can occur: continuous regeneratioa fseagraph 6.6.1.) and
infrequent (periodic) regeneration (see paragrapt?2g;

'Response timiemeans the difference in time between the charfgth®
component to be measured at the reference poind agdtem response of 90
per cent of the final readindpg) with the sampling probe being defined as the
reference point, whereby the change of the measuregbonent is at least 60
per cent full scale (FS) and the devices for gatchimg shall be specified to
perform the gas switching in less than 0.1 s. Tystesn response time
consists of the delay time to the system and ofitteetime of the system;

'Rise timé& means the difference in time between the 10 pat and 90 per
cent response of the final readitg € t1);

'Shared atmospheric pressure métareans an atmospheric pressure meter
whose output is used as the atmospheric pressuranf@ntire test facility
that has more than one dynamometer test cell;

'Shared humidity measureménteans a humidity measurement that is used
as the humidity for an entire test facility thashmore than one dynamometer
test cell;

'Spari means to adjust an instrument so that it givgsoper response to a
calibration standard that represents between 7&q@rand 100 per cent of
the maximum value in the instrument range or exggkcange of use;

'Span gas means a purified gas mixture used to span galysera. Span
gases shall meet the specifications of paragrapi.9Note that calibration
gases and span gases are qualitatively the sameijffau in terms of their
primary function. Various performance verificatiohecks for gas analysers
and sample handling components might refer to eitiadibration gases or
span gases;

'Specific emissiofisneans the mass emissions expressed in g/kwWh;

'Standalont means something that has no dependencies; it"stmd
alone";

'Steady-statemeans relating to emission tests in which engipeed and
load are held at a finite set of nominally consteasiues. Steady-state tests
are either discrete-mode tests or ramped-modal test

'Stoichiometrit means relating to the particular ratio of air dnel such that
if the fuel were fully oxidized, there would be remaining fuel or oxygen;
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2.1.71.

2.1.72.

2.1.73.

2.1.74.

2.1.75.

2.1.76.

2.1.77.

2.1.78.

2.1.79.

2.1.80.

2.1.81.
2.1.82.

2.1.83.

2.1.84.

'Storage mediutmmeans a particulate filter, sample bag, or ammgstorage
device used for batch sampling;

Test (or duty) cyclemeans a sequence of test points each with aatkfin
speed and torque to be followed by the engine usiady state or transient
operating conditions. Duty cycles are specifiethim Annex 5. A single duty
cycle may consist of one or more test intervals;

Test intervadl means a duration of time over which brake-sped@fnissions
are determined. In cases where multiple test iatereccur over a duty cycle,
the Regulation may specify additional calculatidhat weigh and combine
results to arrive at composite values for compariagainst the applicable
emission limits;

Tolerancé means the interval in which 95 per cent of a agfetecorded

values of a certain quantity shall lie, with theneening 5 per cent of the
recorded values deviating from the tolerance irtervhe specified recording
frequencies and time intervals shall be used terdebe if a quantity is
within the applicable tolerance;

Total hydrocarbon (THC)means the combined mass of organic compounds
measured by the specified procedure for measuratgl thydrocarbon,
expressed as a hydrocarbon with a hydrogen-to-partass ratio of 1.85:1;

Transformation timée means the difference in time between the charige o
the component to be measured at the reference @uind system response of
50 per cent of the final readintgdj with the sampling probe being defined as
the reference point. The transformation time isduee the signal alignment
of different measurement instruments. See Figurp 3.

Transient test cyctemeans a test cycle with a sequence of normabpeed
and torque values that vary relatively quickly withe (NRTC);

Type approvdl means the approval of an engine type with redarits
emissions measured in accordance with the procedspecified in this
Regulation;

'Updating-recording means the frequency at which the analyser praevide
new, current, values;

'Useful lifé' means the relevant period of distance and/or twer which
compliance with the relevant gaseous and partiewatission limits has to
be assured,;

Variable-speed engifieneans an engine that is not a constant-speede&ngi

Verification' means to evaluate whether or not a measuremestéras
outputs agree with a range of applied referenaeagsgto within one or more
predetermined thresholds for acceptance. Contrisist'ealibration”;

To zerd means to adjust an instrument so it gives a pesponse to a zero
calibration standard, such as purified nitrogerporified air for measuring
concentrations of emission constituents;

Zero gas means a gas that yields a zero response in dypsenaThis may
either be purified nitrogen, purified air, a condtion of purified air and
purified nitrogen.
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Figure 1
Definitions of system response: delay time (paragmn 2.1.13.), response time
(paragraph 2.1.59.), rise time (paragraph 2.1.60g9nd transformation time (paragraph
2.1.74)

o |[step input time
= |
8‘; ' response time t9? —
2 e
i £ i
transformation time |
! 0 ! '
| delay time " rise time | Time
2.2, Symbols and abbreviations
2.2.1. Symbols
The symbols are explained in Annex 4A paragraph &amd Annex 4B
paragraph 3.2. respectively.
2.2.2. Symbols and abbreviations for the chemioaimmonents
Ar Argon
C. Carbon 1 equivalent hydrocarbon
CH, Methane
C,Hg Ethane
CsHs Propane
CcoO Carbon monoxide
CcO, Carbon dioxide
DOP Di-octylphthalate
H Atomic hydrogen
H, Molecular hydrogen
HC Hydrocarbon
H>,O Water
He Helium
N, Molecular nitrogen
NMHC Non-methane hydrocarbon
NOy Oxides of nitrogen
NO Nitric oxide
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2.2.3.

NO,
O,
PM
PTFE
S
THC

Nitrogen dioxide
Oxygen

Particulate matter
Polytetrafluoroethylene
Sulphur

Total hydrocarbon

Abbreviations

ASTM
BMD
BSFC
CRV
Cl
CLD
CVS
deNQ,
DF
ECM
EFC
EGR
FID
GC
HCLD
HFID
IBP
ISO
LPG
NDIR
NDUV
NIST
NMC
PDP
%FS
PFD
PFS
PTFE
RMC

American Society for Testing and Materials
Bag mini-diluter

Brake-specific fuel consumption

Critical Flow Venturi

Compression-ignition

Chemiluminescent Detector

Constant Volume Sampler

NOy after-treatment system

Deterioration factor

Electronic control module

Electronic flow control

Exhaust gas recirculation

Flame lonization Detector

Gas Chromatograph

Heated Chemiluminescent Detector

Heated Flame lonization Detector

Initial boiling point

International Organization for Standardization
Liquefied Petroleum Gas

Nondispersive infrared (Analyser)
Nondispersive ultraviolet (Analyser)

US National Institute for Standards and Tedbgyp
Non-Methane Cutter

Positive Displacement Pump

Per cent of full scale

Partial Flow Dilution

Partial Flow System

Polytetrafluoroethylene (commonly known addre™)

Ramped-modal cycle
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4.3.

4.4.
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RMS Root-mean square

RTD Resistive temperature detector
SAE Society of Automotive Engineers
SSv Subsonic Venturi

UCL Upper confidence limit

UFM Ultrasonic flow-meter

Application for approval

Application for approval of an engine as aasate technical unit

The application for approval of an engineorengine family with regard to
the level of the emission of gaseous and partieufaliutants shall be
submitted by the engine manufacturer or by a datyedited representative.

It shall be accompanied by the undermentiatecuments in triplicate and
the following particulars:

A description of the engine type comprising thetipalars referred to in
Annex 1A of this Regulation and if applicable thartrulars of the engine
family as referred to in Annex 1B of this Regulatio

An engine conforming to the engine type aberistics described in Annex
1A shall be submitted to the technical service oesjble for conducting the
approval tests defined in paragraph 5. If the teirservice determines that
the submitted engine does not fully represent tigine family described in
Annex 1A Appendix 2, an alternative and, if necegsan additional engine
shall be submitted for test according to parag&aph

Approval

If the engine submitted for approval pursusmtparagraphs 3.1. of this
Regulation meets the requirements of paragraphb®l@w, approval of that
type of engine or family of engines shall be grdnte

An approval number shall be assigned to egeé or family approved. Its
first two digits shall indicate the series of ammshts (at present 01)
incorporating the most recent major technical ameemts made to the
Regulation at the time of issue of the approvak Tame Contracting Party
shall not assign the same number to another efgeeor family.

Notice of approval or of extension or refusapproval of an engine type or
family pursuant to this Regulation shall be commated to the Parties to the
1958 Agreement which apply this Regulation, by nseasf a form
conforming to the model in Annex 2, as applicalite,this Regulation.
Values measured during the type test shall alsshbern.

There shall be affixed, conspicuously and ireadily accessible place to
every engine conforming to an engine type or famajpproved under this
Regulation, an international approval mark consgsbf:

11
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4.4.1. a circle surrounding the letter "E" followky the distinguishing number of
the country which has granted appro¥al;

4.4.2. the number of this Regulation, followed ke tetter "R", a dash and the
approval number to the right of the circle presedilin paragraph 4.4.1.

4.4.3. an additional symbol consisting of a lettmm D to R indicating the
emission level (paragraph 5.2.1.) according to tiie engine or the engine
family has been approved.

4.5, If the engine conforms to an approved typdaonily under one or more
Regulations Annexed to the Agreement, in the cqumthich has granted
approval under this Regulation, the symbol presctibeed not be repeated;
in such a case, the regulation and approval numhbeds the additional
symbols of all the Regulations under which apprdwad been granted under
this Regulation shall be placed in vertical coluntmshe right of the symbol
prescribed in paragraph 4.4.2.

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

4.7. Annex 3 to this Regulation gives examples warsgements of approval
marks.

4.8. The engine approved as a technical unit dlealf, in addition to the approval
mark:

4.8.1. the trademark or trade name of the manufactf the engine;

4.8.2. the manufacturer's engine code;

4.9, These marks shall be clearly legible and ibtkel

5. Specification and tests

5.1. General

The components liable to affect the emission ofegas and particulate
pollutants shall be so designed, constructed asdnatsled as to enable the

N

1 for Germany, 2 for France, 3 for Italy, 4 foetNetherlands, 5 for Sweden, 6 for Belgium, 7 for
Hungary, 8 for the Czech Republic, 9 for Spain, I(Serbia, 11 for the United Kingdom, 12 for
Austria, 13 for Luxembourg, 14 for Switzerland, (acant), 16 for Norway, 17 for Finland, 18 for
Denmark, 19 for Romania, 20 for Poland, 21 for Ryatu22 for the Russian Federation, 23 for
Greece, 24 for Ireland, 25 for Croatia, 26 for Stoae27 for Slovakia, 28 for Belarus, 29 for Estonia
30 (vacant), 31 for Bosnia and Herzegovina, 3 &dvia, 33 (vacant), 34 for Bulgaria, 35 for
Kazakhstan, 36 for Lithuania, 37 for Turkey, 38caat), 39 for Azerbaijan, 40 for The former
Yugoslav Republic of Macedonia, 41 (vacant), 42tfier European Community (Approvals are
granted by its Member States using their respestmmebol), 43 for Japan, 44 (vacant), 45 for
Australia, 46 for Ukraine, 47 for South Africa, #i8 New Zealand, 49 for Cyprus, 50 for Malta,

51 for the Republic of Korea, 52 for Malaysia, 58 Thailand, 54 and 55 (vacant), 56 for
Montenegro, 57 (vacant) and 58 for Tunisia. Subsetinumbers shall be assigned to other countries
in the chronological order in which they ratifyaccede to the Agreement Concerning the Adoption
of Uniform Technical Prescriptions for Wheeled &g, Equipment and Parts which can be Fitted
and/or be Used on Wheeled Vehicles and the Congifior Reciprocal Recognition of Approvals
Granted on the Basis of these Prescriptions, anduhers thus assigned shall be communicated by
the Secretary-General of the United Nations taGbetracting Parties to the Agreement.
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5.1.2.

5.1.3.

5.1.4.

5.2.

5.2.1.
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engine, in normal use, despite the vibrations tickvit may be subjected, to
comply with the provisions of this Regulation.

The technical measures taken by the manué&cshall be such as to ensure
that the mentioned emissions are effectively lichitgpursuant to this
Regulation, throughout the normal life of the emgiand under normal
conditions of use. These provisions are deemee todz:

(@) if the provisions of paragraphs 5.2.1. and2712.are respectively
complied with, and

(b) if, in addition, for engines of power bands bhdaupwards, the
provisions of paragraph 5.3. are complied with.

For engines of power bands H and upwarésiriznufacturer shall prove the
durability of the engine and after-treatment deyiée applicable, in
accordance with Annex 8.

Systematic replacement of emission relatethponents, after a certain
running time of the engine, is permissible. Any ustinent, repair,

disassembly, cleaning or replacement of engine ommpts or systems
which is performed on a periodic basis to preveatfumction of the engine,

shall only be done to the extent that is technalaly necessary to ensure
proper functioning of the emission control systelscordingly, scheduled

maintenance requirements shall be included in titomer's manual and be
approved before an approval is granted. For engifiggower bands L and

upwards, further information shall be included adatg to the requirements
of paragraph 5.3.3.

The corresponding extract from the manualthwirespect to
maintenance/replacements of the after-treatmentef@) shall be included
in the information document as set out in the agfmas of Annex 1A to this
Regulation.

Specifications concerning the emissions olupahts

The gaseous and particulate components emittelebgrigine submitted for
testing shall be measured by the methods desciib&hnex 4A for the

power bands up to P, and in Annex 4B for power ba@dand R. At the
request of the manufacturer and with the agreewiettite approval authority
the methods described in Annex 4B may be useddaepbands up to P.

The emissions of the carbon monoxide, thessams of hydrocarbons, the
emissions of the oxides of nitrogen and the emissiof particulate matter
obtained shall not exceed the amount shown inathie telow:

13
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Oxides of
Net power Carbon monoxide Hydrocarbons nitrogen Particulate Matter
Power ) (CO) (HC) (NOY (PM)
band (kW) (g/kWh) (9/kwh) (g/kwh) (g/kWh)
E 130< P< 560 3.5 1.0 6.0 0.1
F 75< P <130 5.0 1.0 6. 0.
G 37<P<75 5.0 1.3 7.( 0.4
D 18<P <37 55 1.5 8.( 0.8
Sum of hydro-carbons and oxides
Net powe Carbon monoxide of nitrogen Particulate Matter
(P) (co) (HC + NOX) (PM)
(kW) (g/kwWh) (9/kWh) (g/kwh)
H 130< P< 560 3.5 4.0 0.4
| 75<P <130 5.0 4.0 0.
J 37<P <75 5.0 4.7 0.4
K 19<P <37 55 7.5 0.4
Oxides o
Net powe Carbon monoxid¢ Hydrocarbong nitrogen Particulate Matter
P (CO) (HC) (NOx) (PM)
(kW) (g/kWh) (g/kWh) (g/kWh) (g/kWh)
L 130<P<560 3.5 0.19 2.0 0.02p
M 75<P <130 5.0 0.19 3.3 0.03b
N 56<P <75 5.0 0.19 3.3 0.02b
Sum of hydro-carbons and oxides of nitrogen
(HC + NOx)
(9/kwh)
P 37<P <56 5.0 4.7 0.025
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Oxides of
Net power Carbon monoxide Hydrocarbons nitrogen Particulate Matter
P (CO) (HC) (NOx) (PM)
(kW) (g/kwh) (9/kWh) (g/kwh) (g/kwh)
130< P< 560 3.5 0.19 0.4 0.02p
56< P <130 5.0 0.19 0.4 0.04b

5.2.2.

5.3.
5.3.1.

5.3.2.
5.3.2.1.
53.2.1.1.

5.3.2.1.2.

5.3.2.2.
5.3.2.2.1.

53.2.2.2

The limit values for power bands H to R shall intdudeterioration factors
calculated in accordance with Annex 8.

Where, as defined, according to Annex 1B engine family covers more
than one power band, the emission values of thenpaengine (type
approval) and of all engine types within the sam@ify (COP) shall meet
the more stringent requirements of the higher pdvesd.

Type approval requirements for power bands R t

This paragraph shall apply to the type-apgrof electronically controlled
engines, which use electronic control to deternido¢h the quantity and
timing of injecting fuel (hereafter 'engine’). Thgaragraph shall apply
irrespective of the technology applied to such eegiso as to comply with
the emission limit values set out in paragraphl5.@f this Regulation.

General requirements
Requirements for base emission contratesyy

The base emission control strategyyatetil throughout the speed and torque
operating range of the engine, shall be designet &nable the engine to
comply with the provisions of this Regulation.

Any base emission control strategy taat distinguish engine operation
between a standardized type approval test and offexating conditions and
subsequently reduce the level of emission contteérwnot operating under
conditions substantially included in the type appt@rocedure is prohibited.

Requirements for auxiliary emission cordtrategy

An auxiliary emission control strateggynbe used by an engine or a non-
road mobile machine, provided that the auxiliaryission control strategy,
when activated, modifies the base emission comstrategy in response to a
specific set of ambient and/or operating conditibosdoes not permanently
reduce the effectiveness of the emission contretiesy.

(@  Where the auxiliary emission control strateg\activated during the
type approval test, paragraphs 5.3.2.2.2. and.2.3.3hall not apply.

(b)  Where the auxiliary emission control strategynot activated during
the type approval test, it shall be demonstratedt the auxiliary
emission control strategy is active only for asgl@s required for the
purposes identified in paragraph 5.3.2.2.3.

The control conditions applicable to thasagraph are all of the following:
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5.3.2.2.3.

5.3.2.2.4.

5.3.2.2.5.

5.3.2.3.
5.3.2.3.1.

(@) An altitude not exceeding 1000 metres (or eajaivt atmospheric
pressure of 90 kPa);

(b)  An ambient temperature within the range 27%K®3 K (2 °C to 30
OC);

(c)  The engine coolant temperature above 343 KCj0

Where the auxiliary emission control strategy isvated when the engine is
operating within the control conditions set outsitbparagraphs (a), (b) and
(c), the strategy shall only be activated exceptilyn

An auxiliary emission control strateggynbe activated in particular for the
following purposes:

(@) By on-board signals, for protecting the endineluding air-handling
device protection) and/or non-road mobile machim® iwhich the
engine is installed from damage;

(b)  For operational safety and strategies;

(c)  For prevention of excessive emissions, duriolgl start or warming-
up, during shut-down;

(d) If used to trade-off the control of one regathtpollutant under
specific ambient or operating conditions, for maining control of all
other regulated pollutants, within the emissionitlinalues that are
appropriate for the engine concerned. The purpege compensate
for naturally occurring phenomena in a manner tipabvides
acceptable control of all emission constituents.

The manufacturer shall demonstrateddebhnical service at the time of the
type-approval test that the operation of any aamliemission strategy
complies with the provisions of paragraph 5.3.Z.Be demonstration shall
consist of an evaluation of the documentation reféto in paragraph 5.3.2.3.

Any operation of an auxiliary emissiantol strategy not compliant with
paragraph 5.3.2.2. is prohibited.

Documentation requirements

The manufacturer shall provide an inftion folder accompanying the
application for type-approval at the time of sulsina to the technical
service, which ensures access to any element gfrdasd emission control
strategy and the means by which the auxiliary egnatdirectly or indirectly
controls the output variables. The information &ldhall be made available
in two parts:

(@) The documentation package, annexed to the capipin for type-
approval, shall include a full overview of the esiis control
strategy. Evidence shall be provided that all otgermitted by a
matrix, obtained from the range of control of thedividual unit
inputs, have been identified. This evidence shallattached to the
information folder as referred to in Annex 1 A.

(b)  The additional material, presented to the teainservice but not
annexed to the application for type-approval, slatlude all the
modified parameters by any auxiliary emission cangtrategy and
the boundary conditions under which this strateggrates and in
particular:



5.3.2.3.2.

5.3.3.
5.3.3.1.

5.3.3.2.

5.3.3.3.

5.3.3.4.

5.3.35.

5.3.3.6.
5.3.3.6.1.
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0] A description of the control logic and of tingrstrategies and
switch points, during all modes of operation foe tluel and
other essential systems, resulting in effectivessians control
(such as exhaust gas recirculation system (EGR)eagent
dosing);

(i) A justification for the use of any auxiliaryngssion control
strategy applied to the engine, accompanied by mahtand
test data, demonstrating the effect on exhaustséonis. This
justification may be based on test data, sound nemging
analysis, or a combination of both;

(i) A detailed description of algorithms or senso(where
applicable) used for identifying, analysing, or giasing
incorrect operation of the N@ontrol system;

(iv) The tolerance used to satisfy the requireméntparagraph
5.3.3.7.2., regardless of the used means.

The additional material referred toubaragraph (b) of paragraph 5.3.2.3.1.
shall be treated as strictly confidential. It shml made available to the type-
approval authority on request. The type-approvahauty shall treat this
material as confidential.

Requirements to ensure correct operatidtiyfcontrol measures

The manufacturer shall provide informatieat fully describes the functional
operational characteristics of the N@ntrol measures using the documents
set out in paragraph 2. of Appendix 1 and paragrapbf Appendix 3 to
Annex 1A.

If the emission control system requiragagent, the characteristics of that
reagent, including the type of reagent, informationconcentration when the
reagent is in solution, operational temperatureddans and reference to
international standards for composition and qualhgll be specified by the
manufacturer, in paragraph 2.2.1.13. of Appendixarid in paragraph
3.2.1.13. of Appendix 3 to Annex IA.

The engine emission control strategy shmdl operational under all
environmental conditions regularly pertaining ine therritory of the
Community, especially at low ambient temperatures.

The manufacturer shall demonstrate tleethission of ammonia during the
applicable emission test cycle of the type apprpvatedure, when a reagent
is used, does not exceed a mean value of 25 ppm.

If separate reagent containers are iestadh or connected to a non-road
mobile machine, means for taking a sample of thagest inside the

containers shall be included. The sampling poiralidbe easily accessible
without requiring the use of any specialized taotievice.

Use and maintenance requirements

The type approval shall be made conwitjoin accordance with paragraph
5.1.3., upon providing to each operator of non-roedbile machinery written
instructions comprising the following:

(@) Detailed warnings, explaining possible malfiots generated by
incorrect operation, use or maintenance of theallest engine,
accompanied by respective rectification measures;
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(b)  Detailed warnings on the incorrect use of thachine resulting in
possible malfunctions of the engine, accompanied régpective
rectification measures;

(c) Information on the correct use of the reagecompanied by an
instruction on refilling the reagent between nornmahintenance
intervals;

(d) A clear warning, that the type-approval cectife, issued for the type
of engine concerned, is valid only when all of thikowing conditions
are met:

0] The engine is operated, used and maintainedcitordance
with the instructions provided;

(i)  Prompt action has been taken for rectifyingarrect operation,
use or maintenance in accordance with the redidica
measures indicated by the warnings referred to
subparagraphs (a) and (b);

(i)  No deliberate misuse of the engine has takgace, in
particular de-activating or not maintaining an EGRreagent
dosing system.

The instructions shall be written in a clear and-technical manner using
the same language as is used in the operator'sainanunon-road mobile
machinery or engine.

5.3.3.7. Reagent control (where applicable)

5.3.3.7.1. The type approval shall be made contitioin accordance with the
provisions of paragraph 6.1., upon providing intbecs or other appropriate
means, according to the configuration of the nadronobile machinery,
informing the operator on:

(@) The amount of reagent remaining in the reagtmage container and
by an additional specific signal, when the remainieagent is less
than 10 per cent of the full container's capacity;

(b)  When the reagent container becomes empty naosdlempty;

(c) When the reagent in the storage tank does paiply with the
characteristics declared and recorded in paragraghl.13. of
Appendix 1 and paragraph 2.2.1.13. of Appendix 3Atmex 1A,
according to the installed means of assessment;

(d)  When the dosing activity of the reagent istintpted, in cases other
than those executed by the engine ECU or the dosamdroller,
reacting to engine operating conditions where tlsird) is not
required, provided that these operating conditiares made available
to the type approval authority.

5.3.3.7.2. By the choice of the manufacturer thguirements of reagent compliance
with the declared characteristics and the assatibi®, emission tolerance
shall be satisfied by one of the following means:

(@) Direct means, such as the use of a reagentysahsor.

(b) Indirect means, such as the use of a, NMénsor in the exhaust to
evaluate reagent effectiveness.
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6.1.

6.1.1.

6.1.2.

6.1.3.

7.1.

7.2.

7.2.1.

7.2.2.

7.2.2.1.

7.2.2.2.
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(c)  Any other means provided that its efficacy tiseast equal to the one
resulting by the use of the means of subparagrémhsr (b) and the
main requirements of this paragraph are maintained.

Installation on the vehicle

The engine installation on the vehicle shalmply with the following
characteristics in respect to the approval of thgire.

Intake depression shall not exceed thatifigeddor the approved engine in
Annex 1A, Appendix 1.

Exhaust back pressure shall not exceedpregified for the approved engine
in Annex 1A, Appendix 1.

The operator shall be informed on the reagemntrol as defined in paragraph
5.3.3.7.1., if applicable.

Conformity of production

The conformity of production procedures skalnply with those set out in
the Agreement, Appendix 2 (E/ECE/324-E/ECE/TRANS/Rev.2) with the
following requirements:

The Competent Authority which has granted apgrmay at any time verify
the conformity control methods applicable to eaadpction unit.

In every inspection, the test books and petdn survey record shall be
presented to the visiting inspector.

When the quality level appears unsatisfgctorwhen it seems necessary to
verify the validity of the data presented in apation of paragraph 5.2., the
following procedure is adopted:

An engine is taken from the series andestdd to the test described in
Annex 4A or Annex 4B according to paragraph 5.2e Bmissions of the
carbon monoxide, the emissions of the hydrocarbthes,emissions of the
oxides of nitrogen and the emissions of particutdiained shall not exceed
the amounts shown in the table in paragraph 5.X%Mihject to the

requirements of paragraph 5.2.2.

If the engine taken from the series doefs satisfy the requirements of
paragraph 7.2.2.1. the manufacturer may ask forsorements to be
performed on a sample of engines of the same $paaiin taken from the
series and including the engine originally takeme Tmanufacturer shall
determine the size n of the sample in agreemet thi¢ technical service.
Engines other than the engine originally takenlshalsubjected to a test.

The arithmetical meal X) of the results obtained with the sample shall then

be determined for each pollutant. The productionhef series shall then be
deemed to confirm if the following condition is met

x+kS<|
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Where:

_X (x-X )?

s? 1 where x is any one of the individual results atedi with
n -
the sample n;

I is the limit value laid down in paragraph 5.2ftir each pollutant

considered,;
k is a statistical factor depending on n and givethe following table:
n 2 3 4 5 6 7 8 9 1(“
k 0.973 0.613 0.484 0.4211 0.376 0.342 0.317 0.p96 7912
n 11 12 13 14 15 16 17 1B 10
k 0.265 0.253 0.244 0.233 0.224 0.21L6 0.210 0.p03 9801
. 0.860
if n=>20, k=
Jn
7.2.3. The Technical Service responsible for vargythe conformity of production
shall carry out tests on engines which have beemirrupartially or
completely, according to the manufacturer's speatifons.
7.2.4. The normal frequency of inspections autteatiby the Competent Authority

20

8.1.

8.2.

9.1.

shall be one per year. If the requirements of pafly 7.2.2.1. are not met,
the Competent Authority shall ensure that all neass steps are taken to
re-establish the conformity of production as rapal possible.

Penalties for non-conformity of production

The approval granted in respect of an engipe or family pursuant to this
Regulation may be withdrawn if the requirementd @dwn in paragraph 7.2.
are not complied with or if the engine or engingseh fail to pass the tests
prescribed in paragraph 7.2.2.1.

If a Contracting Party to the Agreement apmyihis Regulation withdraws
an approval it has previously granted, it shaltHatith so notify the other
Contracting Parties applying this Regulation by ngeaf a communication
form conforming to the model in Annex 2 to this REkgion.

Modifications and extension of approval of the
approved type

Every modification of the approved type or ilgnshall be notified to the
Administrative Department which approved the typbe department may
then either:
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9.1.1. Consider that the modifications made arekelyl to have an appreciable
adverse effect and that in any case the modifipé still complies with the
requirement; or

9.1.2. Require a further test report from the tézddrservice conducting the tests.

9.2, Confirmation or refusal of approval, specifyithe alterations, shall be
communicated by the procedure specified to theidzatd the Agreement
applying this Regulation.

9.3. The Competent Authority issuing the extensibrapproval shall assign a
series number for such an extension and infornetifehe other Contracting
Parties to the 1958 Agreement applying this Reguraby means of a
communication form conforming to the model in Anrg&to this Regulation.

10. Production definitely discontinued

If the holder of the approval completely ceasesnamufacture the type or
family approved in accordance with this Regulatien shall so inform the
authority which granted the approval. Upon recejvitthe relevant
communication that authority shall inform therebé tother Parties to the
Agreement which apply this Regulation by means obmmunication form
conforming to the model in Annex 2 to this Reguati

11. Transitional provisions

11.1. As from the official date of entry into foroéthe 02 series of amendments,
no Contracting Party applying this Regulation shefuse to grant approval
under this Regulation as amended by the 02 sefr@mendments.

11.2. As from the date of entry into force of th& Series of amendments,
Contracting Parties applying this Regulation m&yse to grant approvals to
variable speed engines, or engine families, ofpthvwer bands H, I, J and K
which do not meet the requirements of this Regutatis amended by the 02
series of amendments.

11.3. As from the date of entry into force of th& Beries of amendments,
Contracting Parties applying this Regulation mafse the placing on the
market of variable speed engines, or engine familiecluded in the power
bands H, I, J and K not approved under this Regulads amended by the
series 02 of amendments.

11.4. As from 1 January 2010, Contracting Partigslyéng this Regulation may
refuse to grant approvals to constant speed enginengine families, of the
power bands H, | and K which do not meet the rexuoents of this
Regulation as amended by the 02 series of amendment

11.5. As from 1 January 2011, Contracting Partfgslyéng this Regulation may
refuse to grant approvals to constant speed enginengine families, of the
power band J which do not meet the requirementthisf Regulation as
amended by the 02 series of amendments.

11.6. As from 1 January 2011, Contracting Partfgslyéng this Regulation may
refuse the placing on the market of constant speegines, or engine
families, included in the power bands H, | and K approved under this
Regulation as amended by the series 02 of amendment
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11.7.

11.8.

11.9.

11.10.

11.11.

11.12.

11.13.

11.14.

11.15.

11.16.

11.17.

As from 1 January 2012, Contracting Partigslyéng this Regulation may
refuse the placing on the market of constant speegines, or engine
families, included in the power band J not approweder this Regulation as
amended by the series 02 of amendments.

By derogation to the provisions stipulated paragraphs 11.3., 11.6. and
11.7., Contracting Parties applying this Regulatioay postpone each date
mentioned in the above paragraphs for two yearsdpect of engines with a
production date prior to the said dates.

By derogation to the provisions stipulatedparagraphs 11.3., 11.6. and
11.7., Contracting Parties applying this Regulatioay continue to permit

the placing on the market of engines approved enbidisis of a previous

technical standard, provided that the enginesrdemded as replacement for
fitting in vehicles in use, and that it is not teatally feasible for the engines
in question to satisfy the new requirements ofdReeries of amendments.

As from the official date of entry into ferof the 03 series of amendments,
no Contracting Party applying this Regulation shefuse to grant approval
under this Regulation as amended by the 03 sefi@mendments.

As from the date of entry into force of th8 series of amendments,
Contracting Parties applying this Regulation mé&yse to grant approvals to
variable speed engines, or engine families, opthwser bands L, M, N and P
which do not meet the requirements of this Regutatis amended by the 03
series of amendments.

As from 1 January 2013, Contracting Pariggslying this Regulation may
refuse to grant approvals to variable speed engaresngine families, of the
power band Q which do not meet the requirementshisf Regulation as
amended by the 03 series of amendments.

As from 1 October 2013, Contracting Paréipplying this Regulation may
refuse to grant approvals to variable speed engaresngine families, of the
power band R which do not meet the requirementthisf Regulation as
amended by the 03 series of amendments.

As from the date of entry into force of th8 series of amendments,
Contracting Parties applying this Regulation mafuse the placing on the
market of variable speed engines, or engine familiecluded in the power
bands L, M, N and P not approved under this Reiguiats amended by the
series 03 of amendments.

As from 1 January 2014, Contracting Pariggslying this Regulation may
refuse the placing on the market of variable speadines, or engine
families, included in the power band Q not approwrder this Regulation as
amended by the series 03 of amendments.

As from 1 October 2014, Contracting Paréipplying this Regulation may
refuse the placing on the market of variable speadines, or engine
families, included in the power band R not approueder this Regulation as
amended by the series 03 of amendments.

By derogation to the provisions stipulatadparagraphs 11.14. to 11.16.
Contracting Parties applying this Regulation shadistpone each date
mentioned in the above paragraphs for two yearsdpect of engines with a
production date prior to the said dates.
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12.
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By derogation to the provisions stipulatecdparagraphs 11.14., 11.15. and
11.16., Contracting Parties applying this Regufatisay continue to permit
the placing on the market of engines approved enbidisis of a previous
technical standard, provided that the enginesrdaemded as replacement for
fitting in vehicles in use, and that it is not teatally feasible for the engines
in question to satisfy the new requirements ofdBeseries of amendments.

Names and addresses of technical services
responsible for conducting approval tests and of
administrative departments

The Contracting Parties to the 1958 Agreementyapgplthis Regulation shall
communicate to the United Nations Secretariat tumes and addresses of
the Technical Services responsible for conductipgraeval tests and the
Administrative Departments which grant approval awd which forms
certifying approval or extension or refusal or withwal of approval, issued
in other countries are to be sent.
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Annex 1A

Information document No ... relating to the type aproval and referring to measures
against the emission of gaseous and particulate paiants from internal combustion
engines to be installed in non-road mobile machingr

Parent engine/ENgING tYPB.......ccviiuee et eeee ettt et et ete e ete e ete et e rae e ete e

1. General
1.1. Make (name of undertaking): .......ccoooocmmriiiiiie e
1.2. Type and commercial description of the pareand (if applicable) of

the family €NgINE(S)......coi ittt
1.3. Manufacturer's type coding as marked on tiggnes}:........c...ccoeeeeieeieennne.
1.4. Specification of machinery to be propelledtsy enginé..............ccccoveeveene..
15. Name and address of ManUfaCtUrer: .......ccccccooiiiiieenniiieeee e

Name and address of manufacturer's authorizedsepiaive

(L0 SRR PR SRRPPR
1.6. Location, coding and method of affixing of #rgine identification...............
1.7. Location and method of affixing of the appravark: ............cccccccen,
1.8. Address(es) of assembly plant(S):......ccceceeuuuiimiiiiiiiiiiiiieeee e
Attachments:
1.1. Essential characteristics of the parent eifgjr{see Appendix 1)
1.2. Essential characteristics of the engine falsiée Appendix 2)
1.3. Essential characteristics of engine typesiwitiie family (see Appendix 3)
2. Characteristics of engine-related parts of tidita machinery (if applicable)
3. Photographs of the parent engine
4. List further attachments if any

Date, file

1 Strike out what does not apply.
2 Specify the tolerance.
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Essential characteristics of the (parent) engine

1.
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.
1.14.1.

1.14.1.1.
1.14.1.2.
1.14.1.3.
1.14.1.4.

1.14.2.

1.14.2.1.
1.14.2.2.
1.14.2.3.

1.15.
1.15.1.
1.15.2.

Description of engine
Y =TT = Tod (1] £ PR POPPUPPRPPRRT
Manufacturer's enging COUE: ........cccuuririiiiiiiiieirie e e

Cycle: four stroke/two stroke

BO . e mm
] (0] = ST PRSP mm
Number and layout of CyliNAers: .........ccccciviiiiiiiiiiieee s
ENGINE CAPACILY: ©..vveeeeeeieeeeeeee e eees et en et ee e eneas cni
Rated SPEEA:......ce i ——————————
Maximum tOrQUE SPEEA: .......uuurreeeee s s sseeeeeeeeaaaaaaeaeaseesasssnasnnsssreneneees
Volumetric compression radio...........ccccocevveeeeicee i
Combustion system deSCriptioN: ..........cccccurrriiriiiiiieireereeree e e e e esnenns
Drawing(s) of combustion chamber and piSTOWO ............ccceeeeeeeeviiiiiiinnns
Minimum cross sectional area of inlet andedydorts: .............ccccccvvvvviieeennnen.

Cooling system

Liquid

Circulating pump(s): yestno

Characteristics or make(s) and typefgjpfilicable): ........cccccvvvervvevririennennnnn.
Drive ratio(s) (if applicable): ...
Air

Blower: yes/rio

Characteristics or make(s) and typefgjpfilicable): .........ccccvvvereeiriierinnennnnn.
Drive ratio(s) (if applicable): ..o

Temperature permitted by the manufacturer

Liquid cooling: Maximum temperature at ettl...............ccccccvvvevviieeeneennnn. K
Air cooling: Reference POINt: ........oueeerreiiiiiieiieirieeieeaeee e ssenennenneees
Maximum temperature at reference point:...........cccccoovvvevvcciivviiiineeeneeee, K

1 Strike out what does not apply.
2 Specify the tolerance.
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1.15.3.

1.15.4.

1.155.

1.15.6.

1.16.

1.16.1.
1.16.2.
1.16.3.

1.16.4.
1.17.

1.18.

2.
2.1.
2.2.

2.2.1.
2.2.1.1.
2.2.1.2.
2.2.1.3.
2.2.1.4.
2.2.15.
2.2.1.6.
2.2.1.7.
2.2.1.8.
2.2.1.9.
2.2.1.10.
2.2.1.11.

2.2.1.12.
2.2.1.13.
2.2.1.13.1.

Maximum charge air outlet temperature o€ thlet intercooler (if

APPICADIE): ... e ——— K
Maximum exhaust temperature at the poithénexhaust pipe(s) adjacent to
the outer flange(s) of the exhaust manifold(S):..c........coovevvcciiiiiiiiiiieeenn, K
FUEI tEMPEIAtUIE: ... ..vviiiiiieeees e e e e e e e e e e s e e e e e e eeeaens min: K
..................................................................................................... max: K
Lubricant teMPEratUre:..............eecmccmeeeeeereeieessinennreereeerrerreeeaeaeees min: K
..................................................................................................... max: K

Description of the system (e.g. max chapgessure, waste-gate, if
APPICADIE): ... —————

Intercooler: yes/fho

Intake system: Maximum allowable intake desgian at rated engine speed

Measures taken against air pollution
Device for recycling crankcase gases: yés/no

Additional anti-pollution devices (if any, anfl not covered by another
heading)

Catalytic converter: yes/no

Number of catalytic converters and element..........ccccccvvevveeeeiiiiiiiiicccieenns
Dimensions- and volume of the catalytiovester(s): ........ccccccvvvvrviireeeeeeeeeenn.

Type Of catalytic aCON: ...........ummreeeeeeeese s et e e e e e e e e e e eeseannes

Type of casing for the catalytic CONSEE): ..........ccvvvviiviiiiieeeeeiiiiiicceeeen,

Location of the catalytic converter(gja¢e(s) and maximum/minimum
distance(s) from ENgINE): ....eeiiiiiiiii e



2.2.1.13.2.
2.2.1.13.3.

2.2.1.14.
2.2.2.
2.2.2.1.
2.2.2.2.
2.2.2.3.
2.2.3.
2.2.3.1.
2.2.4.
2.24.1.
2.2.5.
2.2.5.1.
2.2.5.2.
2.2.5.3.
2.2.5.4.
2.2.55.
2.2.6.
2.2.6.1.
3.

3.1

3.2.
3.2.1.
3.2.1.1.
3.2.1.2.
3.2.1.3.

3.2.1.4.
3.2.1.4.1.
3.2.1.4.2.
3.2.2.
3.2.2.1.
3.2.2.2.
3.2.3.

ECE/TRANS/WP.29/2011/125

Normal operational temperature range&Fent: ........ccccevveeeeeeeeeeieeiiiiiieennns
International standard (where approgia..............ccoeceevvvviiiiieeieiieeeeeeeen,
NQ sensor: yes/rto

Oxygen sensor: yeso

Air injection: yes/no

Type (pulse air, air PUMP, E1C.): . umrrreeeeeeeeieeiieeeicrinrirr e e e eeeeeea e e
EGR: yes/rio

Characteristics (cooled/uncooled, higlsgues/low pressure, etc.): ................
Particulate trap: yes/no

Dimensions and capacity of the particui@p: ................ccccoecvviviiiieeeeeeienn.

Method or system of regeneration, desoriggnd/or drawing: ..............cc.......
Normal operating temperature (K) and pnesgkPa) range: .........ccccccvvvvvnneee.

Other systems: yesino

Fuel feed

Feed pump

Injection system

Pump

Delivery............ mm per stroke or cycle at pump speed of:.........min
at full injection, or characteristic diagram.

Mention the method used: On engine/on pump blench
Injection advance

INJECHION AAVANCE CURVE.......eeivieeeeeeetieeceieeetee e eteeeeee e et e see e sreeeeraeeeaeeeas

Injector(s)
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3.2.3.1.
3.2.3.2.
3.2.3.3.
3.2.4.
3.24.1.
3.2.4.2.
3.2.4.3.
3.2.4.4.
3.2.45.
3.3.
3.3.1.
3.3.2.
3.3.3.
4.

4.1.

4.2

Opening pressdmr characteristic diagram: ...........c.cocovevveveeeeeereeeneens kPa

Governor

[ 1S ] o] 1o o PSRRI
Valve timing

Maximum lift and angles of opening and closimgelation to dead centres or

Reference and/or setting rarlges
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Annex 1A
Appendix 2

Essential characteristics of the engine family

1. Common parametérs

1.1. COMDBUSHION CYCIE: oo a e

1.2. (@100 ] 11 o 13 1Yo [0 T2 SRR

1.3. Method Of air aSPIratiON: .............. e ee e e e e e e e e e e e e e e e e e e e e reeeeeeas

1.4. Combustion chamber type/desSigN:.......ceeeeemeeeeeeeeeeieeieeieecceereeeeee e

1.5. Valve and porting 3/4 configuration, size @omnber:...........cccccvvvveveeeeeeeeeenn.

1.6. [T IS A (=1 PR

1.7. ENngine management SYSIEMS ..........cccumememierrrererrrrreeieeeeeeeeeesssssssnnnnenns
Proof of identity pursuant to drawing NUMbBEr(S):.....uuuvreieiierieeeeeeeieeiieiiiiinns

1.7.1. charge CoolING SYSEM: ...cviiiiii e

1.7.2. exhaust gas reCirCUlatfon...........c.oocvviieeecee e

1.7.3. Water iNJeCHON/EMUISIAN. ........c...ocieeeeieeetee e eee e eee e eee e eeeeree e eaeeeeaeeas

1.7.4. TR =T ox 1[0 DO

1.8. Exhaust after-treatment SYStem.........c.ocvvvivieiiee e
Proof of identical (or lowest for the parent eminatio: system capacity/fuel
delivery per stroke, pursuant to diagram NnUMber(S):.......cccceeeeveevieiiiiccnnnnns

2 Engine family listing

2.1 ENngine family NamMe:.........uuuiiiiiiiii e

1 Strike out what does not apply.
2 Specify the tolerance.
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2.2 Specification of engines within this family:
No. of Rated net Maximum Maximum
Engine type cylinders Rated speed power (KW) torque speed torque [ Low idle speed

Parent engine (for full details see Annex 1A)

2.3. In addition, for each engine type within tlenfly, the information required
in Annex 1B — Appendix 3 shall be submitted to &pproval authority.



Annex 1A

Appendix 3

ECE/TRANS/WP.29/2011/125

Essential characteristics of engine types withithe family

1.
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.
1.14.1.

1.14.1.1.
1.14.1.2.
1.14.1.3.
1.14.1.4.

1.14.2.

1.14.2.1.
1.14.2.2.
1.14.2.3.

1.15.
1.15.1.
1.15.2.

Description of engine
Y =TT = Tod (1] £ PR POPPUPPRPPRRT
Manufacturer's enging COUE: ........cccuuririiiiiiiiieirie e e

Cycle: four stroke/two stroke

BO . e mm
] (0] = ST PRSP mm
Number and layout of CyliNAers: .........ccccciviiiiiiiiiiieee s
ENGINE CAPACILY: ©..vveeeeeeieeeeeeee e eees et en et ee e eneas cni
Rated SPEEA:......ce i ——————————
Maximum tOrQUE SPEEA: .......uuurrreeees s seeeeeeeeaeaaaaeaeesessasssnnssnnsssreneneees
Volumetric compression radio...........ccccocevveeeeicee i
Combustion system deSCriptioN: ..........cccccurrriiriiiiiieireereeree e e e e esnenns
Drawing(s) of combustion chamber and piSTOWO ............ccceeeeeeeeviiiiiiinnns
Minimum cross-sectional area of inlet andetydorts:..............ccccccvvvieveeennen.

Cooling system

Liquid

Circulating pump(s): yestno

Characteristics or make(s) and typefgjpfilicable): ........cccccvvvervvevririennennnnn.
Drive ratio(s) (if applicable): ...
Air

Blower: yes/rio

Characteristics or make(s) and typefgjpfilicable): .........ccccvvvereeiriierinnennnnn.
Drive ratio(s) (if applicable): ..o

Temperature permitted by the manufacturer

Liquid cooling: Maximum temperature at ettl...............ccccccvvvevviieeeneennnn. K
Air cooling: Reference POINt: ........oueeerreiiiiiieiieirieeieeaeee e ssenennenneees
Maximum temperature at reference point:...........cccccoovvvevvcciivviiiineeeneeee, K

1 Strike out what does not apply.
2 Specify the tolerance.
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1.15.3.

1.15.4.

1.155.

1.15.6.

1.16.

1.16.1.
1.16.2.
1.16.3.

1.16.4.
1.17.

1.18.

2.
2.1.
2.2.

2.2.1.
2.2.1.1.
2.2.1.2.
2.2.1.3.
2.2.1.4.
2.2.15.
2.2.1.6.
2.2.1.7.
2.2.1.8.
2.2.1.9.
2.2.1.10.
2.2.1.11.

2.2.1.12.
2.2.1.13.
2.2.1.13.1.

Maximum charge air outlet temperature o€ thlet intercooler (if

APPICADIE): ... e ——— K
Maximum exhaust temperature at the poithénexhaust pipe(s) adjacent to
the outer flange(s) of the exhaust manifold(S):..c........coovevvcciiiiiiiiiiieeenn, K
FUEI tEMPEIAtUIE: ... ..vviiiiiieeees e e e e e e e e e e s e e e e e e eeeaens min: K
..................................................................................................... max: K
Lubricant teMPEratUre:..............eecmccmeeeeeereeieessinennreereeerrerreeeaeaeees min: K
..................................................................................................... max: K

Description of the system (e.g. max. chapgessure, waste-gate, if
APPNCADIE): ... —————

Intercooler: yes/fho

Intake system: Maximum allowable intake desgian at rated engine speed

Measures taken against air pollution
Device for recycling crankcase gases: yés/no

Additional anti-pollution devices (if any, anfl not covered by another
heading)

Catalytic converter: yes/no

Location of the catalytic converter(sjage(s) and maximum/minimum
distance(s) from ENGINE): ....eeiiiiiiiii e

Normal operating range (K)........cccccceioeveureriiiiiiieeerre e e s ee e e e e e e s sesssenneenes



2.2.1.13.2.
2.2.1.13.3.

2.2.1.14.
2.2.2.
2.2.2.1.
2.2.2.2.
2.2.2.3.
2.2.3.
2.2.3.1.
2.2.4.
2.24.1.
2.2.5.
2.2.5.1.
2.2.5.2.
2.2.5.3.
2.2.5.4.
2.2.55.
2.2.6.
2.2.6.1.
3.

3.1

3.2.
3.2.1.
3.2.1.1.
3.2.1.2.
3.2.1.3.

3.2.1.4.
3.2.1.4.1.
3.2.1.4.2.
3.2.2.
3.2.2.1.
3.2.2.2.
3.2.3.

ECE/TRANS/WP.29/2011/125

Normal operational temperature range&Fent: ........ccccevveeeeeeeeeeieeiiiiiieennns
International standard (where approgia..............ccoeceevvvviiiiieeieiieeeeeeeen,
NQ sensor: yes/rto

Oxygen sensor: yeso

Air injection: yes/no

Type (pulse air, air PUMP, E1C.): . umrrreeeeeeeeieeiieeeicrinrirr e e e eeeeeea e e
EGR: yes/rio

Characteristics (cooled/uncooled, higlsgues/low pressure, etc.): ................
Particulate trap: yes/no

Dimensions and capacity of the particui@p: ................ccccoecvviviiiieeeeeeienn.

Method or system of regeneration, desoriggnd/or drawing: ..............cc.......
Normal operating temperature (K) and pnesgkPa) range: .........ccccccvvvvvnneee.

Other systems: yesino

Fuel feed

Feed pump

Injection system

Pump

Delivery:............. miA per stroke or cycle at pump speed of........ min
at full injection, or characteristic diagram.

Mention the method used: On engine/on pump blench
Injection advance

INJECHION AAVANCE CURVE.......eeivieeeeeeetieeceieeetee e eteeeeee e et e see e sreeeeraeeeaeeeas

Injector(s)
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3.2.3.1.
3.2.3.2.
3.2.3.3.
3.2.4.
3.24.1.
3.2.4.2.
3.2.4.3.
3.2.4.4.
3.2.45.
3.3.
3.3.1.
3.3.2.
3.3.3.
4.

4.1.

4.2

Opening pressarer characteristic diagram: .............cccoeceveeeeseveeeninnnn. kPa

Governor

[ 1S ] o] 1o o PSRRI
Valve timing

Maximum lift and angles of opening and closimgelation to dead centres or

Reference and/or setting rariges
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Annex 1B

1. Parameters defining the engine family

1.1. General
An engine family is characterized by design patanse These shall be
common to all engines within the family. The engimanufacturer may
decide, which engines belong to an engine famgylpag as the membership
criteria listed in paragraph 1.3. are respectece €hgine family shall be
approved by the type approval authority. The mastufer shall provide to
the type approval authority the appropriate infdiora relating to the
emission levels of the members of the engine family

1.2. Special cases

1.2.1. Interactions between parameters
In some cases there may be interaction betweermeders, which may cause
emissions to change. This shall be taken into denation to ensure that
only engines with similar exhaust emission charties are included
within the same engine family. These cases shallidesmtified by the
manufacturer and notified to the type approval et It shall then be
taken into account as a criterion for creating & eagine family.

1.2.2. Devices or features having a strong infleemit emissions
In case of devices or features, which are noedish paragraph 1.3. and
which have a strong influence on the level of emiss this equipment shall
be identified by the manufacturer using good ergyiimg judgment, and shall
be notified to the type approval authority. It $hilbén be taken into account
as a criterion for creating a new engine family.

1.2.3. Additional criteria
In addition to the parameters listed in paragragh, the manufacturer may
introduce additional criteria allowing the defioiti of families of a more
restricted size. These parameters are not nedgssarameters that have an
influence on the level of emissions.

1.3. Parameters defining the engine family

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

1.3.2. Configuration of the cylinders

1.3.2.1. Position of the cylinders in the block:
@ Vv
(b)  In-line;
(c) Radial;
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1.3.2.2.

1.3.3.

1.3.4.

1.3.5.

1.3.6.

1.3.7.

1.3.8.

1.3.9.

1.3.10.

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

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

Main cooling medium:

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

Individual cylinder displacement

Within 85 per cent and 100 per cent for engineghva unit cylinder
displacement> 0.75 dmi of the largest displacement within the engine
family.

Within 70 per cent and 100 per cent for engineghva unit cylinder
displacement < 0.75 dhof the largest displacement within the engine
family.

Method of air aspiration:

€) Naturally aspirated;

(b)  Pressure charged;

(c)  Pressure charged with charge cooler.
Combustion chamber type/design:

(@) Open chamber;

(b)  Divided chamber;

(c)  Other types.

Valves and porting:

(@) Configuration;

(b)  Number of valves per cylinder.
Fuel supply type:

€) Pump, (high pressure) line and injector;
(b)  In-line pump or distributor pump;
(c)  Unitinjector;

(d) Common rail.

Miscellaneous devices:

(@) Exhaust gas recirculation (EGR);
(b)  Water injection;

(c)  Airinjection;

(d)  Others.

Electronic control strategy



1.3.11.

ECE/TRANS/WP.29/2011/125

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

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

The electronic governing of speed does not nedietm a different family
from those with mechanical governing. The need epasate electronic
engines from mechanical engines should only applthe fuel injection
characteristics, such as timing, pressure, rateeshetc.

Exhaust after-treatment systems

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

(@)  Oxidation catalyst;

(b)  DeNQ, system with selective reduction of NCaddition of reducing
agent);

(c)  Other DeNQsystems;

(d)  Particulate trap with passive regeneration;
(e) Particulate trap with active regeneration;
4] Other particulate traps;

(g)  Other devices.

When an engine has been certified without an -éféatment system,
whether as parent engine or as member of the fathiy this engine, when
equipped with an oxidation catalyst (not with pautate trap), may be
included in the same engine family, if it does meguire different fuel
characteristics.

If it requires specific fuel characteristics (eparticulate traps requiring

special additives in the fuel to ensure the regimar process), the decision
to include it in the same family shall be basedemhnical elements provided
by the manufacturer. These elements shall indibatethe expected emission
level of the equipped engine complies with the séimé value as the non-

equipped engine.

When an engine has been certified with aftersneat system, whether as
parent engine or as member of a family, whose parpgine is equipped
with the same after-treatment system, then thisinengwhen equipped
without after-treatment system, shall not be addatie same engine family.

Choice of the parent engine

The parent engine of the family shall be delkcising the primary criteria of
the highest fuel delivery per stroke at the dedamaximum torque speed. In
the event that two or more engines share this pyirpdterion, the parent
engine shall be selected using the secondary ieribérhighest fuel delivery
per stroke at rated speed. Under certain circurosgrthe approval authority
may conclude that the worst case emission ratdheffamily can best be
characterized by testing a second engine. Thusappeoval authority may
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2.2.

select an additional engine for test based upadmurfes which indicate that it
may have the highest emission levels of the engiriisn that family.

If engines within the family incorporate otherriable features which could
be considered to affect exhaust emissions, theaturées shall also be
identified and taken into account in the selectbthe parent engine.
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Annex 2

Communication
(Maximum format: A4 (210 x 297 mm)
concerning APPROVAL GRANTED

APPROVAL EXTENDED

APPROVAL REFUSED

APPROVAL WITHDRAWN

PRODUCTION DEFINITELY DISCONTINUED
of a compression-ignition engine type or familyesfgine types as separate technical units
with regard to the emission of pollutants pursuarRegulation No. 96
Approval NO.: ..o Extension No.: .................
1. Trade name or mark of the engine: ...
2. Engine type(s):
2.1 ENGINe family: .......ouviiiiiiiiiiiii e
2.2, Types included in the engine family:.......ccccccoiiiiiiiiiiii e
2.3. Tested type of engine or the representatitheéngine family: ....................
3 Manufacturer's name and address: .......ccceecceerveeeriere e
4, If applicable, name and address of manufacturepresentative:....................
5. Maximum allowable intake depreSSioN: ... .eeereriiriiiiiiieieerieeaeeeenens kPa
6. Maximum allowable back pressure: .........ceeeeeveveeeeeeeeii e, kPa
7. Restriction of Use (if @ny): ....cccceviiieeeeer e

1

Distinguishing number of the country which hasngea/extended/refused/withdrawn an approval
(see approval provisions in the Regulation).
2 Strike out what does not apply.
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8. Emission levels - final test results with DF:

NRSC NRTG
CO (g/kWh)
HC (g/kWh)
NO, (g/kWh)
PM (g/kWh)
9. Engine submitted for teSt ON: .......ovv i i
10. Technical Service responsible for conductirggapproval test:.......................
11. Date of test report issued by that SEIVICE: mm.vvveeeeeiieiiii e
12. Number of test report issued by that ServiCe:a...........oooevceciiiiiiiiiieeceee,
13. Site of approval mark on the engine: .....cccoeevvvivvieei e
14. PLACE: .. e
15.
16.
17. The following documents, bearing the approvainber shown above, are

annexed to this communication:

One copy of Annex 1A or Annex 1B to this Regulatimompleted and with
drawings and diagrams referred to attached.
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Annex 2

Appendix 1
Test results

1. Information concerning the conduct of the'test
1.1. Reference fuel used for test
1.1.1. Cetane NUMDEI: .....iiiiiie e re ettt
1.1.2. SUIPNUI CONEENL ... e e e e e e e
1.1.3. DN Y ettt et e e e ———————————————aaaaaaan
1.2. Lubricant
1.2.1. [ 1T () SRR
1.2.2. L3/ 011 () SRS PPP
(state percentage of oil in mixture if lubricandafuel are mixed)
1.3. Engine driven equipment (if applicable)
1.3.1. Enumeration and identifying detailS: .......c......oooooeiiccciiiiiiiiceeeeeee e
1.3.2. Power absorbed at indicated engine speeds sfgecified by the
manufacturer):
Power Re (kW) absorbed at various engine spéetisking into account Annex [
Equipment Intermediate (if applicable Rated
Total:

& Shall not be greater than 10 per cent of the paweasured during the test.

1.4. Engine performance

1.4.1. Engine speeds:
LB oo min*
INEEIMEUIALE: ... e s e s s e s s s s nnesneseearaean mini*

! For the case of several parent engines, the follpare to be indicated for each of them.
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RALEA: ... e min
1.4.2. Engine powér
Power setting (kW) at various engine speeds

Condition Intermediate (if applicable Rated
Maximum power measured on tesf;jP
(kw) (@)
Total power absorbed by engine driven equipmeipieas
paragraph 1.3.2. of this Appendix or Annex 7
(kW) (b)
Net engine power as specified in paragraph 2.1Jld%) (c)
c=a+b

2. Information concerning the conduct of the NR8§2:t

2.1 Dynamometer setting (kW)

Dynamometer setting (kW) at various engine spgeds

Per cent Load

Intermediate (if applicable

Rated

10 (if applicable)

25 (if applicable)

50

75

100

2.2. Emission results of the engine/parent erigine

2 Uncorrected power measured in accordance withgpapa 2.1.41.

% Delete as appropriate.
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Deterioration Factor (DF): calculated/fixed

Specify the DF values and the emission resultserfollowing tablé

NRSC Test
co HC NQ PM
DF
mult/add
Emissions CO (g/kWh) HC (g/kWh NQg/kWh) PM (g/kWh
Test result
Final test result with
DF
2.3. Sampling system used for the NRSC test:
2.3.1. GASEOUS EBMISSIGNS.......coviiiiiiieieiieitteteeie e stesteeee et e e sre e ese e eeeseeeneas
2.3.2. PV ettt saenne et e
2.3.2.1. Metho#l single/multiple filter
3. Information concerning the conduct of the NRE€Ft
3.1 Emission results of the engine/parent erfgine
Deterioration Factor (DF): calculated/fixed
Specify the DF values and the emission resultserfollowing tablé
NRTC Test
co HC NQ PM
DF
mult/add
Emissions CO (g/kWh) HC (g/kWh NQg/kWh) PM (g/kWh
Cold start

4 Indicate figure numbers of system used as defiméthnex 4A, Appendix 4.
® In the case of several parent engines, each of ghall be indicated.
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Emissions CO (g/kWh) HC (g/kWh NGg/kwWh)

PM (g/kWh

Hot start w/o
regeneration

Hot start with
regeneratioh

k.., (mult/add§
k.4 (mult/add§

Weighted test result

Final test result with
DF

3.2. Sampling system used for the NRTC test:
Gaseous eMISSIONS.........ccoi i
PartiCUIALES ......eeeieieceie ettt ettt ettt ve e

Method: single/multiple filter
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Annex 3

Arrangements of approval marks

Model A
(See paragraph 4.4. of this Regulation)

a
I F
a a — |a
a | 3 E4) 13 96R-031857
a =8 mm min
The above approval mark affixed to an engine shihas the engine type concerned has
been approved in the Netherlands (E4) pursuanteguRdtion No. 96 (according to the
level corresponding to power band F) and under@a@brnumber 011857. The first two
digits of the approval number indicate that RegotaiNo. 96 was in its amended form (01
series of amendments) when the approval was granted
Model B
(See paragraph 4.5. of this Regulation)
a a
T (Ea) f: ¢ 96 F 031857 1
3
a a
211120 1001628 _ 5

a =8 mm min

The above approval mark affixed to an engine shihas the engine type concerned has
been approved in the Netherlands (E4) pursuanteguRetions Nos. 96 (according to the
level corresponding to power band F) and 120. Tisétivo digits of the approval number

indicate that, at the dates when the respectiveoapfs were granted, Regulation No. 96
was in its amended form (03 series of amendments)120 in its original version.
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1.2.

1.3.

Introduction

This Annex describes the method of determimngssions of gaseous and
particulate pollutants from the engine to be tested

The following test cycles shall apply:

The NRSC (non-road steady cycle) appropriate foe thquipment
specification which shall be used for the measurgnoé the emissions of
carbon monoxide, hydrocarbons, oxides of nitroged particulates for all
power bands of engines described in paragraph 1.2.,and 1.3. of this
Regulation, and the NRTC (non-road transient cyeleich shall be used for
the measurement of the emissions of carbon monpkigrocarbons, oxides
of nitrogen and particulates for power bands L amidvards of engines
described in paragraph 1.1. and 1.2. of this Reigula

The gaseous and particulate components emittetdebgngine submitted for
testing shall be measured by the methods deschibAdnex 4A, Appendix
4.

Other systems or analysers may be accepted ifytleéy equivalent results to
the following reference systems:

(a) For gaseous emissions measured in the raw sixlihe system shown
in Figure 2 of Annex 4A, Appendix 4;

(b)  For gaseous emissions measured in the dilutawst of a full flow
dilution system, the system shown in Figure 3 ofpépdix 4 of
Annex 4A;

(c) For particulate emissions, the full flow dili system, operating with
a separate filter for each mode, shown in Figur@fl8ppendix 4 of
Annex 4A.

The determination of system equivalency shall bgetaupon a seven test
cycle (or larger) correlation study between thetesysunder consideration
and one or more of the above reference systems.

The equivalency criterion is defined as+& per cent agreement of the
averages of the weighted cycle emissions values.clule to be used shall
be that given in Annex 4A, paragraph 3.6.1.

For introduction of a new system into the Regulatibe determination of
equivalency shall be based upon the calculationregeatability and
reproducibility, as described in 1ISO 5725.

The test shall be carried out with the engimaunted on a test bench and
connected to a dynamometer.

Measurement principle:

The engine exhaust emissions to be measured #cling gaseous
components (carbon monoxide, total hydrocarbonscidies of nitrogen),
and the particulates. Additionally, carbon dioxid®ften used as a tracer gas
for determining the dilution ratio of partial andllfflow dilution systems.
Good engineering practice recommends the generasumement of carbon
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1.3.2.

1.4.
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dioxide as an excellent tool for the detection ofasurement problems
during the test run.

NRSC test:

During a prescribed sequence of operating conditiomith the engines
warmed up, the amounts of the above exhaust emsssiball be examined
continuously by taking a sample from the raw exhaas. The test cycle
consists of a number of speed and torque (load)esjodhich cover the
typical operating range of diesel engines. Duringche mode, the
concentration of each gaseous pollutant, exhaowst dind power output shall
be determined, and the measured values weightemi(diy weighing factors
or by sampling time). The particulate sample sHadl diluted with
conditioned ambient air. One sample over the cotmpkst procedure shall
be taken and collected on suitable filters.

Alternatively, for discrete mode cycles, a sampleyrbe taken on separate
filters, one for each mode, and cycle-weightedlts@wmputed.

The grams of each pollutant emitted per kilowattthshall be calculated as
described in Appendix 3 to this Annex.

NRTC test:

The prescribed transient test cycle, based claselthe operating conditions
of diesel engines installed in non-road machinisryun twice:

(@ The first time (cold start) after the engines hsoaked to room
temperature and the engine coolant and oil tempest after
treatment systems and all auxiliary engine contelvices are
stabilized between 20 and 30 °C.

(b) The second time (hot start) after a twenty-rrenhiot soak that
commences immediately after the completion of thld start cycle.

During this test sequence the above pollutantsl slegakexamined. The test
sequence consists of a cold start cycle followiatural or forced cool-down

of the engine, a hot soak period and a hot statecyesulting in a composite
emissions calculation. Using the engine torque sppakbd feedback signals of
the engine dynamometer, the power shall be intedratith respect to the

time of the cycle, resulting in the work produceg the engine over the

cycle. The concentrations of the gaseous comporsal be determined

over the cycle, either in the raw exhaust gas bggiation of the analyser
signal in accordance with Appendix 3 to this Annexin the diluted exhaust

gas of a CVS full-flow dilution system by integiati or by bag sampling in

accordance with Appendix 3 to this Annex. For aifites, a proportional

sample shall be collected from the diluted exhgaston a specified filter by
either partial flow dilution or full-flow dilution.Depending on the method
used, the diluted or undiluted exhaust gas flow shtall be determined over
the cycle to calculate the mass emission valuabhefollutants. The mass
emission values shall be related to the engine wmkve the grams of each
pollutant emitted per kilowatt-hour.

Emissions (g/kwh) shall be measured during both dbkel and hot start
cycles. Composite weighted emissions shall be césdpby weighing the
cold start results 10 per cent and the hot stault® 90 per cent. Weighted
composite results shall meet the limits.

Symbols for test parameters
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Symbol
Ap

Ar

aver

C1

conc

cong

cong

DF

Fen

C;AIRW
C;AIRD
C;DILW

C;EDFW

C;EXHW
C;FUEL
C;TOTW

HREF

Ha
Hyq

Ku

KW@

m°/h
kg/h
g/kWh

ppm
Vol %

ppm
Vol %

ppm
Vol %

kg/h
kg/h
kg/h
kg/h

kg/h
kg/h
kg/h
a/kg

g/kg
g/kg

Term

Cross-sectional area of the isokinetic sampling
probe.

Cross-sectional area of the exhaust pipe.
Weighted average values for:
volume flow;

mass flow;

specific emission.
Hydrogen-to-carbon ratio of the fuel.
Carbon 1 equivalent hydrocarbon.
Concentration (with suffix of

the component nominating).
Background corrected
concentration.

Concentration of dilution

air.

Dilution factor.

Laboratory atmospheric factor.

Fuel specific factor used for the calculatioris o
wet concentrations from dry concentrations
hydrogen to carbon ratio.

Intake air mass flow rate on wet basis.
Intake air mass flow rate on dry basis.
Dilution air mass flow rate on wet basis.

Equivalent diluted exhaust gas mass flow oate
wet basis.

Exhaust gas mass flow rate on wet basis.
Fuel mass flow rate.
Diluted exhaust gas mass flow rate on weisbas

Reference value of absolute humidity 10.Kgg/
for calculation of NQ and particulate humidity
correction factors.

Absolute humidity of the intake air.
Absolute humidity of the dilution air.
Subscript denoting an individual mode.
Humidity correction factor for NQ
Humidity correction factor for particulate.

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

Kw.e - Dry to wet correction factor for the diluted
exhaust gas.

Kw.r - Dry to wet correction factor for the raw exhaust
gas.

L % Per cent torque related to the maximum torque
for the test speed.

mass g/h Subscript denoting emissions mass floav rat

Mpi kg Mass of the dilution air sample passed through
the particulate sampling filters.

Msam kg Mass of the diluted exhaust sample passed
through the particulate sampling filters.

My mg Particulate sample mass of the dilution air
collected.

M¢ mg Particulate sample mass collected.

Pa kPa Saturation vapour pressure of the engine éntak
air (1ISO 3046 g, = PSY test ambient).

Ps kPa Total barometric pressure (ISO 3046:=PPX

Site ambient total pressurg; P PY Test ambient
total pressure).

P4 kPa Saturation vapour pressure of the dilution air

Ps kPa Dry atmospheric pressure.

P kw Power, brake uncorrected.

Pae kw Declared total power absorbed by auxiliaries

fitted for the test which are not required by
paragraph 2.1.41. of this Regulation.

Pu kw Maximum measured power at the test speed
under test conditions (see Annex 1A).

Pn kw Power measured at the different test modes.

q - Dilution ratio.

Ratio of cross sectional areas of isokinetichgro
and exhaust pipe.

=
1

R, % Relative humidity of the intake air.

Ry % Relative humidity of the dilution air.

R - FID response factor.

S kw Dynamometer setting.

Ta Absolute temperature of the intake air.
Tod Absolute dewpoint temperature.

Tsc K Temperature of the intercooled air.
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Tret K Reference temperature (of combustion air 298K
(25 °Q)).

TscRret K Intercooled air reference temperature.

VaRD m°/h Intake air volume flow rate on dry basis.

Varw m’/h Intake air volume flow rate on wet basis.

Vo m° Volume of the dilution air sample passed through
the particulate sample filters.

Voiw m’/h Dilution air volume flow rate on wet basis.

Vepew m’/h Equivalent diluted exhaust gas volume flow rate
on wet basis.

VexHD m’/h Exhaust gas volume flow rate on dry basis.

Vexuw m’/h Exhaust gas volume flow rate on wet basis.

Vsam m’ Volume of sample through particulate sampling
filters.

Viotw m’/h Diluted exhaust gas volume flow rate on wet
basis.

WF - Weighing factor.

WH - Effective weighing factor.

Test conditions
General requirements

All volumes and volumetric flow rates shall beated to 273 K (0C) and
101.3 kPa.

Engine test conditions

The absolute temperat(gof the engine intake air expressed in Kelvin, and
the dry atmospheric pressysg expressed in kPa, shall be measured, and the
parametef, shall be determined according to the followingvysmns:

Naturally aspirated and mechanically superchargeghes:

¢ =[99 [ﬁLj
* | p,) 298

Turbocharged engine with or without cooling of thiake air:

> p, 298

Test validity
For a test to be recognized as valid, the parametball be such that:
0.96<f,<1.06

Engines with charge air cooling
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The charge air temperature shall be recordedatritie declared rated speed
and full load, shall be within £5 K of the maximurharge air temperature
specified by the manufacturer. The temperaturédhefcooling medium shall
be at least 293 K (20 °C).

If a test shop system or external blower is used,charge air temperature
shall be set to within +5 K of the maximum chargetamperature specified
by the manufacturer at the speed of the declaredmmaan power and full
load. Coolant temperature and coolant flow ratthefcharge air cooler at the
above set point shall not be changed for the wtesdecycle. The charge air
cooler volume shall be based upon good enginegsmagtice and typical
vehicle/machinery applications.

Optionally, the setting of the charge air coolemynbe done in accordance
with SAE J 1937 as published in January 1995.

Engine air inlet system

The test engine shall be equipped with an aitt isyjstem presenting an air
inlet restriction within £300 Pa of the value spgied by the manufacturer for
a clean air cleaner at the engine operating camditias specified by the
manufacturer, which result in maximum air flow. Ttestrictions are to be
set at rated speed and full load. A test shop systay be used, provided it
duplicates actual engine operating conditions.

Engine exhaust system

The test engine shall be equipped with an exhawstem with exhaust back
pressure within +650 Pa of the value specified ly manufacturer at the
engine operating conditions resulting in maximurolaed power.

If the engine is equipped with an exhaust afteattnent device, the exhaust
pipe shall have the same diameter as found in-aseaff least four pipe
diameters upstream to the inlet of the beginninghef expansion section
containing the after-treatment device. The distdrm® the exhaust manifold
flange or turbocharger outlet to the exhaust afestment device shall be the
same as in the machine configuration or withindletance specifications of
the manufacturer. The exhaust backpressure ornctestr shall follow the
same criteria as above, and may be set with a vdlke after-treatment
container may be removed during dummy tests anthgl@ngine mapping,
and replaced with an equivalent container havingactive catalyst support.

Cooling system

An engine cooling system with sufficient capadiblymaintain the engine at
normal operating temperatures shall be prescrilygtdidomanufacturer.

Lubricating oil

Specifications of the lubricating oil used for ttest shall be recorded and
presented with the results of the test.

Test fuel

The fuel shall be the reference fuel specifiedhimex 6 for the respective
power band:

Annex 6 Table 1 for power bands D to G
Annex 6 Table 2 for power bands H to K
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3.2.

3.3.

Annex 6 Table 3 for power bands L to P

Optionally, the reference fuel specified in AnrXable 1 may be used for
power bands H to K.

The cetane number and the sulphur content ofafezence fuel used for test
shall be recorded at paragraph 1.1. of AppendikAnmex 2.

The fuel temperature at the injection pump intelsbe 306-316 K (33-43
°C).

Test run (NRSC test)
Determination of dynamometer settings

The basis of specific emissions measurement i®roected brake power
according to Regulation No. 120.

During the test, the auxiliaries necessary for ¢hgine operation shall be
installed according to the requirements of Annex 7.

Where auxiliaries have not been removed, the pabsorbed by them at the
test speeds shall be determined in order to cakulae dynamometer
settings, except for engines where such auxiliddes an integral part of the
engine (e.g. cooling fans for air cool engines).

The settings of inlet restriction and exhaust phckpressure shall be
adjusted to the manufacturer's upper limits, inoatance with paragraphs
2.3.and 2.4.

The maximum torque values at the specified tesédp shall be determined
by experimentation in order to calculate the torgakies for the specified

test modes. For engines which are not designegaocate over a range on a
full load torque curve, the maximum torque at tlesttspeeds shall be
declared by the manufacturer.

The engine setting for each test mode shall beutzied using the formula:

—_— L —_—
S—((Fw RE)B@) Re

If the ratio,

Pe 50,03

M

the value of R may be verified by the technical authority gragtitype
approval.

Preparation of the Sampling Filters

At least one hour before the test, each filteir]shnall be placed in a closed,
but unsealed, petri dish and placed in a weighimgrder for stabilization.

At the end of the stabilization period, each filfpair) shall be weighed and
the tare weight shall be recorded. The filter (pahall then be stored in a
closed petri dish or filter holder until needed festing. If the filter (pair) is

not used within eight hours of its removal from theighing chamber, it

shall be reweighed before use.

Installation of the Measuring Equipment
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The instrumentation and sample probes shall talied as required. When
using a full flow dilution system for exhaust gakution, the tailpipe shall be
connected to the system.

Starting the Dilution System and Engine

The dilution system and the engine shall be staated warmed up until all
temperatures and pressures have stabilized atldall and rated speed
(paragraph 3.6.2.).

Adjustment of the dilution ratio

The particulate sampling system shall be startetiranning on bypass for
the single filter method (optional for the multipfdter method). The
particulate background level of the dilution airyri@e determined by passing
dilution air through the particulate filters. Iftéred dilution air is used, one
measurement may be done at any time prior to, guanafter the test. If the
dilution air is not filtered, the measurement shzdl done on one sample
taken for the duration of the test.

The dilution air shall be set to obtain a filtacé temperature between 315 K
(42 °C) and 325 K (52 °C) at each mode. The tatatidn ratio shall not be
less than four.

Note: For power bands up to and including K usirsgrtte mode cycles the
filter temperature may be kept at or below the mmaxn temperature of 325
K (52 °C) instead of respecting the temperaturgeasf 42 °C to 52 °C.

For the single and multiple filter methods, thenpe mass flow rate through
the filter shall be maintained at a constant proporof the dilute exhaust
mass flow rate for full flow systems for all mod@shis mass ratio shall be
within £5 per cent with respect to the averagedieaf the mode, except for
the first 10 s of each mode for systems withoutasgpcapability. For partial
flow dilution systems with single filter method,ethmass flow rate through
the filter shall be constant within 5 per centhwitspect to the averaged
value of the mode, except for the first 10 s ofheamde for systems without
bypass capability.

For CQ or NQ, concentration controlled systems, the,@®NQ, content of
the dilution air shall be measured at the beginaing at the end of each test.
The pre and post test background,@DONQ, concentration measurements of
the dilution air shall be within 100 ppm or 5 ppfreach other, respectively.

When using a dilute exhaust gas analysis systhenrdlevant background
concentrations shall be determined by samplingtidituair into a sampling
bag over the complete test sequence.

Continuous (non-bag) background concentration nhay taken at the
minimum of three points, at the beginning, at the,eand a point near the
middle of the cycle and averaged. At the manufacsirequest background
measurements may be omitted.

Checking the analysers

The emission analysers shall be set at zero aamthspl.
Test cycle

Machinery specification according to paragsal.l. to 1.3.:

Specification A
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3.7.1.2.

3.7.2.

3.7.3.

For engines covered by paragraph 1.1. and 1.2thisf Regulation, the
discrete 8-mode cycleof Annex 5 paragraph 1.1.(a) shall be followed in
dynamometer operation on the test engine.

As an option, the corresponding ramped modal 9enoytle of Annex 5,
paragraph 1.2.(a) may be used. In this case, thde cshall be run in
accordance with Annex 4B, paragraph 7.8.2. instefdfollowing the
procedures in paragraphs 3.7.2. to 3.7.6.

Specification B

For engines covered by paragraph 1.3. of this Régu, the discrete 5-mode
cyclé of Annex 5, paragraph 1.1.(b) shall be followeddynamometer
operation on the test engine.

As an option, the ramped modal 5-mode cycle ofedb, paragraph 1.2.(b)
may be used. In this case, the cycle shall be muaccordance with Annex
4B, paragraph 7.8.2. instead of following the pchoes in paragraphs 3.7.2.
to 3.7.6.

The load figures are percentage values of theutomprresponding to the
prime power rating defined as the maximum powerilali® during a
variable power sequence, which may be run for dimited number of hours
per year, between stated maintenance intervalsiaddr the stated ambient
conditions, the maintenance being carried out assqoibed by the
manufacturer.

Conditioning of the engine

Warming up of the engine and the system shall b@matimum speed and
torque in order to stabilize the engine parametacsording to the
recommendations of the manufacturer.

Note The conditioning period should also prevent thHtuence of deposits
from a former test in the exhaust system. Therdse a required period of
stabilization between test points which has beeftuded to minimize point
to point influences.

Test sequence

The test sequence shall be started. The testtshalerformed in the order of
the mode numbers as set out above for the tesycl

During each mode of the given test cycle afterntiitel transition period, the
specified speed shall be held to within +1 per cémated speed or +3 nin
whichever is greater, except for low idle whichlsba within the tolerances
declared by the manufacturer. The specified tohal be held so that the
average over the period during which the measurtsmame being taken is
within +2 per cent of the maximum torque at the tgeed.

For each measuring point a minimum time of tenut@a is necessary. If for
the testing of an engine, longer sampling timesracpiired for reasons of
obtaining sufficient particulate mass on the meagufilter the test mode
period can be extended as necessary.

! ldentical with C1 cycle as described in paragrajis8i. of ISO 8178-4:2008.
2 |dentical with D2 cycle as described in paragraphi8 of ISO 8178-4: 2008.
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The mode length shall be recorded and reported.

The gaseous exhaust emission concentration valugs be measured and
recorded during the last three minutes of the mode.

The particulate sampling and the gaseous emisagasurement should not
commence before engine stabilization, as definedhbymanufacturer, has
been achieved and their completion shall be coamtid

The fuel temperature shall be measured at thetmlidne fuel injection pump
or as specified by the manufacturer, and the lonatbf measurement
recorded.

Analyser response

The output of the analysers shall be recorded atrip chart recorder or

measured with an equivalent data acquisition systétin the exhaust gas
flowing through the analysers at least during @& three minutes of each
mode. If bag sampling is applied for the diluted @@ CQ measurement

(see Annex 4A, Appendix 1, paragraph 1.4.4.), apsarshall be bagged

during the last three minutes of each mode, andbaéigesample analysed and
recorded.

Particulate sampling

The particulate sampling can be done either withgingle filter method or
with the multiple filter method (Annex 4A, Appendik, paragraph 1.5.).
Since the results of the methods may differ slightie method used shall be
declared with the results.

For the single filter method the modal weighingteis specified in the test
cycle procedure shall be taken into account dusampling by adjusting
sample flow rate and/or sampling time, accordingly.

Sampling shall be conducted as late as possibleinveach mode. The
sampling time per mode shall be at least 20 shferstngle filter method and
at least 60 s for the multifilter method. For syssewithout bypass capability,
the sampling time per mode shall be at least & sifgle and multiple filter
methods.

Engine conditions

The engine speed and load, intake air temperafusd, flow and air or
exhaust gas flow shall be measured for each mode the engine has been
stabilized.

If the measurement of the exhaust gas flow or theasurement of
combustion air and fuel consumption is not possililean be calculated
using the carbon and oxygen balance method (seexAdA, Appendix 1,
paragraph 1.2.3.).

Any additional data required for calculation shmlrecorded (see Annex 4A,
Appendix 3, paragraphs 1.1. and 1.2.).

Re-checking the analysers

After the emission test a zero gas and the saiaue gas will be used for re-
checking. The test will be considered acceptaktlegfdifference between the
two measuring results is less than 2 per cent.
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4.1.1.

4.2,

4.2.1.

Test run (NRTC test)
Introduction

The non-road transient cycle (NRTC) is listed inn&x 5 as a second-by-
second sequence of normalized speed and torquesvalpplicable to all
diesel engines covered by this Regulation. In otdgrerform the test on an
engine test cell, the normalized values shall beseded to the actual values
for the individual engine under test, based onetigine mapping curve. This
conversion is referred to as denormalization, dmedtést cycle developed is
referred to as the reference cycle of the enginbeaested. With these
reference speed and torque values, the cycle lshalln on the test cell, and
the feedback speed and torque values recordeddbr to validate the test
run, a regression analysis between reference aubéek speed and torque
values shall be conducted upon completion of tee te

The use of defeat devices or irrational @drdr irrational emission control
strategies shall be prohibited

Engine mapping procedure

When generating the NRTC on the test cell, theirenghall be mapped
before running the test cycle to determine the dpsetorque curve.

Determination of the mapping speed range

The minimum and maximum mapping speeds are defisddllows:

Minimum mapping
speed

idle speed

Maximum mapping
speed

N, X 1.02 or speed where full load torque drops @fféro, whichever is lower (wher
nyi is the high speed, defined as the highest engieedswhere 70 per cent of the
rated power is delivered).

4.2.2.

4.2.2.1.

4.2.2.2.
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Engine mapping curve

The engine shall be warmed up at maximum powerrder to stabilize the
engine parameters according to the recommendatitmreananufacturer and
good engineering practice. When the engine isl&eati the engine mapping
shall be performed according to the following pidaees.

Transient map
(&) The engine shall be unloaded and operatedeasjeed.

(b)  The engine shall be operated at full load sgttif the injection pump
at minimum mapping speed.

(c) The engine speed shall be increased at an gverate of 8 +1
min™/s from minimum to maximum mapping speed. Engireespand
torque points shall be recorded at a sample ratg tdast one point
per second.

Step map
(&) The engine shall be unloaded and operatedeasjeed.

(b)  The engine shall be operated at full load sgttif the injection pump
at minimum mapping speed.
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(c)  While maintaining full load, the minimum mapgirspeed shall be
maintained for at least 15 s, and the average ¢odguing the last 5 s
shall be recorded. The maximum torque curve fromimmum to
maximum mapping speed shall be determined in natgrehan 100
+20 min' speed increments. Each test point shall be helatfteast
15 s, and the average torque during the last alslshrecorded.

4.2.3. Mapping curve generation

All data points recorded under paragraph 4.2.2ll dbe connected using
linear interpolation between points. The resultimgjue curve is the mapping
curve and shall be used to convert the normaliaeglie values of the engine
dynamometer schedule of Annex 5 into actual torglees for the test cycle,
as described in paragraph 4.3.3.

4.2.4. Alternate mapping

If a manufacturer believes that the above mappécfniques are unsafe or
unrepresentative for any given engine, alternatppimg techniques may be
used. These alternate techniques shall satisfyirtemt of the specified
mapping procedures to determine the maximum aveilabque at all engine
speeds achieved during the test cycles. Deviativam the mapping
techniques specified in this paragraph for reasasfs safety or
representativeness shall be approved by the pantietved along with the
justification for their use. In no case, howevdralsthe torque curve be run
by descending engine speeds for governed or tuarget engines.

4.2.5. Replicate tests

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

(@)  An unreasonable amount of time has transpiirezk ¢he last map, as
determined by engineering judgement, or,

(b)  Physical changes or recalibrations have beedenta the engine,
which may potentially affect engine performance.

4.3. Generation of the reference test cycle
4.3.1. Reference speed

The reference speed,) corresponds to the 100 per cent normalized speed
values specified in the engine dynamometer scheafudeanex 5. The actual
engine cycle resulting from denormalization to théerence speed depends
largely on selection of the proper reference sp&éd. reference speed shall
be determined by the following formula:

Nt = low speed + 0.95 (high speed — low speed)

(The high speed is the highest engine speed wHenger cent of the rated
power is delivered, while the low speed is the Istnengine speed where 50
per cent of the rated power is delivered).

If the measured reference speed is within +3 pet of the reference speed
as declared by the manufacturer, the declaredemderspeed may be used
for the emissions test. If the tolerance is excdetlee measured reference
speed shall be used for the emissions test. (Bhé®msistent with the 1SO

8178-11:2006 standard.)

4.3.2. Denormalization of engine speed
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4.3.3.

4.3.4.

4.4,
4.4.1.

4.4.2.

The speed shall be denormalized using the follgweiquation:
Error! Objects cannot be created from editing fieldcodes.
Denormalization of engine torque

The torque values in the engine dynamometer sdébedfuAnnex 5 are
normalized to the maximum torque at the respedpaed. The torque values
of the reference cycle shall be denormalized, usimg mapping curve
determined according to paragraph 4.2.2., as fellow

%torque

Actualtorque = Umax.torqu

for the respective actual speed as determinedriagpaph 4.3.2.
Example of denormalization procedure

As an example, the following test point shall leaarmalized:
% speed = 43 per cent

% torque = 82 per cent

Given the following values:

reference speed = 2,200 fin

idle speed = 600 mih

results in
43 -
ActualSpeed =1&) [{2200- 600% 60G 1288 min

With the maximum torque of 700 Nm observed from thepping curve at
1,288 mirt*

Actualtorque _82 [700= 574Nn
100

Dynamometer

When using a load cell, the torque signalldbe transferred to the engine
axis and the inertia of the dyno shall be considlefée actual engine torque
is the torque read on the load cell plus the monadnibertia of the brake
multiplied by the angular acceleration. The consydtem has to perform this
calculation in real time.

If the engine is tested with an eddy-curdgmamometer, it is recommended

that the number of points, where the differer;rcf@ 2 DTEhSp By is
smaller than -5 per cent of the peak torque, doesxceed 30 (wheregJis

ng, . L . .
the demanded torque,” is the derivative of the engine spe@y} is the
rotational inertia of the eddy-current dynamometer)



4.5,

4.5.1.

ECE/TRANS/WP.29/2011/125

Emissions test run

The following flow chart outlines the test sequenc

Engine preparation, pre-test measurements
and calibrations

v

NRTC
v

Generation engine map (max torque curye)
Generate reference test cycle

v

Run one or more practice cycle as
necessary to check engine/test
cell/emissions syster

v

Natural or forced cool down

v

Ready all systems for sampling (analyze
calibration included) & data collection

v

Cold start cycle exhaust emission phasg

v

Hot soak

v

Hot start cycle exhaust emission pf

=

One or more practice cycles may be run as negessatheck engine, test
cell and emissions systems before the measuremelet ¢

Preparation of the sampling filters

At least one hour before the test, each filtedldba placed in a petri dish,
which is protected against dust contamination dtmva air exchange, and
placed in a weighing chamber for stabilization .t end of the stabilization
period, each filter shall be weighed and the wegdll be recorded. The
filter shall then be stored in a closed petri dishsealed filter holder until
needed for testing. The filter shall be used withight hours of its removal
from the weighing chamber. The tare weight shalidmorded.
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4.5.2.

4.53.

45.4.

4.5.5.

4.5.6.

4.5.7.

4.5.7.1.

Installation of the measuring equipment

The instrumentation and sample probes shall balied as required. The
tailpipe shall be connected to the full-flow ditui system, if used.

Starting the dilution system

The dilution system shall be started. The tothltdd exhaust gas flow of a
full-flow dilution system or the diluted exhaustsgflow through a partial
flow dilution system shall be set to eliminate wat®ndensation in the
system, and to obtain a filter face temperaturevben 315 K (42 °C) and
325 K (52 °C).

Starting the particulate sampling system

The particulate sampling system shall be startedl ran on by-pass. The
particulate background level of the dilution air ynhe determined by
sampling the dilution air prior to entrance of teehaust into the dilution
tunnel. It is preferred that background particulsdenple be collected during
the transient cycle if another PM sampling systemmvailable. Otherwise, the
PM sampling system used to collect transient cyel can be used. If
filtered dilution air is used, one measurement rmnaydone prior to or after
the test. If the dilution air is not filtered, measments should be carried out
prior to the beginning and after the end of thdewnd the values averaged.

Checking the analysers

The emission analysers shall be set at zero asnsg. If sample bags are
used, they shall be evacuated.

Cool-down requirements

A natural or forced cool-down procedure may beliedp For forced cool-

down, good engineering judgment shall be used taigesystems to send
cooling air across the engine, to send cool obdlgh the engine lubrication
system, to remove heat from the coolant throughetigine cooling system,
and to remove heat from an exhaust after-treatsgstem. In the case of a
forced after-treatment cool down, cooling air shadt be applied until the
after-treatment system has cooled below its catahdtivation temperature.
Any cooling procedure that results in unrepresa@rdaemissions is not

permitted.

The cold start cycle exhaust emission test maynb&iger a cool-down only
when the engine oil, coolant and after-treatmentpieratures are stabilized
between 20 °C and 30 °C for a minimum of fifteemuates.

Cycle run
Cold start cycle

The test sequence shall commence with the cotticstele at the completion
of the cool-down when all the requirements spedifie paragraph 4.5.6. are
met.

The engine shall be started according to theistaprocedure recommended
by the manufacturer in the owner's manual, usitlgeeia production starter
motor or the dynamometer.

As soon as it is determined that the engine idestastart a "free idle" timer.
Allow the engine to idle freely with no-load for 23 s. Begin the transient
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engine cycle such that the first non-idle recordhef cycle occurs at 23 +1 s.
The free idle time is included in the 23 +1 s.

The test shall be performed according to the eefeg cycle as set out in
Annex 5. Engine speed and torque command set psliraté be issued at 5
Hz (10 Hz recommended) or greater. The set poimddl e calculated by
linear interpolation between the 1 Hz set pointstlud reference cycle.
Feedback engine speed and torque shall be recatdéshst once every
second during the test cycle, and the signals reagldxtronically filtered.

Analyser response

At the start of the engine the measuring equipmemill be started,
simultaneously:

(@)  start collecting or analysing dilution air,aiffull flow dilution system
is used;

(b)  start collecting or analysing raw or dilutechaxst gas, depending on
the method used;

(c) start measuring the amount of diluted exhaast gnd the required
temperatures and pressures;

(d) start recording the exhaust gas mass flow rfteaw exhaust gas
analysis is used;

(e) start recording the feedback data of speed tmdue of the
dynamometer.

If raw exhaust measurement is used, the emissianecdrations (HC, CO

and NQ) and the exhaust gas mass flow rate shall be megsontinuously

and stored with at least 2 Hz on a computer sysfdhother data may be

recorded with a sample rate of at least 1 Hz. Falague analysers the
response shall be recorded, and the calibraticen mhaty be applied online or
offline during the data evaluation.

If a full flow dilution system is used, HC and NGhall be measured
continuously in the dilution tunnel with a frequgnef at least 2 Hz. The
average concentrations shall be determined byratieg the analyser signals
over the test cycle. The system response time beatio greater than 20 s,
and shall be coordinated with CVS flow fluctuaticarsd sampling time/test
cycle offsets, if necessary. CO and £Xball be determined by integration or
by analysing the concentrations in the sample ligated over the cycle.
The concentrations of the gaseous pollutants indihgion air shall be
determined by integration or by collection in theckground bag. All other
parameters that need to be measured shall be eetovith a minimum of
one measurement per second (1 Hz).

Particulate sampling

At the start of the engine the particulate sangpbgstem shall be switched
from by-pass to collecting particulates.

If a partial flow dilution system is used, the sgenpump(s) shall be adjusted
so that the flow rate through the particulate sa&nmbbe or transfer tube is
maintained proportional to the exhaust mass flde.ra

If a full flow dilution system is used, the samplemp(s) shall be adjusted so
that the flow rate through the particulate sampiebp or transfer tube is
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4.5.7.4.

4.5.7.5.

4.5.7.6.

maintained at a value within +5 per cent of the #etwv rate. If flow
compensation (i.e. proportional control of samptavj is used, it shall be
demonstrated that the ratio of main tunnel flowptoticulate sample flow
does not change by more than +5 per cent of itsaat (except for the first
10 s of sampling).

Note: For double dilution operation, sample flow is thet rdifference
between the flow rate through the sample filterd t#ve secondary dilution
airflow rate.

The average temperature and pressure at the gder(sheor flow
instrumentation inlet shall be recorded. If the fleiv rate cannot be
maintained over the complete cycle (within 5 penty because of high
particulate loading on the filter, the test shadl \wided. The test shall be
rerun using a lower flow rate and/or a larger dianélter.

Engine stalling during the cold start taatie

If the engine stalls anywhere during the coldtsst cycle, the engine shall
be preconditioned, then the cool-down procedureatsul; finally the engine
shall be restarted, and the test repeated. If um@ion occurs in any of the
required test equipment during the test cycletekeshall be voided.

Operations after cold start cycle

At the completion of the cold start cycle of tlestt the measurement of the
exhaust gas mass flow rate, the diluted exhaustgjasne, the gas flow into
the collecting bags and the particulate sample pshah be stopped. For an
integrating analyser system, sampling shall coetioatil system response
times have elapsed.

The concentrations of the collecting bags, if ystwll be analysed as soon
as possible and in any case not later than 20 esrafter the end of the test
cycle.

After the emission test, a zero gas and the sgrae gas shall be used for
rechecking the analysers. The test will be consileacceptable if the
difference between the pre-test and post-testtesuless than 2 per cent of
the span gas value.

The particulate filters shall be returned to theighing chamber no later than
one hour after completion of the test. They shallconditioned in a petri

dish, which is protected against dust contaminasiod allows air exchange,
for at least one hour, and then weighed. The gnasght of the filters shall

be recorded.

Hot soak

Immediately after the engine is turned off, thgiea cooling fan(s) shall be
turned off if used, as well as the CVS blower (&scdnnect the exhaust
system from the CVS), if used.

Allow the engine to soak for 20 +1 minutes. Prepdine engine and
dynamometer for the hot start test. Connect evadusample collection bags
to the dilute exhaust and dilution air sample atit® systems. Start the
CVS (if used or not already on) or connect the eghaystem to the CVS (if
disconnected). Start the sample pumps (except tmticplate sample
pump(s), the engine cooling fan(s) and the datiectidn system.
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The heat exchanger of the constant volume saniplesed) and the heated
components of any continuous sampling system(safflicable) shall be
preheated to their designated operating tempesahgfre the test begins.

Adjust the sample flow rates to the desired flaterand set the CVS gas
flow measuring devices to zero. Carefully instattlean particulate filter in
each of the filter holders and install assembld&eérfiholders in the sample
flow line.

45.7.7. Hot start cycle

As soon as it is determined that the engine idestastart a "free idle" timer.
Allow the engine to idle freely with no-load for 23 s. Begin the transient
engine cycle such that the first non-idle recordhef cycle occurs at 23 +1 s.
The free idle time is included in the 23 +1 s.

The test shall be performed according to the eefe® cycle as set out in
Annex 5. Engine speed and torque command set psiiraté be issued at 5
Hz (10 Hz recommended) or greater. The set poimddl e calculated by
linear interpolation between the 1 Hz set pointstlud reference cycle.
Feedback engine speed and torque shall be recatdéshst once every
second during the test cycle, and the signals reagldctronically filtered.

The procedure described in previous paragraph§.2.5and 4.5.7.3. shall
then be repeated.

4.5.7.8. Engine stalling during the hot start cycle

If the engine stalls anywhere during the hot stgdle, the engine may be
shut off and re-soaked for 20 minutes. The hot stgle may then be rerun.
Only one hot re-soak and hot start cycle restgrersnitted.

4.5.7.9. Operations after hot start cycle

At the completion of the hot start cycle, the meament of the exhaust gas
mass flow rate, the diluted exhaust gas volume, ghe flow into the
collecting bags and the particulate sample pumpl &leastopped. For an
integrating analyser system, sampling shall coetioatil system response
times have elapsed.

The concentrations of the collecting bags, if ystwll be analysed as soon
as possible and in any case not later than 20 esrafter the end of the test
cycle.

After the emission test, a zero gas and the saawe gas shall be used for re-
checking the analysers. The test will be consideagedeptable if the
difference between the pre-test and post-testtesuless than 2 per cent of
the span gas value.

The particulate filters shall be returned to theighing chamber no later than
one hour after completion of the test. They shallconditioned in a petri

dish, which is protected against dust contaminasiod allows air exchange,
for at least one hour, and then weighed. The gnasght of the filters shall

be recorded.

4.6. Verification of the test run
4.6.1. Data shift

To minimize the biasing effect of the time lag veén the feedback and
reference cycle values, the entire engine speedt@de feedback signal
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4.6.2.

4.6.3.

Table 1

sequence may be advanced or delayed in time wéierd to the reference
speed and torque sequence. If the feedback sigreakhifted, both speed and
torque shall be shifted by the same amount in dneesdirection.

Calculation of the cycle work

The actual cycle worlV,e (kWh) shall be calculated using each pair of
engine feedback speed and torque values recordes.adtual cycle work
W, is used for comparison to the reference cycle wékk and for
calculating the brake specific emissions. The sanethodology shall be
used for integrating both reference and actualrengower. If values are to
be determined between adjacent references or adjaweasured values,
linear interpolation shall be used.

In integrating the reference and actual cycle watknegative torque values
shall be set equal to zero and included. If intégnais performed at a
frequency of less than 5 Hz, and if, during a gitieme segment, the torque
value changes from positive to negative or negativpositive, the negative
portion shall be computed and set equal to zere.pdsitive portion shall be
included in the integrated value.

W, shall be between — 15 per cent and + 5 per ceMpf
Validation statistics of the test cycle

Linear regressions of the feedback values on ¢fierence values shall be
performed for speed, torque and power. This steatldne after any feedback
data shift has occurred, if this option is selectéte method of least squares
shall be used, with the best fit equation havirgftrm:

y=mx+b

Where:

y = feedback (actual) value of speed (Mintorque (Nm), or
power (kW)

m = slope of the regression line

X = reference value of speed (Mjntorque (Nm), or power (kW)

b = y intercept of the regression line

The standard error of estimat&H of y on x and the coefficient of
determinationtf) shall be calculated for each regression line.

It is recommended that this analysis be perforatedl Hz. For a test to be
considered valid, the criteria of Table 1 shalhiozt.

Regression line tolerances

Standard error of estimate
(SEB ofy onx

Slope of the regression line,

Speed Torque Powe

max 13 % of power map maximum max 8 % of power map maximur

max 100 mirt engine torque engine power|
0.95 to 1.03 0.83-1.08 0.89 - 1.
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Speed Torque Power
Coefficient of determination’? min 0.9700 min 0.880( min 0.9100
y intercept of the regression +20 Nm or +2 % of max torque +4 kW or £2 % of max power,
line, b +50 mint whichever is greate whichever is greatey

For regression purposes only, point deletions amnijited where noted in
Table 2 before doing the regression calculationwéler, those points shall
not be deleted for the calculation of cycle workl @missions. An idle point
is defined as a point having a normalized referd¢amgue of O per cent and a
normalized reference speed of O per cent. Poirgtidel may be applied to
the whole or to any part of the cycle.

Table 2

Permitted point deletions from regression analysigpoints to which the point deletion is applied

have to be specified)

Condition

Speed and/or torque and/or power points which negdieted
with reference to the conditions listed in the teflumn

First 24 (+1) s and last 25 s

Speed, torque ancepow

Wide open throttle, and torque feedback < 95 %tuerq
reference

Torque and/or power

\Wide open throttle, and speed feedback < 95 % spferkence

Speed and/or power

Closed throttle, speed feedback > idle speed +i60,rand
torque feedback > 105 % torque reference

Torque and/or power

Closed throttle, speed feedbackdle speed + 50 mih and
torque feedback = Manufacturer defined/measuredtatijue
+2 % of max torque

Speed and/or power

Closed throttle and speed feedback > 105 % spéectnee

Speed and/or power
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Annex 4A

Appendix 1
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1.

1.1.

1.2.

1.2.1.

1.2.2.

1.2.3.

1.2.4.

Measurement and sampling procedures (NRSC test)

Gaseous and particulate components emitted byetiggne submitted for
testing shall be measured by the methods deschibAdnex 4A, Appendix
4. The methods of Annex 4A, Appendix 4 describe theommended
analytical systems for the gaseous emissions (pgshgl.1.) and the
recommended particulate dilution and sampling systéaragraph 1.2.).

At the request of the manufacturer and with thee@agent of the approval
authority the methods described in Annex 4B, paplgr9. may be used as
an alternative to those in paragraph 1. of thissagdpx.

Dynamometer specification

An engine dynamometer with adequate charactesigticperform the test
cycle described in Annex 4A, paragraph 3.7.1. shadl used. The
instrumentation for torque and speed measurememtl skdlow the
measurement of the power within the given limitgldAional calculations
may be necessary. The accuracy of the measurinigragot shall be such
that the maximum tolerances of the figures givempanagraph 1.3. are not
exceeded.

Exhaust gas flow

The exhaust gas flow shall be determined by ore@fmethods mentioned
in paragraphs 1.2.1. to 1.2.4.

Direct measurement method

Direct measurement of the exhaust flow by flow ziezor equivalent
metering system (for detail see ISO 5167:2000).

Note Direct gaseous flow measurement is a difficulktd®recautions shall
be taken to avoid measurement errors that will chpanission value errors.

Air and fuel measurement method
Measurement of the airflow and the fuel flow.

Air flow-meters and fuel flow-meters with the acacy defined in paragraph
1.3. shall be used.

The calculation of the exhaust gas flow is aofoli:
Gexnw = Garw + Grugy (for wet exhaust mass)
Carbon balance method

Exhaust mass calculation from fuel consumption aexhaust gas
concentrations using the carbon balance methodg@dA, Appendix 3).

Tracer measurement method

This method involves measurement of the conceotralf a tracer gas in the
exhaust. A known amount of an inert gas (e.g. peteim) shall be injected
into the exhaust gas flow as a tracer. The gasixednand diluted by the
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exhaust gas, but shall not react in the exhaust dipe concentration of the
gas shall then be measured in the exhaust gasesampl

In order to ensure complete mixing of the traces,gthe exhaust gas
sampling probe shall be located at least 1 m otir8s the diameter of the
exhaust pipe, whichever is larger, downstream ef tlacer gas injection
point. The sampling probe may be located closeth& injection point if
complete mixing is verified by comparing the tragais concentration with
the reference concentration when the tracer gagested upstream of the
engine.

The tracer gas flow rate shall be set so thatttheer gas concentration at
engine idle speed after mixing becomes lower thanfull scale of the trace
gas analyser.

The calculation of the exhaust gas flow is aofod:

— GF |$EXH

=W 80Lcong,, — cong)
Where:
Gexnw = instantaneous exhaust mass flow (kg/s)
Gr = tracer gas flow (ci¥min)
CONGyix = instantaneous concentration of the tracer gdsr af
mixing, (ppm)
PEXH = density of the exhaust gas (kgfm
cong = background concentration of the tracer gas iniritake

air (ppm)

The background concentration of the tracer gaag) may be determined by
averaging the background concentration measuredediately before and
after the test run.

When the background concentration is less than 4 qant of the
concentration of the tracer gas after miximgrG,x) at maximum exhaust
flow, the background concentration may be neglected

The total system shall meet the accuracy spediicatfor the exhaust gas
flow and shall be calibrated according to Appergliparagraph 1.11.2.

Air flow and air to fuel ratio measuremergthod

This method involves exhaust mass calculation fthenair flow and the air
to fuel ratio. The calculation of the instantaneewbaust gas mass flow is as
follows:

1

GEXHW = C;AIRW ml-l- A/ = m)
st

with A/ Fst= 14.5
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1 2feong,, 00 !
cong., 0™ 3.5¢on i}
100- %o 22 —-cong,. [10* |+| 0.45] %Oj EQ congy, + cong, 10 4)
2 1+ CONGo a0
1= 3.5[¢0NG,,,
6.9078J¢ong,, + cong, [10* + cong. 010" )
Where:
AlFg = stoichiometric air/fuel ratio (kg/kg)
A = relative air/fuel ratio
CONGo2 = dry CQ concentration (%)
CONGo= dry CO concentration (ppm)
CONGyc= HC concentration (ppm)
Note The calculation refers to a diesel fuel with a H/&io equal to
paragraph 1.8.
The air flow-meter shall meet the accuracy spedtifims in Table 3, the GO
analyser used shall meet the specifications ofgoapd 1.4.1., and the total
system shall meet the accuracy specificationshi@ehaust gas flow.
Optionally, air to fuel ratio measurement equipmenich as a zirconia type
sensor, may be used for the measurement of théveelgir to fuel ratio in
accordance with the specifications of paragrapt41.4
1.2.6. Total dilute exhaust gas flow
When using a full flow dilution system, the tofldw of the dilute exhaust
(Grotw) shall be measured with a PDP or CFV or SSV (Anh&xAppendix
4, paragraph 1.2.1.2.). The accuracy shall contorthe provisions of Annex
4A, Appendix 2, paragraph 2.2.
1.3. Accuracy
The calibration of all measurement instrumentdl $fetraceable to national
or international standards and comply with the nepents listed in Table 3.
Table 3
Accuracy of measuring instruments
NoO. Measuring instrumel Accurac)
1 Engine speed +2 % of reading or £1 % of engimelg. value whichever is larger
2 Torque +2 % of reading or £1 % of engine's matug whichever is larger
3 Fuel consumption +2 % of engine's max. value
4 Air consumption +2 % of reading or £1 % of engénmax. value whichever is larger
5 Exhaust gas flow +2.5 % of reading or +1.5 %mafiae's max. value whichever is larger
6 Temperatures 600 K +2 K absolute
7 Temperatures > 600 K +1 % of reading
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NoO. Measuring instrumel IAccurac)

8 Exhaust gas pressure +0.2 kPa absolute
9 Intake air depression +0.05 kPa absolute
10 Atmospheric pressure 0.1 kPa absolute
11 Other pressures +0.1 kPa absolute
12 Absolute humidity 15 % of reading

13 Dilution air flow +2 % of reading

14 Diluted exhaust gas flow +2 % of reading

Determination of the gaseous components
General analyser specifications

The analysers shall have a measuring range apar@gor the accuracy
required to measure the concentrations of the esthgas components
(paragraphl.4.1.1)). It is recommended that thé/sees be operated in such
a way that the measured concentration falls betw@eper cent and 100 per
cent of full scale.

If the full scale value is 155 ppm (or ppm C) esd or if read-out systems
(computers, data loggers) that provide sufficieatusacy and resolution
below 15 per cent of full scale are used, concéotra below 15 per cent of
full scale are also acceptable. In this case, maait calibrations are to be
made to ensure the accuracy of the calibrationesrvAnnex 4A, Appendix
2, paragraph 1.5.5.2.

The electromagnetic compatibility (EMC) of the giment shall be on a
level as to minimize additional errors.

Measurement error

The analyser shall not deviate from the nomindibcation point by more
than £2 per cent of the reading or +0.3 per cenfutbfscale, whichever is

Note: For the purpose of this standard, accuradgiimed as the deviation of
the analyser reading from the nominal calibratiafugs using a calibration
gas € true value)

The repeatability, defined as 2.5 times the stathdaviation of ten repetitive
responses to a given calibration or span gas, bhatio greater than + 1 per
cent of full scale concentration for each rangedussove 155 ppm (or ppm
C) or +2 per cent of each range used below 155 {@pmpm C).

The analyser peak-to-peak response to zero aittat&n or span gases over
any ten second period shall not exceed 2 per defullscale on all ranges

1.4
1.4.1.
1.4.1.1.

larger.
1.4.1.2. Repeatability
1.4.1.3. Noise

used.
1.4.1.4. Zero drift

69



ECE/TRANS/WP.29/2011/125

70

1.4.15.

1.4.2.

1.4.3.

1.4.3.1.

1.4.3.2.

1.4.3.3.

1.4.3.4.

1.4.4.

The zero drift during a one-hour period shall ésslthan 2 per cent of full
scale on the lowest range used. The zero respsndefined as the mean
response, including noise, to a zero gas durin@ sitBne interval.

Span drift

The span drift during a one-hour period shall éms Ithan 2 per cent of full
scale on the lowest range used. Span is defindueadifference between the
span response and the zero response. The spamsesigodefined as the
mean response, including noise, to a span gasglar@® s time interval.

Gas drying

The optional gas drying device shall have a mihireéfect on the
concentration of the measured gases. Chemical dgrer not an acceptable
method of removing water from the sample.

Analysers

Paragraphs 1.4.3.1. to 1.4.3.5. of this Appendiscdbe the measurement
principles to be used. A detailed description @& theasurement systems is
given in Annex 4A, Appendix 4.

The gases to be measured shall be analysed wtfollowing instruments.
For non-linear analysers, the use of linearizimguits is permitted.

Carbon monoxide (CO) analysis

The carbon monoxide analyser shall be of the rispedsive infra-red
(NDIR) absorption type.

Carbon dioxide (G{panalysis

The carbon dioxide analyser shall be of the n@patisive infra-red (NDIR)
absorption type.

Hydrocarbon (HC) analysis

The hydrocarbon analyser shall be of the heatmohelionization detector
(HFID) type with detector, valves, pipework, eteaked so as to maintain a
gas temperature of 463 K (190 °C) £10 K.

Oxides of nitrogen (NPanalysis

The oxides of nitrogen analyser shall be of thentluminescent detector
(CLD) or heated chemiluminescent detector (HCLD)etywith a NG/NO
converter, if measured on a dry basis. If measorea wet basis, a HCLD
with converter maintained above 328 K (55 °C) sheallused, provided the
water quench check (Annex 4A, Appendix 2, paragrbptR.2.) is satisfied.

For both CLD and HCLD, the sampling path shallmbaintained at a wall
temperature of 328 K to 473 K (55 to 200 °C) upthe converter for dry
measurement, and up to the analyser for wet measute

Air to fuel measurement

The air to fuel measurement equipment used torméte the exhaust gas
flow as specified in paragraph 1.2.5. shall be dewiange air to fuel ratio
sensor or lambda sensor of Zirconia type.

The sensor shall be mounted directly on the exhaips where the exhaust
gas temperature is high enough to eliminate watedensation.
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The accuracy of the sensor with incorporated edaats shall be within:
+3 per cent of reading< 2

15 per cent of reading2A <5

+10 per cent of readings\

To fulfil the accuracy specified above, the sensball be calibrated as
specified by the instrument manufacturer.

1.4.5. Sampling for gaseous emissions

The gaseous emissions sampling probes shalltbd fit least 0.5 m or three
times the diameter of the exhaust pipe (whicheséghé larger) upstream of
the exit of the exhaust gas system as far as afdi@nd sufficiently close to
the engine as to ensure an exhaust gas tempeddtatdeast 343 K (70 °C)

at the probe.

In the case of a multi-cylinder engine with a lofaed exhaust manifold, the

inlet of the probe shall be located sufficiently ownstream so as to ensure
that the sample is representative of the averapawst emissions from all

cylinders. In multi-cylinder engines having distigroups of manifolds, such

as in a 'V'-engine configuration, it is permissilbdeacquire a sample from

each group individually and calculate an averageaest emission. Other

methods which have been shown to correlate wittabme methods may be
used. For exhaust emissions calculation the tothhest mass flow of the

engine shall be used.

When a full flow dilution system is used for thetermination of the

particulates, the gaseous emissions may also te¥ndeed in the diluted

exhaust gas. The sampling probes shall be closeetparticulate sampling
probe in the dilution tunnel (Annex 4A, Appendixpiragraph 1.2.1.2., DT
and paragraph 1.2.2., PSP). CO and, @@y optionally be determined by
sampling into a bag and subsequent measuremehé afoncentration in the
sampling bag.

1.5. Determination of the particulates

The determination of the particulates requireddidn system. Dilution may
be accomplished by a partial flow dilution systemaofull flow dilution
system. The flow capacity of the dilution systenalklibe large enough to
completely eliminate water condensation in the tailu and sampling
systems, and maintain the temperature of the dileidaust gas between 315
K (42 °C) and 325 K (52 °C) immediately upstreantha filter holders. De-
humidifying the dilution air before entering thdutlion system is permitted,
if the air humidity is high. Dilution air pre-heat above the temperature
limit of 303 K (30 °C) is recommended, if the amitieemperature is below
293 K (20 °C). However, the diluted air temperatsihall not exceed 325 K
(52 °C) prior to the introduction of the exhausthe dilution tunnel.

Note: For power bands up to and including K usiisgrte mode cycles, the
filter temperature may be kept at or below the mmaxn temperature of 325
K (52 °C) instead of respecting the temperaturgeaosf 42 to 52 °C.

For a partial flow dilution system, the particelasampling probe shall be
fitted close to and upstream of the gaseous prsioefined in paragraph 4.4.
and in accordance with Annex 4A, Appendix 4, paapbrl.2.1.1., Figure 4-
12 EP and SP.
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1.5.1.

1.5.1.1.

1.51.2.

1.513.

1.5.1.4.

1.5.15.

The partial flow dilution system has to be des@jt@split the exhaust stream
into two fractions, the smaller one being dilutedhwair and subsequently
used for particulate measurement. From that itsiemetial that the dilution
ratio be determined very accurately. Different tsplj methods can be
applied, whereby the type of splitting used diddtea significant degree the
sampling hardware and procedures to be used (AddexAppendix 4,
paragraph 1.2.1.1.).

To determine the mass of the particulates, a qudatie sampling system,
particulate sampling filters, a microgram balancel @ temperature and
humidity controlled weighing chamber are required.

For particulate sampling, two methods may be agpli

(@)  The single filter method uses one pair of fdtéparagraph 1.5.1.3. of
this Appendix) for all modes of the test cycle. €iderable attention
shall be paid to sampling times and flows during sampling phase
of the test. However, only one pair of filters wilé required for the
test cycle,

(b)  The multiple filter method dictates that onerp filters (paragraph
1.5.1.3. of this Appendix) is used for each of itdividual modes of
the test cycle. This method allows more lenient@arprocedures but
uses more filters.

Particulate sampling filters
Filter specification

Fluorocarbon coated glass fibre filters or flu@dmon based membrane
filters are required for certification tests. Fagresial applications different
filter materials may be used. All filter types dhiaave a 0.3um DOP (di-
octylphthalate) collection efficiency of at leas® Per cent at a gas face
velocity between 35 and 100 cm/s. When performimgretation tests
between laboratories or between a manufactureraandpproval authority,
filters of identical quality shall be used.

Filter size

Particulate filters shall have a minimum diamei&€d7 mm (37 mm stain
diameter). Larger diameter filters are acceptamdeagraph 1.5.1.5.).

Primary and back-up filters

The diluted exhaust shall be sampled by a pdiiltefs placed in series (one
primary and one back-up filter) during the testusmatge. The back-up filter
shall be located no more than 100 mm downstreanaraf, shall not be in
contact with, the primary filter. The filters mag lveighed separately or as a
pair with the filters placed stain side to staihesi

Filter face velocity

A gas face velocity through the filter of 35 to0l1€m/s shall be achieved. The
pressure drop increase between the beginning andnth of the test shall be
no more than 25 kPa.

Filter loading

The recommended minimum filter loadings for thestnmommon filter sizes
are shown in the following table. For larger fillgees, the minimum filter
loading shall be 0.065 mg/1000 rhfiiter area.
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Filter diameter
(mm)

Recommended stain diameter Recommended minimum loading
(mm) (mg)

a7

37 0.11

70

60 0.25

90

80 0.41

110

100 0.62

1.5.2.
1.5.2.1.

15.2.2.

15.23.

1.5.24.

For the multiple filter method, the recommendedimum filter loading for
the sum of all filters shall be the product of #ypropriate value above and
the square root of the total number of modes.

Weighing chamber and analytical balanceifipations
Weighing chamber conditions

The temperature of the chamber (or room) in whiehparticulate filters are
conditioned and weighed shall be maintained toiwi#t95 K (22 °C) +3 K

during all filter conditioning and weighing. Therhidity shall be maintained
to a dew point of 282.5 (9.5 °C) £3 K and a relathumidity of 45 +8 per
cent.

Reference filter weighing

The chamber (or room) environment shall be free anfy ambient
contaminants (such as dust) that would settle erptrticulate filters during
their stabilization. Disturbances to weighing rospecifications as outlined
in paragraph 1.5.2.1. will be allowed if the duratiof the disturbances does
not exceed 30 minutes. The weighing room should tntke required
specifications prior to personnel entrance into weighing room. At least
two unused reference filters or reference filteirgpahall be weighed within
four hours of, but preferably at the same time has sample filter (pair)
weighing. They shall be the same size and mataesi#the sample filters.

If the average weight of the reference filterderence filter pairs) changes
between sample filter weighing by more thanff) then all sample filters
shall be discarded and the emissions test repeated.

If the weighing room stability criteria outlined paragraph 1.5.2.1. is not
met, but the reference filter (pair) weighing me¢le¢ above criteria, the
engine manufacturer has the option of acceptingsétmple filter weights or
voiding the tests, fixing the weighing room contsgktem and re-running the
test.

Analytical balance

The analytical balance used to determine the vieighall filters shall have a
precision (standard deviation) ofig and a resolution of Ig (1 digit = 1ug)
specified by the balance manufacturer.

Elimination of static electricity effects
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1.5.3.

2.2.

2.2.1.

2.2.2.

To eliminate the effects of static electricityetfilters shall be neutralized
prior to weighing, for example, by a Polonium naliter or a device of
similar effect.

Additional specifications for particulate aserement

All parts of the dilution system and the samplsygtem from the exhaust
pipe up to the filter holder, which are in contadth raw and diluted exhaust
gas, shall be designed to minimize deposition t@ration of the particulates.
All parts shall be made of electrically conductivaterials that do not react
with exhaust gas components, and shall be eleltyrigeounded to prevent
electrostatic effects.

Measurement and sampling procedures (NRTC test)
Introduction

Gaseous and particulate components emitted byetigine submitted for
testing shall be measured by the methods of AnexAppendix 4. The

methods of Annex 4A, Appendix 4 describe the recemed analytical

systems for the gaseous emissions (paragraph dnidl.)the recommended
particulate dilution and sampling systems (paragrbg.).

Dynamometer and test cell equipment

The following equipment shall be used for emisstests of engines on
engine dynamometers:

Engine dynamometer

An engine dynamometer shall be used with adeqeohteacteristics to
perform the test cycle described in Appendix 4 lis tAnnex. The
instrumentation for torque and speed measurememt! sklow the
measurement of the power within the given limitgldaional calculations
may be necessary. The accuracy of the measurinigragat shall be such
that the maximum tolerances of the figures givemable 4 are not exceeded.

Other instruments

Measuring instruments for fuel consumption, aimsuamption, temperature of
coolant and lubricant, exhaust gas pressure aaftarnanifold depression,
exhaust gas temperature, air intake temperatumaosmheric pressure,
humidity and fuel temperature shall be used, asired. These instruments
shall satisfy the requirements given in Table 4:
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Table 4
Accuracy of measuring instruments
NoO. Measuring instrumel IAccurac)
1 Engine speed +2 % of reading or £1 % of engimelg. value, whichever is larger
2 Torque +2 % of reading or +1 % of engine's matug, whichever is larger
3 Fuel consumption 2 % of engine's max. value
4 Air consumption +2 % of reading or £1 % of enggnmax. value, whichever is larger
5 Exhaust gas flow +2.5 % of reading or +1.5 %mjiae’'s max. value, whichever is larger
6 Temperatures 600 K +2 K absolute
7 Temperatures > 600 K +1 % of reading
8 Exhaust gas pressure +0.2 kPa absolute
9 Intake air depression +0.05 kPa absolute
10 Atmospheric pressure +0.1 kPa absolute
11 Other pressures +0.1 kPa absolute
12 Absolute humidity 15 % of reading
13 Dilution air flow +2 % of reading
14 Diluted exhaust gas flow +2 % of reading

2.2.3. Raw exhaust gas flow

For calculating the emissions in the raw exhaast gnd for controlling a

partial flow dilution system, it is necessary toolnthe exhaust gas mass
flow rate. For determining the exhaust mass flote, raither of the methods
described below may be used.

For the purpose of emissions calculation, thearse time of either method
described below shall be equal to or less thametheirement for the analyser
response time, as defined in Appendix 2, paragtaph.1.

For the purpose of controlling a partial flow ditun system, a faster response
is required. For partial flow dilution systems withline control, a response
time of< 0.3 s is required. For partial flow dilution sysit® with look ahead
control based on a pre-recorded test run, a respiime of the exhaust flow
measurement system €5 s with a rise time of 1 s is required. The system
response time shall be specified by the instrunmainufacturer. The
combined response time requirements for exhausflgasand partial flow
dilution system are indicated in paragraph 2.4.

Direct measurement method

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

(@) Pressure differential devices, like flow nozzior details see ISO
5167: 2000);
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(b)  Ultrasonic flow-meter;
(c)  Vortex flow-meter.

Precautions shall be taken to avoid measuremeotsemwhich will impact

emission value errors. Such precautions includestineful installation of the
device in the engine exhaust system according te thstrument
manufacturers’ recommendations and to good engmgeepractice.

Especially, engine performance and emissions stwllbe affected by the
installation of the device.

The flow-meters shall meet the accuracy specifioatof Table 3.
Air and fuel measurement method

This involves measurement of the airflow and thel fflow with suitable
flow-meters. The calculation of the instantaneombaest gas flow is as
follows:

GEXHW = GAIRW + GFUEL (for wet exhaust maSS)

The flow-meters shall meet the accuracy speciticatof Table 3, but shall
also be accurate enough to also meet the accupaxifisations for the
exhaust gas flow.

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

A known amount of an inert gas (e.g. pure helisimll be injected into the
exhaust gas flow as a tracer. The gas is mixedddnkd by the exhaust gas,
but shall not react in the exhaust pipe. The comaton of the gas shall then
be measured in the exhaust gas sample.

In order to ensure complete mixing of the traces,gthe exhaust gas
sampling probe shall be located at least 1 m otir8s the diameter of the
exhaust pipe, whichever is larger, downstream ef tlacer gas injection
point. The sampling probe may be located closeth& injection point if
complete mixing is verified by comparing the tragas concentration with
the reference concentration when the tracer gageasted upstream of the
engine.

The tracer gas flow rate shall be set so thatttheer gas concentration at
engine idle speed after mixing becomes lower thanfull scale of the trace
gas analyser.

The calculation of the exhaust gas flow is aofod:

1

Gexrw = Carw Eﬂl"‘m)

with A/ Fst= 14.E
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1 2feong,, 00 N
(100_mn%0r10-4 —CONG,c DU“] + 0.4% 35@0%‘3 f conge, + cong, 110™*)
2 1+ CONGo a0
1= 3.5[¢0NG,,,
6.90783€ong,,, + cong, [10* + cong. 010" )
Where:
AlFg = stoichiometric air/fuel ratio (kg/kg)
A = relative air/fuel ratio
CONGo2 = dry CQ concentration (%)
CONGo= dry CO concentration (ppm)
CONGyc= HC concentration (ppm)

Note The calculation refers to a diesel fuel with a Ha@o equal to 1.8.

The air flow-meter shall meet the accuracy spegiiibns in Table 3, the GO
analyser used shall meet the specifications ofgoapd 2.3.1., and the total
system shall meet the accuracy specificationshi@ehaust gas flow.

Optionally, air to fuel ratio measurement equiptmench as a zirconia type
sensor, may be used for the measurement of the®aderatio in accordance
with the specifications of paragraph 2.3.4.

2.2.4. Diluted exhaust gas flow

For calculation of the emissions in the dilutedth@xst gas, it is necessary to
know the diluted exhaust gas mass flow rate. Thel tliluted exhaust gas
flow over the cycle (kg/test) shall be calculateahi the measurement values
over the cycle and the corresponding calibratiortadaf the flow
measurement deviceV{ for PDP, K, for CFV, Cy for SSV): the
corresponding methods described in Appendix 3,graph 2.2.1. shall be
used. If the total sample mass of particulatesgasous pollutants exceeds
0.5 per cent of the total CVS flow, the CVS flowaitbe corrected or the
particulate sample flow shall be returned to theSCprior to the flow
measuring device.

2.3. Determination of the gaseous components
2.3.1. General analyser specifications

The analysers shall have a measuring range apar@gor the accuracy
required to measure the concentrations of the esthgas components
(paragraph 1.4.1.1.). It is recommended that ttadyaars be operated in such
a way that the measured concentration falls betvi€eand 100 per cent of
full scale.

If the full scale value is 155 ppm (or ppm C) esd, or if read-out systems
(computers, data loggers) that provide sufficieatusacy and resolution

below 15 per cent of full scale are used, concéotra below 15 per cent of
full scale are also acceptable. In this case, maait calibrations are to be
made to ensure the accuracy of the calibrationesivAnnex 4A, Appendix

2, paragraph 1.5.5.2.
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2.3.1.1.

2.3.1.2.

2.3.1.3.

2.3.1.4.

2.3.15.

2.3.1.6.

2.3.2.

2.3.3.

The electromagnetic compatibility (EMC) of the gmment shall be of a level
such as to minimize additional errors.

Measurement error

The analyser shall not deviate from the nomindibcation point by more
than +2 per cent of the reading or +0.3 per cenfutifscale, whichever is
larger.

Note: For the purpose of this standard, accuradgiimed as the deviation of
the analyser reading from the nominal calibratiafugs using a calibration
gas € true value).

Repeatability

The repeatability, defined as 2.5 times the stahdaviation of 10 repetitive

responses to a given calibration or span gas, bkafio greater than +1 per
cent of full scale concentration for each rangedusgove 155 ppm (or ppm
C) or +2 per cent for each range used below 155 (@pmppm C).

Noise

The analyser peak-to-peak response to zero aittatan or span gases over
any 10 s period shall not exceed 2 per cent okftdle on all ranges used.

Zero drift

The zero drift during a one-hour period shall ésslthan 2 per cent of full
scale on the lowest range used. The zero respsndefined as the mean
response, including noise, to a zero gas durin@ sitBne interval.

Span drift

The span drift during a one-hour period shall éms Ithan 2 per cent of full
scale on the lowest range used. Span is defindueadifference between the
span response and the zero response. The spamsesigodefined as the
mean response, including noise, to a span gasglar@® s time interval.

Rise time

For raw exhaust gas analysis, the rise time ofathalyser installed in the
measurement system shall not exceed 2.5 s.

NOTE: Only evaluating the response time of the ys®l alone will not
clearly define the suitability of the total systefor transient testing.
Volumes, and especially dead volumes, throughcaitstrstem will not only
affect the transportation time from the probe te #malyser, but also affect
the rise time. Also transport times inside of aalgser would be defined as
analyser response time, like the converter or watgrs inside of a NO
analyser. The determination of the total systemaese time is described in
Appendix 2, paragraph 1.11.1.

Gas drying

Same specifications as for NRSC test cycle appbragraph 1.4.2.) as
described here below.

The optional gas drying device shall have a mihireéfect on the
concentration of the measured gases. Chemical darer not an acceptable
method of removing water from the sample.

Analysers
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Same specifications as for NRSC test cycle appbragraph 1.4.3.) as
described here below.

The gases to be measured shall be analysed wtfollowing instruments.
For non-linear analysers, the use of linearizimguits is permitted.

2.3.3.1. Carbon monoxide (CO) analysis

The carbon monoxide analyser shall be of the rispedsive infra-red
(NDIR) absorption type.

2.3.3.2. Carbon dioxide (G{panalysis

The carbon dioxide analyser shall be of the n@patisive infra-red (NDIR)
absorption type.

2.3.3.3. Hydrocarbon (HC) analysis

The hydrocarbon analyser shall be of the heatmohelionization detector
(HFID) type with detector, valves, pipework etceaked so as to maintain a
gas temperature of 463K (190 °C) +10 K.

2.3.3.4. Oxides of nitrogen (NPanalysis

The oxides of nitrogen analyser shall be of thentluminescent detector
(CLD) or heated chemiluminescent detector (HCLD)etywith a NG/NO
converter, if measured on a dry basis. If measorea wet basis, a HCLD
with converter maintained above 328 K (55 °C shellused, provided the
water quench check (Annex 4A, Appendix 2, paragrbptR.2.) is satisfied.

For both CLD and HCLD, the sampling path shallmbaintained at a wall
temperature of 328K to 473 K (55 to 200 °C) up hie tonverter for dry
measurement, and up to the analyser for wet meaasute

2.3.4. Air to fuel measurement

The air to fuel measurement equipment used torméte the exhaust gas
flow as specified in paragraph 2.2.3. shall be dewiange air to fuel ratio
sensor or lambda sensor of Zirconia type.

The sensor shall be mounted directly on the exhaips where the exhaust
gas temperature is high enough to eliminate watedensation.

The accuracy of the sensor with incorporated edeats shall be within:
+3 per cent of readiniy< 2

15 per cent of reading2A <5

+10 per cent of readings\

To fulfil the accuracy specified above, the sensball be calibrated as
specified by the instrument manufacturer.

2.3.5. Sampling of gaseous emissions
2.3.5.1. Raw exhaust gas flow

For calculation of the emissions in the raw exbhagas the same
specifications as for NRSC test cycle apply (paapgrl.4.4.), as described
here below.

The gaseous emissions sampling probes shalltbd fit least 0.5 m or three
times the diameter of the exhaust pipe — whichévére larger — upstream
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2.3.5.2.

2.4,

of the exit of the exhaust gas system as far aficapfe and sufficiently
close to the engine as to ensure an exhaust gaetatare of at least 343 K
(70 °C) at the probe.

In the case of a multicylinder engine with a bitzed exhaust manifold, the

inlet of the probe shall be located sufficiently ownstream so as to ensure
that the sample is representative of the averapawst emissions from all

cylinders. In multicylinder engines having distimgbups of manifolds, such

as in a 'V'-engine configuration, it is permissilbdeacquire a sample from

each group individually and calculate an averageaest emission. Other

methods which have been shown to correlate wittabme methods may be
used. For exhaust emissions calculation the tothhest mass flow of the

engine shall be used.

Diluted exhaust gas flow
If a full flow dilution system is used, the follamg specifications apply.

The exhaust pipe between the engine and theléwil dilution system shall
conform to the requirements of Annex 4A, Appendix 4

The gaseous emissions sample probe(s) shall balléds in the dilution
tunnel at a point where the dilution air and exhaas are well mixed, and in
close proximity to the particulates sampling probe.

Sampling can generally be done in two ways:

(@) The pollutants are sampled into a sampling tmegy the cycle and
measured after completion of the test.

(b)  The pollutants are sampled continuously anegrgted over the cycle;
this method is mandatory for HC and NO

The background concentrations shall be sampletrage of the dilution
tunnel into a sampling bag, and shall be subtradteth the emissions
concentration according to Appendix 3, paragragh2.

Determination of the particulates

Determination of the particulates requires a dilutsystem. Dilution may be
accomplished by a partial flow dilution system dut flow dilution system.
The flow capacity of the dilution system shall bege enough to completely
eliminate water condensation in the dilution andnging systems, and
maintain the temperature of the diluted exhaustlbgasieen 315 K (42 °C)
and 325 K (52 °C) immediately upstream of the filteolders. De-
humidifying the dilution air before entering thdutlion system is permitted,
if the air humidity is high. Dilution air pre-heat above the temperature
limit of 303 K (30 °C) is recommended if the ambi¢emperature is below
293 K (20 °C). However, the diluted air temperatsihall not exceed 325 K
(52 °C) prior to the introduction of the exhausthe dilution tunnel.

The particulate sampling probe shall be instaltealose proximity to the
gaseous emissions sampling probe, and the ingtallahall comply with the
provisions of paragraph 2.3.5.

To determine the mass of the particulates, a qudatie sampling system,
particulate sampling filters, microgram balanced am temperature and
humidity controlled weighing chamber, are required.

Partial flow dilution system specifications
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The partial flow dilution system has to be des@jt@split the exhaust stream
into two fractions, the smaller one being dilutedhwair and subsequently
used for particulate measurement. For this it &2e8al that the dilution ratio
be determined very accurately. Different splittimgthods can be applied,
whereby the type of splitting used dictates to gnificant degree the
sampling hardware and procedures to be used (AddexAppendix 4,
paragraph 1.2.1.1.).

For the control of a partial flow dilution system,fast system response is
required. The transformation time for the systemllgbe determined by the
procedure described in Appendix 2, paragraph 1.11.1

If the combined transformation time of the exhaflslv measurement (see
previous paragraph) and the partial flow systenkess than 0.3 s, online
control may be used. If the transformation timeeexts 0.3 s, look ahead
control based on a pre-recorded test run shalldegl.uin this case, the rise
time shall be< 1 s and the delay time of the combinatiohO s.

The total system response shall be designed &ngore a representative
sample of the particulate§sg, proportional to the exhaust mass flow. To
determine the proportionality, a regression analg§Gse versusGexqyw shall

be conducted on a minimum 5 Hz data acquisitios, rabd the following
criteria shall be met:

(@)  The correlation coefficient r of the linear regsion betweese and
Gexnw shall be not less than 0.95;

(b)  The standard error of estimate@fz on Gexyw Shall not exceed 5 per
cent of Ggg maximum;

(c) Gge intercept of the regression line shall not excee?l per cent of
Gse maximum.

Optionally, a pre-test may be run, and the exhaess flow signal of the
pre-test be used for controlling the sample flowo ithe particulate system
(look-ahead control). Such a procedure is requifréite transformation time
of the particulate systentsop or/and the transformation time of the exhaust
mass flow signalisor are > 0.3 s. A correct control of the partial tdn
system is obtained, if the time trace Gfxuwpre Of the pre-test, which
controlsGsg, is shifted by a 'look-ahead' timetefp + tso =

For establishing the correlation betwdag andGegxyw the data taken during
the actual test shall be used, W@hy.w time aligned bytsy ¢ relative toGsg
(no contribution fromtsgp to the time alignment). That is, the time shift
betweenGexyw and Gge is the difference in their transformation timestth
were determined in Appendix 2, paragraph 2.6.

For partial flow dilution systems, the accuracytlod sample flowGge is of
special concern, if not measured directly, but mheiteed by differential flow
measurement:

Gse = Grotw — Goiw

In this case an accuracy of +2 per cent@grw andGp,w is not sufficient
to guarantee acceptable accuracie$gf If the gas flow is determined by
differential flow measurement, the maximum errotla# difference shall be
such that the accuracy G&E is within £5 per cent when the dilution ratio is
less than 15. It can be calculated by taking tle¢-naean-square of the errors
of each instrument.
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Acceptable accuracies @se can be obtained by either of the following
methods:

(@) The absolute accuracies®forw andGp,w are +0.2 per cent which
guarantees an accuracy®fg of < 5 per cent at a dilution ratio of 15.
However, greater errors will occur at higher dibutiratios.

(b) Calibration ofGp relative to Grorw is carried out such that the
same accuracies f@sg as in (a) are obtained. For the details of such a
calibration see Appendix 2, paragraph 2.6.

(c)  The accuracy obge is determined indirectly from the accuracy of the
dilution ratio as determined by a tracer gas, €@§». Again,
accuracies equivalent to method (a) g are required.

(d)  The absolute accuracy Gfomw and Gpw is within +2 per cent of
full scale, the maximum error of the differencevilestn Groryw and
GpiLw is within 0.2 per cent, and the linearity erromighin +0.2 per
cent of the highessromw observed during the test.

2.4.1. Particulate sampling filters
2.4.1.1. Filter specification

Fluorocarbon coated glass fibre filters or flu@dmon based membrane
filters are required for certification tests. Fagresial applications different
filter materials may be used. All filter types dhiaave a 0.3um DOP (di-
octylphthalate) collection efficiency of at leas® Per cent at a gas face
velocity between 35 and 100 cm/s. When performimgretation tests
between laboratories or between a manufactureraandpproval authority,
filters of identical quality shall be used.

2.4.1.2. Filter size

Particulate filters shall have a minimum diamei€d7 mm (37 mm stain
diameter). Larger diameter filters are acceptamdeagraph 2.4.1.5).

2.4.1.3. Primary and back-up filters

The diluted exhaust shall be sampled by a pdiiltefs placed in series (one
primary and one back-up filter) during the testusatce. The back-up filter
shall be located no more than 100 mm downstreanaraf, shall not be in
contact with, the primary filter. The filters mag kveighed separately or as a
pair with the filters placed stain side to staihesi

2.4.1.4. Filter face velocity

A gas face velocity through the filter of 35 to0l1€m/s shall be achieved. The
pressure drop increase between the beginning andnth of the test shall be
no more than 25 kPa.

2.4.1.5. Filter loading

The recommended minimum filter loadings for thestnmommon filter sizes
are shown in the following table. For larger fillgees, the minimum filter
loading shall be 0.065 mg/1000 rhfiiter area.
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Filter diameter
(mm)

Recommended stain diameter Recommended minimum loading
(mm) (mg)

a7

37 0.11

70

60 0.25

90

80 0.41

110

100 0.62

2.4.2.
2.4.2.1.

2.4.2.2.

2.4.2.3.

2.4.2.4.

2.4.3.

Weighing chamber and analytical balanceiipations
Weighing chamber conditions

The temperature of the chamber (or room) in whiehparticulate filters are
conditioned and weighed shall be maintained toiwi#t95 K (22 °C) +3 K

during all filter conditioning and weighing. Therhidity shall be maintained
to a dewpoint of 282.5 (9.5 °C) +3 K and a relatiugmidity of 45 +8 per

cent.

Reference filter weighing

The chamber (or room) environment shall be free anfy ambient
contaminants (such as dust) that would settle erpérticulate filters during
their stabilization. Disturbances to weighing rospecifications as outlined
in paragraph 2.4.2.1. will be allowed if the duratiof the disturbances does
not exceed 30 minutes. The weighing room should tntke required
specifications prior to personnel entrance into weighing room. At least
two unused reference filters or reference filteirgpahall be weighed within
four hours of, but preferably at the same time has sample filter (pair)
weighing. They shall be the same size and mataesi#the sample filters.

If the average weight of the reference filterderence filter pairs) changes
between sample filter weighing by more thanif) then all sample filters
shall be discarded and the emissions test repeated.

If the weighing room stability criteria outlined paragraph 2.4.2.1. are not
met, but the reference filter (pair) weighing me¢le¢ above criteria, the
engine manufacturer has the option of acceptingsétmple filter weights or
voiding the tests, fixing the weighing room contsgktem and re-running the
test.

Analytical balance

The analytical balance used to determine the vieighall filters shall have a
precision (standard deviation) ofig and a resolution of Ig (1 digit = 1ug)
specified by the balance manufacturer.

Elimination of static electricity effects

To eliminate the effects of static electricityetfilters shall be neutralized
prior to weighing, for example, by a Polonium nalier or a device having
similar effect.

Additional specifications for particulate aserement
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All parts of the dilution system and the samplsygtem from the exhaust
pipe up to the filter holder, which are in contadth raw and diluted exhaust
gas, shall be designed to minimize deposition t@ration of the particulates.
All parts shall be made of electrically conductivaterials that do not react
with exhaust gas components, and shall be eleltyrigeounded to prevent
electrostatic effects.
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Calibration procedure (NRSC, NRTC?)

1.
1.1.

1.2.

1.2.1.

1.2.2.

Calibration of the analytical instruments
Introduction

Each analyser shall be calibrated as often asseaneto fulfil the accuracy
requirements of this Regulation. The calibratiorthod that shall be used is
described in this paragraph for the analysers @dit in Appendix 1,

paragraph 1.4.3.

At the request of the manufacturer and with theeagient of the approval
authority the methods described in Annex 4B, paxglgs 8.1. and 8.2. may
be used as an alternative to those in paragraphthis appendix.

Calibration gases
The shelf life of all calibration gases shall begected.

The expiry date of the calibration gases statedhbymanufacturer shall be
recorded.

Pure gases

The required purity of the gases is defined bydtetamination limits given
below. The following gases shall be available fpemtion:

€) Purified nitrogen

(contaminatior< 1 ppm C< 1 ppm CO< 400 ppm CQ < 0.1 ppm
NO)

(b)  Purified oxygen
(purity > 99.5 per cent vol £
(c)  Hydrogen-helium mixture
(40 2 per cent hydrogen, balance helium)
(contaminatiorx 1 ppm C< 400 ppm CQ)
(d)  Purified synthetic air

(contaminatior< 1 ppm C,< 1 ppm CO< 400 ppm CQ < 0.1 ppm
NO)

(oxygen content between 18 — 21 per cent vol)
Calibration and span gases

Mixtures of gases having the following chemicalmpmsitions shall be
available:

(@) GHgand purified synthetic air (see paragraph 1.2.1.);

! The calibration procedure is common for both NRSE NMRTC tests, with the exception of the
requirements specified in paragraphs 1.11. and 2.6.
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1.3.

1.4.

(b)  CO and purified nitrogen;

() NO and purified nitrogen (the amount of N©ontained in this
calibration gas shall not exceed 5 per cent ofNBecontent);

(d) O, and purified nitrogen;

(e) CQ and purified nitrogen;

)] CH, and purified synthetic air;
(g0 GHg and purified synthetic air.

Note other gas combinations are allowed provided theegalo not react
with one another.

The true concentration of a calibration and spas ghall be within +2 per
cent of the nominal value. All concentrations ditmation gas shall be given
on a volume basis (volume per cent or volume ppm).

The gases used for calibration and span may a&subtained by means of a
gas divider, diluting with purified Nor with purified synthetic air. The
accuracy of the mixing device shall be such that ¢bncentration of the
diluted calibration gases may be determined toiwit2 per cent.

This accuracy implies that primary gases usedbliending shall be known to

have an accuracy of at least +1 per cent, tracaaliational or international

gas standards. The verification shall be perforatedetween 15 and 50 per
cent of full scale for each calibration incorpongtia blending device. An

additional verification may be performed using dmeotcalibration gas, if the

first verification has failed.

Optionally, the blending device may be checkedhait instrument which by
nature is linear, e.g. using NO gas with a CLD. ®pan value of the
instrument shall be adjusted with the span gascilljreconnected to the
instrument. The blending device shall be checketieatised settings and the
nominal value shall be compared to the measuredertration of the
instrument. This difference shall in each pointvathin +1 per cent of the
nominal value.

Other methods may be used based on good engiggmactice and with the
prior agreement of the parties involved.

Note A precision gas divider of accuracy is within +Z¥rpcent, is
recommended for establishing the accurate analyadrration curve. The
gas divider shall be calibrated by the instrumeanufacturer.

Operating procedure for analysers and sampljstem

The operating procedure for analysers shall follbevstart-up and operating
instructions of the instrument manufacturer. Thenimum requirements
given in paragraphs 1.4. to 1.9. shall be included.

Leakage test

A system leakage test shall be performed. Theegsitall be disconnected
from the exhaust system and the end plugged. Thi/sar pump shall be
switched on. After an initial stabilization periadl flow-meters should read
zero. If not, the sampling lines shall be checkad the fault corrected. The
maximum allowable leakage rate on the vacuum diddl be 0.5 per cent of
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the in-use flow rate for the portion of the syste@ing checked. The analyser
flows and bypass flows may be used to estimatintiise flow rates.

Another method is the introduction of a concerdratstep change at the
beginning of the sampling line by switching fromr@¢o span gas.

If after an adequate period of time the readingwsha lower concentration
compared to the introduced concentration, this tgoito calibration or
leakage problems.

Calibration procedure
Instrument assembly

The instrument assembly shall be calibrated atibraion curves checked
against standard gases. The same gas flow ratéisbghaised as when
sampling exhaust.

Warming-up time

The warming-up time should be according to theomamendations of the
manufacturer. If not specified, a minimum of twauh®is recommended for
warming-up the analysers.

NDIR and HFID analyser

The NDIR analyser shall be tuned, as necessadyttencombustion flame of
the HFID analyser shall be optimized (paragraphl1).8

Calibration
Each normally used operating range shall be kol

Using purified synthetic air (or nitrogen), the COO,, NO,, HC and Q
analysers shall be set at zero.

The appropriate calibration gases shall be intteduto the analysers, the
values recorded, and the calibration curve estaddisaccording to paragraph
1.5.6.

The zero setting shall be rechecked and the adilitor procedure repeated, if
necessary.

Establishment of the calibration curve
General guidelines

The analyser calibration curve is establishedtdgast six calibration points
(excluding zero) spaced as uniformly as possiblee highest nominal
concentration shall be equal to or higher than@&0cent of full scale.

The calibration curve is calculated by the metlvddeast squares. If the
resulting polynomial degree is greater than thtee,number of calibration
points (zero included) shall be at least equahts polynomial degree plus
two.

The calibration curve shall not differ by more rtha2 per cent from the
nominal value of each calibration point and by mibien +0.3 per cent of full
scale at zero.

From the calibration curve and the calibrationnpgiit is possible to verify
that the calibration has been carried out corre@the different characteristic
parameters of the analyser shall be indicatedicpéatly:
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1.55.2.

1.5.53.

1.6.

1.7.

1.7.1.

(@) The measuring range;

(b)  The sensitivity;

(c)  The date of carrying out the calibration.
Calibration below 15 per cent of full gcal

The analyser calibration curve is establishedtlgast ten calibration points
(excluding zero) spaced so that 50 per cent o€dtibration points are below
10 per cent of full scale.

The calibration curve is calculated by the metbbltast squares.

The calibration curve shall not differ by more ritha4 per cent from the
nominal value of each calibration point and by mibin +0.3 per cent of full
scale at zero.

Alternative methods

If it can be shown that alternative technologyg(e&omputer, electronically
controlled range switch, etc.) can give equivalaesturacy, then these
alternatives may be used.

Verification of the calibration

Each normally used operating range shall be clikpkier to each analysis in
accordance with the following procedure.

The calibration is checked by using a zero gasaasian gas whose nominal
value is more than 80 per cent of full scale ofrifeasuring range.

If, for the two points considered, the value foulwds not differ by more than
+4 per cent of full scale from the declared refeeewalue, the adjustment
parameters may be modified. Should this not bectts®, a new calibration
curve shall be established in accordance with papdgl.5.4.

Efficiency test of the NQconverter

The efficiency of the converter used for the casian of NG into NO is
tested as given in paragraphs 1.7.1. to 1.7.8u(€it).

Test set-up

Using the test set-up as shown in Figure 1 (se® Appendix 1, paragraph
1.4.3.5.) and the procedure below, the efficientganverters can be tested
by means of an ozonator.
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Figure 1
Schematic of NQ converter efficiency device
solenoid valve
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Figure 1

1.7.2. Calibration

The CLD and the HCLD shall be calibrated in thestnmommon operating
range following the manufacturer's specificatiorsing zero and span gas
(the NO content of which shall amount to about 80 gent of the operating
range and the N{xoncentration of the gas mixture to less thanrscpat of
the NO concentration). The N@nalyser shall be in the NO mode so that the
span gas does not pass through the converterndlieied concentration has
to be recorded.

1.7.3. Calculation

The efficiency of the NQconverter is calculated as follows:

Efficiency(%)= ( 1+a—'§ J100
C -

Where:

a = NQ, concentration according to paragraph 1.7.6.;

b = NQ, concentration according to paragraph 1.7.7.;

c = NO concentration according to paragraph 1.7.4.;

d = NO concentration according to paragraph 1.7.5.
1.7.4. Adding of oxygen

Via a T-fitting, oxygen or zero air is added contusly to the gas flow until
the concentration indicated is about 20 per cess lthan the indicated
calibration concentration given in paragraph 1.{Tke analyser is in the NO
mode.)
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1.7.6.

1.7.7.

1.7.8.

1.7.9.

1.7.10.

1.8.
1.8.1.
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The indicated concentration shall be recorded. The ozonator is kept de-
activated throughout the process.

Activation of the ozonator

The ozonator is now activated to generate enougimeo to bring the NO
concentration down to about 20 per cent (minimumpEd cent) of the
calibration concentration given in paragraph 1.7.2he indicated
concentratiord shall be recorded. (The analyser is in the NO mode

NQ mode

The NO analyser is then switched to the,Nfibde so that the gas mixture

(consisting of NO, N@ O, and N) now passes through the converter. The
indicated concentratiom shall be recorded. (The analyser is in the,NO
mode.)

De-activation of the ozonator

The ozonator is now de-activated. The mixture efep described in
paragraph 1.7.6. passes through the convertethptdetector. The indicated
concentratiorb shall be recorded. (The analyser is in the, H@de.)

NO mode

Switched to NO mode with the ozonator de-activated flow of oxygen or
synthetic air is also shut off. The N®eading of the analyser shall not
deviate by more than +5 per cent from the value smesl according to
paragraph 1.7.2. (The analyser is in the NO mode.)

Test interval

The efficiency of the converter shall be testeédmto each calibration of the
NO, analyser.

Efficiency requirement

The efficiency of the converter shall not be Iggm 90 per cent, but a higher
efficiency of 95 per cent is strongly recommended.

Note: If, with the analyser in the most commongenthe ozonator cannot
give a reduction from 80 per cent to 20 per cemorating to paragraph
1.7.5., then the highest range which will give tbéuction shall be used.

Adjustment of the FID
Optimization of the detector response

The HFID shall be adjusted as specified by thérunsent manufacturer. A
propane in air span gas should be used to optitheeesponse on the most
common operating range.

With the fuel and air flow rates set at the maotufeer's recommendations, a
350 +75 ppm C span gas shall be introduced tonhé/ser. The response at
a given fuel flow shall be determined from the elifince between the span
gas response and the zero gas response. Thedwestlilall be incrementally
adjusted above and below the manufacturer's spatin. The span and zero
response at these fuel flows shall be recorded. ditherence between the
span and zero response shall be plotted and thédueadjusted to the rich
side of the curve.
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Hydrocarbon response factors

The analyser shall be calibrated using propanairiand purified synthetic
air, according to paragraph 1.5.

Response factors shall be determined when intinduan analyser into
service and after major service intervals. The oasp factor ) for a
particular hydrocarbon species is the ratio of Eii@ C1 reading to the gas
concentration in the cylinder expressed by ppm C1.

The concentration of the test gas shall be atval o give a response of
approximately 80 per cent of full scale. The conion shall be known to

an accuracy of +2 per cent in reference to a gratrimstandard expressed in
volume. In addition, the gas cylinder shall be poaditioned for 24 hours at
a temperature of 298 K (2&) +5 K.

The test gases to be used and the recommenddi/eelasponse factor
ranges are as follows:

Methane and purified synthetic air: 18& <1.15
Propylene and purified synthetic air: 09X <1.1
Toluene and purified synthetic air: 08K <1.10

These values are relative to the response faBpiof 1.00 for propane and
purified synthetic air.

Oxygen interference check

The oxygen interference check shall be determiwbén introducing an
analyser into service and after major service vatist

A range shall be chosen where the oxygen interéereheck gases will fall
within the upper 50 per cent. The test shall bedooted with the oven
temperature set as required.

Oxygen interference gases

Oxygen interference check gases shall containgm®pvith 350 ppmC to 75
ppmC hydrocarbon. The concentration value shall deermined to
calibration gas tolerances by chromatographic amlyf total hydrocarbons
plus impurities or by dynamic blending. Nitrogeraktbe the predominant
diluent with the balance oxygen. Blends required Diesel engine testing
are:

O, concentration Balance
21 (20 to 22) Nitrogen
10 (9to 11) Nitrogen
5(4to 6) Nitrogen
Procedure

(@)  The analyser shall be zeroed.

(b)  The analyser shall be spanned with the 2 ger oxygen blend.
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1.9.

1.9.1.

(c)  The zero response shall be rechecked. If itthasnged more than 0.5
per cent of full scale subparagraphs (a) and (&l) bl repeated.

(d) The 5 per cent and 10 per cent oxygen intenf@echeck gases shall
be introduced.

(e)  The zero response shall be rechecked. If itthasged more than +1
per cent of full scale, the test shall be repeated.

)] The oxygen interferenc@60,l) shall be calculated for each mixture
in (d) as follows:

%0,l =(B—éc)uoo

A = hydrocarbon concentration (ppmC) of the spanugasl
in (b)
B = hydrocarbon concentration (ppmC) of the oxygen
interference check gases used in (d)
C = analyser response
A
mC)=—
(ppmQ)=—
D = per cent of full scale analyser response due to

()  The per cent of oxygen interferen&e@yl) shall be less than +3.0 per
cent for all required oxygen interference checlegawior to testing.

(h) If the oxygen interference is greater than #3¢D cent, the air flow
above and below the manufacturer's specificatiomsll sbe
incrementally adjusted, repeating paragraph 1f8rleach flow.

0] If the oxygen interference is greater than H3dd cent after adjusting
the air flow, the fuel flow and thereafter the sdenflow shall be
varied, repeating paragraph 1.8.1. for each netnget

0] If the oxygen interference is still greater tha3.0 per cent, the
analyser, FID fuel, or burner air shall be repaioedeplaced prior to
testing. This paragraph shall then be repeated thi¢hrepaired or
replaced equipment or gases.

Interference effects with NDIR and CLD analgse

Gases present in the exhaust other than the ang aealysed can interfere
with the reading in several ways. Positive intefee occurs in NDIR

instruments where the interfering gas gives theesaffect as the gas being
measured, but to a lesser degree. Negative inteider occurs in NDIR

instruments by the interfering gas broadening thsogption band of the

measured gas, and in CLD instruments by the imfafegas quenching the
radiation. The interference checks in paragrapBslland 1.9.2. shall be
performed prior to an analyser's initial use andrahajor service intervals.

CO analyser interference check

Water and C@can interfere with the CO analyser performancerétore a
CO, span gas having a concentration of 80 to 100 @etr af full scale of the
maximum operating range used during testing steabubbled through water
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at room temperature and the analyser response dextoThe analyser
response shall not be more than 1 per cent ob&alle for ranges equal to or
above 300 ppm or more than 3 ppm for ranges be@ppm.

1.9.2. NQ analyser quench checks

The two gases of concern for CLD (and HCLD) aradysare C@and water
vapour. Quench responses of these gases are poopbrtto their
concentrations, and therefore require test teclesiqo determine the quench
at the highest expected concentrations experietigadg testing.

1.9.2.1. CQ@quench check

A CGO, span gas having a concentration of 80 to 100 get af full scale of
the maximum operating range shall be passed thrthggNIDIR analyser and
the CQ value recorded aA. It shall then be diluted approximately 50 per
cent with NO span gas and passed through the NDtR(H)CLD with the
CGO, and NO values recorded BsandC, respectively. The COshall be shut
off and only the NO span gas be passed througHh€LD and the NO
value recorded &B.

The quench shall be calculated as follows:

0 | a C[A
A)COZQuench{ 1 ( (D0A)-(DIB) j } (100

and shall not be greater than 3 per cent of talles

Where:
= undiluted CQ concentration measured with NDIR per cent
B = diluted CQ concentration measured with NDIR per cent
C = diluted NO concentration measured with CLD ppm
D = undiluted NO concentration measured with CLD ppm
1.9.2.2. Water quench check

This check applies to wet gas concentration measents only. Calculation
of water quench shall consider dilution of the Nfars gas with water vapour
and scaling of water vapour concentration of thetune to that expected
during testing. A NO span gas having a concentmadfd80 to 100 per cent of
full scale to the normal operating range shall bsspd through the (H)CLD
and the NO value recorded @s The NO gas shall be bubbled through water
at room temperature and passed through the (H)GLdDNO value recorded
as C. The water temperature shall be determined andrded asF. The
mixture's saturation vapour pressure that corredpda the bubbler water
temperature ) shall be determined and recordedGsThe water vapour
concentration (in per cent) of the mixture shalchiulated as follows:

H =100 2" )

B

and recorded abl. The expected diluted NO span gas (in water vgpour
concentration shall be calculated as follows:
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1.10.

1.11.

1.11.1.

De=D E€1 -ij
100

and recorded abBe. For diesel exhaust, the maximum exhaust wateowap
concentration (in per cent) expected during tessingll be estimated, under
the assumption of a fuel atom H/C ratio of 1.8 @, from the maximum C©
concentration in the exhaust gas or from the utetlluCQ span gas
concentration4, as measured in paragraph 1.9.2.1.) as follows:

Hm= (0.9 -A)
and recorded as Hm.
The water quench shall be calculated as follows:

% H, 0 Quenche 100[€ D‘E—ecj [ﬁ T)

and shall not be greater than 3 per cent of fallesc

De = expected diluted NO concentration (ppm)

C = diluted NO concentration (ppm)

Hm = maximum water vapour concentration (per cent)
H = actual water vapour concentration (per cent)

Note: It is important that the NO span gas comstaiminimal NQ
concentration for this check, since absorption @,k water has not been
accounted for in the quench calculations.

Calibration intervals

The analysers shall be calibrated according tagraph 1.5. at least every
three months or whenever a system repair or chasmgeade that could
influence calibration.

Additional calibration requirements for rawhaust measurements over
NRTC test

Response time check of the analytical ayste

The system settings for the response time evaluahall be exactly the
same as during measurement of the test run (iesspre, flow rates, filter

settings on the analysers and all other response influences). The

response time determination shall be done withsgaghing directly at the

inlet of the sample probe. The gas switching shaltlone in less than 0.1 s.
The gases used for the test shall cause a contientchange of at least 60
per cent FS.

The concentration trace of each single gas compaiall be recorded. The
response time is defined as the difference in thetsveen the gas switching
and the appropriate change of the recorded corat@mtr The system
response timetdy) consists of the delay time to the measuring deteand
the rise time of the detector. The delay time ingel as the time from the
change tg) until the response is 10 per cent of the finadieg {.o). The rise
time is defined as the time between 10 and 90 est @sponse of the final
reading too —t10).
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For time alignment of the analyser and exhaust fsignals in the case of
raw measurement, the transformation time is defiagdhe time from the
changetp) until the response is 50 per cent of the finalieg (s).

The system response time shall bd0 s with a rise time 2.5 s for all
limited components (CO, NOHC) and all ranges used.

1.11.2. Calibration of tracer gas analyser for ewshdow measurement

The analyser for measurement of the tracer gasecdration, if used, shall
be calibrated using the standard gas.

The calibration curve shall be established byeast 10 calibration points
(excluding zero) spaced so that a half of the catiibn points are placed
between 4 to 20 per cent of analyser's full scatethe rest are in between 20
to 100 per cent of the full scale. The calibratmnve is calculated by the
method of least squares.

The calibration curve shall not differ by morethal per cent of the full
scale from the nominal value of each calibratiompan the range from 20
to 100 per cent of the full scale. It shall alsa differ by more than +2 per
cent from the nominal value in the range from £@per cent of the full
scale.

The analyser shall be set at zero and spannedtpribe test run using a zero
gas and a span gas whose nominal value is more8bgrer cent of the
analyser full scale.

2. Calibration of the particulate measuring system
2.1. Introduction

Each component shall be calibrated as often agssacy to fulfil the
accuracy requirements of this Regulation. The catlibn method to be used
is described in this paragraph for the componemtiscated in Annex 4A,
Appendix 1, paragraph 1.5. and Appendix 4.

At the request of the manufacturer and with theeagient of the approval
authority the methods described in Annex 4B, paxlgs 8.1. and 8.2. may
be used as an alternative to those in paragraphtlis Appendix.

2.2, Flow measurement

The calibration of gas flow-meters or flow measoeat instrumentation
shall be traceable to national and/or internatistehdards.

The maximum error of the measured value shall kkiw+2 per cent of
reading.

For partial flow dilution systems, the accuracytlod sample flowGge is of
special concern, if not measured directly, but mheiteed by differential flow
measurement:

Gse = Grotw — Gow

In this case an accuracy of +2 per cent@prw andGp,w is not sufficient
to guarantee acceptable accuracie&gf If the gas flow is determined by
differential flow measurement, the maximum errotthed difference shall be
such that the accuracy G is within 5 per cent when the dilution ratio is
less than 15. It can be calculated by taking roeésmsquare of the errors of
each instrument.
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2.3.

2.4,

2.5.

2.6.

2.6.1.

Checking the dilution ratio

When using particulate sampling systems withoutAEGAnnex 4A,
Appendix 4, paragraph 1.2.1.1.), the dilution rati@ll be checked for each
new engine installation with the engine running #meluse of either the GO
or NQ, concentration measurements in the raw and dikiauest.

The measured dilution ratio shall be within £10 pent of the calculated
dilution ratio from CQ or NG, concentration measurement.

Checking the partial flow conditions

The range of the exhaust gas velocity and thespresoscillations shall be
checked and adjusted according to the requirenmsnex 4A, Appendix
4, paragraph 1.2.1.1., EP, if applicable.

Calibration intervals

The flow measurement instrumentation shall bebcated at least every three
months, or whenever a system change is made thald cofluence
calibration.

Additional calibration requirements for parflaw dilution systems
Periodical calibration

If the sample gas flow is determined by differahflow measurement the
flow-meter or the flow measurement instrumentattiall be calibrated by
one of the following procedures, such that the pridaw Gge into the tunnel
fulfils the accuracy requirements of Annex 4A, Apgix 1, paragraph 2.4.:

The flow-meter foiGp, w iS connected in series to the flow-meter &Hrw,
the difference between the two flow-meters is calibd for at least five set
points with flow values equally spaced betweenltheestGp,,  value used
during the test and the value Gfomw used during the test. The dilution
tunnel may be bypassed.

A calibrated mass flow device is connected ineseto the flow-meter for
Grotw and the accuracy is checked for the value usethfotest. Then the
calibrated mass flow device is connected in setieshe flow-meter for
Gpiw, and the accuracy is checked for at least fivénggt corresponding to
the dilution ratio between 3 and 50, relativeagrw used during the test.

The transfer tube TT is disconnected from the eghand a calibrated flow
measuring device with a suitable range to meaggeis connected to the
transfer tube. TheGromw is set to the value used during the test, Gpgy

is sequentially set to at least five values comesing to dilution ratios q
between 3 and 50. Alternatively, a special calibratflow path may be
provided, in which the tunnel is bypassed, butttitel and dilution air flow
through the corresponding meters are maintainéd the actual test.

A tracer gas is fed into the transfer tube TT.sThiacer gas may be a
component of the exhaust gas, like £ NQ,. After dilution in the tunnel
the tracer gas component is measured. This shattabgéed out for five
dilution ratios between 3 and 50. The accuracy & sample flow is
determined from the dilution ratian

Gse = Grotw/ 0

The accuracies of the gas analysers shall be takeraccount to guarantee
the accuracy 0Bsg.
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Carbon flow check

A carbon flow check using actual exhaust is sthpngcommended for
detecting measurement and control problems andfyiragi the proper
operation of the partial flow dilution system. Tbarbon flow check should
be run at least each time a new engine is instatledomething significant is
changed in the test cell configuration.

The engine shall be operated at peak torque loadspeed or any other
steady-state mode that produces 5 per cent or afdZ®,. The partial flow
sampling system shall be operated with a dilutamtdr of about 15 to 1.

Pre-test check

A pre-test check shall be performed within two dsobefore the test run in
the following way:

The accuracy of the flow-meters shall be checkedhle same method as
used for calibration for at least two points, irthg flow values ofGpw
that correspond to dilution ratios between five dadfor theGrorw value
used during the test.

If it can be demonstrated by records of the catibn procedure described
above that the flow-meter calibration is stablerowdonger period of time,
the pre-test check may be omitted.

Determination of the transformation time

The system settings for the transformation timelwation shall be exactly
the same as during measurement of the test run.tr@hsformation time
shall be determined by the following method:

An independent reference flow-meter with a measerdg range appropriate
for the probe flow shall be put in series with afmsely coupled to the probe.
This flow-meter shall have a transformation timdesfs than 100 ms for the
flow step size used in the response time measurtemith flow restriction
sufficiently low not to affect the dynamic perfornt@ of the partial flow
dilution system, and consistent with good engimappractice.

A step change shall be introduced to the exhdowst for air flow if exhaust
flow is calculated) input of the partial flow dilah system, from a low flow
to at least 90 per cent of full scale. The trigfgerthe step change should be
the same one as that used to start the look-almacbtin actual testing. The
exhaust flow step stimulus and the flow-meter respcshall be recorded at a
sample rate of at least 10 Hz.

From this data, the transformation time shall le¢ednined for the partial
flow dilution system, which is the time from thetiation of the step stimulus
to the 50 per cent point of the flow-meter respohse similar manner, the
transformation times of thegsignal of the partial flow dilution system and
of the Gexuw signal of the exhaust flow-meter shall be deteadinThese
signals are used in the regression checks perfoafted each test (Annex
4A, Appendix 1, paragraph 2.4.).

The calculation shall be repeated for at least fise-and-fall stimuli, and the
results shall be averaged. The internal transfaomaime (< 100 ms) of the
reference flow-meter shall be subtracted from tkikie. This is the 'look-
ahead' value of the partial flow dilution systemhieh shall be applied in
accordance with Annex 4A, Appendix 1, paragraph 2.4
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3.2.

3.2.1.

Calibration of the CVS system
General

The CVS system shall be calibrated by using amrate flow-meter and
means to change operating conditions.

The flow through the system shall be measuredifiarent flow operating
settings, and the control parameters of the sysball be measured and
related to the flow.

Various types of flow-meters may be used, e.gbiated venturi, calibrated
laminar flow-meter, calibrated turbine meter.

At the request of the manufacturer and with theeagient of the approval
authority the methods described in Annex 4B, paxlgs 8.1. and 8.2. may
be used as an alternative to those in paragraphtBis Appendix.

Calibration of the positive displacement puiRpP)

All the parameters related to the pump shall eukaneously measured
along with the parameters related to a calibratiemturi which is connected
in series with the pump. The calculated flow raterg®min at pump inlet,

absolute pressure and temperature) shall be platminst a correlation
function which is the value of a specific combipatiof pump parameters.
The linear equation which relates the pump flow thelcorrelation function
shall be determined. If a CVS has a multiple spdrécdk, the calibration shall
be performed for each range used.

Temperature stability shall be maintained duriatjcation.

Leaks in all the connections and ducting betweenctdibration venturi and
the CVS pump shall be maintained lower than 0.3cpet of the lowest flow
point (highest restriction and lowest PDP speedtpoi

Data analysis

The air flowrate Q) at each restriction setting (minimum 6 settingjsll be
calculated in standard ¥min. from the flow-meter data using the
manufacturer's prescribed method. The air flow sli@ll then be converted
to pump flow {/) in m¥/rev at absolute pump inlet temperature and pressur
as follows:

Q. T 1013
VO : . .
n 273 P,
where,
Qs = air flow rate at standard conditions (101.3 K8 K) (ni/s)
T = temperature at pump inlet (K)
Pa = absolute pressure at pump inleg € p,) (kPa)
n = pump speed (rev/s)

To account for the interaction of pressure vari&i@t the pump and the
pump slip rate, the correlation functioKg) between pump speed, pressure
differential from pump inlet to pump outlet and alge pump outlet
pressure shall be calculated as follows:
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1 A
x =1 %P
n Pa
where,
App = pressure differential from pump inlet to pumpletu(kPa)
Pa = absolute outlet pressure at pump outlet (kPa)

A linear least-square fit shall be performed to egate the calibration
equation as follows:

Vo =Dg =m- (Xo)

Do andm are the intercept and slope constants, respegtidelscribing the
regression lines.

For a CVS system with multiple speeds, the calibraturves generated for
the different pump flow ranges shall be approxinyatgarallel, and the
intercept valuesy) shall increase as the pump flow range decreases.

The values calculated by the equation shall beiwi#®.5 per cent of the
measured value 0¥, Values of m will vary from one pump to another.
Particulate influx over time will cause the pumjpdb decrease, as reflected
by lower values for m. Therefore, calibration shadl performed at pump
start-up, after major maintenance, and if the tatgbtem verification
(paragraph 3.5.) indicates a change in the sl rat

3.3. Calibration of the critical flow venturi (CFV)

Calibration of the CFV is based upon the flow gmumafor a critical venturi.
Gas flow is a function of inlet pressure and terapae, as shown below:

Q = Ky Pa
ﬁ
where,
Ky = calibration coefficient
Pa = absolute pressure at venturi inlet (kPa)
T = temperature at venturi inlet (K)
3.3.1. Data analysis

The air flow rate Q) at each restriction setting (minimum 8 setting/sll be
calculated in standard ¥min. from the flow-meter data using the
manufacturer's prescribed method. The -calibratieefficient shall be
calculated from the calibration data for each sgttis follows:

Qs'ﬁ

A

where,

Qs = air flow rate at standard conditions (101.3 K8 K) (ni/s)
T = temperature at the venturi inlet (K)
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3.4.

3.4.1.

Pa = absolute pressure at venturi inlet (kPa)

To determine the range of critical flow, shall be plotted as a function of
venturi inlet pressure. For critical (choked) floi&, will have a relatively
constant value. As pressure decreases (vacuumasesg the venturi
becomes unchoked ank, decreases, which indicates that the CFV is
operated outside the permissible range.

For a minimum of eight points in the region of ical flow, the average K
and the standard deviation shall be calculated. sthedard deviation shall
not exceed +0.3 per cent of the averge

Calibration of the subsonic venturi (SSV)

Calibration of the SSV is based upon the flow d¢igmafor a subsonic
venturi. Gas flow is a function of inlet pressumdaemperature, pressure
drop between the SSV inlet and throat, as showowbel

1 1
Q. = A, d2C,P, —(I’ 14286 _ o 17143 s
T 1-B°r“
where,
Ao = collection of constants and units conversions
1
. (m* ) K2 |1
= 0.006111 in SI unit -
min )| kPa [ mnt
d = diameter of the SSV throat (m)
Cq = discharge coefficient of the SSV
Pa = absolute pressure at venturi inlet (kPa)
T = temperature at the venturi inlet (K)
r = ratio of the SSV throat to inlet absolute, stgpressure =
AP
1-=—/
I:)A
) = ratio of the SSV throat diameter, d, to the tinpe inner
diameter = —

Data analysis

The air flow rate Qss\) at each flow setting (minimum 16 settings) sl
calculated in standard ¥min from the flow-meter data using the
manufacturer's prescribed method. The dischargeffideat shall be
calculated from the calibration data for each sgtts follows:
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c, = Qssv
A,d 2 P, _:II_- (I’ 14286 _ o 17143 . ﬂ41 —
- r

where,
Qssy = air flow rate at standard conditions (101.3 kP& K), m/s
T = temperature at the venturi inlet (K)
d = diameter of the SSV throat (m)
r = ratio of the SSV throat to inlet absolute, stapressure =

4P

I:)A

3 = ratio of the SSV throat diameter, d, to the tinkgpe inner

_ d
diameter = —
D

To determine the range of subsonic flady,shall be plotted as a function of
Reynolds number, at the SSV throat. Reat the SSV throat is calculated
with the following formula:

Re= A QSSV
du
where,
A = a collection of constants and units conversions
1)/ min )} mm
= 25.55152| — || — | —
m S m
Qssv = air flow rate at standard conditions (101.3 K8 K) (n/s)
d = diameter of the SSV throat (m)

u = absolute or dynamic viscosity of the gas, calmd with the
following formula:
bT’2 b7
= = kg/ms
S+T 4.5
T
Where:
. kg
b = empirical constant = 145810° n
msK?2
S = empirical constant = 104.4 K

Because)ssy is an input to thére formula, the calculations shall be started
with an initial guess foQssy or Cy of the calibration venturi, and repeated
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3.5.

3.5.1.

3.5.2.

until Qssy converges. The convergence method shall be aectodd.1 per
cent or better.

For a minimum of sixteen points in the subsonivflregion, the calculated
values ofCy from the resulting calibration curve fit equatisihall be within
+0.5 per cent of the measur€gfor each calibration point.

Total system verification

The total accuracy of the CVS sampling system amalytical system shall
be determined by introducing a known mass of aupatit gas into the
system while it is being operated in the normal nean The pollutant is
analysed, and the mass calculated according to Adde Appendix 3,

paragraph 2.4.1. except in the case of propaneendnéactor of 0.000472 is
used in place of 0.000479 for HC. Either of thddi@ing two techniques
shall be used.

Metering with a critical flow orifice

A known quantity of pure gas (propane) shall be if#to the CVS system
through a calibrated critical orifice. If the inlptessure is high enough, the
flow rate, which is adjusted by means of the aitidlow orifice, is
independent of the orifice outlet pressure (crititaw). The CVS system
shall be operated as in a normal exhaust emisssmnfor about five to 10
minutes. A gas sample shall be analysed with thaliesquipment (sampling
bag or integrating method), and the mass of thecgkslated. The mass so
determined shall be within £3 per cent of the knawass of the gas injected.

Metering by means of a gravimetric technique

The weight of a small cylinder filled with propaskall be determined with a
precision of £0.01 g. For about five to 10 minutd®g CVS system shall be
operated as in a normal exhaust emission testewddtbon monoxide or
propane is injected into the system. The quanfifyure gas discharged shall
be determined by means of differential weighing.gads sample shall be
analysed with the usual equipment (sampling bagtegrating method), and
the mass of the gas calculated. The mass so detrshall be within +3 per
cent of the known mass of the gas injected.
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Data evaluation and calculations

1.
1.1.

1.2.

1.3.

1.3.1.

Data evaluation and calculations — NRSC test
Gaseous emissions data evaluation

For the evaluation of the gaseous emissions, libe ceading of the last 60 s
of each mode shall be averaged, and the averagememiations ¢ong of

HC, CO, NQ and CQ if the carbon balance method is used, during each
mode shall be determined from the average chartinga and the
corresponding calibration data. A different type@fording can be used if it
ensures an equivalent data acquisition.

The average background concentratiam§) may be determined from the
bag readings of the dilution air or from the contins (non-bag) background
reading and the corresponding calibration data.

If the ramped modal cycles of Annex 5, paragraph(4) or paragraph
1.2.(b), respectively, are used, the data evalnatia calculation procedures
of Annex 4B, paragraph 7.8.2.2., and the applicakletions of paragraphs
A.8.2., A.8.3. and A.8.4. shall apply. The finastteesults shall be calculated
according to equations A.8-60 and A.8-61 or A.7-48d A.7-50,
respectively.

Particulate emissions

For the evaluation of the particulates, the tatample massesMgaw,)
through the filters shall be recorded for each motblee filters shall be
returned to the weighing chamber and conditionecatdeast one hour, but
not more than 80 hours, and then weighed. The gresght of the filters
shall be recorded and the tare weight (see parhgBap., Annex 4A)
subtracted. The particulate masd; (for single filter methodM;; for the
multiple filter method) is the sum of the partidelanasses collected on the
primary and back-up filters. If background correntiis to be applied, the
dilution air massNlp, ) through the filters and the particulate mads)(shall
be recorded. If more than one measurement was rtfaaeuotientMy/Mp,,
shall be calculated for each single measurementtendalues averaged.

If the ramped modal cycles of Annex 5, paragraph(4) or paragraph
1.2.(b), respectively, are used, the data evaluatia calculation procedures
of Annex 4B, paragraph 7.8.2.2., and the applicakletions of paragraphs
A.8.2., A.8.3. and A.8.4. shall apply. The finastteesults shall be calculated
according to equation A.8-64 or A.7-53, respectivel

Calculation of the gaseous emissions
The finally reported test results shall be deritlmdugh the following steps:
Determination of the exhaust gas flow

The exhaust gas flow rat&Géxqw,) shall be determined for each mode
according to Annex 4A, Appendix 1, paragraphs 1.21.2.3.
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When using a full flow dilution system, the tothlute exhaust gas flow rate
(Grotwsi) shall be determined for each mode according tmeXmiA,
Appendix 1, paragraph 1.2.4.

1.3.2. Dry/wet correction

Dry/wet correction (Gnw»i) shall be determined for each mode according to
Annex 4A, Appendix 1, paragraphs 1.2.1. to 1.2.3.

When applyingGexqw the measured concentration shall be converted to a
wet basis according to the following formulae, d@tralready measured on a
wet basis:

CONGyet = Ky - CONGyry

For the raw exhaust gas:

_ 1
K””_[1+ 1.88000.005] ( % CO[dry] + %0, [dry]) K

__ 1.608H,
1000 +(1.608H,

6.22(R, b,
pB - pa D?a B.OZ

For the diluted gas:

wi

a

1.88[CO, %(wet)j
wel— 1' “"ANw
Kwes ( 200 Kz
or.
— 1'KW2
Kueo=| 1+ L, L88LEO, % (dry)
200

__ 1.6080[H0(1- 1/ DF)+4 ,0(1/ DF)]
1000 +1.6081H,0(1-1/ DF)H .0 (1/ DF)

For the dilution air:
Kwa=1-Kws
_ 1.608 [,
Kws=
1000 + (1.608 [, )
6.22[Ry [P,
Pg- Py [Re[A0°?
For the intake air (if different from the diluticir):

Kwa =1-Kwz

w2

d =
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1.608H,
"2 1000+ (1.608H,)
_ 6.22[R,[p,

) Pg - P, [(R.[10?
Where:
H, = absolute humidity of the intake air (g water kgrdry air)
Hy = absolute humidity of the dilution air (g watesrkg dry air)
Ry = relative humidity of the dilution air ( per cgnt
Ry = relative humidity of the intake air ( per cent)
Pq = saturation vapour pressure of the dilution kitg)
Pa = saturation vapour pressure of the intake aiafkP
Pe = total barometric pressure (kPa).

Note H, andHyq may be derived from relative humidity measuremest,
described above, or from dewpoint measurement, wappressure
measurement or dry/wet bulb measurement using #reerglly accepted
formulae.

Humidity correction for NO

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient airperature and humidity by
the factorKy given in the following formula:

1

R ¥ AO(W.-10.71 y BT, - 298)
Where:
A = 0.309Gke1/ Garp - 0.0266
B = —0.209Gk e/ Garp + 0.00954
Gruer Fuelair ratio(dry air basis)
Garp
Ta = temperatures of the air in (K)
H, = humidity of the intake air (g water per kg dig)a
__ 6.220(R.[p,
) Ps- P, LR.11072
Where:
R, = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).
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Note H, may be derived from relative humidity measuremeastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

1.3.4. Calculation of emission mass flow rates
The emission mass flow rates for each mode sbkathlculated as follows:
(a)  For the raw exhaust das
GaSnass= U - conc- Gexpw
(b)  For the dilute exhaust gas
Gasnass= U - €ONG - Grorw
Where:
cong is the background corrected concentration
cong =conc—cong - (1 - (1/DF))
DF = 13.4 / €0nGoz + (CONGo + CONGyc) - 10%)
or:
DF = 13.4 /concCO,

The coefficientss — wet shall be used according to Table 5:

Table 5
Values of the coefficient u — wet for various exhai components
Gas u conc
NOy 0.001587 ppm
co 0.000966 ppm
HC 0.000479 ppm
6{0)} 15.19 per cent

The density of HC is based upon an average carbdmydrogen ratio of
1:1.85.

1.3.5. Calculation of the specific emissions

The specific emission (g/kwWh) shall be calculated all individual
components in the following way:

> GasmassWF,
Individual gas= ‘=L

n

Z P, (WF;
i=1

1 In the case of NQ the NG concentration (N@oncor NQ.cong) has to be multiplied bl nox
(humidity correction factor for NQguoted in section 1.3.3) as follow§;inox - concor Kynox - CONG

2 |n the case of NQthe NQ concentration (N@oncor NOcong) has to be multiplied bifnox
(humidity correction factor for NQguoted in section 1.3.3) as follow§;inox - concor Kynox - CONG
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WherePi = Pm,i + PAE, i

The weighing factors and the number of modes @®gduin the above
calculation are according to Annex 4A, paragraphl3.

1.4. Calculation of the particulate emission
The particulate emission shall be calculated enftlowing way:
1.4.1. Humidity correction factor for particulates

As the particulate emission of diesel engines dépeon ambient air
conditions, the particulate mass flow rate shallcberected for ambient air
humidity with the factoK given in the following formula:

Ko =1/ (1 +0.0133 H,- 10.71) )

Where:
Ha = humidity of the intake air, gram of water perday air
__ 6.220[R.[p,
) Ps~Pa D'?a ao-z
Where:
R, = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).

Note H, may be derived from relative humidity measuremastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

1.4.2. Partial flow dilution system

The final reported test results of the particulateission shall be derived
through the following steps. Since various typeslibftion rate control may
be used, different calculation methods for equimaldiluted exhaust gas
mass flow rateSepe apply. All calculations shall be based upon therage
values of the individual modeg @uring the sampling period.

1.4.2.1. Isokinetic systems
Geprw,i = Gexhw, i * G
g = Goww,i + ( Gexaw, )
( Gexiw,i L)

wherer corresponds to the ratio of the cross sectioredsapf the isokinetic
probeA, and exhaust pipar:

=P
Ar
1.4.2.2. Systems with measurement of, @ONQ, concentration

Georw,i = Gextw, i * O

107



ECE/TRANS/WP.29/2011/125

_ Cong,i - Cong,
' Cono, - Cong,;

Where:

Cong = wet concentration of the tracer gas in raw exhau
Cong = wet concentration of the tracer gas in the ddugxhaust
Cong, = wet concentration of the tracer gas in the ditugir

Concentrations measured on a dry basis shall beeced to a wet basis
according to paragraph 1.3.2.

1.4.2.3. Systems with GOneasurement and carbon balance method
_ 206.6lGFye
EDFW, — _ _
COz2p,i - CQOeaii
Where:
COp = CGO, concentration of the diluted exhaust
CO,p = CGO, concentration of the dilution air

(concentrations in volume per cent on wet basis)

This equation is based upon the carbon balanaemgd®n (carbon atoms
supplied to the engine are emitted as,)C&hd derived through the following
steps:

Georw,i = Gextw, i * G

and:
_ 206.6(6 e
Gextwi {COzp; - CQuaj)

1.4.2.4. Systems with flow measurement

Georw,i = Gextw, i * G

q.= Gromw
I (GTOTW,i - GDILW J )
1.4.3. Full flow dilution system

The final reported test results of the particulateission shall be derived
through the following steps.

All calculations shall be based upon the averagieies of the individual
modes i) during the sampling period.

Geprw,i = Grotw, |
1.4.4. Calculation of the particulate mass floverat
The particulate mass flow rate shall be calculatetbllows:

For the single filter method:
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PTmass: Mf |I(BEDFW)aver
M sav (1000

Where:

(Geprw)aver OVer the test cycle shall be determined by sunomatf the
average values of the individual modes during #raging period:

(Georw ) aver= Z Geprwi LWR
=

M sam = z M sam,i

i=1
wherei=1,...n
For the multiple filter method:
— M fi HGEDFWJ )a\/er
PTmass',_

M sami 1000

wherei=1,...n

The particulate mass flow rate may be backgroumtected as follows:

For single filter method:

PTmass: Mf - Md z l—i D/VE EGEDFW)aver
Mgam My, i DF, 1000

If more than one measurement is madé,/lp, ) shall be replaced with
(Md/MDIL)aver

13.4
cong,, +(cong, +cong.)do*

DF =

or:
DF=13.4 /congGoz

For multiple filter method:

P mace = My+.i _( M d [él_ 1 D I:EGEDFW,ij|
Msam,i \ Mo DF 1000

If more than one measurement is madé,/lp, ) shall be replaced with
(Md/MDIL)aver

13.4
coNnGeoz + (CONG, +cong: )10

DF =

or:
DF=13.4 lcongo,

1.4.5. Calculation of the specific emissions
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1.4.6.

2.1.

2.1.1.

The specific emission of particulated (g/kwh) shall be calculated in the
following way?:

For the single filter method:

PT =nPT¢
Z Pi OWF;
i=1
For the multiple filter method:
D" PTmass WF
PT =12 -
z Pi OWF;
i=1

Effective weighing factor

For the single filter method, the effective weighifactor Wk ; for each
mode shall be calculated in the following way:

WFE’i — M SAM,i l]GEDF)aver
M sam {Geprw.i)

wherei =1, ...n.

The value of the effective weighing factors shuwedl within +0,005 (absolute
value) of the weighing factors listed in Annex 4¥aragraph 3.7.1.

Data evaluation and calculations (NRTC test)

The two following measurement principles that barused for the evaluation
of pollutant emissions over the NRTC cycle are dbed in this paragraph:

(@) The gaseous components are measured in thexaawst gas on a
real-time basis, and the particulates are detemdnuming a partial
flow dilution system;

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

Calculation of gaseous emissions in the ravaest gas and of the particulate
emissions with a partial flow dilution system

Introduction

The instantaneous concentration signals of thegsscomponents are used
for the calculation of the mass emissions by miidpion with the
instantaneous exhaust mass flow rate. The exhaass$ flow rate may be
measured directly, or calculated using the methdmiribed in Annex 4A,
Appendix 1, paragraph 2.2.3. (intake air and flelvfmeasurement, tracer
method, intake air and air/fuel ratio measuremespecial attention shall be

3 The particulate mass flow ra,,sshas to be multiplied bi¢p (humidity correction factor for
particulates quoted in section 1.4.1).
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Table 6
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paid to the response times of the different insents. These differences
shall be accounted for by time aligning the signals

For particulates, the exhaust mass flow rate dgaee used for controlling
the partial flow dilution system to take a samptepwrtional to the exhaust
mass flow rate. The quality of proportionality ibecked by applying a
regression analysis between sample and exhaustaoslescribed in Annex
4A, Appendix 1, paragraph 2.4.

Determination of the gaseous components
Calculation of mass emission

The mass of the pollutaritd,,s (9/test) shall be determined by calculating the
instantaneous mass emissions from the raw condiensaof the pollutants,
the u values from Table 6 (see also paragraph 1.3.4l)tla@ exhaust mass
flow, aligned for the transformation time and ini&ing the instantaneous
values over the cycle. Preferably, the concenmatshould be measured on a
wet basis. If measured on a dry basis, the dry¢emection as described here
below shall be applied to the instantaneous conaton values before any
further calculation is done.

Values of the coefficient u — wet for various exhai components

Gas u conc
NOy 0.001587 ppm
co 0.000966 ppm
HC 0.000479 ppm
CO, 15.19 per cent

The density of HC is based upon an average carbdmydrogen ratio of
1:1.85.

The following formula shall be applied:

M gos= D_ULEONG DGy, E—l:— (in gltest)
i=1

Where

u = ratio between density of exhaust component agwsity of
exhaust gas

cong = instantaneous concentration of the respectivepoment in the
raw exhaust gas (ppm)

Gexnw, i= instantaneous exhaust mass flow (kg/s)

f = data sampling rate (Hz)

n = number of measurements

For the calculation of NQ the humidity correction factdt,, as described
here below, shall be used.
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2.1.2.2.

2.1.23.

The instantaneously measured concentration skalbhverted to a wet basis
as described here below, if not already measurelweet basis

Dry/wet correction

If the instantaneously measured concentrationdasured on a dry basis, it
shall be converted to a wet basis according tdat@wing formulae:

CONGyer = Kw * CONGyry
Where:

1
r: B K
Kw, [1+1.8.005]¢0n(‘co+ cong,, J 2

With:

__ 1608H,
"2~ 1000 + (1.608H,

Where:

CONGo= dry CQ, concentration (per cent)

CONGo= dry CO concentration (per cent)
Ho = intake air humidity, (g water per kg dry air)
__ 6.220[R.[p,
’ Pe~Pa [R.0140
Where:
R, = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measuremastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

NQ correction for humidity and temperature

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for humidity amib#nt air temperature
with the factors given in the following formula:

1

K= 1 0.0182) (. -10.71)+0.00457( -¢
With:
Ta = temperature of the intake air, K
H, = humidity of the intake air, g water per kg diy a
6.220 [R. p,
" Pe-p, [Ra00?
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Where:

R. = relative humidity of the intake air ( per cent)

Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measuremeastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

2.1.2.4. Calculation of the specific emissions

The specific emissions (g/kwh) shall be calculafed each individual
component in the following way:

(1 / 1 0 Mgas,cold + (9 / 1 0 Wgas,hot

Individual Gas =
(1/10 Wact,cold + (9/10 Wact hot

Where:
Mgas cold= total mass of gaseous pollutant over the ciald sycle (g)
Mgas hot= total mass of gaseous pollutant over the laot st/cle (g)
Wact cold= actual cycle work over the cold start cycledegermined in
Annex 4A paragraph 4.6.2. (kwh)
Wact hot= actual cycle work over the hot start cycle &edmined in
Annex 4A paragraph 4.6.2. (kwh)
2.1.3. Particulate determination
2.1.3.1. Calculation of mass emission

The particulate massédpr cow @and Mpr not (g/test) shall be calculated by
either of the following methods:

(a) MpT - Mf I:!\/I EDFW

Mg, 1000
Where:
Mpr = Met coiafOr the cold start cycle
Mpr = Mpr notfOr the hot start cycle
Mg = particulate mass sampled over the cycle (mg)
Meprw = mass of equivalent diluted exhaust gas ovecyute (kg)
Msam = mass of diluted exhaust gas passing the phtewollection

filters (kg)

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

Meoew = ZGEDFW,i E'];

=l f
GEDFW,i = GEXHW,i m
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2.1.3.2.

— G|'OTW,i
g = _G
(Gl'OTW,i DILW,,i )
Where:
Geprw,i = instantaneous equivalent diluted exhaust masw flate
(kg/s)
Gexmw,i = instantaneous exhaust mass flow rate (kg/s)
i = instantaneous dilution ratio
Grotwi = instantaneous diluted exhaust mass flow rateutyir
dilution tunnel (kg/s)
Goww,i = instantaneous dilution air mass flow rate (kg/s)
f = data sampling rate (Hz)
n = number of measurements
M;
(b) M pr = ———
r, (1000
Where:
Mpr = Mert coiafOr the cold start cycle
Mpr = Met notfor the hot start cycle
Mg = particulate mass sampled over the cycle (mg)
rs = average sample ratio over the test cycle
Where:
r = MSE DM SAM
S M M
EXHW TOTW
Msg = sampled exhaust mass over the cycle (kg)
Mexpw = total exhaust mass flow over the cycle (kg)

Msav = mass of diluted exhaust gas passing the paatiul
collection filters (kg)

Mrorw= mass of diluted exhaust gas passing the dilutiomel
(kg)

Note: In case of the total sampling type systéyay and Miotw are
identical

Particulate correction factor for humidity

As the particulate emission of diesel engines dégpeon ambient air
conditions, the particulate concentration shallcherected for ambient air
humidity with the factoKp given in the following formulae.

1
k =
P~ (1+0.01330d, - 10.71)

Where:




2.1.3.8.

2.2.

2.2.1.
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Ha = humidity of the intake air in g water per kg ciy
_ 6.220[R.[p,
) Ps~Pa D'?a & 0-2
Where:
R, = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measuremastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

Calculation of the specific emissions

The specific emissions (g/kwh) shall be calculdtedn the following way:

(1 / 1 0 Kp,ca/d |]'//PT,cold + (9 / 1 O )Kp,hot |]'//PT,hot

PT =
(1/10 Wact,cold + (9/10 Wact hot

Where

Mpredd = particulate mass over the cold start cyclesgd)

Mprhot = particulate mass over the hot start cycle (t/tes

Ko, cold = humidity correction factor for particulate owbe cold start
cycle

Ko, hot = humidity correction factor for particulate ovie hot start
cycle

Wit cold = actual cycle work over the cold start cycle atedmined in
paragraph 4.6.2. of Annex 4A, (kwh)

Waet hot = actual cycle work over the hot start cycle akedrined in

paragraph 4.6.2. of Annex 4A, (kwh)

Determination of gaseous and particulate compts with a full flow
dilution system

For calculation of the emissions in the dilutethaxst gas, it is necessary to
know the diluted exhaust gas mass flow rate. Thel tliluted exhaust gas
flow over the cycleMromw (kg/test) shall be calculated from the measurement
values over the cycle and the corresponding caiibradata of the flow
measurement deviceV{for PDP, K, for CFV, Cy for SSV): the
corresponding methods described in paragraph 2rag.be used. If the total
sample mass of particulatell{,y) and gaseous pollutants exceeds 0.5 per
cent of the total CVS flowMroTw), the CVS flow shall be corrected for
Msam OF the particulate sample flow shall be returreethe CVS prior to the
flow measuring device.

Determination of the diluted exhaust gawflo
PDP-CVS system
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The calculation of the mass flow over the cycfethe temperature of the
diluted exhaust is kept within £ 6 K over the cybleusing a heat exchanger,
is as follows:

Mrotw = 1.293 V" Np (pB - pl) <273/ (1013 T)

Where

Mrotw = mass of the diluted exhaust gas on wet basistheerycle

Vo = volume of gas pumped per revolution under tesdiions
(m’/rev)

Np = total revolutions of pump per test

Ps = atmospheric pressure in the test cell (kPa)

p: = pressure drop below atmospheric at the pump (kika)

T = average temperature of the diluted exhaust ggsump

inlet over the cycle (K)

If a system with flow compensation is used (i.@haut heat exchanger), the
instantaneous mass emissions shall be calculatddirdegrated over the
cycle. In this case, the instantaneous mass doithied exhaust gas shall be
calculated as follows:

Mrotw; = 1.293 Vo - Np i - (P —P1) - 273/ (101.3 T)
Where:

Ne; = total revolutions of pump per time interval
CFV-CVS system

The calculation of the mass flow over the cycfethe temperature of the
diluted exhaust gas is kept within + 11 K over thele by using a heat
exchanger, is as follows:

Mrotw = 1.293t- Ky - Pa / TO'S

Where:

Mrotw = mass of the diluted exhaust gas on wet basistheerycle

t = cycle time (s)

Ky = calibration coefficient of the critical flow vami for
standard conditions,

Pa = absolute pressure at venturi inlet (kPa)

T = absolute temperature at venturi inlet (K)

If a system with flow compensation is used (i.&haut heat exchanger), the
instantaneous mass emissions shall be calculatddirdegrated over the
cycle. In this case, the instantaneous mass doithied exhaust gas shall be
calculated as follows:

Mrotw; = 1.293 At - Ky * pa / T
Where

At; = time interval(s)
SSV-CVS system
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The calculation of the mass flow over the cycleais follows if the
temperature of the diluted exhaust is kept withintK over the cycle by
using a heat exchanger:

M omy = 1.2930, At

Where:
1 1
Q. = A, d2C,P, || = (I’ 14286 _ 17143) i
T 1-B%r*
Ao = collection of constants and units conversions
1
. (m* ) K2 | 1
= 0.006111 in Sl unit -
min )| kPa |\ mn?

d = diameter of the SSV throat (m)
Cq = discharge coefficient of the SSV
Pa = absolute pressure at venturi inlet (kPa)
T = temperature at the venturi inlet (K)
r = ratio of the SSV throat to inlet absolute, stapressure =

AP

1-=—/

I:)A

3 = ratio of the SSV throat diameter, d, to the tinpe inner
diameter= —
D

If a system with flow compensation is used (i.&haut heat exchanger), the
instantaneous mass emissions shall be calculatddirdegrated over the
cycle. In this case, the instantaneous mass doithed exhaust gas shall be
calculated as follows:

M TOTW,i = 1'293]?SSV [At i

Where:

1 14286 17143 1
Qssv :AodZCdPAX _Q T

T 1- ,3 4 r 14286
At; = time interval (s)

The real time calculation shall be initialised witither a reasonable value for
Cq such as 0.98, or a reasonable valu®gf If the calculation is initialised
with Qg the initial value ofss, shall be used to evaludie

During all emissions tests, the Reynolds numbéhatSSV throat shall be in
the range of Reynolds numbers used to derive tlileration curve developed
in Appendix 2 paragraph 3.2.
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2.2.2.

2.2.3.
2.2.3.1.

2.23.1.1.

NQ correction for humidity

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient aimidity with the factors
given in the following formulae.

1
k= 1 0.0182) (. -10.71)+0.00457{ -B¢
Where:
T, = temperature of the air (K)
H, = humidity of the intake air (g water per kg dig) a
__6.220[R.[p,
) Ps- P, LR.1072
Where:
R, = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measuremastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

Calculation of the emission mass flow
Systems with constant mass flow

For systems with heat exchanger, the mass of dfietants Mgas (g/test)
shall be determined from the following equation:

Mgas= U " conc: Mrorw

Where:

u = ratio between density of the exhaust componedtdensity
of diluted exhaust gas, as reported in Table 6agraph
2.1.2.1.

conc = average background corrected concentrationstheecycle
from integration (mandatory for NOand HC) or bag
measurement (ppm)

Miotw = total mass of diluted exhaust gas over the cyate

determined in paragraph 2.2.1. (kg)

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient amidity with the factorky,
as described in paragraph 2.2.2.

Concentrations measured on a dry basis shall beeced to a wet basis in
accordance with paragraph 1.3.2.

Determination of the background cormciencentrations

The average background concentration of the gasealiutants in the
dilution air shall be subtracted from measured eoirations to get the net
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concentrations of the pollutants. The average wlog the background
concentrations can be determined by the samplerietigod or by continuous
measurement with integration. The following formskall be used.

conc=cong —cong ' (1 — (1 /DF))

where,

conc = concentration of the respective pollutant in ttituted
exhaust gas, corrected by the amount of the raspect
pollutant contained in the dilution air (ppm)

cong = concentration of the respective pollutant meedun the
diluted exhaust gas (ppm)

cong = concentration of the respective pollutant meedun the
dilution air (ppm)

DF = dilution factor

The dilution factor shall be calculated as follows:

13.4

DF = v
conc,, +(cong,,. + cong.,) 10

2.2.3.2. Systems with flow compensation

For systems without heat exchanger, the massegpdtiutantdMgas (g/test)
shall be determined by calculating the instantagemass emissions and
integrating the instantaneous values over the cyilso, the background
correction shall be applied directly to the instar@ous concentration value.
The following formulae shall be applied:

MGAS = Zn: ((M TOTW,i m:on(é,i D~) _( M]'OTW DCO”QEﬂl—D—lF) 0 D‘)

i=1

Where:

cong,; = instantaneous concentration of the respectivdufawit
measured in the diluted exhaust gas (ppm)

cong = concentration of the respective pollutant measurethe
dilution air (ppm)

u = ratio between density of the exhaust componedtdensity
of diluted exhaust gas, as reported in Table 4agraph
2.1.2.1.

Mrotw,i = instantaneous mass of the diluted exhaust gasdmph
2.2.1.) (kg)

Mrotw = total mass of diluted exhaust gas over the cymdeagraph
2.2.1.) (kg)

DF = dilution factor as determined in paragraph 21213

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient amidlity with the factorky,
as described in paragraph 2.2.2.

2.2.4, Calculation of the specific emissions
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2.2.5.
2.2.5.1.

The specific emissions (g/kwh) shall be calculafed each individual
component in the following way:

(1 / 1 0 Mgas,cold + (9 / 1 0 Wgas,hot

Individual Gas =
(1/10 Wact,cold + (9/10 Wact hot

Where:

Mgas.cod = total mass of gaseous pollutant over the cald stcle (g)

Mgashot = total mass of gaseous pollutant over the hot sy&le (g)

Wactcod = actual cycle work over the cold start cycle atedmined in
paragraph 4.6.2. of Annex 4A (kwh)

Wacthot = actual cycle work over the hot start cycle akedrined in

paragraph 4.6.2. of Annex 4A. (kwh)
Calculation of the particulate emission
Calculation of the mass flow

The particulate mass@¥pr coiq and Mer hot (9/test) shall be calculated as
follows:

M, = M; df!TOTW

Mg, 1000

Where

Mpt = Met coiafOr the cold start cycle

Mpt = Met notfor the hot start cycle

M¢ = particulate mass sampled over the cycle (mg)

Miotw = total mass of diluted exhaust gas over the cyate
determined in paragraph 2.2.1. (kg)

Mgam = mass of diluted exhaust gas taken from theiditutunnel
for collecting particulates (kg)

and,

M¢ = Mip + My, if weighed separately (mg)

Mip = particulate mass collected on the primary fi{tag)

Mg p = particulate mass collected on the back-up f{iteg)

If a double dilution system is used, the masshef secondary dilution air
shall be subtracted from the total mass of the Boudiluted exhaust gas
sampled through the particulate filters.

Msam = Mror - Msec

where:

Mot = mass of double diluted exhaust gas throughqadatie filter
(kg)

Msec = mass of secondary dilution air (kg)
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If the particulate background level of the diluti@air is determined in
accordance with paragraph 4.4.4. of Annex 4A, theiqulate mass may be
background corrected. In this case, the particutesseMpr coig ANAMpT hot
(g/test) shall be calculated as follows:

M;

_( Md ml_ 1 )))dvITOTW

Mer= M DF " 1000
SAM DIL

Where

Mpr = Mert coiafOr the cold start cycle

Mpr = Met notfor the hot start cycle

Ms, Msam, Mrotw = See above

MpL = mass of primary dilution air sampled by backgmbparticulate
sampler (kg)

Mg = mass of the collected background particulateshef primary
dilution air (mg)

DF = dilution factor as determined in paragraph 2213
Particulate correction factor for humidity

As the particulate emission of diesel engines dépean ambient air
conditions, the particulate concentration shallcberected for ambient air
humidity with the factor Kp given in the followirfgrmula.

1
%= (1+0.0133]d, - 10.71)
Where:
H, = humidity of the intake air (g water per kg dig) a
__ 6.220[R.[p,
’ Pg~Pa [R.0140

Where:

R, = relative humidity of the intake air ( per cent)

Pa = saturation vapour pressure of the intake aiafkP

Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measuremeastdescribed
above, or from dewpoint measurement, vapour pressugasurement or
dry/wet bulb measurement using the generally aeceformulae.

Calculation of the specific emissions

The specific emissions (g/kwh) shall be calculdtedn the following way:

— (1/10 Kp,co/d WPT,cold + (9/10 )Kp,hot WPT,hOt

PT
(1/10 Wact,cold + (9/10 Wact hot

Where:
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MPT,coId
MPT,hot

Kp, cold

Kp, hot

Wact, cold

Wact, hot

particulate mass over the cold start cycle of@R(g/test)
particulate mass over the hot start cycle of BR{@/test)

humidity correction factor for particulate owbe cold start
cycle

humidity correction factor for particulate ovie hot start
cycle

actual cycle work over the cold start cycle atedmined in
paragraph 4.6.2. of Annex 4A, (kwh)

actual cycle work over the hot start cycle akedrined in
Paragraph 4.6.2. of Annex 4A, (kWh)
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Annex 4A
Appendix 4
Analytical and sampling system
1. Gaseous and particulate sampling systems
Figure numbe Descriptior
2 Exhaust gas analysis system for raw exhaust
3 Exhaust gas analysis system for dilute exhaust
4 Partial flow, isokinetic flow, suction blower doal, fractional sampling
5 Partial flow, isokinetic flow, pressure blowemtml, fractional sampling
6 Partial flow, CQ or NQ, control, fractional sampling
7 Partial flow, CQ or carbon balance, total sampling
8 Partial flow, single venturi and concentrationasigrement, fractional sampling
9 Partial flow, twin venturi or orifice and conceation measurement, fractional sampling
10 Partial flow, multiple tube splitting and conteion measurement, fractional sampling
11 Partial flow, flow control, total sampling
12 Partial flow, flow control, fractional sampling
13 Full flow, positive displacement pump or critiflaw venturi, fractional sampling
14 Particulate sampling system
15 Dilution system for full flow system
1.1. Determination of the gaseous emissions

Paragraph 1.1.1. and Figures 2 and 3 containlegtaescriptions of the
recommended sampling and analysing systems. Semdeug configurations
can produce equivalent results, exact conformaritie tivese figures is not
required. Additional components such as instrumengdves, solenoids,
pumps and switches may be used to provide additimfi@rmation and
coordinate the functions of the component systétiser components which
are not needed to maintain the accuracy on sontersgsmay be excluded if
their exclusion is based upon good engineeringguodmt.

1.1.1. Gaseous exhaust components CQ, 60, NQ,

An analytical system for the determination of tfeseous emissions in the
raw or diluted exhaust gas is described basedengé of:

- HFID analyser for the measurement of hydrocasbon

- NDIR analysers for the measurement of carbon midleoand carbon
dioxide,
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- HCLD or equivalent analyser for the measurenoémitrogen oxide.

For the raw exhaust gas (Figure 2), the sampleafocomponents may be
taken with one sampling probe or with two samplamgbes located in close
proximity and internally split to the different dpsers. Care shall be taken
that no condensation of exhaust components (inofudiater and sulphuric
acid) occurs at any point of the analytical system.

For the diluted exhaust gas (Figure 3), the sarfgpl¢he hydrocarbons shall
be taken with another sampling probe than the sanfpt the other
components. Care shall be taken that no condensatiexhaust components
(including water and sulphuric acid) occurs at qmoynt of the analytical

system.

Figure 2

Flow diagram of exhaust gas analysis system for CO®IO, and HC
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Figure 3
Flow diagram of dilute exhaust gas analysis systefar CO, CO,, NO, and HC
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Descriptions — Figures 2 and 3

HSL1

General statement:

All components in the sampling gas path shall baintained at the
temperature specified for the respective systems.

— SP1 raw exhaust gas sampling probe (Figure 2 onl

A stainless steel straight closed and multiholebpris recommended. The
inside diameter shall not be greater than the éndidmeter of the sampling
line. The wall thickness of the probe shall notdgoeater than 1 mm. There
shall be a minimum of three holes in three différeadial planes sized to
sample approximately the same flow. The probe shdénd across at least
80 per cent of the diameter of the exhaust pipe.

— SP2 dilute exhaust gas HC sampling probe (Figwely)
The probe shall:

- be defined as the first 254 mm to 762 mm of tharbcarbon
sampling line (HSL3),

- have a 5 mm minimum inside diameter,

- be installed in the dilution tunnel DT (paragrap2.1.2.) at a point
where the dilution air and exhaust gas are well edhix(i.e.

approximately 10 tunnel diameters downstream ofpibiat where the
exhaust enters the dilution tunnel),
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- be sufficiently distant (radially) from other fres and the tunnel wall
so as to be free from the influence of any wakesdalies,

- be heated so as to increase the gas stream tmgeto 463 K (190
°C) £10 K at the exit of the probe.

— SP3 dilute exhaust gas CO, £80, sampling probe (Figure 3 only)
The probe shall:
- be in the same plane as SP2,

- be sufficiently distant (radially) from other fmes and the tunnel wall
so as to be free from the influence of any wakesdalies,

- be heated and insulated over its entire lengthatominimum
temperature of 328 K (55 °C) to prevent water coisd&on.

— HSL1 heated sampling line

The sampling line provides gas sampling from alsirprobe to the split
point(s) and the HC analyser.

The sampling line shall:
- have a 5 mm minimum and a 13.5 mm maximum indidmeter,
- be made of stainless steel or PTFE,

- maintain a wall temperature of 463 (190 °C) +1(a¥ measured at
every separately controlled heated section, iftémeperature of the
exhaust gas at the sampling probe is equal or b&&3\K (190 °C),

- maintain a wall temperature greater than 453 RO(ZC) if the
temperature of the exhaust gas at the samplingepiohbove 463 K
(190 °C),

- maintain a gas temperature of 463 K (190 °C) Kl@mmediately
before the heated filter (F2) and the HFID.

— HSL2 heated N@sampling line
The sampling line shall:

- maintain a wall temperature of 328 to 473 K (6260 °C) up to the
converter when using a cooling bath, and up toathalyser when a
cooling bath is not used,

- be made of stainless steel or PTFE.

Since the sampling line need only be heated tegmtecondensation of water
and sulphuric acid, the sampling line temperatuitedgpend on the sulphur
content of the fuel.

— SL sampling line for CO (C£

The line shall be made of PTFE or stainless stikemay be heated or
unheated.

— BK background bag (optional; Figure 3 only)
For the measurement of the background concentisatio
— BG sample bag (optional; Figure 3 CO and,©0@ly)

For the measurement of the sample concentrations.
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— F1 heated pre-filter (optional)
The temperature shall be the same as HSL1.
— F2 heated filter

The filter shall extract any solid particles frahe gas sample prior to the
analyser. The temperature shall be the same as .HBRid filter shall be
changed as needed.

— P heated sampling pump
The pump shall be heated to the temperature ofiIHSL
— HC

Heated flame ionization detector (HFID) for thetetmination of the
hydrocarbons. The temperature shall be kept at@833 K (180 to 200 °C).

—CO, CQ

NDIR analysers for the determination of carbon made and carbon
dioxide.

—NO,

(H)CLD analyser for the determination of the oxidd nitrogen. If a HCLD
is used it shall be kept at a temperature of 3287®K (55 to 200 °C).

— C converter

A converter shall be used for the catalytic reucbf NO, to NO prior to
analysis in the CLD or HCLD.

— B cooling bath

To cool and condense water from the exhaust sanifie bath shall be
maintained at a temperature of 273 to 277 K (0 t6¢CG} by ice or

refrigeration. It is optional if the analyser isedr from water vapour
interference as determined in Annex 4A, Appendiyp&agraphs 1.9.1. and
1.9.2.

Chemical dryers are not allowed for removing wétem the sample.
— T1, T2, T3 temperature sensor

To monitor the temperature of the gas stream.

— T4 temperature sensor

Temperature of the NENO converter.

— T5 temperature sensor

To monitor the temperature of the cooling bath.

— G1, G2, G3 pressure gauge

To measure the pressure in the sampling lines.

— R1, R2 pressure regulator

To control the pressure of the air and the fiedpectively, for the HFID.
— R3, R4, R5 pressure regulator

To control the pressure in the sampling lines tiwedflow to the analysers.
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1.2.

1.2.1.
1.2.1.1.

— FL1, FL2, FL3 flow-meter

To monitor the sample bypass flow.

— FL4 to FL7 flow-meter (optional)

To monitor the flow rate through the analysers.
— V1 to V6 selector valve

Suitable valving for selecting sample, span gaszeno gas flow to the
analyser.

— V7, V8 solenoid valve

To bypass the NENO converter.

— V9 needle valve

To balance the flow through the DO converter and the bypass.
— V10, V11 needle valve

To regulate the flows to the analysers.
— V12, V13 toggle valve

To drain the condensate from the bath B.
— V14 selector valve

Selecting the sample or background bag.
Determination of the particulates

Paragraphs 1.2.1. and 1.2.2. and Figures 4 tofdfio detailed descriptions
of the recommended dilution and sampling systemmceS various
configurations can produce equivalent results, eganformance with these
figures is not required. Additional components sashinstruments, valve,
solenoids, pumps and switches may be used to pradditional information
and coordinate the functions of the component gsystéOther components
which are not needed to maintain the accuracy onessystems, may be
excluded if their exclusion is based on good erging judgement.

Dilution system
Partial flow dilution system (Figures 41@)

A dilution system is described based on the ditutbf a part of the exhaust
stream. Splitting of the exhaust stream and thloviahg dilution process

may be done by different dilution system types. sulssequent collection of
the particulates, the entire dilute exhaust gasnty a portion of the dilute

exhaust gas may be passed to the particulate samgjistem (paragraph
1.2.2., Figure 14). The first method is referredasototal sampling type, the
second method as fractional sampling type.

The calculation of the dilution ratio depends loa type of system used.

! Figures 4 to 12 show many types of partial flowiitin systems, which normally can be used for the
steady-state test (NRSC). But, because of very sevatraints of the transient tests, only those

partial flow dilution systems (Figures 4 to 12)eabs fulfill all the requirements quoted in the tiae
'Partial flow dilution system specifications' of dex 4A, Appendix 1, Section 2.4, are accepted for

the transient test (NRTC).
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The following types are recommended:
— isokinetic systems (Figures 4 and 5)

With these systems, the flow into the transferetiso matched to the bulk
exhaust flow in terms of gas velocity and/or pressuhus requiring an
undisturbed and uniform exhaust flow at the sangpfirobe. This is usually
achieved by using a resonator and a straight apprade upstream of the
sampling point. The split ratio is then calculatedm easily measurable
values like tube diameters. It should be noted ig@kinesis is only used for
matching the flow conditions and not for matchihg size distribution. The
latter is typically not necessary, as the parti@es sufficiently small as to
follow the fluid streamlines,

— flow controlled systems with concentration meaguent (Figures 6 to 10)

With these systems, a sample is taken from th& bxhaust stream by
adjusting the dilution air flow and the total ditnt exhaust flow. The
dilution ratio is determined from the concentratiasf tracer gases, such as
CGO, or NQ,, naturally occurring in the engine exhaust. Thecemtrations in
the dilution exhaust gas and in the dilution aie aneasured, whereas the
concentration in the raw exhaust gas can be eitmesisured directly or
determined from fuel flow and the carbon balanceatiqn, if the fuel
composition is known. The systems may be controbgdthe calculated
dilution ratio (Figures 6 and 7) or by the flowarthe transfer tube (Figures
8, 9 and 10),

— flow controlled systems with flow measuremeng(fes 11 and 12)

With these systems, a sample is taken from thie dsthaust stream by setting
the dilution air flow and the total dilution exhadlw. The dilution ratio is
determined from the difference of the two flow mtéccurate calibration of
the flow-meters relative to one another is requirsihce the relative
magnitude of the two flow rates can lead to sigaifit errors at higher
dilution ratios. Flow control is very straightforvea by keeping the dilute
exhaust flow rate constant and varying the diluagrflow rate, if needed.

In order to realize the advantages of the pafftalv dilution systems,
attention shall be paid to avoiding the potentiablgems of loss of
particulates in the transfer tube, ensuring thapaesentative sample is taken
from the engine exhaust, and determination of e rsitio.

The systems described pay attention to thesearireas.
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Figure 4
Partial flow dilution system with isokinetic probe and fractional sampling (SB control)

DAF PB FM1 — | >10%d SB

u | PSP

d
l vent
DT;ZZ; PTT

] to particulate
see figure 14 sgmpling
system

A

exhaust

FC1

Raw exhaust gas is transferred from the exhaust fwpEP to the dilution
tunnel DT through the transfer tube TT by the isekic sampling probe ISP.
The differential pressure of the exhaust gas betwesdaust pipe and inlet to
the probe is measured with the pressure transdD&ar. This signal is
transmitted to the flow controller FC1 that congrtthe suction blower SB to
maintain a differential pressure of zero at thediphe probe. Under these
conditions, exhaust gas velocities in EP and ISPidentical, and the flow
through ISP and TT is a constant fraction (splifhe exhaust gas flow. The
split ratio is determined from the cross secticsaas of EP and ISP. The
dilution air flow rate is measured with the flow asarement device FM1.
The dilution ratio is calculated from the dilutiair flow rate and the split

ratio.
Figure 5
Partial flow dilution system with isokinetic probe and fractional sampling (PB
control)
DAF FM1 — >10"d — SB
| vent
I PSP
> i
air
TT DT PTT
see figure 14 to particulate
sampling
system
ISP

EP

A

exhaust

FC1 J
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Raw exhaust gas is transferred from the exhaust EP to the dilution
tunnel DT through the transfer tube TT by the isekic sampling probe ISP.
The differential pressure of the exhaust gas betwesdaust pipe and inlet to
the probe is measured with the pressure transdD&ar. This signal is
transmitted to the flow controller FC1 that condrtte pressure blower PB to
maintain a differential pressure of zero at theofiphe probe. This is done by
taking a small fraction of the dilution air whodew rate has already been
measured with the flow measurement device FM1,faading it to TT by
means of a pneumatic orifice. Under these condifienhaust gas velocities
in EP and ISP are identical, and the flow throug§P land TT is a constant
fraction (split) of the exhaust gas flow. The spditio is determined from the
cross sectional areas of EP and ISP. The diluiiois aucked through DT by
the suction blower SB, and the flow rate is measwigh FM1 at the inlet to
DT. The dilution ratio is calculated from the diar air flow rate and the
split ratio.

Figure 6

Partial flow dilution system with CO, or NO, concentration measurement and
fractional sampling

il | |
FC2 EGA EGA
optional
DAF to PB or SB I>10*d SB
| | T -
d
> - | Psp 1)@*
air ven
PB DT pTTI
TT see figure 14 to particulate
sampling
EGA system
SP
EP

A

exhaust

Raw exhaust gas is transferred from the exhaust EP to the dilution
tunnel DT through the sampling probe SP and thesfea tube TT. The
concentrations of a tracer gas (C@ NQ,) are measured in the raw and
diluted exhaust gas as well as in the dilution with the exhaust gas
analyser(s) EGA. These signals are transmittechéoflow controller FC2
that controls either the pressure blower PB or ghetion blower SB to
maintain the desired exhaust split and dilutioforat DT. The dilution ratio
is calculated from the tracer gas concentrationghénraw exhaust gas, the
diluted exhaust gas, and the dilution air.
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Figure 7

Partial flow dilution system with CO, concentration measurement, carbon balance
and total sampling

DAF

FC2 EGA EGA

optional to P

PTT

—0 —>

DT

PSS

FH

optional from FC2 ——— 4@ P

details see figure 15

exhaust

Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the sampling probe SP and thesfea tube TT. The CO
concentrations are measured in the diluted extgassand in the dilution air
with the exhaust gas analyser(s) EGA. The, @ad fuel flowGgyg, signals
are transmitted either to the flow controller F@2,to the flow controller
FC3 of the particulate sampling system (Figure 182 controls the
pressure blower PB, while FC3 controls the paréitsulsampling system
(Figure 14), thereby adjusting the flows into and of the system so as to
maintain the desired exhaust split and dilutioiorat DT. The dilution ratio
is calculated from the CQroncentrations an@g g, Using the carbon balance
assumption.
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Figure 8
Partial flow dilution system with single venturi, mncentration measurement and

fractional sampling
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VN T -
} T PSP

DAF PB

a”' vent
DT PTT
@ TT
see figure 14 to particulate
sampling
system
SP
EP T EGA

exhaust

Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the sampling probe SP and thesfea tube TT due to the
negative pressure created by the venturi VN in THe gas flow rate through
TT depends on the momentum exchange at the veradnd, and is therefore
affected by the absolute temperature of the gasthat exit of TT.
Consequently, the exhaust split for a given turflosl rate is not constant,
and the dilution ratio at low load is slightly low#han at high load. The
tracer gas concentrations (€6r NQ,) are measured in the raw exhaust gas,
the diluted exhaust gas, and the dilution air whith exhaust gas analyser(s)
EGA, and the dilution ratio is calculated from thdues so measured.
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Figure 9

Partial flow dilution system twin venturi or twin orifice, concentration measurement
and fractional sampling

EGA EGA
*
DAF PCV2 .<— | >10*d HE
}M ! oo
-\
air | B | PSP
PB DT PTT I
/ PCV1 T see figure 14 to particulate
sampling
system SB
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FD2
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exhaust

Raw exhaust gas is transferred from the exhaust EP to the dilution
tunnel DT through the sampling probe SP and thestest tube TT by a flow
divider that contains a set of orifices or venturifie first one (FD1) is
located in EP, the second one (FD2) in TT. Add#ibn two pressure
control valves (PCV1 and PCV2) are necessary tontaiai a constant
exhaust split by controlling the backpressure indfl the pressure in DT.
PCV1 is located downstream of SP in EP, PCV2 betwviee pressure blower
PB and DT. The tracer gas concentrations {GONQ,) are measured in the
raw exhaust gas, the diluted exhaust gas, andiltiteod air with the exhaust
gas analyser(s) EGA. They are necessary for chgtkim exhaust split, and
may be used to adjust PCV1 and PCV2 for preciseapitrol. The dilution
ratio is calculated from the tracer gas concerunati
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Figure 10
Partial flow dilution system with multiple tube splitting, concentration measurement
and fractional sampling
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Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the transfer tube TT by the fldiwider FD3 that consists
of a number of tubes of the same dimensions (saameder, length and bed
radius) installed in EP. The exhaust gas throughafrthese tubes is lead to
DT, and the exhaust gas through the rest of thesti® passed through the
damping chamber DC. Thus, the exhaust split isrdéted by the total
number of tubes. A constant split control requiaedifferential pressure of
zero between DC and the outlet of TT, which is meas with the
differential pressure transducer DPT. A differeintmessure of zero is
achieved by injecting fresh air into DT at the etutbf TT. The tracer gas
concentrations (COor NQ,) are measured in the raw exhaust gas, the diluted
exhaust gas, and the dilution air with the exhagastanalyser(s) EGA. They
are necessary for checking the exhaust split anglbeaused to control the
injection air flow rate for precise split contrdlhe dilution ratio is calculated
from the tracer gas concentrations.
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Figure 11
Partial flow dilution system with flow control and total sampling
\
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GFUEL EP details see figure 15

A

exhaust

Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the sampling probe SP and thesfes tube TT. The total
flow through the tunnel is adjusted with the flowntroller FC3 and the
sampling pump P of the particulate sampling sydqt€igure 16).

The dilution air flow is controlled by the flow ctoller FC2, which may use
Gexn, Gar Or GeygL as command signals, for the desired exhaust Jplé.
sample flow into DT is the difference of the toflmw and the dilution air
flow. The dilution air flow rate is measured witloww measurement device
FM1, the total flow rate with the flow measuremeatgvice FM3 of the

particulate sampling system (Figure 14). The dilutiatio is calculated from
these two flow rates.
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Figure 12
Partial flow dilution system with flow control and fractional sampling
FC2
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see figure 14 | to particulate FM2

TT
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system

or
GAIR
or
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see figure 14

vent

exhaust

Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the sampling probe SP and thesfex tube TT. The
exhaust split and the flow into DT is controlled the flow controller FC2
that adjusts the flows (or speeds) of the presblower PB and the suction
blower SB, accordingly. This is possible since Haanple taken with the
particulate sampling system is returned into DT.gQGGar OF Geyg. Mmay
be used as command signals for FC2. The dilutiofiav rate is measured
with the flow measurement device FM1, the totalwflavith the flow
measurement device FM2. The dilution ratio is dalimd from these two
flow rates.

Description — Figures 4 to 12
— EP exhaust pipe

The exhaust pipe may be insulated. To reduce hbamal inertia of the

exhaust pipe a thickness to diameter ratio of 0.@1kss is recommended.
The use of flexible sections shall be limited tersgth to diameter ratio of 12
or less. Bends will be minimized to reduce inertlaposition. If the system
includes a test bed silencer, the silencer maylasosulated.

For an isokinetic system, the exhaust pipe stealrée of elbows, bends and
sudden diameter changes for at least six pipe d&amepstream and three
pipe diameters downstream of the tip of the prdiiee gas velocity at the
sampling zone shall be higher than 10 m/s exceptllatmode. Pressure
oscillations of the exhaust gas shall not excedaD#3a on the average. Any
steps to reduce pressure oscillations beyond uaimdpassis-type exhaust
system (including silencer and after-treatment c&vishall not alter engine
performance nor cause the deposition of particsilate

For systems without isokinetic probes, it is reotended to have a straight
pipe of six pipe diameters upstream and three giameters downstream of
the tip of the probe.
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— SP sampling probe (Figures 6 to 12)

The minimum inside diameter shall be 4 mm. Theimimrm diameter ratio
between exhaust pipe and probe shall be four. Tabepshall be an open
tube facing upstream on the exhaust pipe centeg-tina multiple hole probe
as described under SP1 in paragraph 1.1.1.

— ISP isokinetic sampling probe (Figures 4 and 5)

The isokinetic sampling probe shall be installedidig upstream on the
exhaust pipe centre-line where the flow conditionsection EP are met, and
designed to provide a proportional sample of the exhaust gas. The
minimum inside diameter shall be 12 mm.

A control system is necessary for isokinetic extaplitting by maintaining
a differential pressure of zero between EP and L8Rler these conditions
exhaust gas velocities in EP and ISP are idengicdlthe mass flow through
ISP is a constant fraction of the exhaust gas fldWwe ISP has to be
connected to a differential pressure transducee @bntrol to provide a
differential pressure of zero between EP and IS#oige with blower speed
or flow controller.

— FD1, FD2 flow divider (Figure 9)

A set of venturis or orifices is installed in teghaust pipe EP and in the
transfer tube TT, respectively, to provide a prdipoal sample of the raw
exhaust gas. A control system consisting of twosgues control valves
PCV1 and PCV2 is necessary for proportional splittby controlling the

pressures in EP and DT.

— FD3 flow divider (Figure 10)

A set of tubes (multiple tube unit) is installed the exhaust pipe EP to
provide a proportional sample of the raw exhaust @mne of the tubes feeds
exhaust gas to the dilution tunnel DT, whereasatter tubes exit exhaust
gas to a damping chamber DC. The tubes shall Ha/esame dimensions
(same diameter, length, bend radius), so thatxthawst split depends on the
total number of tubes. A control system is necgs&arproportional splitting
by maintaining a differential pressure of zero ledwthe exit of the multiple
tube unit into DC and the exit of TT. Under thesmditions, exhaust gas
velocities in EP and FD3 are proportional, and fibev TT is a constant
fraction of the exhaust gas flow. The two pointseh#o be connected to a
differential pressure transducer DPT. The conteobtovide a differential
pressure of zero is done with the flow controll€1F

— EGA exhaust gas analyser (Figures 6 to 10)

CGO, or NQ, analysers may be used (with carbon balance meZiidonly).
The analysers shall be calibrated like the anasyfmr the measurement of
the gaseous emissions. One or several analyserbenased to determine the
concentration differences.

The accuracy of the measuring systems has to d¢le that the accuracy of
Geprw, i IS Within £4 per cent.

— TT transfer tube (Figures 4 to 12)
The particulate sample transfer tube shall be:

- as short as possible, but not more than 5 rmigtke
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- equal to or greater than the probe diameternbtimore than 25 mm
in diameter,

- exiting on the centre-line of the dilution tunneind pointing
downstream.

If the tube is 1 metre or less in length, it idbinsulated with material with
a maximum thermal conductivity of 0.05 W/(niK) with a radial insulation
thickness corresponding to the diameter of the g@rdbthe tube is longer
than 1 metre, it shall be insulated and heatedrtongmum wall temperature
of 523 K (250 °C).

Alternatively, the transfer tube wall temperatureguired may be determined
through standard heat transfer calculations.

— DPT differential pressure transducer (Figures dnd 10)
The differential pressure transducer shall hakenge of £500 Pa or less.
— FC1 flow controller (Figures 4, 5 and 10)

For the isokinetic systems (Figures 4 and 5) & ftontroller is necessary to
maintain a differential pressure of zero betweeraB® ISP. The adjustment
can be done by:

(@) controlling the speed or flow of the suctioowér (SB) and keeping
the speed of the pressure blower (PB) constannglugach mode
(Figure 4); or

(b)  adjusting the suction blower (SB) to a constardss flow of the
diluted exhaust and controlling the flow of the gsare blower PB,
and therefore the exhaust sample flow in a regioth@ end of the
transfer tube (TT) (Figure 5).

In the case of a pressure controlled system timaireng error in the control
loop shall not exceed +3 Pa. The pressure oscifiatin the dilution tunnel
shall not exceed +250 Pa on average.

For a multi-tube system (Figure 10) a flow con&olis necessary for
proportional exhaust splitting to maintain a diffetial pressure of zero
between the outlet of the multi-tube unit and thi ef TT. The adjustment
can be done by controlling the injection air floate into DT at the exit of
TT.

— PCV1, PCV2 pressure control valve (Figure 9)

Two pressure control valves are necessary fortviie venturi/twin orifice
system for proportional flow splitting by contraif the backpressure of EP
and the pressure in DT. The valves shall be locdte@hstream of SP in EP
and between PB and DT.

— DC damping chamber (Figure 10)

A damping chamber shall be installed at the exthe multiple tube unit to
minimize the pressure oscillations in the exhaiys EP.

— VN venturi (Figure 8)

A venturi is installed in the dilution tunnel D@ treate a negative pressure in
the region of the exit of the transfer tube TT. THae flow rate through TT is
determined by the momentum exchange at the vendme, and is basically
proportional to the flow rate of the pressure blo®W8& leading to a constant
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dilution ratio. Since the momentum exchange iscaffé by the temperature
at the exit of TT and the pressure difference betweP and DT, the actual
dilution ratio is slightly lower at low load thamlaigh load.

— FC2 flow controller (Figures 6, 7, 11 and 12tiopal)

A flow controller may be used to control the fl@fvthe pressure blower PB
and/or the suction blower SB. It may be conneatetthé exhaust flow or fuel
flow signal and/or to the Cpr NQ, differential signal.

When using a pressurised air supply (Figure 113 Bigectly controls the air
flow.

— FM1 flow measurement device (Figures 6, 7, 1d H)

Gas meter or other flow instrumentation to meaghee dilution air flow.
FM1 is optional if PB is calibrated to measure fibeav.

— FM2 flow measurement device (Figure 12)

Gas meter or other flow instrumentation to measheediluted exhaust gas
flow. FM2 is optional if the suction blower SB ialibrated to measure the
flow.

— PB pressure blower (Figures 4, 5, 6, 7, 8, 9H2)d

To control the dilution air flow rate, PB may bencected to the flow
controllers FC1 or FC2. PB is not required whemgs butterfly valve. PB
may be used to measure the dilution air flow, lftcated.

— SB suction blower (Figures 4, 5, 6, 9, 10 ang 12

For fractional sampling systems only. SB may bedu® measure the dilute
exhaust gas flow, if calibrated.

— DAF dilution air filter (Figures 4 to 12)

It is recommended that the dilution air be fil&tr@nd charcoal scrubbed to
eliminate background hydrocarbons. The dilutiorshall have a temperature
of 298 K (25 °C) 15 K.

At the manufacturer's request the dilution airllsha sampled according to
good engineering practice to determine the backutoparticulate levels,
which can then be subtracted from the values medsim the diluted
exhaust.

— PSP particulate sampling probe (Figures 4, B, 8, 10 and 12)
The probe is the leading section of PTT and

- shall be installed facing upstream at a pointrettbe dilution air and
exhaust gas are well mixed, i.e. on the dilutiom&l DT centre-line
of the dilution systems approximately 10 tunnel nukgers
downstream of the point where the exhaust enterslithtion tunnel,

- shall be 12 mm in minimum inside diameter,

- may be heated to no greater than 325 K (52 °Ql) tesmperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritih@éantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
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— DT dilution tunnel (Figures 4 to 12)
The dilution tunnel:

- shall be of a sufficient length to cause compiateing of the exhaust
and dilution air under turbulent flow conditions,

- shall be constructed of stainless steel with:

- a thickness to diameter ratio of 0.025 or legsditution tunnels of
greater than 75 mm inside diameter,

- a nominal wall thickness of not less than 1.5 fomdilution tunnels
of equal to or less than 75 mm inside diameter,

- shall be at least 75 mm in diameter for the foaal sampling type,

- is recommended to be at least 25 mm in diametertlie total
sampling type,

- may be heated to no greater than 325 K (52 °Ql) tesperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritih@éantroduction of
the exhaust in the dilution tunnel,

- may be insulated.

The engine exhaust shall be thoroughly mixed wfth dilution air. For

fractional sampling systems, the mixing quality IsHze checked after
introduction into service by means of a Cfrofile of the tunnel with the
engine running (at least four equally spaced méaagpoints). If necessary, a
mixing orifice may be used.

Note If the ambient temperature in the vicinity of wh&ution tunnel (DT) is
below 293 K (20 °C), precautions should be takemvoid particle losses
onto the cool walls of the dilution tunnel. Themefpheating and/or insulating
the tunnel within the limits given above is reconmaled.

At high engine loads, the tunnel may be cooledabyon-aggressive means
such as a circulating fan, as long as the temperaftithe cooling medium is
not below 293 K (20 °C).

— HE heat exchanger (Figures 9 and 10)

The heat exchanger shall be of sufficient capdoityaintain the temperature
at the inlet to the suction blower SB within +110Kthe average operating
temperature observed during the test.

Full flow dilution system (Figure 13)

A dilution system is described based upon thetidituof the total exhaust
using the constant volume sampling (CVS) concepé tbtal volume of the
mixture of exhaust and dilution air shall be meeduEither a PDP or a CFV
or a SSV system may be used.

For subsequent collection of the particulatesarae of the dilute exhaust
gas is passed to the particulate sampling systanagpaph 1.2.2., Figures 14
and 15). If this is done directly, it is referred &s single dilution. If the
sample is diluted once more in the secondary ditutunnel, it is referred to
as double dilution. This is useful, if the filtemce temperature requirement
cannot be met with single dilution. Although partlydilution system, the
double dilution system is described as a modificatof a particulate
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Figure 13
Full flow dilution system

sampling system in paragraph 1.2.2., (Figure lifgesit shares most of the
parts with a typical particulate sampling system.

The gaseous emissions may also be determined idiltition tunnel of a full

flow dilution system. Therefore, the sampling prebfor the gaseous
components are shown in Figure 13 but do not appeidwe description list.

The respective requirements are described in paphdt.1.1.

Descriptions (Figure 13)
— EP exhaust pipe

The exhaust pipe length from the exit of the eegexhaust manifold,
turbocharger outlet or after-treatment device ®dHtution tunnel is required
to be not more than 10 m. If the system exceedsrlength, then all tubing
in excess of 4 m shall be insulated, except foriraline smoke-meter, if
used. The radial thickness of the insulation shallat least 25 mm. The
thermal conductivity of the insulating material Khi@ve a value no greater
than 0.1 W/(m- K) measured at 673 K (400 °C). To reduce the tlérm
inertia of the exhaust pipe a thickness to diameago of 0.015 or less is
recommended. The use of flexible sections shallimbéged to a length to
diameter ratio of 12 or less.

o to exhaust gas

air

analysis system
T + HE optional
(I

PSP

D PTT

exhaust I EP optional

see figure 14 A

to particulate sampling system PDP
or to DDS see figure 15

/ FC3—

if EFC is used

* vent

FC3

The total amount of raw exhaust gas is mixed indihgion tunnel DT with
the dilution air. The diluted exhaust gas flow reteneasured either with a
positive displacement pump PDP or with a critidalf venturi CFV or with
a sub-sonic venturi SSV. A heat exchanger HE orctedgic flow
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compensation EFC may be used for proportional @deie sampling and for
flow determination. Since particulate mass deteatiim is based on the total
diluted exhaust gas flow, the dilution ratio is nequired to be calculated.

— PDP positive displacement pump

The PDP meters total diluted exhaust flow from thember of the pump
revolutions and the pump displacement. The exhsystem back pressure
shall not be artificially lowered by the PDP orutiibn air inlet system. Static
exhaust back pressure measured with the CVS sygpenating shall remain
within £1,5 kPa of the static pressure measuredhonit connection to the
CVS at identical engine speed and load.

The gas mixture temperature immediately aheadh@®fRDP shall be within
16 K of the average operating temperature obseduethg the test, when no
flow compensation is used.

Flow compensation can only be used if the tempegaat the inlet of the
PDP does not exceed 50 °C (323 K).

— CFV critical flow venturi

CFV measures total diluted exhaust flow by mamiteaj the flow at choked
conditions (critical flow). Static exhaust backmas® measured with the
CFV system operating shall remain within +1.5 kRahe static pressure
measured without connection to the CFV at identicajine speed and load.
The gas mixture temperature immediately aheadeoffRV shall be within £
11 K of the average operating temperature obsetuedg the test, when no
flow compensation is used.

— SSV subsonic venturi

SSV measures total diluted exhaust flow as a fongif inlet pressure, inlet
temperature, pressure drop between the SSV intktlamoat. Static exhaust
backpressure measured with the SSV system opersiiall) remain within
+1.5 kPa of the static pressure measured withonhection to the SSV at
identical engine speed and load. The gas mixturgéeature immediately
ahead of the SSV shall be within £11 K of the ageraperating temperature
observed during the test, when no flow compensasiased.

— HE heat exchanger (optional if EFC is used)

The heat exchanger shall be of sufficient capdoityaintain the temperature
within the limits required above.

— EFC electronic flow compensation (optional if iHised)

If the temperature at the inlet to either the RDRCFV or SSV is not kept
within the limits stated above, a flow compensatsystem is required for
continuous measurement of the flow rate and cordfothe proportional
sampling in the particulate system. To that purpabe continuously
measured flow rate signals are used to correctainaple flow rate through
the particulate filters of the particulate samplgygtem (Figures 14 and 15),
accordingly.

— DT dilution tunnel

The dilution tunnel:
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1.2.2.

- shall be small enough in diameter to cause teriiuflow (Reynolds
number greater than 4000) of sufficient length suse complete
mixing of the exhaust and dilution air. A mixingfare may be used,

- shall be at least 75 mm in diameter,
- may be insulated.

The engine exhaust shall be directed downstreatheapoint where it is
introduced into the dilution tunnel, and thoroughiixed.

When using single dilution, a sample from the tibln tunnel is transferred to
the particulate sampling system (paragraph 1.ZERure 14). The flow

capacity of the PDP or CFV or SSV shall be suffiti® maintain the diluted
exhaust at a temperature of less than or equa2%ak3(52 °C) immediately

before the primary particulate filter.

When using double dilution, a sample from the télu tunnel is transferred
to the secondary dilution tunnel where it is furthduted, and then passed
through the sampling filters (paragraph 1.2.2.uFégl5). The flow capacity
of the PDP or CFV or SSV shall be sufficient to mtain the diluted exhaust
stream in the DT at a temperature of less thamoaleto 464 K (191 °C) at
the sampling zone. The secondary dilution systeail girovide sufficient
secondary dilution air to maintain the doubly-dédditexhaust stream at a
temperature of less than or equal to 325 K (52 if@jediately before the
primary particulate filter.

— DAF dilution air filter

It is recommended that the dilution air be filgtrend charcoal scrubbed to
eliminate background hydrocarbons. The dilutiorshall have a temperature
of 298 K (25 °C) £5 K. At the manufacturer's requie dilution air shall be
sampled according to good engineering practicesterchine the background
particulate levels, which can then be subtractedhfthe values measured in
the diluted exhaust.

— PSP particulate sampling probe
The probe is the leading section of PTT and

- shall be installed facing upstream at a pointrettbe dilution air and
exhaust gas are well mixed, i.e. on the dilutiom&l DT centre-line
of the dilution systems approximately 10 tunnel nukgers
downstream of the point where the exhaust enterslithtion tunnel,

- shall be 12 mm in minimum inside diameter,

- may be heated to no greater than 325 K (52 °Ql) tesperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritih@éantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
Particulate sampling system (Figures 1414m)d

The particulate sampling system is required fdlecting the particulates on
the particulate filter. In the case of total samglpartial flow dilution, which
consists of passing the entire dilute exhaust santpfough the filters,
dilution (paragraph 1.2.1.1., Figures 7 and 11) sachpling system usually
form an integral unit. In the case of fractionamgding partial flow dilution
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or full flow dilution, which consists of passingrtlugh the filters only a
portion of the diluted exhaust, the dilution (paggzh 1.2.1.1, Figures 4, 5, 6,
8, 9, 10 and 12 and paragraph 1.2.1.2., Figureah8l) sampling systems
usually form different units.

In this Regulation, the double dilution system DP®jure 15) of a full flow

dilution system is considered as a specific modifan of a typical

particulate sampling system as shown in FigureTlde double dilution

system includes all important parts of the partiteilsampling system, like
filter holders and sampling pump, and additionalyme dilution features,
like a dilution air supply and a secondary diluttannel.

In order to avoid any impact on the control lodpss recommended that the
sample pump be running throughout the complete gestedure. For the
single filter method, a bypass system shall be dsegbassing the sample
through the sampling filters at the desired tinieterference of the switching
procedure on the control loops shall be minimized.

Descriptions — Figures 14 and 15
— PSP particulate sampling probe (Figures 14 &)d 1

The particulate sampling probe shown in the figugethe leading section of
the particulate transfer tube PTT. The probe:

- shall be installed facing upstream at a pointrettbe dilution air and
exhaust gas are well mixed, i.e. on the dilutiom&l DT centre-line
of the dilution systems (paragraph 1.2.1.), appnately 10 tunnel
diameters downstream of the point where the exhaustrs the
dilution tunnel),

- shall be 12 mm in minimum inside diameter,

- may be heated to no greater than 325 K (52 °Q) temperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritih@antroduction of
the exhaust in the dilution tunnel,

- may be insulated.
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Figure 14
Particulate sampling system

PTT l from dilution tunnel DT
(figures 4 to 13)

BV
FH
P optional
FC3 from EGA
or
from PDP
or
FM3 from CFV
or
from GFUEL

A sample of the diluted exhaust gas is taken froendilution tunnel DT of a partial flow or
full flow dilution system through the particulatamspling probe PSP and the particulate
transfer tube PTT by means of the sampling pumpHe. sample is passed through the
filter holder(s) FH that contain the particulatengding filters. The sample flow rate is
controlled by the flow controller FC3. If electrarflow compensation EFC (Figure 13) is
used, the diluted exhaust gas flow is used as corrsignal for FC3.

Figure 15
Dilution system (full flow system only)

T @@ 2O

from dilution BV optional

tunnel DT PDP

) or
(figure 13) CEV

A sample of the diluted exhaust gas is transfein@a the dilution tunnel DT
of a full flow dilution system through the partiet# sampling probe PSP and
the particulate transfer tube PTT to the secondduyion tunnel SDT, where
it is diluted once more. The sample is then padisedigh the filter holder(s)
FH that contain the particulate sampling filterfieTdilution air flow rate is
usually constant whereas the sample flow rate istrobed by the flow
controller FC3. If electronic flow compensation Efgure 13) is used, the
total diluted exhaust gas flow is used as commagthsfor FC3.

— PTT particulate transfer tube (Figures 14 and 15
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The particulate transfer tube shall not exceed1@g in length, and shall be
minimized in length whenever possible.

The dimensions are valid for:

- the partial flow dilution fractional sampling typand the full flow
single dilution system from the probe tip to tHeefi holder,

- the partial flow dilution total sampling type frothe end of the
dilution tunnel to the filter holder,

- the full flow double dilution system from the f® tip to the
secondary dilution tunnel.

The transfer tube:

- may be heated to no greater than 325 K (52 °Ql) temperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritih@éantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
— SDT secondary dilution tunnel (Figure 15)

The secondary dilution tunnel should have a mimndiameter of 75 mm
and should be sufficient length so as to providesidence time of at least
0.25 s for the doubly-diluted sample. The primaltteif holder, FH, shall be
located within 300 mm of the exit of the SDT.

The secondary dilution tunnel:

- may be heated to no greater than 325 K (52 °Ql) teperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritih@éantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
— FH filter holder(s) (Figures 14 and 15)

For primary and back-up filters one filter housimgseparate filter housings
may be used. The requirements of Annex 4A, Appetdparagraph 1.5.1.3.
have to be met.

The filter holder(s):

- may be heated to no greater than 325 K (52 °Ql) tesperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C),

- may be insulated.
— P sampling pump (Figures 14 and 15)

The particulate sampling pump shall be locatediGgehtly distant from the
tunnel so that the inlet gas temperature is maiathconstant (£3 K), if flow
correction by FC3 is not used.

— DP dilution air pump (Figure 15) (full flow dolgbdilution only)

The dilution air pump shall be located so that skeondary dilution air is
supplied at a temperature of 298 K (25 °C) 15 K.
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— FC3 flow controller (Figures 14 and 15)

A flow controller shall be used to compensate plaeticulate sample flow
rate for temperature and backpressure variationthénsample path, if no
other means are available. The flow controllereiguired if electronic flow
compensation EFC (Figure 13) is used.

— FM3 flow measurement device (Figures 14 and (pa)ticulate sample
flow)

The gas meter or flow instrumentation shall beated sufficiently distant
from the sample pump so that the inlet gas temperaemains constant (+ 3
K), if flow correction by FC3 is not used.

— FM4 flow measurement device (Figure 15) (dilatair, full flow double
dilution only)

The gas meter or flow instrumentation shall beated so that the inlet gas
temperature remains at 298 K (25 °C) 5 K.

— BV ball valve (optional)

The ball valve shall have a diameter not less thaninside diameter of the
sampling tube and a switching time of less thars0.5

Note If the ambient temperature in the vicinity of P&H,T, SDT, and FH is
below 239 K (20 °C), precautions should be takemvoid particle losses
onto the cool wall of these parts. Therefore, mgatind/or insulating these
parts within the limits given in the respective d@stions is recommended. It
is also recommended that the filter face tempeeatluring sampling be not
below 293 K (20 °C).

At high engine loads, the above parts may be coble@ non-aggressive
means such as a circulating fan, as long as theeeture of the cooling
medium is not below 293 K (20 °C).
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Test procedure for compression-ignition enginetbe
installed in agricultural and forestry tractors and in non-
road mobile machinery with regard to the emissionsf
pollutants by the engine

3.2.

! Specific symbols are found in annexes.

Reserved

Reserved

Definitions, symbols and abbreviations

Definitions

See paragraph 2.1. of this Regulation

General symbdis

Symbol Unit Term
=N - y intercept of the regression line
=Y - Slope of the regression line
sp rad/$ Derivative of the engine speed at the set point
AlFg - Stoichiometric air to fuel ratio
c ppm, per cent Concentration (also in pmol/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
€M g/kwh Specific emission of particulates
€y g/kWh Weighted specific emission
F F-test statistics
F - Frequency of the regeneration event in terms of
fraction of tests during which the regeneration
occurs
fa - Laboratory atmospheric factor
K - Multiplicative regeneration factor
kor - downward adjustment factor
kur - upward adjustment factor
A - Excess air ratio
L - Per cent torque
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Symbol Unit Term

M, g/mol Molar mass of the intake air

Me g/mol Molar mass of the exhaust
Mgas g/mol Molar mass of gaseous components

m kg Mass
Myas g Mass of gaseous emissions over the test cycle
Mpw g Mass of particulate emissions over the test cycle

n min* Engine rotational speed

Nhi min™ High engine speed

Nio min* Low engine speed

P kw Power
Prax kw Maximum observed or declared power at the

test speed under the test conditions (specified by
the manufacturer)

Paux kw Declared total power absorbed by auxiliaries
fitted for the test
p kPa Pressure
Pa kPa Dry atmospheric pressure
PF per cent Penetration fraction
Olmaw kgls Intake air mass flow rate on wet basis
Omaw kgls Dilution air mass flow rate on wet basis
Omdew kgls Diluted exhaust gas mass flow rate on wetsbhasi
Omew kgls Exhaust gas mass flow rate on wet basis
O kgls Fuel mass flow rate
Omp kgls Sample flow of exhaust gas into partial flow
dilution system
Qv m3/s Volume flow rate
RF - Response factor
rq - Dilution ratio
r’ - Coefficient of determination
P kg/m3 Density
o - Standard deviation
S kw Dynamometer setting
SEE - Standard error of estimate ypbnx
T °C Temperature
T, K Absolute temperature
T N-m Engine torque
Tsp N-m Demanded torque with "sp" set point
u - Ratio between densities of gas component and
exhaust gas
t S Time
At S Time interval
t1o S Time between step input and 10 per cent of final
reading
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Symbol Unit

Subscripts

abs
act
air
amb
atm
cor
CFV
denorm
dry
exp
filter
[
i
idle
in
leak
max
meas
min
mix
out
PDP
ref
SSsV
total
uncor
vac
weight
wet

Symbols and abbreviations for the chemical pmmants (used also as a

subscript)

ECE/TRANS/WP.29/2011/125

Term

Time between step input and 50 per cent of final

reading

Time between step input and 90 per cent of final

reading
Volume

Work
Generic variable
Arithmetic mean

Absolute quantity
Actual quantity

Air quantity

Ambient quantity
Atmospheric quantity
Corrected quantity
Critical flow venturi
Denormalized quantity
Dry quantity

Expected quantity

PM sample filter
Instantaneous measurement (e.g. 1 Hz)
An individual of a series
Condition at idle
Quantity in

Leak quantity

Maximum (peak) value
Measured quantity
Minimum value

Molar mass of air
Quantity out

Positive displacement pump
Reference quantity
Subsonic venturi

Total quantity
Uncorrected quantity
Vacuum quantity
Calibration weight

Wet quantity
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3.5.

5.1.

5.1.1.
5.1.2.

5.1.3.

See paragraph 2.2.2. of this Regulation
Abbreviations

See paragraph 2.2.3. of this Regulation
General requirements

The engine system shall be designed, construatddaasembled so as to
enable it to comply with the provisions of this R&gion. The technical

measures taken by the manufacturer shall be sucto &nsure that the
mentioned emissions are effectively limited, purguto this Regulation,

throughout the useful life of the engine and unimal conditions of use.

For this, engines shall meet the performance rements of paragraph 5.
when tested in accordance with the test conditmngaragraph 6. and the
test procedure of paragraph 7.

Performance requirements
General requirements
Reserved
Emissions of gaseous and particulate paoitsta
The pollutants are represented by:
(@) Oxides of nitrogen, NO
(b)  Hydrocarbons, which may be expressed in theviing ways:
0] Total hydrocarbons, HC or THC;
(i) Non-methane hydrocarbons, NMHC.
(c) Particulate matter , PM;
(d)  Carbon monoxide, CO.

The measured values of gaseous and particulakatqgois exhausted by the
engine refer to the brake-specific emissions inngrgper kilowatt-hour
(g/kwWh). Other system of units may be used withrappate conversion.

The emissions shall be determined on the dutyesy¢$teady-state and/or
transient), as described in paragraph 7. The meamnt systems shall meet
the calibration and performance checks of parag@&ptvith measurement
equipment of paragraph 9.

Other systems or analysers may be approved hypleeapproval authority if
it is found that they yield equivalent results iccardance with paragraph
5.1.3.

Equivalency

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

2 The numbering of this annex is consistent withrthmbering of the NRMM gtr 11. However, some
sections of the NRMM gtr are not needed in this anne
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"Results" refer to the specific cycle weighted ssions value. The
correlation testing is to be performed at the s&@heratory, test cell, and on
the same engine, and is preferred to be run coewtlyr The equivalency of
the sample pair averages shall be determineB-test and-test statistics as
described in Annex 4B, Appendix A.2. obtained uritherlaboratory test cell
and the engine conditions described above. Outtibadl be determined in
accordance with 1SO 5725 and excluded from thebd&® The systems to
be used for correlation testing shall be subjecthto approval by the type
approval authority.

Reserved
Test conditions
Laboratory test conditions

The absolute temperatur@,) of the engine air at the inlet to the engine
expressed in Kelvin, and the dry atmospheric pres§d), expressed in kPa
shall be measured and the paramétshall be determined according to the
following provisions. In multi-cylinder engines hag distinct groups of
intake manifolds, such as in a 'V' engine confiora the average
temperature of the distinct groups shall be takdre parametef, shall be
reported with the test results. For better repditialand reproducibility of
the test results, it is recommended that the pamamee such that: 0.98f,
<1.07.

Naturally aspirated and mechanically superchaegggines:

f ) 9_9 E{Ta j0.7 (6-1)
3| p,) 208

Turbocharged engines with or without cooling af thtake air:

07 15
99 Ta
SHRe .

The temperature of intake air shall be maintaitee(®5 +5) °C, as measured
upstream of any engine component.

It is allowed to use:

(@) A shared atmospheric pressure meter as lonfpeagquipment for
handling intake air maintains ambient pressure,revtibe engine is
tested, within +1 kPa of the shared atmospherisqum;

(b) A shared humidity measurement for intake air lasg as the
equipment for handling intake air maintains dewnpowhere the
engine is tested, within 0% of the shared humidity measurement.

Engines with charge air cooling

(@) A charge-air cooling system with a total intaie capacity that
represents production engines' in-use installasioall be used. Any
laboratory charge-air cooling system to minimizewaulation of
condensate shall be designed. Any accumulated osatie shall be
drained and all drains shall be completely closetbie emission
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6.3.

6.3.1.

6.3.2.

6.3.3.

6.4.

6.4.1.

154

testing. The drains shall be kept closed during d¢ngssion test.
Coolant conditions shall be maintained as follows:

0] A coolant temperature of at least 20 °C shallmbaintained at
the inlet to the charge-air cooler throughout tegti

(i) At the engine conditions specified by the meauturer, the
coolant flow rate shall be set to achieve an ainpterature
within £5 °C of the value designed by the manufemtwafter
the charge-air cooler's outlet. The air-outlet terapure shall
be measured at the location specified by the matwifer. This
coolant flow rate set point shall be used throughesting. If
the engine manufacturer does not specify enginditons or
the corresponding charge-air cooler air outlet terafure, the
coolant flow rate shall be set at maximum enginggyoto
achieve a charge-air cooler air outlet temperattiat
represents in-use operation;

(i) If the engine manufacturer specifies presstirep limits across
the charge-air cooling system, it shall be ensutet the
pressure drop across the charge-air cooling systeangine
conditions specified by the manufacturer is withthe
manufacturer's specified limit(s). The pressurepdsball be
measured at the manufacturer's specified locations;

(b)  The objective is to produce emission resulé Hre representative of
in-use operation. If good engineering judgment datis that the
specifications in this section would result in (presentative testing
(such as overcooling of the intake air), more ssiptated set points
and controls of charge-air pressure drop, coolaniperature, and
flow rate may be used to achieve more representadisults.

Engine power

Basis for emission measurement

The basis of specific emissions measurement isroected power.
Auxiliaries to be fitted

During the test, the auxiliaries necessary for ¢hgine operation shall be
installed on the test bench according to the requints of Annex 7.

Auxiliaries to be removed

Certain auxiliaries whose definition is linked kvithe operation of the
machine and which may be mounted on the enginé lseakmoved for the
test.

Where auxiliaries cannot be removed, the powey #iesorb in the unloaded
condition may be determined and added to the medsemgine power (see
note g in the table of Annex 7). If this value reater than 3 per cent of the
maximum power at the test speed it may be verbigthe test authority. The
power absorbed by auxiliaries shall be used tostdhe set values and to
calculate the work produced by the engine ovetdkecycle.

Engine intake air

Introduction
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The intake-air system installed on the enginera that represents a typical
in-use configuration shall be used. This includes ¢harge-air cooling and
exhaust gas recirculation systems.

6.4.2. Intake air restriction

An engine air intake system or a test laboratoygtesn shall be used

presenting an air intake restriction withir800 Pa of the maximum value
specified by the manufacturer for a clean air ateaat the rated speed and
full load. The static differential pressure of theestriction shall be measured
at the location and at the speed and torque settpapecified by the

manufacturer. If the manufacturer does not spegifgcation, this pressure
shall be measured upstream of any turbochargext@must gas recirculation

system connection to the intake air system. If menufacturer does not
specify speed and torque points, this pressurd beameasured while the
engine outputs maximum power.

6.5. Engine exhaust system

The exhaust system installed with the engine @rtbat represents a typical
in-use configuration shall be used. For aftertremtidevices the exhaust
restriction shall be defined by the manufacturercoading to the
aftertreatment condition (e.g. degreening/aging aedeneration/loading
level). The exhaust system shall conform to thelirenents for exhaust gas
sampling, as set out in paragraph 9.3. An engirfaest system or a test
laboratory system shall be used presenting a seatimust backpressure
within 80 to 100 per cent of the maximum exhaustrietion at the engine
speed and torque specified by the manufacturénelfnaximum restriction is
5 kPa or less, the set point shall be no less tt@akPa from the maximum. If
the manufacturer does not specify speed and tqrqunts, this pressure shall
be measured while the engine produces maximum power

6.6. Engine with exhaust after-treatment system

If the engine is equipped with an exhaust afteattinent system, the exhaust
pipe shall have the same diameter as found in-aseaff least four pipe
diameters upstream of the expansion section contpithe after-treatment
device. The distance from the exhaust manifoldgiaar turbocharger outlet
to the exhaust after-treatment system shall besttme as in the vehicle
configuration or within the distance specificatiasfsthe manufacturer. The
exhaust backpressure or restriction shall folloe $ame criteria as above,
and may be set with a valve. The after-treatmentaiper may be removed
during dummy tests and during engine mapping, agmplaced with an
equivalent container having an inactive catalygipsut.

The emissions measured on the test cycle shallepeesentative of the

emissions in the field. In the case of an engineimmpd with an exhaust

after-treatment system that requires the consumputia reagent, the reagent
used for all tests shall be declared by the matwrfec

For engines equipped with exhaust after-treatmsystems that are
regenerated on an infrequent (periodic) basis, escribed in paragraph
6.6.2., emission results shall be adjusted to atcfmr regeneration events.
In this case, the average emission depends on rdguency of the
regeneration event in terms of fraction of testsrduwhich the regeneration
occurs. After-treatment systems with continuousenegation according to
paragraph 6.6.1. do not require a special testeghue.
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6.6.1.

6.6.2.

Continuous regeneration

For an exhaust aftertreatment system based omn@ingous regeneration
process the emissions shall be measured on atredtenent system that has
been stabilized so as to result in repeatable @nissbehaviour. The
regeneration process shall occur at least onceglthe NRTC hot start test
or ramped-modal cycle (RMC) test and the manufactshall declare the
normal conditions under which regeneration occam®{ load, temperature,
exhaust back-pressure, etc.). In order to demdssthat the regeneration
process is continuous, at least three NRTC hot stats or ramped-modal
cycle (RMC) tests shall be conducted. In case off@Rhot start test, the
engine shall be warmed up in accordance with papgr.8.2.1., the engine
be soaked according to paragraph 7.4.2. and tseNIRTC hot start test be
run. The subsequent NRTC hot start tests shall taged after soaking
according to paragraph 7.4.2. During the testsaeshtemperatures and
pressures shall be recorded (temperature beforafedthe after-treatment
system, exhaust back pressure, etc.). The aftartesd system is considered
to be satisfactory if the conditions declared by manufacturer occur during
the test during a sufficient time and the emisgiesults do not scatter by
more than £25 per cent or 0.005 g/kWh, whicheveagreater. If the exhaust
aftertreatment has a security mode that shifts tpedodic (infrequent)
regeneration mode, it shall be checked accordimatagraph 6.6.2. For that
specific case, the applicable emission limits cdaddexceeded and would not
be weighted.

Infrequent (periodic) regeneration

This provision only applies for engines equippathwemission controls that
are regenerated on a periodic basis. For enginahwane run on the discrete
mode cycle this procedure cannot be applied.

The emissions shall be measured on at least REEC hot start tests or
ramped-modal cycle (RMC) tests, one with and twtheut a regeneration
event on a stabilized aftertreatment system. Tlgemeration process shall
occur at least once during the NRTC or RMC testretfeneration takes
longer than one NRTC or RMC test, consecutive NRFERMC tests shall

be run and emissions continued to be measured wtigtwitting the engine
off until regeneration is completed and the averafehe tests shall be
calculated. If regeneration is completed during &est, the test shall be
continued over its entire length. The engine mayedeipped with a switch

capable of preventing or permitting the regenerafioocess provided this
operation has no effect on the original enginebcation.

The manufacturer shall declare the normal paranteteditions under which
the regeneration process occurs (soot load, tetyperaexhaust back-
pressure, etc.). The manufacturer shall also peotite frequency of the
regeneration event in terms of number of testsnduwhich the regeneration
occurs. The exact procedure to determine this &equy shall be agreed by
the type approval authority based upon good engimg@idgement.

For a regeneration test, the manufacturer shallige an aftertreatment
system that has been loaded. Regeneration shaticaat during this engine
conditioning phase. As an option, the manufactumery run consecutive
NRTC hot start or RMC tests until the aftertreattnepstem is loaded.
Emissions measurement is not required on all tests.
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Average emissions between regeneration phasdsshdétermined from the
arithmetic mean of several approximately equidistdRTC hot start or
RMC tests. As a minimum, at least one hot NRTC dMRas close as
possible prior to a regeneration test and one RIGI or RMC immediately
after a regeneration test shall be conducted.

During the regeneration test, all the data needetktect regeneration shall
be recorded (CO or NCemissions, temperature before and after the after-
treatment system, exhaust back pressure, etc.)indpuhe regeneration
process, the applicable emission limits may be eced. The test procedure
is schematically shown in Figure 6.1.

Scheme of infrequent (periodic) regeneration witm number of measurements andh,
number of measurements during regeneration

Emissions [g/kWh]

Mean emissions
during
sampling e, .

Emissions during
regeneration e

Weighted emissions
of sampling

and regeneration ¢
w

77 >
r

Number of cycles

The average specific emission rate related tostart €, [g/kWh] shall be
weighted as follows (see Figure 6.1):

_ _n&+n
=—] & (6-3)
n+n
Where:
n = number of tests in which regeneration does notiq
n = number of tests in which regeneration occursnimim one
test),
e = average specific emission from a test in whighregeneration

does not occur [g/kWh]
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average specific emission from a test in whithregeneration
occurs [g/kwh]
At the choice of the manufacturer and based omupood engineering

analysis, the regeneration adjustment fadtgr expressing the average
emission rate, may be calculated either multipheabr additive as follows:

€

Multiplicative

Ky, :@ (upward adjustment factor) (6-4a)
e

kDr =% (downward adjustment factor) (6-4b)
er

Additive

k, =€ —-€ (upward adjustment factor) (6-5)

k, =€, € (downward adjustment factor) (6-6)

Upward adjustment factors are multiplied with odded to measured
emission rates for all tests in which the regemnatdoes not occur.
Downward adjustment factors are multiplied with aaded to measured
emission rates for all tests in which the regem@nabccurs. The occurrence
of the regeneration shall be identified in a manthet is readily apparent
during all testing. Where no regeneration is idedj the upward adjustment
factor shall be applied.

With reference to Annex 4B Appendices A.7-8 onkbrapecific emission
calculations, the regeneration adjustment factor:

(@) Shall be applied to the results of the weightRITC test and RMC
tests;

(b) May be applied to the ramped modal cycles anid NRTC, if a
regeneration occurs during the cycle;

(c) May be extended to other members of the sammefamily;

(d) May be extended to other engine families usitigg same
aftertreatment system with the prior approval of thpe approval
authority based on technical evidence to be supply the
manufacturer that the emissions are similar.

The following options shall be considered:

(@ A manufacturer may elect to omit adjustmentdiescfor one or more
of its engine families (or configurations) becaube effect of the
regeneration is small, or because it is not prattic identify when
regenerations occur. In these cases, no adjusfamnt shall be used,
and the manufacturer is liable for compliance whith emission limits
for all tests, without regard to whether a regetienaoccurs;

(b)  Upon request by the manufacturer, the type-@gror certification
authority may account for regeneration events diffdly than is
provided in paragraph (a). However, this optionyoabplies for
events that occur extremely infrequently, and whicéinnot be
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practically addressed using the adjustment factbescribed in
paragraph (a).

Cooling system

An engine cooling system with sufficient capadity maintain the engine,
with its intake-air, oil, coolant, block and heagimperatures, at normal
operating temperatures prescribed by the manufactshall be used.
Laboratory auxiliary coolers and fans may be used.

Lubricating oil

The lubricating oil shall be specified by the miatturer and be

representative of lubricating oil available in timarket; the specifications of
the lubricating oil used for the test shall be reea and presented with the
results of the test.

Specification of the reference fuel
The reference fuel is specified in Annex 6, Tahle

The fuel temperature shall be in accordance whk mmanufacturer's
recommendations. The fuel temperature shall be unedsat the inlet to the
fuel injection pump or as specified by the manufest, and the location of
measurement recorded.

Crankcase emissions

No crankcase emissions shall be discharged direato the ambient
atmosphere, with the following exception: enginesuipped with
turbochargers, pumps, blowers, or superchargersaforinduction may
discharge crankcase emissions to the ambient atmosjf the emissions are
added to the exhaust emissions (either physicallnmathematically) during
all emission testing. Manufacturers taking advamtafjthis exception shall
install the engines so that all crankcase emiss@m be routed into the
emissions sampling system. For the purpose of gaimgraph, crankcase
emissions that are routed into the exhaust upstafamhaust aftertreatment
during all operation are not considered to be dispbd directly into the
ambient atmosphere.

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

(@)  The tubing materials shall be smooth-walled¢ctically conductive,
and not reactive with crankcase emissions. Tubgthenshall be
minimized as far as possible;

(b)  The number of bends in the laboratory crankcaséng shall be
minimized, and the radius of any unavoidable beindllsbe
maximized;

(c) The laboratory crankcase exhaust tubing shadetmthe engine
manufacturer's specifications for crankcase baeksure;

(d) The crankcase exhaust tubing shall connect tho raw exhaust
downstream of any aftertreatment system, downstrezgmany
installed exhaust restriction, and sufficiently tupam of any sample
probes to ensure complete mixing with the engieglsaust before
sampling. The crankcase exhaust tube shall exteéndhe free stream
of exhaust to avoid boundary-layer effects and rfommte mixing.
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The crankcase exhaust tube's outlet may orientniy @irection
relative to the raw exhaust flow.

Test procedures
Introduction

This paragraph describes the determination of ebigdecific emissions of
gaseous and particulate pollutants on engines ttested. The test engine
shall be the parent engine configuration for thgiream family as specified in
paragraph 5.2.

A laboratory emission test consists of measurimgissions and other
parameters for the test cycles specified in thiseanThe following aspects
are treated (in this Annex 4B):

(@) The laboratory configurations for measuring theake specific
emissions (paragraph 7.2.);

(b)  The pre-test and post-test verification procediparagraph 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 specific test cycle running procedure (peaph 7.8.).
Principle of emission measurement

To measure the brake-specific emissions the ergfiakt be operated over the
test cycles defined in paragraph 7.4., as appkcabhe measurement of
brake-specific emissions requires the determinatiothe mass of pollutants
in the exhaust (i.e. HC, NMHC, CO, N@nd PM) and the corresponding
engine work.

Mass of constituent

The total mass of each constituent shall be détexmover the applicable
test cycle by using the following methods:

Continuous sampling

In continuous sampling, the constituent's conegiain is measured
continuously from raw or dilute exhaust. This carntcation is multiplied by
the continuous (raw or dilute) exhaust flow ratette emission sampling
location to determine the constituent's flow rdtee constituent's emission is
continuously summed over the test interval. Thim $s1the total mass of the
emitted constituent.

Batch sampling

In batch sampling, a sample of raw or dilute eshais continuously

extracted and stored for later measurement. Thewadgtd sample shall be
proportional to the raw or dilute exhaust flow ratexamples of batch

sampling are collecting diluted gaseous emissinrasbag and collecting PM
on a filter. In principal the method of emissioricedation is done as follows:
the batch sampled concentrations are multipliedheytotal mass or mass
flow (raw or dilute) from which it was extracted rihg the test cycle. This
product is the total mass or mass flow of the exittonstituent. To calculate
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Figure 7.1
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the PM concentration, the PM deposited onto arfiftem proportionally
extracted exhaust shall be divided by the amoufittefed exhaust.

Combined sampling

Any combination of continuous and batch sampliagpérmitted (e.g. PM
with batch sampling and gaseous emissions withimamas sampling).

The following Figure 7.1 illustrates the two adgeaf the test procedures for
measuring emissions: the equipments with the sagpgines in raw and

diluted exhaust gas and the operations requestedltolate the pollutant
emissions in steady-state and transient test cyiitgse 7.1).

Test procedures for emission measurement

Raw gaseous sampling

Partial flow PM sampling | |

N

Full flow dilution for gaseous and PM l

Transient "

Steady-state® | | Transient” || Steady-state ® ||

Transient and steady-state |

For whole test:

For each mode:

Varying dilution ratio

emission [g/h]

Integration of
instantaneous
emissions

mode [g/h]

. Average gas Varying dilution | | Constant dilution
Continuous gas i ratio ratio Batch li
analysis analysis gas ) | atch sampling I
concentration | | Continuous gas
analysis Seconda
+ continuous Single filter Multiple filter | Bag | dil sys v
flow Average flow method method | (Option)
measurement | Calculation of
average Ga_sepus
Calculation of . Calculation of concentration emissions
. Calculation of L CO, CO2
instantaneous oy emission for each )
emission [g/h]

| L]

Multiplying modal
emissions with
weighting factors

Calculation of
emission for
whole test [g/h]

Multiplying modal
emissions with

weighting factors

Emission calculation by multiplication of average
concentration (from continuous or batch
sampling) with average flow

™ Transient and Ramped Modal Test Cycle; ? Discrete Mode Steady State Cycle; ® Transient, ramped modal and discrete
mode Steady-State Cycles

Note on Figure 7.1The term "Partial flow PM sampling" includes therial flow dilution

to extract only raw exhaust with constant or vagydlilution ratio.

7.2.2.

7.3.
7.3.1.
7.3.1.1.

Work determination

The work shall be determined over the test cycle dynchronously
multiplying speed and brake torque to calculatdaimsneous values for
engine brake power. Engine brake power shall begrated over the test
cycle to determine total work.

Verification and calibration
Pre-test procedures
Preconditioning

To achieve stable conditions, the sampling sysaewh the engine shall be
preconditioned before starting a test sequenceedfied in paragraphs 7.3.
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7.3.1.2.

7.3.1.3.

7.3.1.4.

and 7.4. The preconditioning for cooling down timgiee in view of a cold
start transient test is specially indicated in gemph 7.4.2.

Verification of HC contamination

If there is any presumption of an essential HCtammation of the exhaust
gas measuring system, the contamination with HC beaghecked with zero

gas and the hang-up may then be corrected. Ifrttmuat of contamination of

the measuring system and the background HC systenichbe checked, it
shall be conducted within 8 hours of starting ei@slt-cycle. The values shall
be recorded for later correction. Before this chebk leak check has to be
performed and the FID analyser has to be calibrated

Preparation of measurement equipmenaimpsng
The following steps shall be taken before emissempling begins:

(@) Leak checks shall be performed within 8 hour®rpto emission
sampling according to paragraph 8.1.8.7.;

(b)  For batch sampling, clean storage media skmltdnnected, such as
evacuated bags or tare-weighed filters;

(c) Al measurement instruments shall be startedomtng to the
instrument manufacturer's instructions and good inemging
judgment;

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

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

)] Heat exchangers in the sampling system shalpteeheated or pre-
cooled to within their operating temperature ranges test;

() Heated or cooled components such as sampls, lfiiers, chillers,
and pumps shall be allowed to stabilize at theirerafing
temperatures;

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

0] Calibration of gas analysers and zeroing oftcmous analysers shall
be carried out according to the procedure of thet qmragraph
7.3.14,;

0] Any electronic integrating devices shall beast or re-zeroed, before
the start of any test interval.

Calibration of gas analysers

Appropriate gas analyser ranges shall be sele&mission analysers with
automatic or manual range switching are allowedirigua ramped modal or
a NRTC test and during a sampling period of a gasemission at the end
of each mode for discrete mode testing, the rafigheoemission analysers
may not be switched. Also the gains of an analysamalogue operational
amplifier(s) may not be switched during a test eycl

All continuous analysers shall be zeroed and sgp@dmusing internationally-
traceable gases that meet the specifications afgpaph 9.5.1. FID analysers
shall be spanned on a carbon number basis of ahe (C
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PM filter preconditioning and tare weighin

The procedures for PM filter preconditioning aratet weighing shall be
followed according to paragraph 8.2.3.

Post-test procedures
The following steps shall be taken after emissiampling is complete:
Verification of proportional sampling

For any proportional batch sample, such as a batpke or PM sample, it
shall be verified that proportional sampling wasint&ined according to
paragraph 8.2.1. For the single filter method dmaddiscrete steady-state test
cycle, effective PM weighing factor shall be caited. Any sample that does
not fulfil the requirements of paragraph 8.2.1.llsha voided.

Post-test PM conditioning and weighing

Used PM sample filters shall be placed into codeyesealed containers or
the filter holders shall be closed, in order totpcd the sample filters against
ambient contamination. Thus protected, the loaddd have to be returned
to the PM-filter conditioning chamber or room. Thigve PM sample filters

shall be conditioned and weighted accordingly taageaph 8.2.4. (PM filter

post-conditioning and total weighing procedures).

Analysis of gaseous batch sampling
As soon as practical, the following shall be perfed:

(@)  All batch gas analysers shall be zeroed andngehno later than 30
minutes after the test cycle is complete or dutimg soak period if
practical to check if gaseous analysers are sdiils;

(b)  Any conventional gaseous batch samples shatrtadysed no later
than 30 minutes after the hot-start test cycleoimmlete or during the
soak period;

(c) The background samples shall be analysed ®eo tan 60 minutes
after the hot-start test cycle is complete.

Drift verification
After quantifying exhaust gases, drift shall befied as follows:

(@) For batch and continuous gas analysers, the areayser value shall
be recorded after stabilizing a zero gas to thdyaea Stabilization
may include time to purge the analyser of any sanggis, plus any
additional time to account for analyser response;

(b)  The mean analyser value shall be recorded aftdilizing the span
gas to the analyser. Stabilization may include titoepurge the
analyser of any sample gas, plus any additiona¢ timmaccount for
analyser response;

(c) These data shall be used to validate and dofwedrift as described
in paragraph 8.2.2.

Test cycles

The following duty cycles apply:
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7.4.1.

7.4.1.1.

7.4.1.2.

7.4.2.

(@) For variable-speed engines, the 8-mode test oyadhe corresponding
ramped modal cycle, and the transient cycle NRTGecified in
Annex 5;

(b)  For constant-speed engines, the 5-mode testle cyar the
corresponding ramped modal cycle as specified ineXrb.

Steady-state test cycles

Steady-state test cycles are specified in Annas @ list of discrete modes
(operating points), where each operating pointdmesvalue of speed and one
value of torque. A steady-state test cycle shathleasured with a warmed up
and running engine according to manufacturer'sipaiion. A steady-state
test cycle may be run as a discrete-mode cycleranmged-modal cycle, as
explained in the following paragraphs.

Steady-state discrete mode test cycles

The steady-state discrete 8-mode test cycle dsnsfsight speed and load
modes (with the respective weighing factor for eawdde) which cover the
typical operating range of variable speed engifd® cycle is shown in
Annex 5.

The steady-state discrete 5-mode constant-spet¢dyele consists of five
load modes (with the respective weighing factordach mode) all at rated
speed which cover the typical operating range astant speed engines. The
cycle is shown in Annex 5.

Steady-state ramped test cycles

The ramped modal test cycles (RMC) are hot runoywes where emissions
shall be started to be measured after the engiséarted, warmed up and
running as specified in paragraph 7.8.2.1. Therenghall be continuously
controlled by the test bed control unit during tR&C test cycle. The
gaseous and particulate emissions shall be measaratl sampled
continuously during the RMC test cycle in the sawa&y as in a transient
cycle.

In case of the 5-mode test cycle the RMC consibthe same modes in the
same order as the corresponding discrete steatdyistst cycle. For the 8-
mode test cycle the RMC has one mode more (spditnebde) and the mode
sequence is not the same as the correspondingysitstd discrete mode
cycle, in order to avoid extreme changes in therdfeatment temperature.
The length of the modes shall be selected to bévalgnt to the weighing

factors of the corresponding discrete steady-gtse cycle. The change in
engine speed and load from one mode to the nexthaseto be linearly

controlled in a time of 20+1 s. The mode changetisnpart of the new mode
(including the first mode).

Transient test cycle (NRTC)

The Non-Road Transient Cycle (NRTC) is specifiednnex 5 as a second-
by-second sequence of normalized speed and torgliess In order to

perform the test in an engine test cell, the nomedl values shall be

converted to their equivalent reference valuegHerindividual engine to be
tested, based on specific speed and torque vallgssified in the engine-

mapping curve. The conversion is referred to asodealization, and the

resulting test cycle is the reference NRTC testecgé the engine to be tested
(see paragraph 7.7.2.).
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A graphical display of the normalized NRTC dynaneten schedule is
shown in Annex 5.

The transient test cycle shall be run twice (smagraph 7.8.3.):

(@) As cold start after the engine and aftertreatnsgstems have cooled
down to room temperature after natural engine dog¥n, or as cold
start after forced cool down and the engine, cdoland oil
temperatures, aftertreatment systems and all ergimgol devices are
stabilized between 20 and 30 °C. The measuremetiteotold start
emissions shall be started with the start of tHd eagine;

(b)  Hot soak period — Immediately upon completidntlee cold start
phase, the engine shall be conditioned for thestast by a 20 minutes
+1 minute hot soak period;

(c)  The hot-start shall be started immediatelyratte soak period with
the cranking of the engine. The gaseous analybkaikk® switched on
at least 10 s before the end of the soak periodvtnd switching
signal peaks. The measurement of emissions shalkthged in
parallel with the start of the hot start phaseudsaig the cranking of
the engine.

Brake specific emissions expressed in (g/kWh)ldi@betermined by
using the procedures of this section for both tld and hot start test
cycles. Composite weighted emissions shall be céeaploy weighing

the cold start results by 10 per cent and the taot sesults by 90 per
cent as detailed in Annex 4B Appendices A.7-A.8.

General test sequence
To measure engine emissions the following steps l@mbe performed:

(@) The engine test speeds and test loads havwedefmed for the engine
to be tested by measuring the max torque (for emnspeed engines)
or max torque curve (for variable speed enginesjuastion of the
engine speed;

(b)  Normalized test cycles have to be denormaliwét the torque (for
constant speed engines) or speeds and torques/df@ble speed
engines) found in the previous paragraph 7.5.(a);

(c) The engine, equipment, and measurement instismshall be
prepared for the following emission test or tesiese(cold and hot
cycle) in advance;

(d)  Pre-test procedures shall be performed to wemibper operation of
certain equipment and analysers. All analysers hauge calibrated.
All pre-test data shall be recorded;

(e) The engine shall be started (NRTC) or kept inmn(steady-state
cycles) at the beginning of the test cycle and gdhmpling systems
shall be started at the same time;

)] Emissions and other required parameters shall nheasured or
recorded during sampling time (for NRTC and steatie ramped
modal cycles throughout the whole test cycle;

(g) Post-test procedures shall be performed tdweroper operation of
certain equipment and analysers;
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(h)  PM filter(s) shall be pre-conditioned, weighlednpty weight), loaded,
re-conditioned, again weighed (loaded weight) dmehtsamples shall
be evaluated according to pre- (paragraph 7.3.1aBd post-test
(paragraph 7.3.2.2.) procedures;

0] Emission test results shall be evaluated.

The following diagram gives an overview about girecedures needed to
conduct NRMM test cycles with measuring exhausirengmissions.

Figure 7.3
Test sequence

( Steady-state discrete & ramped> (

If ransient cycle | |f transient cycle and
isnot applied. | steady-state are applied.

Transient NRTC >

A

\ 4 A 4

Generation engine map
(max. torque curve)

v

Defining steady-state test cycle

Generate reference test c)

A 4

v

Run one or more practice cycle as
necessary to check engine/test

v

Natural or forced cool dov

Ready all systems for sampling (analyser calibraitizluded) & data collection

v

Warm-up engine

\ 4

\ 4

Exhaust emission test

Cold start exhaust emission phase

v

v

Hot soak

A 4

Hot start exhaust emission phase

A 4

1) Data collection 2) Post-test procedures 3) Eataas

v

v

Emissions calculation A.7.-A.8.




7.5.1.
7.5.1.1.

7.5.1.2.

7.6.

ECE/TRANS/WP.29/2011/125

Engine starting, and restarting
Engine start
The engine shall be started:

(@ As recommended in the owner's manual usingoayation starter
motor or air-start system and either an adequatefrged battery, a
suitable power supply or a suitable compressesiaairce; or

(b) By using the dynamometer to crank the enginé mistarts. Typically
motor the engine within £25 per cent of its typigaluse cranking
speed or start the engine by linearly increasing diynamometer
speed from zero to 100 mirbelow low idle speed but only until the
engine starts.

Cranking shall be stopped within 1 s of starting éngine. If the engine does
not start after 15 s of cranking, cranking shallstk@pped and the reason for
the failure to start determined, unless the owmeédsual or the service-repair
manual describes a longer cranking time as normal.

Engine stalling

(@) If the engine stalls anywhere during the calttgest of the NRTC,
the test shall be voided;

(b)  If the engine stalls anywhere during the hattgest of the NRTC, the
test shall be voided. The engine shall be soakerbrdng to
paragraph 7.8.3., and the hot start test repebtdtiis case, the cold
start test does not need to be repeated;

(c) If the engine stalls anywhere during the stestdye cycle (discrete or
ramped), the test shall be voided and be repeaguhiing with the
engine warm-up procedure. In the case of PM meamntutilizing
the multifilter method (one sampling filter for émoperating mode),
the test shall be continued by stabilizing the pagat the previous
mode for engine temperature conditioning and theitiating
measurement with the mode where the engine stalled.

Engine mapping

Before starting the engine mapping, the engindl /& warmed up and
towards the end of the warm up it shall be oper&deat least 10 minutes at
maximum power or according to the recommendationhef manufacturer
and good engineering judgment in order to stabiliee engine coolant and
lube oil temperatures. When the engine is stalilizee engine mapping
shall be performed.

Except constant speed engines, engine mappinghbghperformed with fully
open fuel lever or governor using discrete speadascending order. The
minimum and maximum mapping speeds are definedlasvs:

Minimum mapping speed = warm idle speed

Maximum mapping speed i x 1.02 or speed where max torque drops off
to zero, whichever is smaller.

Whereny, is the high speed, defined as the highest engieedswhere 70 per
cent of the maximum power is delivered.
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7.6.1.

7.6.2.

If the highest speed is unsafe or unrepresentgtivg., for ungoverned
engines), good engineering judgment shall be usednap up to the
maximum safe speed or the maximum representatige on

Engine mapping for steady-state 8-mode cycle

In the case of engine mapping for the steady-Rateode cycle (only for
engines which have not to run the NRTC cycle), gengineering judgment
shall be used to select a sufficient number (284 of evenly spaced set-
points. At each setpoint, speed shall be stabiliaad torque allowed to
stabilize at least for 15 seconds. The mean spagdoaque shall be recorded
at each set-point. Linear interpolation shall bedus> determine the 8-mode
test speeds and torques if needed. If the deresidspeeds and loads do not
deviate for more than 2.5 per cent from the speditorques indicated by
the manufacturer, the manufacturer defined speed $oads shall be applied.
When engines shall be run on the NRTC too, themNR&C engine mapping
curve shall be used to determine steady-statspestds and torques.

Engine mapping for NRTC cycle

The engine mapping shall be performed accordingthe following
procedure:

(@)  The engine shall be unloaded and operatatleaspeed:

0] For engines with a low-speed governor, the aperdemand
shall be set to the minimum, the dynamometer ortheamo
loading device shall be used to target a torqueeod on the
engine's primary output shaft and the engine $fwadlllowed to
govern the speed. This warm idle speed shall besuned,;

(i)  For engines without a low-speed governor, thy@mamometer
shall be set to target a torque of zero on thergr'gjiprimary
output shaft, and the operator demand shall bt s&introl the
speed to the manufacturer-declared lowest engineedsp
possible with minimum load (also known as manufaatu
declared warm idle speed);

(i)  The manufacturer declared idle torque may used for all
variable-speed engines (with or without a low-spgedernor),
if a nonzero idle torque is representative of ir-aperation.

(b)  Operator demand shall be set to maximum anéhergpeed shall be
controlled to between warm idle and 95 per centtofwarm idle
speed. For engines with reference duty cycles, lwlowest speed is
greater than warm idle speed, the mapping maydréedtat between
the lowest reference speed and 95 per cent ofaivest reference
speed;

(c) The engine speed shall be increased at an geverate of 8 +1
min/s or the engine shall be mapped by using a comtimsweep of
speed at a constant rate such that it takes 4rtin6to sweep from
minimum to maximum mapping speed. The mapping speede
shall be started between warm idle and 95 per eaentarm idle and
ended at the highest speed above maximum powehiahwess than
70 per cent of maximum power occurs. If this higregeed is unsafe
or unrepresentative (e.g., for ungoverned engirgg)d engineering
judgment shall be used to map up to the maximum spéed or the
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maximum representative speed. Engine speed andetgrgints shall
be recorded at a sample rate of at least 1 Hz;

(d) If a manufacturer believes that the above mapgechniques are
unsafe or unrepresentative for any given enginterrate mapping
techniques may be used. These alternate technghadssatisfy the
intent of the specified mapping procedures to deitez the maximum
available torque at all engine speeds achievechgutie test cycles.
Deviations from the mapping techniques specifiedhis paragraph
for reasons of safety or representativeness slealigproved by the
type approval authority along with the justificatifor their use. In no
case, however, the torque curve shall be run bgeheling engine
speeds for governed or turbocharged engines;

(e)  An engine need not be mapped before each any &ast cycle. An
engine shall be remapped if:

0] An unreasonable amount of time has transpiiadesthe last
map, as determined by good engineering judgement; o

(i)  Physical changes or recalibrations have beeadento the
engine which potentially affect engine performarare;

(i) The atmospheric pressure near the enging'sirdét is not
within +5 kPa of the value recorded at the timetlod last
engine map.

7.6.3. Engine mapping for constant-speed engines:

(@ The engine may be operated with a productionstemt-speed
governor or a constant-speed governor maybe sietllaby
controlling engine speed with an operator demanaitrob system.
Either isochronous or speed-droop governor operalmll be used,
as appropriate;

(b)  With the governor or simulated governor codingl speed using
operator demand, the engine shall be operated -&dadogoverned
speed (at high speed, not low idle) for at leas$;15

(c) The dynamometer shall be used to increase ¢oafjia constant rate.
The map shall be conducted such that it takes 2 hoin to sweep
from no-load governed speed to the maximum tordugring the
engine mapping actual speed and torque shall lmecred with at least
1 Hz;

(d) In case of a gen-set engine to be used for 5Gmtl 60 Hz power
generation (for example 1,500 and 1,800 Hiengine has to be tested
in both constant speeds separately.

For constant speed engines good engineering judigshall be used to apply
other methods to record max torque and power atddfened operating

speed(s).
7.7. Test cycle generation
7.7.1. Generation of steady-state test cycles
7.7.1.1. Rated speed
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7.7.1.2.

7.7.1.3.

For engines that are tested with the steady statk also the transient
schedule, the denormalization speed shall be eatmllaccording to the
transient procedure (paragraphs 7.6.2. and 7. a8dLFigure 7.3.).

If the calculated denormalization speegh(,) is within +2.5 per cent of the
denormalization speed as declared by the manuéactuhe declared
denormalization speecthgno) may be used for the emission test. If the
tolerance is exceeded, the calculated denormalizatpeed yenorm) shall be
used for the emissions test. In case of the stetatg cycle the calculated
denormalization speetnom) is tabled as rated speed.

For engines that are not tested with the transien¢dule, the rated speed of
tables in Annex 5 for the 8-mode discrete and #mévdd ramped mode cycle

shall be calculated according to the procedureapaphs 7.6.1. and 7.7.2.1.
and Figure 7.3.). The rated speed is defined iagraph 3.1.53.

Generation of steady-state 8-mode te$t ¢gicscrete and ramp modal)

The intermediate speed shall be determined francticulations according
to its definition (see paragraph 3.1.32.).

The engine setting for each test mode shall beutzied using the formula:

S= (( Rax RUX) %j_ Rux (7-1)
Where:

S = dynamometer setting in kW

Prax = maximum observed or declared power at the f@std under

the test conditions (specified by the manufactureRwW

Paux = declared total power absorbed by auxiliarietditfor the test
(see paragraph 6.3.) at the test speed in kW

L = per cent torque

During the test cycle, the engine shall be opdratethe engine speeds and
torques that are defined in Annex 5.

The maximum mapping torque values at the spectstl speeds shall be
derived from the mapping curve (see paragraph 708.1.6.2.). "Measured"
values are either directly measured during the rengnapping process or
they are determined from the engine map. "Declavetiies are specified by
the manufacturer. When both measured and decleaktbs are available,
declared values may be used instead of torqudseif ton't deviate more
than £2.5 per cent. Otherwise, measured torquelsedkefrom the engine
mapping shall be used.

Generation of steady-state 5-mode tet ¢gicscrete and ramp modal)

During the test cycle, the engine shall be opdratethe engine speeds and
torques that are defined in Annex 5.

The maximum mapping torque value at the specifiattd speed (see
paragraph 7.7.1.1.) shall be used to generate-thede test cycle. A warm
minimum torque that is representative of in-useragien may be declared.
For example, if the engine is typically connectechtmachine that does not
operate below a certain minimum torque, this torquay be declared and
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used for cycle generation. When both measured awaied values are
available for the maximum test torque for cycle gration, the declared
value may be used instead of the measured valtiesifvithin 95 to 100 per
cent of the measured value.

The torque figures are percentage values of tiguéocorresponding to the
prime powef rating. The prime power is defined as the maxinpower
available during a variable power sequence, whidchy rbe run for an
unlimited number of hours per year, between staaihtenance intervals
and under the stated ambient conditions. The mzaniee shall be carried out
as prescribed by the manufacturer.

7.7.2. Generation of transient test cycle (NRTCaderalization)

Annex 5 defines applicable test cycles in a noadl format. A normalized
test cycle consists of a sequence of paired valuespeed and torque per
cent.

Normalized values of speed and torque shall bastoamed using the
following conventions:

(@ The normalized speed shall be transformed mtsequence of
reference speeds,y, according to paragraph 7.7.2.2.;

(b)  The normalized torque is expressed as a pegendf the mapped
torque at the corresponding reference speed. Twsealized values
shall be transformed into a sequence of referemcques, T,
according to paragraph 7.7.2.3.;

(c)  The reference speed and reference torque vakmessed in coherent
units are multiplied to calculate the reference gowvalues.

7.7.2.1. Denormalization speatd,om)

The denormalization speety.om) iS selected to equal the 100 per cent
normalized speed values specified in the engineahgmeter schedule of
Annex 5. The reference engine cycle resulting faenormalization to the
reference speed, depends on the selection of theeprdenormalization
speed fgenom). FOr the calculation of the denormalization spéed.om),
obtained from the measured mapping curve, eitherthef following
equivalent formulations can be used in agreemett the type-approval

authorities:
(@) Ndenorm=Nio + 0.95° (N —Nyo) (7-2)
Where:
Ndenorm = denormalization speed
MNhi = high speed (see paragraph 3.1.30.)
Ne = low speed (see paragraph 3.1.34.)

(b)  ngenormcorresponding to the longest vector defined as:

n

denorm

=n at the maximum o( T

ormi

+ Fr)lzornh ) (7_3)

Where:

3 For further understanding of the prime power défin, see figure 2 of ISO 8528-1:1993(E) standard.
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7.7.2.2.

7.7.2.3.

7.7.2.4.

i = an indexing variable that represents one recbraddue
of an engine map

Nnormi = an engine speed normalized by dividing ithByay.
Promi = an engine power normalized by dividing it By,

Note that if multiple maximum values are founde tlenormalization speed
(Ngenomy Should be taken as the lowest speed of all poaits the same

maximum sum of squares. A higher declared speedmaised if the length
of the vector at the declared speed is within 2qeat of the length of the
vector at the measured value.

If the falling part of the full load curve has ary steep edge, this may cause
problems to drive the 105 per cent speeds of th& QIRst cycle correctly.
In this case it is allowed with previous agreemetith type-approval or
certification authorities, to reduce the denornalen speed(enom) slightly
(maximum 3 per cent) in order to make correct dgwf the NRTC possible.

If the measured denormalization speag.(m) is within £3 per cent of the
denormalization speed as declared by the manuéactuhe declared
denormalization speethdnom) May be used for the emissions test. If the
tolerance is exceeded, the measured denormalizspieed fgenom Shall be
used for the emissions test.

Denormalization of engine speed

The engine speed shall be denormalized usingottenwing equation:

- %Speed] menorm_ Q”P)

ref 100 * Nye (7-4)
Where:
Nref = reference speed
Ndenorm = denormalization speed
Nigle = idle speed
%speed = tabled NRTC normalized speed

Denormalization of engine torque

The torque values in the engine dynamometer séh@fAnnex 5 paragraph
1.3. are normalized to the maximum torque at thepeetive speed. The
torque values of the reference cycle shall be dealized, using the mapping
curve determined according to paragraph 7.6.Zqllsvs:
0,
- Yotorquellmax.torqu (7-5)
100

for the respective reference speed as determmpdragraph 7.7.2.2.

Example of denormalization procedure
As an example, the following test point shall leaormalized:
% speed- 43 per cent

% torque= 82 per cent

Given the following values:
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Ndenorm= 2200 mint

Nigie = 600 Min'

results in

4302200~ 600
100

With the maximum torque of 700 Nm observed from thapping curve at
1288 mint'

ref:M): 574Nm
100

Nee= +600= 1288min’

Specific test cycle running procedure
Emission test sequence for discrete stetadg-®st cycles
Engine warming-up for steady state disenedvde test cycles

For preconditioning the engine shall be warmed ageording to the
recommendation of the manufacturer and good engimgepidgment. Before
emission sampling can start, the engine shall baning until engine
temperatures (cooling water and lube oil) have bstahilized (normally at
least 10 minutes) on mode 1 (100 per cent torquerated speed for the 8-
mode test cycle and at rated or nominal constaginenspeed and 100 per
cent torque for the 5-mode test cycle). Immediatblym this engine
conditioning point, the test cycle measurementstar

Pre-test procedure according to paragraph 7.3nhll e performed,
including analyser calibration.

Performing discrete-mode test cycles

(@)  The test shall be performed in ascending aséflerode numbers as set
out for the test cycle (see Annex 5);

(b)  Each mode has a mode length of at least 10tesnin each mode the
engine shall be stabilized for at least 5 minutas$ emissions shall be
sampled for 1-3 minutes for gaseous emissions atetid of each
mode. Extended time of sampling is permitted to rimp the
accuracy of PM sampling;

The mode length shall be recorded and reported.

(c)  The particulate sampling may be done eitheh whte single filter
method or with the multiple filter method. Sinceethesults of the
methods may differ slightly, the method used shalldeclared with
the results;

For the single filter method the modal weighingtées specified in
the test cycle procedure and the actual exhaustdtall be taken into
account during sampling by adjusting sample flowe rand/or
sampling time, accordingly. It is required that #féective weighing
factor of the PM sampling is within £0.003 of theighing factor of
the given mode;

Sampling shall be conducted as late as possittlenagach mode. For
the single filter method, the completion of partita sampling shall
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7.8.1.3.

7.8.2.

7.8.2.1.

7.8.2.2.

be coincident within + 5 s with the completion dfet gaseous
emission measurement. The sampling time per modk It at least
20 s for the single filter method and at least G6rsthe multifilter
method. For systems without bypass capability sémapling time per
mode shall be at least 60 s for single and mulfiier methods;

(d)  The engine speed and load, intake air tempexatel flow and air or
exhaust gas flow shall be measured for each modeeatame time
interval which is used for the measurement of thasegus
concentrations;

Any additional data required for calculation shmlrecorded.

(e) If the engine stalls or the emission samplgqterrupted at any time
after emission sampling begins for a discrete madé the single
filter method, the test shall be voided and be agg beginning with
the engine warm-up procedure. In the case of PMsuorement
utilizing the multifilter method (one sampling élt for each operating
mode), the test shall be continued by stabilizihg &ngine at the
previous mode for engine temperature conditionimg) then initiating
measurement with the mode where the engine stalled;

)] Post-test procedures according to paragrapl2.7sBall be performed.
Validation criteria

During each mode of the given steady-state testecwfter the initial
transition period, the measured speed shall noiatie¥rom the reference
speed for more than +1 per cent of rated speed3omiti’, whichever is
greater except for idle which shall be within tledetances declared by the
manufacturer. The measured torque shall not deVfimie the reference
torque for more than +2 per cent of the maximumyterat the test speed.

Ramped modal test cycles
Engine warming-up

Before starting the steady-state ramped modakigdés (RMC), the engine
shall be warmed-up and running until engine tentpeea (cooling water and
lube oil) have been stabilized on 50 per cent sp@ed50 per cent torque for
the RMC test cycle (derived from the 8-mode teatl&€yand at rated or
nominal engine speed and 50 per cent torque foRME test cycle (derived
from 5-mode test cycle). Immediately after this ieeg conditioning
procedure, engine speed and torque shall be changedinear ramp of 20
11 s to the first mode of the test. In between 3.@os after the end of the
ramp, the test cycle measurement shall start.

Performing a ramped modal test cycle

The ramped modal cycles derived from 8-mode amdoBle test cycle are
shown in Annex 5.

The engine shall be operated for the prescribe tin each mode. The
transition from one mode to the next shall be dbnearly in 20 s £1 s
following the tolerances prescribed in paragraghZi4. (see Annex 5)

For ramped modal cycles, reference speed and dorglues shall be
generated at a minimum frequency of 1 Hz and thigience of points shall
be used to run the cycle. During the transitionwieen modes, the
denormalized reference speed and torque values$ Iskdinearly ramped
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between modes to generate reference points. Tieatiaed reference torque
values shall not be linearly ramped between moddsizen denormalized. If
the speed and torque ramp runs through a pointeabioy engine's torque
curve, it shall be continued to command the refegenrques and it shall be
allowed for the operator demand to go to maximum.

Over the whole RMC test cycle (during each modg iacluding the ramps
between the modes), the concentration of each gaspollutant shall be
measured and the PM be sampled. The gaseous ptdlutey be measured
raw or diluted and be recorded continuously; ifutht, they can also be
sampled into a sampling bag. The particulate sarapédl be diluted with

conditioned and clean air. One sample over the éetmpest procedure shall
be taken, and collected on a single PM samplineyfil

For calculation of the brake specific emissiohs, dctual cycle work shall be
calculated by integrating actual engine power allercomplete cycle.

Emission test sequence:

(@) Execution of the RMC, sampling exhaust gasesprding data, and

integrating measured values shall be started samedtusly;
(b)
(©)

Speed and torque shall be controlled to te firode in the test cycle;

If the engine stalls anywhere during the RM@axion, the test shall
be voided. The engine shall be pre-conditionedthedest repeated;

(d) At the end of the RMC, sampling shall be comid, except for PM
sampling, operating all systems to allow systenpaase time to
elapse. Then all sampling and recording shall bepstd, including
the recording of background samples. Finally, ariggrating devices
shall be stopped and the end of the test cycle Bhahdicated in the

recorded data;

(e)

Validation criteria

Post-test procedures according to paragraptsfiadl be performed.

RMC tests shall be validated using the regresaiaalysis as described in
paragraphs 7.8.3.3. and 7.8.3.5. The allowed RM&ances are given in the
following Table 7.1. Note that the RMC tolerancee different from the
NRTC tolerances of Table 7.2.

RMC Regression line tolerances

Speed Torque

Powe

Standard error of estimate

max 1 % of rated max 2 % of maximum engin

max 2 % of maximum engin

(SEB ofy onx speed torque power
Slope of the regression lina, 0.99t01.01 0.98to 1.02 0.98t0 1.02
Coefficient of determination’? min 0.990 min 0.95Q min 0.950

y intercept of the regression
line, ay

+20 Nm or 2 % of maximum
torque, whichever is greater

+1 % of rated
speed

+4 kKW or 2 % of maximum power,
whichever is greate

r
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7.8.3.

7.8.3.1.

In case of running the RMC test not on a trandiestt bed, where the second
by second speed and torque values are not avaithkléollowing validation
criteria shall be used.

At each mode the requirements for the speed andiectolerances are given
in paragraph 7.8.1.3. For the 20 s linear speedliapdr torque transitions
between the RMC steady-state test modes (para@rdph?2.) the following
tolerances for speed and load shall be appliethfoeramp, the speed shall be
held linear within +2 per cent of rated speed. Tdrgue shall be held linear
within 5 per cent of the maximum torque at ratpdesd.

Transient test cycle (NRTC)

Reference speeds and torques commands shall bensiadly executed to
perform the transient test cycle. Speed and tooguemands shall be issued
at a frequency of at least 5 Hz. Because the nadertest cycle is specified at
1 Hz, the in between speed and torque commandd bleallinearly
interpolated from the reference torque values gdadr from cycle
generation.

Small denormalized speed values near warm idlecspgy cause low-speed
idle governors to activate and the engine torquexoeed the reference
torque even though the operator demand is at amaimi. In such cases, it is
recommended to control the dynamometer so it gorexity to follow the
reference torque instead of the reference speedearite engine govern the
speed.

Under cold-start conditions engines may use aramcgd-idle device to
quickly warm up the engine and aftertreatment devicUnder these
conditions, very low normalized speeds will genenatference speeds below
this higher enhanced idle speed. In this case itégemmended controlling
the dynamometer so it gives priority to follow tleference torque and let the
engine govern the speed when the operator dematdrigmimum.

During an emission test, reference speeds andiger@nd the feedback
speeds and torques shall be recorded with a minifneuency of 1 Hz, but

preferably of 5 Hz or even 10 Hz. This larger reliag frequency is

important as it helps to minimize the biasing effetthe time lag between
the reference and the measured feedback speedrgune tvalues.

The reference and feedback speeds and torquesemagbrded at lower
frequencies (as low as 1 Hz), if the average values the time interval
between recorded values are recorded. The aveedgesvshall be calculated
based on feedback values updated at a frequenat tdast 5 Hz. These
recorded values shall be used to calculate cydidateon statistics and total
work.

Engine preconditioning

To meet stable conditions for the following Emissitest, the sampling
system and the engine shall be preconditioned refthiedriving a full pre-
NRTC cycle or driving the engine and the measugystems under similar
conditions as in the test cycle itself. If the tbefore was also a NRTC hot
test, no additional conditioning is needed.

A natural or forced cool-down procedure may beliedp For forced cool-
down, good engineering judgment shall be used taigesystems to send
cooling air across the engine, to send cool oibdlgh the engine lubrication
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system, to remove heat from the coolant throughetigine cooling system,
and to remove heat from an exhaust after-treatsgstem. In the case of a
forced after-treatment cool down, cooling air shadt be applied until the
after-treatment system has cooled below its catahdtivation temperature.
Any cooling procedure that results in unrepresa@rdaemissions is not
permitted.

Pre-test procedures according to paragraph 7igate to be performed,
including analyser calibration.

Performing an NRTC transient cycle test
Testing shall be started as follows:

The test sequence shall commence immediately tifteengine has started
from cooled down condition in case of the cold NRfESt or from hot soak
condition in case of the hot NRTC test. The indtams (Annex 5) shall be
followed.

Data logging, sampling of exhaust gases and iategr measured values
shall be initiated simultaneously at the starthaf €ngine. The test cycle shall
be initiated when the engine starts and shall ecuwed according to the
schedule of Annex 5.

At the end of the cycle, sampling shall be corgthuoperating all systems to
allow system response time to elapse. Then all Baghpnd recording shall

be stopped, including the recording of backgrouach@es. Finally, any

integrating devices shall be stopped and the entheftest cycle shall be
indicated in the recorded data.

Post-test procedures according to paragraph hav2 to be performed.
Cycle validation criteria for transiengtteycle

In order to check the validity of a test, the eyehlidation criteria in this
paragraph shall be applied to the reference andb&ek values of speed,
torque, power and overall work.

Calculation of cycle work

Before calculating the cycle work, any speed amdjue values recorded
during engine starting shall be omitted. Pointshwiegative torque values
have to be accounted for as zero work. The actyek ovork W, (kWh)
shall be calculated based on engine feedback speegdorque values. The
reference cycle workW, (kWh) shall be calculated based on engine
reference speed and torque values. The actual eyamtk W, is used for
comparison to the reference cycle witk; and for calculating the brake
specific emissions (see paragraph 7.2.)

W, shall be between 85 per cent and 105 per ceéntpf
Validation statistics (see Annex 4B Appridl2.)

Linear regression between the reference and thdbfek values shall be
calculated for speed, torque and power.

To minimize the biasing effect of the time lag veén the reference and
feedback cycle values, the entire engine speedtamggie feedback signal
sequence may be advanced or delayed in time wéierd to the reference
speed and torque sequence. If the feedback sigreakhifted, both speed and
torque shall be shifted by the same amount in dneesdirection.
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The method of least squares shall be used, wih#st-fit equation having
the form:

y=ax+a, (7-6)

Where:

y = feedback value of speed (ifjntorque (Nm), or power (kW)
a = slope of the regression line

X = reference value of speed (Mjntorque (Nm), or power (kW)
a = y intercept of the regression line

The standard error of estimat€8HE of y on x and the coefficient of
determination 12) shall be calculated for each regression linen@n4B
Appendix A.2.).

It is recommended that this analysis be perforatedl Hz. For a test to be
considered valid, the criteria of Table 7.2 of thigagraph shall be met.

Regression line tolerances

Speed Torque Powelr
Standard error of estimat8KEE) of y on < 5.0 per cent of < 10.0 per cent of maximum < 10.0 per cent of maximum
X maximum test speed mapped torque mapped powe
Slope of the regression lina, 0.951t0 1.03 0.831t0 1.08 0.89t0 1.03
Coefficient of determinatiornr? minimum 0.970 minimum 0.850 minimum 0.910
120 Nm or+2 per cent of +4 KW or+2 per cent of
maximum torque whichever maximum power whichever is
y intercept of the regression lire, <10 per cent of idle is greater greater
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For regression purposes only, point deletions amnijited where noted in
Table 7.3 of this paragraph before doing the resjpascalculation. However,

those points shall not be deleted for the calaufatdf cycle work and

emissions. An idle point is defined as a point hgva normalised reference
torque of O per cent and a normalized referencedspé O per cent. Point
deletion may be applied to the whole or to any pérthe cycle; points to

which the point deletion is applied have to be #jszt



Table 7.3

ECE/TRANS/WP.29/2011/125

Permitted point deletions from regression analysis

Event Conditions (n = engine speed, T = torque) Permitted point deletions
Minimum Nref = Nigle speed and power
operator demand
. : and
(idle point)

Tet=0

and

Tact > (Tref - 0-02Tmaxmappedtoqu)e

and

Tact < (Tref + O-OZTmaxmappedtoqu)e
Minimum Nact < 1.02Ner aNAT et > Tret power and either torque|
operator demand or or speed

Nact > Nref andTactS Tref'

or

Nact > 1-02nref a-ndTref < Tactf (Tref + O-OZTmaxmappedtoqu)e
Event Conditions (n = engine speed, T = torque) Permitted point deletions
Maximum Nact < Nrer ANATact> Tret power and either torque|
operator demand or speed

or

or

nath 0.98 Nret andTact < Tref

Nact < 0-98nref andTref > Tath (Tref - O-OZTmaxmappedtoqu)e

8.1.
8.1.1.

8.1.2.

Measurement procedures
Calibration and performance checks
Introduction

This paragraph describes required calibrations amtifications of
measurement systems. See paragraph 9.4. for g#icifis that apply to
individual instruments.

Calibrations or verifications shall be generalrfprmed over the complete
measurement chain.

If a calibration or verification for a portion @ measurement system is not
specified, that portion of the system shall belratied and its performance
verified at a frequency consistent with any recomdagions from the
measurement system manufacturer and consistent gatid engineering
judgment.

Internationally recognized-traceable standarddl dte used to meet the
tolerances specified for calibrations and verifmas.

Summary of calibration and verification
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The Table 8.1 summarizes the calibrations and igatibns described in
paragraph 8. and indicates when these have torfarped.

Table 8.1

Summary of Calibration and Verifications

Type of calibration or verification

Minimum frequenc®

8.1.3.: Accuracy,
repeatability and noise

Accuracy: Not required, but recommended for iniinestallation.
Repeatability: Not required, but recommended fdrahinstallation.

Noise: Not required, but recommended for initigtallation

8.1.4.: Linearity

Speed: Upon initial installation, within 370 dayafdre testing and after major maintenance.
'Torque: Upon initial installation, within 370 dalgefore testing and after major maintenance.

Clean gas and diluted exhaust flows: Upon initiataiiation, within 370 days before testing and
after major maintenance, unless flow is verifiedobgpane check or by carbon or oxygen balan

Raw exhaust flow: Upon initial installation, withi85 days before testing and after major
maintenance, unless flow is verified by propaneckha by carbon or oxygen balance.

Gas analysers: Upon initial installation, within @&ys before testing and after major maintenan
PM balance: Upon initial installation, within 37@ys before testing and after major maintenan

Stand-alone pressure and temperature: Upon ims#dllation, within 370 days before testing arn
after major maintenance.

o

8.1.5.: Continuous gas
analyser system response an
updating-recording
\verification — for gas analyser
not continuously compensate
for other gas species

Upon initial installation or after system modificat that would effect response.

8.1.6.: Continuous gas
analyser system response an
updating-recording
\verification — for gas analyser
continuously compensated fo
other gas species

Upon initial installation or after system modificat that would effect response.

8.1.7.1.: Torque

Upon initial installation and after major maintenan

8.1.7.2.: Pressure, temperatu
dew point

Upon initial installation and after major maintenan

8.1.8.1.: Fuel flow

Upon initial installation and after major maintenan

8.1.8.2.: Intake flow

Upon initial installation and after major maintenan

8.1.8.3.: Exhaust flow

Upon initial installation and after major maintenan

8.1.8.4.: Diluted exhaust flow
(CVS and PFD)

Upon initial installation and after major maintenan

8.1.8.5.: CVS/PFD and batch
sampler verificatioh

Upon initial installation, within 35 days beforesting, and after major maintenance. (Propane
check)
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Type of calibration or verification

Minimum frequenc®

8.1.8.8.: Vacuum leak

Before each laboratory test according to paragraph 7

8.1.9.1.: CQNDIR H,O
interference

Upon initial installation and after major maintenan

8.1.9.2.: CO NDIR C@and
H,O interference

Upon initial installation and after major maintenan

8.1.10.1.: FID calibration

'THC FID optimization and
'THC FID verification

Calibrate, optimize, and determine £idsponse: upon initial installation and after majo
maintenance.

Verify CH, response: upon initial installation, within 185/ddefore testing, and after major
maintenance.

8.1.10.2.: Raw exhaust FID,Q
interference

For all FID analysers: upon initial installatiomdaafter major maintenance.
For THC FID analysers: upon initial installationtemfmajor maintenance, and after

FID optimization according to 8.1.10.1.

8.1.10.3.: Non-methane cutte
penetration

Upon initial installation, within 185 days befoesting, and after major maintenance.

8.1.11.1.: CLD C@and HO
quench

Upon initial installation and after major maintenan

8.1.11.3.: NDUV HC and O
interference

Upon initial installation and after major maintenan

8.1.11.4.: Cooling bath NO
penetration (chiller)

Upon initial installation and after major maintenan

8.1.11.5.: N@to-NO
converter conversion

Upon initial installation, within 35 days beforestimg, and after major maintenance.

8.1.12.1.: PM balance and
eighing

Independent verification: upon initial installatjomithin 370 days before testing, and after majo
maintenance.

Zero, span, and reference sample verificationsiiwit2 hours of weighing, and after major
maintenance.

& Perform calibrations and verifications more fredligraccording to measurement system manufactostrictions and good

engineering judgment.
b The CVS verification is no
of the intake air, fuel, and dilu

t required for systemd tgree within +2 per cent based on a chemicahisalaf carbon or oxygen
ted exhaust.

8.1.3. Verifications for accuracy, repeatabilitpdanoise

The performance values for individual instrumespscified in Table 9.3 are
the basis for the determination of the accuragyeagability, and noise of an
instrument.

It is not required to verify instrument accuraagpeatability, or noise.
However, it may be useful to consider these veifins to define a
specification for a new instrument, to verify therfermance of a new
instrument upon delivery, or to troubleshoot arsténg instrument.

8.1.4. Linearity check
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8.1.4.1.

8.1.4.2.

8.1.4.3.

Scope and frequency

A linearity verification shall be performed on bameasurement system
listed in Table 8.2 at least as frequently as iagid in the table, consistent
with measurement system manufacturer recommendatiand good
engineering judgment. The intent of a linearityifiegition is to determine
that a measurement system responds proportionadly the measurement
range of interest. A linearity verification shatirsist of introducing a series
of at least 10 reference values to a measuremesteéray unless otherwise
specified. The measurement system quantifies eafdrence value. The
measured values shall be collectively comparechéoréference values by
using a least squares linear regression and tearlityg criteria specified in
Table 8.2 of this paragraph.

Performance requirements

If a measurement system does not meet the apldidaiearity criteria in
Table 8.2, the deficiency shall be corrected byalibrating, servicing, or
replacing components as needed. The linearityigation shall be repeated
after correcting the deficiency to ensure thatrfeasurement system meets
the linearity criteria.

Procedure
The following linearity verification protocol shdde used:

(@) A measurement system shall be operated gpeétsifed temperatures,
pressures, and flows;

(b)  The instrument shall be zeroed as it would t&fn emission test by
introducing a zero signal. For gas analysers, a gas shall be used
that meets the specifications of paragraph 9.5t @ shall be
introduced directly at the analyser port;

(c)  The instrument shall be spanned as it woulddeefn emission test by
introducing a span signal. For gas analysers, a gpa shall be used
that meets the specifications of paragraph 9.5t @ shall be
introduced directly at the analyser port;

(d)  After spanning the instrument, zero shall beokled with the same
signal which has been used in paragraph (b) ofghaiagraph. Based
on the zero reading, good engineering judgment! $h@lused to
determine whether or not to re-zero and or re-gb@ninstrument
before proceeding to the next step;

(e) For all measured quantities manufacturer recengtations and good
engineering judgment shall be used to select tieeeece valuesyes,
that cover the full range of values that are exgaaturing emission
testing, thus avoiding the need of extrapolatioyolne these values. A
zero reference signal shall be selected as orteeatference values of
the linearity verification. For stand-alone pressand temperature
linearity verifications, at least three referenedues shall be selected.
For all other linearity verifications, at least teference values shall
be selected:;

)] Instrument manufacturer recommendations and dgeogineering
judgment shall be used to select the order in whhah series of
reference values will be introduced,;
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() Reference quantities shall be generated andduted as described in
paragraph 8.1.4.4. For gas analysers, gas contieng&nown to be
within the specifications of paragraph 9.5.1. shwedl used and they
shall be introduced directly at the analyser port;

(h)  Time for the instrument to stabilize while iteasures the reference
value shall be allowed;

0] At a recording frequency of at least the minimudrequency, as
specified in Table 9.2, the reference value shalhieasured for 30 s

and the arithmetic mean of the recorded valjgstecorded,

0] Steps in paragraphs (g) through (i) of thisgmaaph shall be repeated
until all reference quantities are measured;

(k) The arithmetic mean¥/, , and reference valueg.;, shall be used to

calculate least-squares linear regression parameted statistical
values to compare to the minimum performance ¢aitepecified in
Table 8.2. The calculations described in Annex 4péndix A.2
paragraph A.2. shall be used.

Reference signals

This paragraph describes recommended methods efioerating reference
values for the linearity-verification protocol inafagraph 8.1.4.3. of this
section. Reference values shall be used that sienaletual values, or an
actual value shall be introduced and measured avitference-measurement
system. In the latter case, the reference valubesvalue reported by the
reference-measurement system. Reference valuegfamdnce-measurement
systems shall be internationally traceable.

For temperature measurement systems with sengarstHermocouples,

RTDs, and thermistors, the linearity verificationaynbe performed by
removing the sensor from the system and using alator in its place. A

simulator that is independently calibrated and goitttion compensated, as
necessary shall be used. The internationally ttdeesimulator uncertainty
scaled to temperature shall be less than 0.5 pgrafemaximum operating

temperaturel . If this option is used, it is necessary to usesees that the

supplier states are accurate to better than 0.%er of T,,,x cOmpared to

their standard calibration curve.

Measurement systems that require linegeitification

Table 8.2 indicates measurement systems thatreetinéarity verifications.
For this table the following provisions apply.

(@ A linearity verification shall be performed msofrequently if the
instrument manufacturer recommends it or basedoou gngineering
judgment;

(b)  "min" refers to the minimum reference valuedig@ring the linearity
verification;

Note that this value may be zero or a negativaevdepending on the
signal;

(c) "max" generally refers to the maximum referenadéue used during
the linearity verification. For example for gas iders, xmax IS the
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(d)

(e)

()

(@

(h)

undivided, undiluted, span gas concentration. Tbkowing are
special cases where "max" refers to a differeniezal

0] For PM balance linearity verificatiom,,, refers to the typical
mass of a PM filter;

(i)  For torque linearity verification, T refers to the
manufacturer's specified engine torque peak valfiethe
highest torque engine to be tested.

The specified ranges are inclusive. For examplspecified range of
0.98-1.02 for the slopa, means 0.98 a; < 1.02;

These linearity verifications are not requifedsystems that pass the
flow-rate verification for diluted exhaust as désed 8.1.8.5. for the
propane check or for systems that agree withine2cgnt based on a
chemical balance of carbon or oxygen of the intake fuel, and
exhaust;

a, criteria for these quantities shall be met onlthé absolute value of
the quantity is required, as opposed to a sigret ith only linearly
proportional to the actual value;

Stand-alone temperatures include engine terpesaand ambient
conditions used to set or verify engine conditicesperatures used
to set or verify critical conditions in the teststgm; and temperatures
used in emissions calculations:

® These temperature linearity checks are requirsid intake;
aftertreatment bed(s) (for engines tested withraétatment
devices on cycles with cold start criteria); didutiair for PM
sampling (CVS, double dilution, and partial flowsssms); PM
sample; and chiller sample (for gaseous samplistesys that
use chillers to dry samples);

(i)  These temperature linearity checks are onhguned if
specified by the engine manufacturer. Fuel inlest tcell
charge air cooler air outlet (for engines testethwi test cell
heat exchanger simulating a vehicle/machine chaage
cooler); test cell charge air cooler coolant inf&tr engines
tested with a test cell heat exchanger simulating
vehicle/machine charge air cooler); and oil in thamp/pan;
coolant before the thermostat (for liquid coolediaas);

Stand-alone pressures include engine pressumed ambient
conditions used to set or verify engine conditiomgssures used to
set or verify critical conditions in the test syateand pressures used
in emissions calculations:

0] Required pressure linearity checks are: aiaket restriction;
exhaust back pressure; barometer; CVS inlet gagsspre (if
measurement using CVS); chiller sample (for gaseous
sampling systems that use chillers to dry samples);

(i)  Pressure linearity checks that are requirety dnspecified by
the engine manufacturer: test cell charge air coalad
interconnecting pipe pressure drop (for turbo-chdrgngines
tested with a test cell heat exchanger simulating a
vehicle/machine charge air cooler) fuel inlet; &nel outlet.
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Minimum verificatior

Linearity Criteria

X {8 —1) + &

Measurement Systt  |Quantity frequenc a SEE r
Engine speed n \Within 370 days  [<0.05 %nNax 0.98-1.02 K2 % Nyax >0.990
before testing
Engine torque T \Within 370 days  [<1 % Tyax 0.98-1.02 K2 % Tax >0.990
before testing
Fuel flow rate Qm Within 370 days <1 % Qm, max 0.98-1.02 <2 % Om,max  [20.990
before testing
Intake-air flow Qv Within 370 days <1 % Qv, max 0.98-1.02 <2 % Qv.max [20.990
rate before testing
Dilution air flow Qv Within 370 days <1 % Qv, max 0.98-1.02 <2 % Qv,max [20.990
rate before testing
Diluted exhaust |Qv Within 370 days <1 % Qv, max 0.98-1.02 <2 % Qv,max [20.990
flow rate before testing
Raw exhaust flow |Qv Within 185 days <1 % Qv, max 0.98-1.02 <2 % Qv.max [20.990
rate before testing
Batch sampler  |Qv Within 370 days <1 % Qv, max 0.98-1.02 <2 % Qv,max [20.990
flow rates before testing
Gas dividers x/>g an \Within 370 days 0.5 %Xmax 0.98-1.02 <2 % Xmax >0.990
P before testing
Gas analysers  x \Within 35 days <0.5 % Xmax 0.99-1.01 <1 % Xmax >0.998
before testing
PM balance m \Within 370 days <1 % Myax 0.99-1.01 <1 Y% Mypay >0.998
before testing
Stand-alone p Within 370 days |1 % Prmax 0.99-1.01 <1 %pPmax >0.998
pressures before testing
Analog-to-digital [T \Within 370 days <1 % Tyax 0.99-1.01 <1 % Tax >0.998
conversion of before testing
stand-alone
temperature
sighals
8.1.5. Continuous gas analyser system-responsaptating-recording verification
This section describes a general verification edace for continuous gas
analyser system response and update recordingp&agraph 8.1.6. for
verification procedures for compensation type asely.
8.1.5.1. Scope and frequency
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This verification shall be performed after instal or replacing a gas

analyser that is used for continuous sampling. Alfs® verification shall be

performed if the system is reconfigured in a wagt tvould change system
response. This verification is needed for contirsugas analysers used for
transient or ramped-modal testing but is not neddedatch gas analyser
systems or for continuous gas analyser systems ardgdor discrete-mode

testing.

Measurement principles

This test verifies that the updating and recordfregquencies match the
overall system response to a rapid change in thewd concentrations at the
sample probe. Gas analyser systems shall be optinsizch that their overall
response to a rapid change in concentration istaddand recorded at an
appropriate frequency to prevent loss of infornmatidhis test also verifies
that continuous gas analyser systems meet a minirasponse time.

The system settings for the response time evaluahall be exactly the
same as during measurement of the test run (iesspre, flow rates, filter
settings on the analysers and all other response influences). The
response time determination shall be done withsgaghing directly at the
inlet of the sample probe. The devices for gas chivig shall have a
specification to perform the switching in less ti@ah s. The gases used for
the test shall cause a concentration change afast 60 per cent full scale
(FS).

The concentration trace of each single gas comyaall be recorded.
System requirements

(@)  The system response time shalkhE) s with a rise time of 2.5 s or
with a rise and fall time of 5 s each for all measured components
(CO, NQ, CO, and HC) and all ranges used. When using a NMC for
the measurement of NMHC, the system response timeeaxrceed 10
s.

All data (concentration, fuel and air flows) haweebe shifted by their
measured response times before performing the emisalculations
given in Annexes A.7-A.8.

(b)  To demonstrate acceptable updating and reapndith respect to the
system's overall response, the system shall meebbthe following
criteria:

0] The product of the mean rise time and the feggpy at which
the system records an updated concentration shalt keast 5.
In any case the mean rise time shall be no more 1bss;

(i)  The frequency at which the system records ¢hacentration
shall be at least 2 Hz (see also Table 9.2).

Procedure

The following procedure shall be used to verifye thesponse of each
continuous gas analyser system:

(@) The analyser system manufacturer's start-uppacating instructions
for the instrument setup shall be followed. The soeament system
shall be adjusted as needed to optimize performdrtue verification
shall be run with the analyser operating in the esamanner as used



(b)

(©)
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for emission testing. If the analyser shares ite@eng system with

other analysers, and if gas flow to the other aswly will affect the

system response time, then the other analyserktshatarted up and
operated while running this verification test. Thesification test may

be run on multiple analysers sharing the same sagpystem at the
same time. If analogue or real-time digital filtemse used during
emission testing, those filters shall be operatethe same manner
during this verification;

For equipment used to validate system respéinse, minimal gas
transfer line lengths between all connections ammmended to be
used, a zero-air source shall be connected tordeeaf a fast-acting
3-way valve (2 inlets, 1 outlet) in order to contitee flow of zero and
blended span gases to the sample system's pr@b®ird tee near the
outlet of the probe. Normally the gas flow ratdigher than the probe
sample flow rate and the excess is overflowed batitlet of the
probe. If the gas flow rate is lower than the prdlogv rate, the gas
concentrations shall be adjusted to account for dietion from
ambient air drawn into the probe. Binary or mulisgspan gases may
be used. A gas blending or mixing device may bel tseblend span
gases. A gas blending or mixing device is recomradn@hen
blending span gases diluted in With span gases diluted in air;

Using a gas divider, an NO—CO-g@;Hg—CH, (balance M) span
gas shall be equally blended with a span gas of, K&lance purified
synthetic air. Standard binary span gases maydweba used, where
applicable, in place of blended NO-CO-£0O;Hg-CH,, balance N
span gas; in this case separate response testsbhehain for each
analyser. The gas divider outlet shall be connettdte other inlet of
the 3-way valve. The valve outlet shall be conre:étean overflow at
the gas analyser system's probe or to an overfiiwgf between the
probe and transfer line to all the analysers bearified. A setup that
avoids pressure pulsations due to stopping the flmaugh the gas
blending device shall be used. Any of these gastitaents if they are
not relevant to the analysers for this verificatisimall be omitted.
Alternatively the use of gas bottles with singlesgm and a separate
measurement of response times is allowed;

Data collection shall be done as follows:
0] The valve shall be switched to start the flofxzero gas;

(i)  Stabiization shall be allowed for, accountirigr transport
delays and the slowest analyser's full response;

(i) Data recording shall be started at the fregpe used during
emission testing. Each recorded value shall be m@muan
updated concentration measured by the analyserpiviation
or filtering may not be used to alter recorded gaju

(iv)  The valve shall be switched to allow the bleddspan gases to
flow to the analysers. This time shall be recordst;

(v)  Transport delays and the slowest analyserlsrégbonse shall
be allowed for;

(viy The flow shall be switched to allow zero gasftow to the
analyser. This time shall be recordedgs
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8.1.5.5.

8.1.6.

8.1.6.1.

8.1.6.2.

8.1.6.3.

(vii) Transport delays and the slowest analysedisrésponse shall
be allowed for;

(viii) The steps in paragraphs (c) (iv) throughi)(af this paragraph
shall be repeated to record seven full cycles,rendiith zero
gas flowing to the analysers;

(ix) Recording shall be stopped.
Performance evaluation

The data from paragraph 8.1.5.4.(c) of this secsioall be used to calculate
the mean rise timé,;o_gofor each of the analysers.

(@) If it is chosen to demonstrate compliance wpiinagraph 8.1.5.3.(b)(i)
of this section the following procedure has to Ipplied: The rise
times (in s) shall be multiplied by their respeetivecording
frequencies in Hertz (1/s). The value for eachlteshall be at least 5.
If the value is less than 5, the recording freqyesttall be increased
or the flows adjusted or the design of the sampfipgtem shall be
changed to increase the rise time as needed. Adgaldilters may be
configured to increase rise time;

(b) If it is chosen to demonstrate compliance wiflaragraph
8.1.5.3.(b)(ii) of this section, the demonstratiohcompliance with
the requirements of paragraph 8.1.5.3.(b)(ii) ficant.

Response time verification for compensatype analysers
Scope and frequency

This verification shall be performed to determaeontinuous gas analyser's
response, where one analyser's response is comgenispa another's to
quantify a gaseous emission. For this check wapour shall be considered
to be a gaseous constituent. This verificationeguired for continuous gas
analysers used for transient or ramped-modal tgsiihis verification is not
needed for batch gas analysers or for continuossagalysers that are used
only for discrete-mode testing. This verificatiooed not apply to correction
for water removed from the sample done in postgssing and it does not
apply to NMHC determination from THC and glquoted in Annexes A.7
and A.8 concerning the emission calculations. TVesification shall be
performed after initial installation (i.e. test lcebmmissioning). After major
maintenance, paragraph 8.1.5. may be used to venfform response
provided that any replaced components have gormughr a humidified
uniform response verification at some point.

Measurement principles

This procedure verifies the time-alignment and fami response of
continuously combined gas measurements. For tbhiseplure, it is necessary
to ensure that all compensation algorithms and Hifynicorrections are
turned on.

System requirements

The general response time and rise time requiregigan in 8.1.5.3.(a) is
also valid for compensation type analysers. Addiity, if the recording
frequency is different than the update frequency tiié continuously
combined/compensated signal, the lower of these fteguencies shall be
used for the verification required by paragraph®B3L(b)(i).



8.1.6.4.

8.1.7.

8.1.7.1.
8.1.7.1.1.

8.1.7.1.2.

8.1.7.1.3.

ECE/TRANS/WP.29/2011/125

Procedure

All procedures given in paragraph 8.1.5.4. (a)c} lfave to be used.
Additionally also the response and rise time of ewatapour has to be
measured, if a compensation algorithm based on unedisvater vapour is
used. In this case at least one of the used ctatihrgases (but not NDhas
to be humidified as follows:

If the system does not use a sample dryer to remater from the sample
gas, the span gas shall be humidified by flowing dglas mixture through a
sealed vessel that humidifies the gas to the higdaaple dew point that is
estimated during emission sampling by bubblindnibtigh distilled water. If
the system uses a sample dryer during testing hhatpassed the sample
dryer verification check, the humidified gas mixumay be introduced
downstream of the sample dryer by bubbling it tigfodlistilled water in a
sealed vessel at (25 +10 °C), or a temperaturegagrézan the dew point. In
all cases, downstream of the vessel, the humidgasishall be maintained at
a temperature of at least 5 °C above its local g@wt in the line. Note that it
is possible to omit any of these gas constitudritely are not relevant to the
analysers for this verification. If any of the gasnstituents are not
susceptible to water compensation, the responsekcioe these analysers
may be performed without humidification.

Measurement of engine parameters and amimeditions

The engine manufacturer shall apply internal duadrocedures traceable to
recognised national or international standards.e@ilse the following
procedures apply.

Torque calibration
Scope and frequency

All  torque-measurement systems including dynamemettorque
measurement transducers and systems shall be atatibrupon initial
installation and after major maintenance using, mgrathers, reference force
or lever-arm length coupled with dead weight. Geodjineering judgment
shall be used to repeat the calibration. The totgaresducer manufacturer's
instructions shall be followed for linearizing tteeque sensor's output. Other
calibration methods are permitted.

Dead-weight calibration

This technique applies a known force by hangingvkm weights at a known
distance along a lever arm. It shall be made fwakthe weights' lever arm is
perpendicular to gravity (i.e.horizontal) and perpendicular to the
dynamometer's rotational axis. At least six calibraweight combinations
shall be applied for each applicable torque-meagurange, spacing the
weight quantities about equally over the range. @ijamometer shall be
oscillated or rotated during calibration to reddigetional static hysteresis.
Each weight's force shall be determined by muligyits internationally-
traceable mass by the local acceleration of Eqgth'sity.

Strain gage or proving ring calibration

This technique applies force either by hanginggives on a lever arm (these
weights and their lever arm length are not useglassof the reference torque
determination) or by operating the dynamometeiifigrént torques. At least

six force combinations shall be applied for eacpliapble torque-measuring
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8.1.7.2.

8.1.8.
8.1.8.1.

8.1.8.2.

8.1.8.3.

8.1.8.4.
8.1.8.4.1.

range, spacing the force quantities about equallgr ahe range. The
dynamometer shall be oscillated or rotated duriajbcation to reduce
frictional static hysteresis. In this case, therefice torque is determined by
multiplying the force output from the reference arefsuch as a strain gage
or proving ring) by its effective lever-arm lengthhich is measured from the
point where the force measurement is made to tmardgmeter's rotational
axis. It shall be made sure that this length issuesd perpendicular to the
reference meter's measurement axis and perpendtouthe dynamometer's
rotational axis.

Pressure, temperature, and dew pointraéibin

Instruments shall be calibrated for measuring qunes temperature, and dew
point upon initial installation. The instrument nodacturer's instructions

shall be followed and good engineering judgmentl dfeused to repeat the
calibration.

For temperature measurement systems with thermpéeouRTD, or
thermistor sensors, the calibration of the systdrallsbe performed as
described in paragraph 8.1.4.4. for linearity veaifion.

Flow-related measurements
Fuel flow calibration

Fuel flow-meters shall be calibrated upon initr@tallation. The instrument
manufacturer's instructions shall be followed anddyengineering judgment
shall be used to repeat the calibration.

Intake air flow calibration

Intake air flow-meters shall be calibrated upoitiah installation. The
instrument manufacturer's instructions shall belofeéd and good
engineering judgment shall be used to repeat thilgraton.

Exhaust flow calibration

Exhaust flow-meters shall be calibrated upon ahitinstallation. The
instrument manufacturer's instructions shall belofeéd and good
engineering judgment shall be used to repeat thilgraton.

Diluted exhaust flow (CVS) calibration
Overview

(@) This section describes how to calibrate flowtare for diluted
exhaust constant-volume sampling (CVS) systems;

(b)  This calibration shall be performed while th@af-meter is installed in
its permanent position. This calibration shall exfprmed after any
part of the flow configuration upstream or downatreof the flow-
meter has been changed that may affect the flovemlibration.
This calibration shall be performed upon initial €Vhstallation and
whenever corrective action does not resolve a railio meet the
diluted exhaust flow verificationi.é., propane check) in paragraph
8.1.8.5;

(c) A CVS flow-meter shall be calibrated using &rence flow-meter
such as a subsonic venturi flow-meter, a long-mdiow nozzle, a
smooth approach orifice, a laminar flow elemerggtof critical flow
venturis, or an ultrasonic flow-meter. A referetfloav-meter shall be
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used that reports quantities that are internatipitedceable within +1
per cent uncertainty. This reference flow-meteé€sponse to flow
shall be used as the reference value for CVS flatemcalibration;

(d)  An upstream screen or other restriction thatld¢aaffect the flow
ahead of the reference flow-meter may not be ugelss the flow-
meter has been calibrated with such a restriction;

(e)  The calibration sequence described under driagpaph 8.1.8.4. refers
to the molar based approach. For the corresporstiggence used in
the mass based approach, see Annex 8 Appendix 1.

PDP calibration

A positive-displacement pump (PDP) shall be calibd to determine a flow-
versus-PDP speed equation that accounts for flakalge across sealing
surfaces in the PDP as a function of PDP inlet qunes Unique equation
coefficients shall be determined for each speaghath the PDP is operated.
A PDP flow-meter shall be calibrated as follows:

(@)  The system shall be connected as shown imré&gd;

(b)  Leaks between the calibration flow-meter angl BDP shall be less
than 0.3 per cent of the total flow at the loweddibrated flow point;
for example, at the highest restriction and loviRIBP-speed point;

(c)  While the PDP operates, a constant temperaituttee PDP inlet shall
be maintained within +2 per cent of the mean alisolinlet
temperatureTi,;

(d)  The PDP speed is set to the first speed poiwhéch it is intended to
calibrate;

(e)  The variable restrictor is set to its wide-opesition;

)] The PDP is operated for at least 3 min to $itabihe system. Then by
continuously operating the PDP, the mean valueat déast 30 s of
sampled data of each of the following quantitiesracorded:

0] The mean flow rate of the reference flow-me®,,; .

(i)  The mean temperature at the PDP irilgt,

(i)  The mean static absolute pressure at the Rilet, pi,.
(iv)  The mean static absolute pressure at the GUdliet, py,:.
(v)  The mean PDP spee®pr

() The restrictor valve shall be incrementallyseld to decrease the
absolute pressure at the inlet to the PRP,

(h)  The steps in paragraphs 8.1.8.4.2.(f) and {ghis section shall be
repeated to record data at a minimum of six rdstripositions
reflecting the full range of possible in-use pressiat the PDP inlet;

0] The PDP shall be calibrated by using the codidcdata and the
equations in Annexes A.7-A.8;

)] The steps in paragraphs (f) through (i) of théstion shall be repeated
for each speed at which the PDP is operated;
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(k)

o

(m)

The equations in Annex 4B Appendix A.7 (molaskd approach) or
A.8 (mass based approach) shall be used to detertinenPDP flow
equation for emission testing;

The calibration shall be verified by performimg CVS verification
(i.e., propane check) as described in paragraph 8.,1.8.5.

The PDP may not be used below the lowest ipkessure tested
during calibration.

CFV calibration

A critical-flow venturi (CFV) shall be calibratetb verify its discharge
coefficient,Cgy, at the lowest expected static differential presdfetween the
CFV inlet and outlet. A CFV flow-meter shall beibahted as follows:

@)
(b)
(©)

(d)

(e)

()

(@)

(h)

@0

The system shall be connected as shown iré-gd;
The blower shall be started downstream ofGR¥;

While the CFV operates, a constant temperattithe CFV inlet shall
be maintained within +2 per cent of the mean alisolinlet
temperatureTi,;

Leaks between the calibration flow-meter anel @FV shall be less
than 0.3 per cent of the total flow at the higtrestriction;

The variable restrictor shall be set to itsemipen position. In lieu of
a variable restrictor the pressure downstream ef @V may be
varied by varying blower speed or by introducingamtrolled leak.
Note that some blowers have limitations on non-tmhdonditions;

The CFV shall be operated for at least 3 mirstabilize the system.
The CFV shall continue operating and the mean gaddat least 30 s
of sampled data of each of the following quantisball be recorded:

0] The mean flow rate of the reference flow-me®,, ;

(i)  Optionally, the mean dew point of the caliboat air, Ty, See
Annexes A.7-A.8 for permissible assumptions dugngission
measurements;

(i)  The mean temperature at the venturi inlgf,
(iv)  The mean static absolute pressure at theuvienlet, p,;

(v)  The mean static differential pressure betwdsn €FV inlet
and the CFV outletApcry;

The restrictor valve shall be incrementally seld to decrease the
absolute pressure at the inlet to the Chy,

The steps in paragraphs (f) and (g) of thisgeaph shall be repeated
to record mean data at a minimum of ten restriptmitions, such that
the fullest practical range adfpcry expected during testing is tested. It
is not required to remove calibration component€4d6 components
to calibrate at the lowest possible restrictions;

Cy and the lowest allowable pressure ratishall be determined as
described in Annexes A.7-A.8;
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0] Cy shall be used to determine CFV flow during an siois test. The
CFV shall not be used below the lowest alloweds determined in
Annexes A.7-A.8;

(k)  The calibration shall be verified by performimgCVS verification
(i.e., propane check) as described in paragraph 8.,1.8.5.

0] If the CVS is configured to operate more thareCFV at a time in
parallel, the CVS shall be calibrated by one offtilowing:

0] Every combination of CFVs shall be calibratect@rding to
this paragraph and Annexes A.7-A.8. See AnnexesAM87for
instructions on calculating flow rates for thisiopt

(i)  Each CFV shall be calibrated according to thaagraph and
Annexes A.7-A.8. See Annexes A.7-A.8 for instrugtoon
calculating flow rates for this option.

8.1.8.4.4. SSV calibration

A subsonic venturi (SSV) shall be calibrated tdedmine its calibration
coefficient,Cq , for the expected range of inlet pressures. Avl @&v-meter
shall be calibrated as follows:

(@) The system shall be connected as shown imré&gd;
(b)  The blower shall be started downstream of38¥/;

(c) Leaks between the calibration flow-meter angl 86V shall be less
than 0.3 per cent of the total flow at the higtrestriction;

(d)  While the SSV operates, a constant temperatutiee SSV inlet shall
be maintained within +2 per cent of the mean alisolinlet
temperatureTi,;

(e)  The variable restrictor or variable-speed bloslall be set to a flow
rate greater than the greatest flow rate expecteihgl testing. Flow
rates may not be extrapolated beyond calibratediegal so it is
recommended that it is made certain that a Reynoloisber,Re at
the SSV throat at the greatest calibrated flow iatgreater than the
maximumReexpected during testing;

)] The SSV shall be operated for at least 3 mirstabilize the system.
The SSV shall continue operating and the mean déast 30 s of
sampled data of each of the following quantitiealide recorded:

0] The mean flow rate of the reference flow-me®,, ;

(i)  Optionally, the mean dew point of the calilbioat air, Tge,. See
Annexes A.7-A.8 for permissible assumptions;

(i)  The mean temperature at the venturi inlgf,
(iv)  The mean static absolute pressure at theuvienlet, p,;

(v)  Static differential pressure between the statiessure at the
venturi inlet and the static pressure at the wéntiroat,

Apssv;

(@)  The restrictor valve shall be incrementallyseld or the blower speed
decreased to decrease the flow rate;
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(h)

(i)

()

(k)

o

The steps in paragraphs (f) and (g) of thisgeaph shall be repeated
to record data at a minimum of ten flow rates;

A functional form ofCy versusRe shall be determined by using the
collected data and the equations in Annexes A.7-A.8

The calibration shall be verified by performimg CVS verification
(i.e., propane check) as described in paragraph 8.1u8iBg the new
Cy versusReequation;

The SSV shall be used only between the minimamd maximum
calibrated flow rates;

The equations in Annex 4B Appendix A.7 (molarskd approach) or
Annex 4B Appendix A.8 (mass based approach) shallubed to
determine SSV flow during a test.

Ultrasonic calibration (reserved)



Figure 8.1
Schematic diagrams for diluted exhaust flow CVS cé@ration
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8.1.8.5.
8.1.8.5.1.

8.1.8.5.2.

CVS and batch sampler verification (pragpelmeck)

Introduction

(@)

(b)

A propane check serves as a CVS verificatiodetermine if there is
a discrepancy in measured values of diluted exhidmst A propane

check also serves as a batch-sampler verificatiatetermine if there
is a discrepancy in a batch sampling system thahets a sample
from a CVS, as described in paragraph (f) of trasagraph. Using
good engineering judgment and safe practices, chexck may be
performed using a gas other than propane, such@so€ CO. A

failed propane check might indicate one or moreblerms that may
require corrective action, as follows:

0] Incorrect analyser calibration. The FID analyskall be re-
calibrated, repaired, or replaced;

(i)  Leak checks shall be performed on CVS tuneehnections,
fasteners, and HC sampling system according togpaph
8.1.8.7.;

(i)  The verification for poor mixing shall be dermed in
accordance with paragraph 9.2.2.;

(iv)  The hydrocarbon contamination verification the sample
system shall be performed as described in paragf&oh.2.;

(v)  Change in CVS calibration. An in-situ calibati of the CVS
flow-meter shall be performed as described in paay
8.1.84.;

(viy Other problems with the CVS or sampling vexdfiion
hardware or software. The CVS system, CVS verificat
hardware, and software shall be inspected for elsurcies;

A propane check uses either a reference maageaference flow rate
of C;Hg as a tracer gas in a CVS. If a reference flow imtgsed, any
non-ideal gas behaviour of;lds in the reference flow-meter shall be
accounted for. See Annexes A.7 (molar based appyaacA.8 (mass
based approach), which describe how to calibratd @se certain
flow-meters. No ideal gas assumption may be usegbaragraph
8.1.8.5. and Annexes A.7 or A.8. The propane chmmkpares the
calculated mass of injectedsiz using HC measurements and CVS
flow rate measurements with the reference value.

Method of introducing a known amounpafpane into the CVS system

The total accuracy of the CVS sampling system amalytical system shall
be determined by introducing a known mass of aupatit gas into the
system while it is being operated in the normal nean The pollutant is
analysed, and the mass calculated according to &snA.7-A.8. Either of
the following two techniques shall be used.

(@)

Metering by means of a gravimetric techniquallshe done as
follows: A mass of a small cylinder filled with ¢en monoxide or
propane shall be determined with a precision 00%@. For about 5
to 10 minutes, the CVS system shall be operateih as normal
exhaust emission test, while carbon monoxide opame is injected
into the system. The quantity of pure gas dischérgball be
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(b)
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determined by means of differential weighing. A gasnple shall be
analysed with the usual equipment (sampling bagintegrating
method), and the mass of the gas calculated;

Metering with a critical flow orifice shall beone as follows: A
known quantity of pure gas (carbon monoxide or pra) shall be fed
into the CVS system through a calibrated criticafice. If the inlet
pressure is high enough, the flow rate, which isistdd by means of
the critical flow orifice, is independent of theiftre outlet pressure
(critical flow). The CVS system shall be operatexlia a normal
exhaust emission test for about 5 to 10 minutegag®sample shall be
analysed with the usual equipment (sampling bagintegrating
method), and the mass of the gas calculated.

Preparation of the propane check

The propane check shall be prepared as follows:

(@)

(b)
(©)

(d)
(e)

()

(@)

If a reference mass ofld; is used instead of a reference flow rate, a
cylinder charged with g shall beobtained. The reference cylinder's
mass of GHg shall be determined within +0.5 per cent of theoant

of C3Hg that is expected to be used;

Appropriate flow rates shall be selected far @VS and gHg;

A C;zHg injection port shall be selected in the CVS. Thet jocation
shall be selected to be as close as practical golabation where
engine exhaust is introduced into the CVS. Thidg&ylinder shall be
connected to the injection system;

The CVS shall be operated and stabilized;

Any heat exchangers in the sampling system $leapre-heated or
pre-cooled;

Heated and cooled components such as samg@ls, Ifiiters, chillers,
and pumps shall be allowed to stabilize at opegatmperature;

If applicable, a vacuum side leak verificatioh the HC sampling
system shall be performed as described in 8.1.8.7.

Preparation of the HC sampling systemthfe propane check

Vacuum side leak check verification of the HC shngpsystem may be
performed according to (g) of this paragraph. I throcedure is used, the
HC contamination procedure in paragraph 7.3.1.2y ma used. If the
vacuum side leak check is not performed accordmdg), then the HC
sampling system shall be zeroed, spanned, andegefdr contamination, as

follows:

(@ The lowest HC analyser range that can meashe @GHg
concentration expected for the CVS angHg flow rates shall be
selected;

(b) The HC analyser shall be zeroed using zeroirgipduced at the
analyser port;

(c)  The HC analyser shall be spanned usigigsGpan gas introduced at

the analyser port;
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(d)  Zero air shall be overflowed at the HC probento a fitting between
the HC probe and the transfer line;

(e) The stable HC concentration of the HC sampbygtem shall be
measured as overflow zero air flows. For batch H&asarement, the
batch container (such as a bag) shall be filled thedHC overflow
concentration measured;

)] If the overflow HC concentration exceeds 2 ptmall, the procedure
may not be advanced until contamination is elingdafThe source of
the contamination shall be determined and correctigtion taken,
such as cleaning the system or replacing contagdnatrtions;

(90 When the overflow HC concentration does noteexc2 pmol/mol,
this value shall be recorded g, and it shall be used to correct for
HC contamination as described in Annex 4B AppendliX (molar
based approach) or Annex 4B Appendix A.8 (masscapproach).

8.1.8.5.5. Propane check performance

(@)  The propane check shall be performed as fatlow
0] For batch HC sampling, clean storage mediah sascevacuated

bags shall be connected;

(i)  HC measurement instruments shall be operatambraing to
the instrument manufacturer's instructions;

(i)  If correction for dilution air background coentrations of HC
is foreseen, background HC in the dilution air kha¢
measured and recorded;

(iv)  Any integrating devices shall be zeroed;

(v)  Sampling shall begin and any flow integratdralkbe started;

(vi) CsHg shall be released at the rate selected. If aaeder flow
rate of GHg is used, the integration of this flow rate shal b
started;

(vii) CsHg shall be continued to be released until at leastugh
CsHg has been released to ensure accurate quantifioaftithe
reference gHg and the measured;dg;

(viii) The CsHg cylinder shall be shut off and sampling shall amun
until it has been accounted for time delays duesample
transport and analyser response;

(ix)  Sampling shall be stopped and any integrasbedl be stopped;

(b)  In case the metering with a critical flow ociiis used, the following

procedure may be used for the propane check asalthenative
method of paragraph 8.1.8.5.5.(a);

0] For batch HC sampling, clean storage mediah sascevacuated
bags shall be connected;

(i) HC measurement instruments shall be operatambraing to
the instrument manufacturer's instructions;
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(i)  If correction for dilution air background coentrations of HC
is foreseen, background HC in the dilution air kha¢
measured and recorded;

(iv)  Any integrating devices shall be zeroed;

(v)  The contents of the s reference cylinder shall be released at
the rate selected;

(viy Sampling shall begin, and any flow integrata@tarted after
confirming that HC concentration is to be stable;

(vii) The cylinder's contents shall be continuecbt released until
at least enough {#g has been released to ensure accurate
quantification of the reference;lds and the measured;ids.

(viii) Any integrators shall be stopped;

(ix) The GHgreference cylinder shall be shut off.

Evaluation of the propane check

Post-test procedure shall be performed as follows:

(@)

(b)

(©

(d)

(e)

If batch sampling has been used, batch sanspia be analysed as
soon as practical;

After analysing HC, contamination and backgmashall be corrected
for;

Total GHg mass based on the CVS and HC data shall be cadwda
described in Annexes A.7-A.8, using the molar n@s§;Hg, Mcang,
instead the effective molar mass of HNGyc;

If a reference mass (gravimetric techniquelused, the cylinder's
propane mass shall be determined within £0.5 pet aed the gHg
reference mass shall be determined by subtradtieginpty cylinder
propane mass from the full cylinder propane masa. dritical flow
orifice (metering with a critical flow orifice) issed, the propane mass
shall be determined as flow rate multiplied by tist time;

The reference {3 mass shall be subtracted from the calculated mass.
If this difference is within £3.0 per cent of theference mass, the
CVS passes this verification.

PM secondary dilution system verificatio

When the propane check is to be repeated to vilxéfy"M secondary dilution
system, the following procedure from (a) to (d) IsH# used for this
verification:

(@)

(b)

The HC sampling system shall be configuredxtoaet a sample near
the location of the batch sampler's storage mesdieh(as a PM filter).
If the absolute pressure at this location is toe to extract an HC
sample, HC may be sampled from the batch sampl@psuexhaust.
Caution shall be used when sampling from pump esthbecause an
otherwise acceptable pump leak downstream of ehtsstmpler flow-

meter will cause a false failure of the propaneckhe

The propane check shall be repeated as dedcirbthis paragraph,
but HC shall be sampled from the batch sampler;
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8.1.8.5.8.

(©)

(d)

C:Hg mass shall be calculated, taking into account segondary
dilution from the batch sampler;

The reference £lg mass shall be subtracted from the calculated mass.
If this difference is within £5 per cent of the eeénce mass, the batch
sampler passes this verification. If not, corrextiaction shall be
taken.

Sample dryer verification

If a humidity sensor for continuous monitoring @dw point at the sample
dryer outlet is used this check does not applyp@ag as it is ensured that the
dryer outlet humidity is below the minimum valuesed for quench,
interference, and compensation checks.

(@)

(b)

(©)

(d)

If a sample dryer is used as allowed in pary3.2.3.1. to remove
water from the sample gas, the performance shalNdvdied upon

installation, after major maintenance, for therciailler. For osmotic

membrane dryers, the performance shall be veriffgmh installation,

after major maintenance, and within 35 days ofrigst

Water can inhibit an analyser's ability to prdp measure the exhaust
component of interest and thus is sometimes remdefdre the
sample gas reaches the analyser. For example watenegatively
interfere with a CLD's NQresponse through collisional quenching
and can positively interfere with an NDIR analy$®sr causing a
response similar to CO;

The sample dryer shall meet the specificatiass determined in
paragraph 9.3.2.3.1. for dew poifit,,, and absolute pressun@gta
downstream of the osmotic-membrane dryer or theomier;

The following sample dryer verification procedumnethod shall be
used to determine sample dryer performance, or goawineering
judgment shall be used to develop a different maito

0] PTFE or stainless steel tubing shall be usethéie necessary
connections;

(i) N, or purified air shall be humidified by bubblingthrough
distilled water in a sealed vessel that humidiftes gas to the
highest sample dew point that is estimated duringssion
sampling;

(i)  The humidified gas shall be introduced upatreof the sample
dryer;

(iv)  The humidified gas temperature downstrearmhefitessel shall
be maintained at least 5 °C above its dew point;

(v) The humidified gas dew pointge,, and pressurgyy,, shall be
measured as close as possible to the inlet ofaimple dryer to
verify that the dew point is the highest that wasineated
during emission sampling;

(vi)  The humidified gas dew pointge. and pressurgyqa, shall be
measured as close as possible to the outlet cfatimple dryer;

(vii) The sample dryer meets the verification ifethresult of
paragraph(d)(vi) of this paragraph is less than dae point
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corresponding to the sample dryer specificationdedsrmined

in paragraph 9.3.2.3.1. plus 2 °C or if the mokfian from
(d)(vi) is less than the corresponding sample dryer
specifications plus 0.002 mol/mol or 0.2 volume pent. Note

for this verification, sample dew point is exprabse absolute
temperature, Kelvin.

Periodic calibration of the partial floMPand associated raw exhaust gas
measurement systems

Specifications for differential flow nsemement

For partial flow dilution systems to extract a jpodtional raw exhaust
sample, the accuracy of the sample flgyy is of special concern, if not
measured directly, but determined by differentiahfmeasurement:

Omp = Umdew — Omaw (8-1)

Where:

Op = sample mass flow rate of exhaust gas into pdhtie dilution
system

Ondw = dilution air mass flow rate (on wet basis)

Ordew = diluted exhaust gas mass flow rate on wet basis

In this case, the maximum error of the differestall be such that the
accuracy ofj, is within £5 per cent when the dilution ratio is less thanli5.
can be calculated by taking root-mean-square of ¢heors of each
instrument.

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

(@) The absolute accuracies @fgew and gngw are £0.2 per cent which
guarantees an accuracydpf, of < 5 per cent at a dilution ratio of 15.
However, greater errors will occur at higher dibutiratios;

(b) Calibration ofgnqw relative togngew is carried out such that the same
accuracies folgy,, as in (a) are obtained. For details see paragraph
8.1.8.6.2;

()  The accuracy dfi., is determined indirectly from the accuracy of the
dilution ratio as determined by a tracer gas, €@»,. Accuracies
equivalent to method (a) foy,, are required;

(d)  The absolute accuracy Qfgew andgmw is within £2 per cent of full
scale, the maximum error of the difference betwggn, and g IS
within 0.2 per cent and the linearity error is witk0.2 per cent of the
highestogew Observed during the test.

Calibration of differential flow measoment

The partial flow dilution system to extract a pogjional raw exhaust sample
shall be periodically calibrated with an accurakewfmeter traceable to
international and/or national standards. The floaten or the flow

measurement instrumentation shall be calibratedria of the following

procedures, such that the probe flopy, into the tunnel shall fulfil the
accuracy requirements of paragraph 8.1.8.6.1.
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8.1.8.6.3.

8.1.8.6.3.1.

(@  The flow-meter fog.aw Shall be connected in series to the flow-meter
for gmgew the difference between the two flow-meters shadl
calibrated for at least 5 set points with flow eduequally spaced
between the lowedt,q, value used during the test and the value of
Omdew US€d during the test. The dilution tunnel may yeassed;

(b) A calibrated flow device shall be connectedénies to the flow-meter
for gngew @and the accuracy shall be checked for the valed tmr the
test. The calibrated flow device shall be connedtederies to the

flow-meter forq.aw, and the accuracy shall be checked for at least 5

settings corresponding to dilution ratio betweeang@ 15, relative to
Omdew USed during the test;

(c)  The transfer line TL (see Figure 9.2) shalldigconnected from the
exhaust and a calibrated flow measuring device withuitable range
to measure., shall be connected to the transfer lings., shall be set
to the value used during the test, apd, shall be sequentially set to
at least 5 values corresponding to dilution ratesween 3 and 15.
Alternatively, a special calibration flow path mée provided, in
which the tunnel is bypassed, but the total andtidih air flow is
passed through the corresponding meters as ircthaldest;

(d)  Atracer gas, shall be fed into the exhaustdtier line TL. This tracer
gas may be a component of the exhaust gas, likedCQIQ,. After
dilution in the tunnel the tracer gas componentl sleameasured. This
shall be carried out for 5 dilution ratios betwegnand 15. The
accuracy of the sample flow shall be determinedanfitie dilution
ratiorg:

Omp = Omdew/ Td (8-2)

The accuracies of the gas analysers shall be takeraccount to guarantee
the accuracy Ofjyp.

Special requirements for differentialfflmeasurement

A carbon flow check using actual exhaust is sthpnmgcommended for
detecting measurement and control problems andfyiregi the proper

operation of the partial flow system. The carbawficheck should be run at
least each time a new engine is installed, or seimgtsignificant is changed
in the test cell configuration.

The engine shall be operated at peak torque loadspeed or any other
steady state mode that produces 5 per cent or ofd@&,. The partial flow
sampling system shall be operated with a dilutastdr of about 15 to 1.

If a carbon flow check is conducted, the procedgneen in Annex 4B
Appendix A.4 shall be applied. The carbon flow sathall be calculated
according to equations of Annex 4B Appendix A.4l éarbon flow rates
shall agree to within 5 per cent.

Pre-test check

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

The accuracy of the flow-meters shall be checkedhie same method as
used for calibration (see paragraph 8.1.8.6.2.) dbrleast two points,
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including flow values ofj that correspond to dilution ratios between 5 and
15 for thegngew vValue used during the test.

If it can be demonstrated by records of the catibn procedure under
paragraph 8.1.8.6.2. that the flow-meter calibrati® stable over a longer
period of time, the pre-test check may be omitted.

Determination of the transformationeti

The system settings for the transformation timel@ation shall be the same
as during measurement of the test run. The tramsfion time, defined in
Figure 3.1, shall be determined by the followingmoel:

An independent reference flow-meter with a measerdg range appropriate
for the probe flow shall be put in series with afmsely coupled to the probe.
This flow-meter shall have a transformation timdesfs than 100 ms for the
flow step size used in the response time measurtemith flow restriction
sufficiently low as to not affect the dynamic perfance of the partial flow
dilution system according to good engineering judgtnA step change shall
be introduced to the exhaust flow (or air flow ¥haust flow is calculated)
input of the partial flow dilution system, from aw flow to at least 90 per
cent of full scale. The trigger for the step chaspell be the same one used
to start the look-ahead control in actual testififpe exhaust flow step
stimulus and the flow-meter response shall be dambat a sample rate of at
least 10 Hz.

From this data, the transformation time shall le¢ednined for the partial
flow dilution system, which is the time from thetiation of the step stimulus
to the 50 per cent point of the flow-meter respomsea similar manner, the
transformation times of the,g signal (i.e. sample flow of exhaust gas into
partial flow dilution system) and of the,g,, signal (i.e. the exhaust gas mass
flow rate on wet basis supplied by the exhaust fioeter) shall be
determined. These signals are used in the regreshiecks performed after
each test (see paragraph 8.2.1.2.).

The calculation shall be repeated for at leass® and fall stimuli, and the
results shall be averaged. The internal transfaomatme (<100 ms) of the

reference flow-meter shall be subtracted from taikie. In the case that the
system in accordance with paragraph 8.2.1.2. reguthe "look-ahead"
method, this is the "look-ahead" value of the pafiow dilution system to

be applied in accordance with paragraph 8.2.1.2.

Vacuume-side leak verification
Scope and frequency

Upon initial sampling system installation, afteajpr maintenance such as
pre-filter changes, and within 8 hours prior to leauty-cycle sequence, it
shall be verified that there are no significantwan-side leaks using one of
the leak tests described in this section. Thisfieation does not apply to any
full-flow portion of a CVS dilution system.

Measurement principles

A leak may be detected either by measuring a samatunt of flow when

there shall be zero flow, by detecting the dilutadra known concentration of
span gas when it flows through the vacuum side sdrapling system or by
measuring the pressure increase of an evacuatehsys

203



ECE/TRANS/WP.29/2011/125

204

8.1.8.7.3.

8.1.8.7.4.

8.1.8.7.5.

Low-flow leak test
A sampling system shall be tested for low-flowkieas follows:

(@) The probe end of the system shall be sealethking one of the
following steps:

0] The end of the sample probe shall be cappedugged;

(i)  The transfer line shall be disconnected at finebe and the
transfer line capped or plugged;

(i) A leak-tight valve in-line between a probe dcatransfer line
shall be closed;

(b)  All vacuum pumps shall be operated. After dizibig, it shall be
verified that the flow through the vacuum-side leé sampling system
is less than 0.5 per cent of the system's normaisin flow rate.
Typical analyser and bypass flows may be estimatesd an
approximation of the system's normal in-use flote.ra

Dilution-of-span-gas leak test

Any gas analyser may be used for this test. Iffaif used for this test, any
HC contamination in the sampling system shall beemted according to
Annexes A.7 and A.8 on HC and NMHC determinationsl&ading results
shall be avoided by using only analysers that teavepeatability of 0.5 per
cent or better at the span gas concentration usethis test. The vacuum
side leak check shall be performed as follows:

(@) A gas analyser shall be prepared as it woulibemission testing;

(b)  Span gas shall be supplied to the analysergattit shall be verified
that the span gas concentration is measured witsinexpected
measurement accuracy and repeatability;

(c) Overflow span gas shall be routed to one offtfiewing locations in
the sampling system:

0] The end of the sample probe;

(i)  The transfer line shall be disconnected atghabe connection,
and the span gas overflown at the open end ofémsfer line;

(i) A three-way valve installed in-line betweenpmobe and its
transfer line;

(d) It shall be verified that the measured overflspan gas concentration
is within £0.5 per cent of the span gas concemmath measured value lower
than expected indicates a leak, but a value hititaar expected may indicate
a problem with the span gas or the analyser itéelheasured value higher
than expected does not indicate a leak.

Vacuum-decay leak test

To perform this test a vacuum shall be appliethtovacuum-side volume of
the sampling system and the leak rate of the systeali be observed as a
decay in the applied vacuum. To perform this testwacuum-side volume of
the sampling system shall be known to within +10gant of its true volume.
For this test measurement instruments that meet sphexifications of
paragraphs 8.1. and 9.4. shall also be used.
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A vacuum-decay leak test shall be performed ds\viat

(@) The probe end of the system shall be sealedosg to the probe
opening as possible by taking one of the followsheps:

0] The end of the sample probe shall be cappedugged;

(i)  The transfer line at the probe shall be diswxted and the
transfer line capped or plugged;

(i) A leak-tight valve in-line between a probe datransfer line
shall be closed;

(b)  All vacuum pumps shall be operated. A vacuualldie drawn that is
representative of normal operating conditions.He tase of sample
bags, it is recommend that the normal sample bagppdown
procedure be repeated twice to minimize any trapjpdaines;

(c) The sample pumps shall be turned off and ttsesy sealed. The
absolute pressure of the trapped gas and optiorthlly system
absolute temperature shall be measured and recoBdéficient time
shall be allowed for any transients to settle amdylenough for a leak
at 0.5 per cent to have caused a pressure charggeledst 10 times
the resolution of the pressure transducer. Thespresand optionally
temperature shall be recorded once again;

(d)  The leak flow rate based on an assumed valueeaf for pumped-
down bag volumes and based on known values fosah&ple system
volume, the initial and final pressures, optionemperatures, and
elapsed time shall be calculated. It shall be iestithat the vacuum-
decay leak flow rate is less than 0.5 per cenbefslystem's normal in-
use flow rate as follows:

P_ R
Ve \To T

Wieak = (8-3)
R (-t)
Where:
Weak = vacuum-decay leak rate [mol/s]
Viae = geometric volume of the vacuum-side of the samgpsystem
[m?]
R = molar gas constant [J/(mol-K)]
= vacuum-side absolute pressure at tisijPa]
T, = vacuum-side absolute temperature at tijihi]
o]} = vacuum-side absolute pressure at tinja]
T, = vacuum-side absolute temperature at tiyti]
t, = time at completion of vacuum-decay leak verifma test [s]
ty = time at start of vacuum-decay leak verificatiost [S]

CO and COmeasurements
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8.1.9.1.
8.1.9.1.1.

8.1.9.1.2.

8.1.9.1.3.

8.1.9.1.4.

8.1.9.2.

HO interference verification for CONDIR analysers
Scope and frequency

If CO, is measured using an NDIR analyser, the amouht,Of interference
shall be verified after initial analyser instalati and after major
maintenance.

Measurement principles

H,O can interfere with an NDIR analyser's respons€@. If the NDIR
analyser uses compensation algorithms that utitie@surements of other
gases to meet this interference verification, siamdously these other
measurements shall be conducted to test the cormi@msigorithms during
the analyser interference verification.

System requirements

A CO, NDIR analyser shall have an® interference that is within (0.0 £0.4)
mmol/mol (of the expected mean €€bncentration).

Procedure
The interference verification shall be performedalows:

(@ The CQ NDIR analyser shall be started, operated, zerae]
spanned as it would be before an emission test;

(b) A humidified test gas shall be created by bingbkero air that meets
the specifications in paragraph 9.5.1. throughilkidt water in a
sealed vessel. If the sample is not passed thraudjtyer, control the
vessel temperature to generate a® Hevel at least as high as the
maximum expected during testing. If the sampleassed through a
dryer during testing, control the vessel tempegatargenerate an,B
level at least as high as the level determinedanagraph 9.3.2.3.1;

(c)  The humidified test gas temperature shall bentamed at least 5 °C
above its dew point downstream of the vessel;

(d)  The humidified test gas shall be introduce@ itite sampling system.
The humidified test gas may be introduced downstrefiany sample
dryer, if one is used during testing;

(e) The water mole fractiorsy,o, Of the humidified test gas shall be
measured, as close as possible to the inlet ofatheyser. For
example, dew point T4, and absolute pressumg., shall be
measured to calculaig,g;

)] Good engineering judgment shall be used to gméxondensation in
the transfer lines, fittings, or valves from theintowhere X,0 is
measured to the analyser;

(g9 Time shall be allowed for the analyser resportse stabilize.
Stabilization time shall include time to purge tnansfer line and to
account for analyser response;

(h)  While the analyser measures the sample's ctnatiem, 30 s of
sampled data shall be recorded. The arithmetic ré#éms data shall
be calculated. The analyser meets the interfergadécation if this
value is within (0.0 £0.4) mmol/mol

HO and CQ interference verification for CO NDIR analysers
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Scope and frequency

If CO is measured using an NDIR analyser, the athafi H,O and CQ
interference shall be verified after initial anaysnstallation and after major
maintenance.

Measurement principles

H,O and CQ can positively interfere with an NDIR analyser ¢gusing a
response similar to CO. If the NDIR analyser usammensation algorithms
that utilize measurements of other gases to mesirtterference verification,
simultaneously these other measurements shall beucted to test the
compensation algorithms during the analyser interfee verification.

System requirements

A CO NDIR analyser shall have combinegCHand CQ interference that is
within +2 per cent of the expected mean concewmatif CO.

Procedure
The interference verification shall be performedalows:

(@) The CO NDIR analyser shall be started, operateaed, and spanned
as it would be before an emission test;

(b) A humidified CQ test gas shall be created by bubbling a Gan
gas through distilled water in a sealed vessethdéf sample is not
passed through a dryer, the vessel temperaturé tshalontrolled to
generate an ¥ level at least as high as the maximum expected
during testing. If the sample is passed throughyardduring testing,
the vessel temperature shall be controlled to geaean HO level at
least as high as the level determined in parag8apB.5.8. A CQ
span gas concentration shall be used at leasighsaki the maximum
expected during testing;

(c)  The humidified C@ test gas shall be introduced into the sampling
system. The humidified CCtest gas may be introduced downstream
of any sample dryer, if one is used during testing;

(d) The water mole fractiong,o, of the humidified test gas shall be
measured, as close as possible to the inlet ofatheyser. For
example, dew point T4, and absolute pressumg., shall be
measured to calculaig,g;

(e) Good engineering judgment shall be used togmieeondensation in
the transfer lines, fittings, or valves from theintowhere X,0 is
measured to the analyser;

4] Time shall be allowed for the analyser respotusstabilize;

() While the analyser measures the sample's ctnatiom, its output
shall be recorded for 30 s. The arithmetic meathsf data shall be
calculated;

(h)  The analyser meets the interference verificatib the result of
paragraph (g) of this section meets the toleranteparagraph
8.1.9.2.3;

0] Interference procedures for G@nd HO may be also run separately.
If the CQ, and HO levels used are higher than the maximum levels
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8.1.10.1.
8.1.10.1.1.

8.1.10.1.2.

8.1.10.1.3.

expected during testing, each observed interferaratee shall be
scaled down by multiplying the observed interfeeeby the ratio of
the maximum expected concentration value to thaahatalue used
during this procedure. Separate interference prresdconcentrations
of H,O (down to 0.025 mol/mol ¥D content) that are lower than the
maximum levels expected during testing may be bum the observed
H,O interference shall be scaled up by multiplying tbbserved
interference by the ratio of the maximum expectg® ldoncentration
value to the actual value used during this procedlihe sum of the
two scaled interference values shall meet the dater in paragraph
8.1.9.2.3.

Hydrocarbon measurements
FID optimization and verification
Scope and frequency

For all FID analysers, the FID shall be calibratgdn initial installation. The
calibration shall be repeated as needed using gogisheering judgment. The
following steps shall be performed for a FID thaasures HC:

(@) A FID's response to various hydrocarbons shelloptimized after
initial analyser installation and after major maimance. FID response
to propylene and toluene shall be between 0.9 ahdrdlative to
propane;

(b) A FID's methane (Chl response factor shall be determined after
initial analyser installation and after major maimince as described
in paragraph 8.1.10.1.4. of this section;

(c) Methane (Chk) response shall be verified within 185 days before
testing.

Calibration

Good engineering judgment shall be used to devaloglibration procedure,
such as one based on the FID-analyser manufastuirgstructions and
recommended frequency for calibrating the FID. BoFID that measures
HC, it shall be calibrated using.i; calibration gases that meet the
specifications of paragraph 9.5.1. For a FID thaasures CH it shall be
calibrated using CH calibration gases that meet the specifications of
paragraph 9.5.1. Regardless of the calibration agasposition, it shall be
calibrated on a carbon number basis of ong. (C

HC FID response optimization
This procedure is only for FID analysers that mea$iC.

(@) Instrument manufacturer requirements and goggheering judgment
shall be used for initial instrument start-up andsib operating
adjustment using FID fuel and zero air. Heated Fsball be within
their required operating temperature ranges. Fl§parse shall be
optimized to meet the requirement of the hydrocantesponse factors
and the oxygen interference check according to goaphs
8.1.10.1.1.(a) and 8.1.10.2. at the most commorlysera range
expected during emission testing. Higher analyaege may be used
according to the instrument manufacturer's reconaiaton and good
engineering judgment in order to optimize FID actely, if the
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common analyser range is lower than the minimungeafor the
optimization specified by the instrument manufagtur

(b) Heated FIDs shall be within their required Gielg temperature
ranges. FID response shall be optimized at the owsmon analyser
range expected during emission testing. With tked dnd airflow rates
set at the manufacturer's recommendations, a spansball be
introduced to the analyser;

(c)  The following step from (1) to (4) or the prdcee instructed by the
instrument manufacturer shall be taken for optitiza The
procedures outlined in SAE paper No. 770141 maggimnally used
for optimization;

® The response at a given fuel flow shall be deieed from the
difference between the span gas response and thegas
response;

(i)  The fuel flow shall be incrementally adjustadove and below
the manufacturer's specification. The span and m=ponse at
these fuel flows shall be recorded;

(i)  The difference between the span and zero arse shall be
plotted and the fuel flow adjusted to the rich sidehe curve.
This is the initial flow rate setting which may weéurther
optimization depending on the results of the hydrbon
response factors and the oxygen interference chectirding
to paragraphs 8.1.10.1.1.(a) and 8.1.10.2;

(iv)  If the oxygen interference or the hydrocartresponse factors
do not meet the following specifications, the awfl shall be
incrementally adjusted above and below the manuifacs
specifications, repeating paragraphs 8.1.10.1.4r{d)8.1.10.2.
for each flow;

(d)  The optimum flow rates and/or pressures for RIBI and burner air
shall be determined, and they shall be sampledecatded for future
reference.

8.1.10.1.4. HC FID CHkiresponse factor determination

This procedure is only for FID analysers that measHC. Since FID
analysers generally have a different response tpv@ksus GHg, each THC
FID analyser's CiHresponse factoRFcuarrc-ripy shall be determined, after
FID optimization. The most receRFcharhc.rip) Measured according to this
paragraph shall be used in the calculations forddtérmination described in
Annex 4B Appendix A.7 (molar based approach) or &nAB Appendix A.8
(mass based approach) to compensate for r€sponseRFerarhcrip) shall
be determined as follows, noting tH&FcuarHc-rpy iS NOt determined for
FIDs that are calibrated and spanned using With a non-methane cutter:

(@) A GHg span gas concentration shall be selected to smaartalyser
before emission testing. Only span gases that nileetspecifications
of paragraph 9.5.1. shall be selected and gt €oncentration of the
gas shall be recorded;

(b) A CH,; span gas that meets the specifications of paragddpl. shall
be selected and the Gkoncentration of the gas shall be recorded,
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(c) The FID analyser shall be operated accordinghéo manufacturer's
instructions;

(d) It shall be confirmed that the FID analyser bagn calibrated using
C3Hg. Calibration shall be performed on a carbon nuntiasis of one

(C;
(e)  The FID shall be zeroed with a zero gas useérhission testing;
4] The FID shall be spanned with the selectgdgGpan gas;

() The selected Cf$pan gas shall be introduced at the sample poineof
FID analyser, the CiHspan gas that has been selected under paragraph
(b) of this paragraph;

(h)  The analyser response shall be stabilized. il&@ion time may
include time to purge the analyser and to accoumits response;

0] While the analyser measures the Qidncentration, 30 s of sampled
data shall be recorded and the arithmetic meahesft values shall be
calculated;

0] The mean measured concentration shall be divioe the recorded
span concentration of the Gldalibration gas. The result is the FID
analyser's response factor for £RFcrarhc-rio).

8.1.10.1.5. HC FID methane (GHesponse verification

This procedure is only for FID analysers that rmeadHC. If the value of
RFcharrhe-ripy from paragraph 8.1.10.1.4. is within £5.0 per cehits most
recent previously determined value, the HC FID padgke methane response
verification.

(@) It shall be first verified that the pressuresl & or flow rates of FID
fuel, burner air, and sample are each within @5qgent of their most
recent previously recorded values, as described pamagraph
8.1.10.1.3. of this section. If these flow rateséndo be adjusted, a
new RFcuarrc-rpp Shall be determined as described in paragraph
8.1.10.1.4. of this section. It should be verifigtht the value of
RFcharrre-rpy determined is within the tolerance specified ifis th
paragraph 8.1.10.1.5;

(b) If RFcharrhe-ripy iS NOt within the tolerance specified in this maeph
8.1.10.1.5., the FID response shall be re-optimiasddescribed in
paragraph 8.1.10.1.3. of this section;

(c) A new RFcharrhc.rip) Shall be determined as described in paragraph
8.1.10.1.4. of this section. This new valueRffcuarrrc-rip; shall be
used in the calculations for HC determination, ascdbed in Annex
4B Appendix A.7 (molar based approach) or AnnexAMfpendix A.8
(mass based approach).

8.1.10.2. Non-stoichiometric raw exhaust FIDifterference verification
8.1.10.2.1. Scope and frequency

If FID analysers are used for raw exhaust measemésnthe amount of FID
O, interference shall be verified upon initial in&#ibn and after major
maintenance.

8.1.10.2.2. Measurement principles

210



8.1.10.2.3.

8.1.10.2.4.

ECE/TRANS/WP.29/2011/125

Changes in @ concentration in raw exhaust can affect FID respohy
changing FID flame temperature. FID fuel, burner and sample flow shall
be optimized to meet this verification. FID perfamee shall be verified with
the compensation algorithms for FID, terference that is active during an
emission test.

System requirements

Any FID analyser used during testing shall meet D O, interference
verification according to the procedure in thistget

Procedure

FID O, interference shall be determined as follows, mptimat one or more
gas dividers may be used to create reference gaseotyations that are
required to perform this verification:;

(@ Three span reference gases shall be selectet rtteet the
specifications in paragraph 9.5.1. and contaids@oncentration used
to span the analysers before emissions testingy €pdn gases that
meet the specifications in paragraph 9.5.1, Gphn reference gases
may be used for FIDs calibrated on Ohith a non-methane cutter.
The three balance gas concentrations shall betsdlstich that the
concentrations of ©and N represent the minimum and maximum
and intermediate £ concentrations expected during testing. The
requirement for using the average @ncentration can be removed if
the FID is calibrated with span gas balanoeidh the average
expected oxygen concentration;

(b) It shall be confirmed that the FID analyser taesdl the specifications
of paragraph 8.1.10.1.;

(c)  The FID analyser shall be started and operaseit would be before
an emission test. Regardless of the FID burner'ssairce during
testing, zero air shall be used as the FID burrar'source for this
verification;

(d)  The analyser shall be set at zero;

(e) The analyser shall be spanned using a sparthgass used during
emissions testing;

)] The zero response shall be checked by usingehe gas used during
emission testing. It shall be proceeded to the sext if the mean zero
response of 30 s of sampled data is within £0.5qeet of the span
reference value used in paragraph (e) of this papdg otherwise the
procedure shall be restarted at paragraph (d)isp#ragraph;

()  The analyser response shall be checked usingghn gas that has the
minimum concentration of Oexpected during testing. The mean
response of 30 s of stabilized sample data shalrdoerded as

Xo2minHG

(h)  The zero response of the FID analyser shatineeked using the zero
gas used during emission testing. The next stelb lshgerformed if
the mean zero response of 30 s of stabilized sadaéeis within £0.5
per cent of the span reference value used in pgvhg(e) of this
paragraph, otherwise the procedure shall be restatt paragraph (d)
of this paragraph;
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(i)

()

(k)

o

(m)

(n)

The analyser response shall be checked usmgphn gas that has the
average concentration of ,Oexpected during testing. The mean
response of 30 s of stabilized sample data shallrdoerded as

XOZangd

The zero response of the FID analyser shalthecked using the zero
gas used during emission testing. The next stelb lshgerformed if
the mean zero response of 30 s of stabilized sadatéeis within £0.5
per cent of the span reference value used in pgvhg(e) of this
paragraph, otherwise the procedure shall be restatt paragraph (d)
of this paragraph;

The analyser response shall be checked usingghan gas that has the
maximum concentration of Oexpected during testing. The mean
response of 30 s of stabilized sample data shalrdoerded as

X02maxHG

The zero response of the FID analyser shalthecked using the zero
gas used during emission testing. The next stelb lshgerformed if
the mean zero response of 30 s of stabilized sadatéeis within £0.5
per cent of the span reference value used in pgvhg(e) of this
paragraph, otherwise the procedure at paragrapbf (ihis paragraph
shall be restarted,;

The percent difference betwee,manc and its reference gas
concentration shall be calculated. The percentedtfice between
XozavgHc @nd its reference gas concentration shall be leaémi The
percent difference betweeag,minnc and its reference gas concentration
shall be calculated. The maximum percent differesfae three shall
be determined. This is the, terference;

If the G interference is within £3 per cent, the FID pastes G
interference verification; otherwise one or moretaf following need
to be performed to address the deficiency:

0] The verification shall be repeated to deternifree mistake was
made during the procedure;

(i)  The zero and span gases for emission testimad be selected
that contain higher or lower JOconcentrations and the
verification shall be repeated;

(i) The FID burner air, fuel, and sample flow eat shall be
adjusted. Note that if these flow rates are adjuste a THC
FID to meet the @interference verification, thRFc44 shall be
reset for the nextRFcns verification. The @ interference
verification shall be repeated after adjustment BRRgy, shall
be determined;

(iv) The FID shall be repaired or replaced and @hanterference
verification shall be repeated.

8.1.10.3. Non-methane cutter penetration fractions

8.1.10.3.1. Scope and frequency

If a FID analyser and a non-methane cutter (NM€)used to measure
methane (Cl), the non-methane cutter's conversion efficienofesethane,
Echse and ethanekc,ns shall be determined. As detailed in this paragraph
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these conversion efficiencies may be determined esmbination of NMC
conversion efficiencies and FID analyser respoaséofs, depending on the
particular NMC and FID analyser configuration.

This verification shall be performed after instadl the non-methane cutter.
This verification shall be repeated within 185 daf¢esting to verify that the
catalytic activity of the cutter has not deterierht

Measurement principles

A non-methane cutter is a heated catalyst thatovesn non-methane
hydrocarbons from the exhaust stream before thedrl@lyser measures the
remaining hydrocarbon concentration. An ideal nagtlrane cutter would
have a methane conversion efficienByy, [-] of O (that is, a methane
penetration fractionPFcn4 of 1.000), and the conversion efficiency for all
other hydrocarbons would be 1.000, as representeahtethane conversion
efficiency Econs[-] Of 1 (that is, an ethane penetration fracti®icong[-] Of
0). The emission calculations in Annex 4B Appendix’ or Annex 4B
Appendix A.8 use this paragraph's measured valuéscamversion
efficienciesEchs andEc,n6 to account for less than ideal NMC performance.

System requirements

NMC conversion efficiencies are not limited toeatain range. However, it is
recommended that a non-methane cutter is optimizgdadjusting its
temperature to achieveEns < 0.15 and d&cons > 0.98 PFcqs > 0.85 and
PFcons < 0.02) as determined by paragraph 8.1.10.3.4.apgdicable. If
adjusting NMC temperature does not result in aéhgethese specifications,
it is recommended that the catalyst material idaegml. The most recently
determined conversion values from this sectionl sfeblised to calculate HC
emissions according to Annexes A.7-A.8 as appliabl

Procedure

Any one of the procedures specified in paragraphsl0.3.4.1., 8.1.10.3.4.2.
and 8.1.10.3.4.3. is recommended. An alternativhoterecommended by
the instrument manufacturer may be used.

Procedure for a FID calibrated whigta NMC

If a FID is always calibrated to measure Oith the NMC, then the FID
shall be spanned with the NMC using a G3pan gas, the product of that
FID's CH, response factor and GHbenetration fractionRFPFcyapmc-Fiogs
shall be set equal to 1.0 (i.e. efficien€y,[-] is set to 0) for all emission
calculations, and the combined ethangHg response factor and penetration
fraction, RFPFconeinvic-rioy (and efficiencyEcang [-]) shall be determined as
follows:

(@) Both a CH gas mixture and a.8g analytical gas mixture shall be
selected meeting the specifications of paragraphl9Both a CH
concentration for spanning the FID during emiss&sting and a &g
concentration that is typical of the peak NMHC cemication
expected at the hydrocarbon standard or equal 0 @khlyser's span
value shall be selected;

(b)  The non-methane cutter shall be started, opéraand optimized
according to the manufacturer's instructions, idirlg any
temperature optimization;
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(©)

(d)

(e)

()

(@)

(h)

It shall be confirmed that the FID analyser taedl the specifications
of paragraph 8.1.10.1.;

The FID analyser shall be operated accordinghéo manufacturer's
instructions;

CH, span gas shall be used to span the FID with thercidthe FID
shall be spanned on a Basis. For example, if the span gas has a CH
reference value of 100 umol/mol, the correct FIBpanse to that
span gas is 100 pmol/mol because there is one rcatoon per Chi
molecule;

The GHg analytical gas mixture shall be introduced upsired the
non-methane cutter;

The analyser response shall be stabilized. il&ation time may
include time to purge the non-methane cutter andctount for the
analyser's response;

While the analyser measures a stable concantra880 s of sampled
data shall be recorded and the arithmetic mearedet data points
shall be calculated;

The mean shall be divided by the reference eyatiGHg, converted
to a G basis. The result is the,ls combined response factor and
penetration fractionRFPFconsinmc-rip, €quivalent to (1 Econe [])-
This combined response factor and penetration ifracand the
product of the CHl response factor and GHpenetration fraction,
RFPFchapmc-ripp, Which is set equal to 1.0, in emission calcutsgio
shall be used according to A.7 or A.8, as applieabl

8.1.10.3.4.2. Procedure for a FID calibrated witbpane bypassing the NMC

If a FID is used with an NMC that is calibratedttwipropane, ¢Hs, by
bypassing the NMC, penetrations fracti®f nspmc-rin) aNd P Fepapnme-Fip;
shall be determined as follows:

(@)

(b)

(©)

(d)

(e)

()

A CH, gas mixture and a4Elg analytical gas mixture shall be selected
meeting the specifications of paragraph 9.5.1. witie CH
concentration typical of its peak concentration estpd at the
hydrocarbon standard and theHg concentration typical of the peak
total hydrocarbon (THC) concentration expectedhat hydrocarbon
standard or the THC analyser span value;

The non-methane cutter shall be started andatgmk according to the
manufacturer's instructions, including any tempeebptimization;

It shall be confirmed that the FID analyser taesdl the specifications
of paragraph 8.1.10.1.;

The FID analyser shall be operated accordinghéo manufacturer's
instructions;

The FID shall be zeroed and spanned as it woalduring emission
testing. The FID shall be spanned by bypassingtitter and by using
CsHg span gas to span the FID. The FID shall be spaomed G
basis;

The GHg analytical gas mixture shall be introduced upsired the
non-methane cutter at the same point the zero gasntroduced;
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(g9 Time shall be allowed for the analyser resporse stabilize.
Stabilization time may include time to purge thenmmethane cutter
and to account for the analyser's response;

(h)  While the analyser measures a stable concamtre80 s of sampled
data shall be recorded and the arithmetic mearedet data points
shall be calculated;

0] The flow path shall be rerouted to bypass tbha-methane cutter, the
C,He analytical gas mixture shall be introduced toligpass, and the
steps in paragraphs (g) through (h) of this paggyshall be repeated;

0] The mean GgHg concentration measured through the non-methane

cutter shall be divided by the mean concentraticgasured after
bypassing the non-methane cutter. The result iSCthi penetration
fraction, PFcongnvc-ripp that is equivalent to (1Econe [-]). This

penetration fraction shall be used according to Ar7 A.8, as
applicable;

(k)  The steps in paragraphs (f) through (j) of tharagraph shall be
repeated, but with the GHnalytical gas mixture instead ofHs. The
result will be the CHl penetration fractionPFchanvc-rioy (€quivalent
to (1- Echa[-])). This penetration fraction shall be used adong to
Annexes A.7-A.8, as applicable.

8.1.10.3.4.3. Procedure for a FID calibrated witttlhane, bypassing the NMC

If a FID is used with an NMC that is calibratedtiwimethane, Ck by
bypassing the NMC, determine its combined ethangldlCresponse factor
and penetration fractiolRFPFconginvc-ripy » @s well as its CiHpenetration
fraction, PFcuapmc-rioy, as follows:

@) CH, and GHg analytical gas mixtures shall be selected thatt rifee
specifications of paragraph 9.5.1., with the ,Gidncentration typical
of its peak concentration expected at the hydraragtandard and the
C,Hg concentration typical of the peak total hydrocarb@HC)
concentration expected at the hydrocarbon standardhe THC
analyser span value;

(b)  The non-methane cutter shall be started andatgmk according to the
manufacturer's instructions, including any tempeebptimization;

(c) It shall be confirmed that the FID analyser taedl the specifications
of paragraph 8.1.10.1.;

(d) The FID analyser shall be started and operatecbrding to the
manufacturer's instructions;

(e) The FID shall be zeroed and spanned as it wdulihg emission

testing. The FID shall be spanned with &gan gas by bypassing the

cutter. Note that the FID shall be spanned on baSis. For example,
if the span gas has a methane reference value ®iibiol/mol, the
correct FID response to that span gas is 100 probbecause there is
one carbon atom per Ghholecule;

)] The GHg analytical gas mixture shall be introduced upsired the
non-methane cutter at the same point the zero gasntroduced;

215



ECE/TRANS/WP.29/2011/125

216

8.1.11.
8.1.11.1.
8.1.11.1.1.

8.1.11.1.2.

8.1.11.1.3.

8.1.11.1.4.

(g9 Time shall be allowed for the analyser resportse stabilize.
Stabilization time may include time to purge thenmmethane cutter
and to account for the analyser's response;

(h) 30 s of sampled data shall be recorded whiteathalyser measures a
stable concentration. The arithmetic mean of tlizga points shall be
calculated;

® The flow path to bypass the non-methane cughal be rerouted, the
C,He analytical gas mixture shall be introduced toligpass, and the
steps in paragraphs (g) and (h) of this paragraph ke repeated;

0] The mean GgHg concentration measured through the non-methane
cutter shall be divided by the mean concentraticgasured after
bypassing the non-methane cutter. The result isCi combined
response factor and penetration fractid®iPFcopsnmc-rip.  This
combined response factor and penetration fractioall sbe used
according to Annexes A.7 and A.8, as applicable;

(k)  The steps in paragraphs (f) through (j) of th@ragraph shall be
repeated, but with the GHnalytical gas mixture instead ofHs. The
result will be the CH penetration fractionPFchanmc.rip.. This
penetration fraction shall be used according toekes A.7 and A.8,
as applicable.

NQ measurements
CLD C®and HO quench verification
Scope and frequency

If a CLD analyser is used to measure N@e amount of KD and CQ
quench shall be verified after installing the CLBabyser and after major
maintenance.

Measurement principles

H,O and CQ can negatively interfere with a CLD's NQ@esponse by
collisional quenching, which inhibits the chemilumescent reaction that a
CLD utilizes to detect NQ This procedure and the calculations in paragraph
8.1.11.2.3. determine quench and scale the queswlits to the maximum
mole fraction of HO and the maximum C{concentration expected during
emission testing. If the CLD analyser uses quemrhpensation algorithms
that utilize HO and/or CQ measurement instruments, quench shall be
evaluated with these instruments active and witle ttompensation
algorithms applied.

System requirements

For dilute measurement a CLD analyser shall noeed a combined J@

and CQ quench of £2 per cent. For raw measurement a Qhddyaer shall

not exceed a combined,® and CQ quench of +2 per cent. Combined
quench is the sum of the GQuench determined as described in paragraph
8.1.11.1.4. and the # quench as determined in paragraph 8.1.11.1.5. If
these requirements are not met, corrective actiafl be taken by repairing

or replacing the analyser. Before running emissests, it shall be verified
that the corrective action have successfully restdhe analyser to proper
functioning.

C@quench verification procedure
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The following method or the method prescribed e tinstrument
manufacturer may be used to determine, @@ench by using a gas divider
that blends binary span gases with zero gas aslithent and meets the
specifications in paragraph 9.4.5.6., or good eswjiimg judgment shall be
used to develop a different protocol:

(@)

(b)

(©

(d)

(e)

()

(@)

(h)

(i)

PTFE or stainless steel tubing shall be usedntike necessary
connections;

The gas divider shall be configured such tletrly equal amounts of
the span and diluent gases are blended with e&ehn; ot

If the CLD analyser has an operating mode inctvlit detects NO-
only, as opposed to total NQthe CLD analyser shall be operated in
the NO-only operating mode;

A CO, span gas that meets the specifications of parad@dpl. and a
concentration that is approximately twice the maxim CG
concentration expected during emission testing dlealised;

An NO span gas that meets the specificationsaodgraph 9.5.1. and
a concentration that is approximately twice the maxn NO
concentration expected during emission testingl $lmlused. Higher
concentration may be used according to the instntmmanufacturer's
recommendation and good engineering judgementderaio obtain
accurate verification, if the expected NO concditrais lower than
the minimum range for the verification specified the instrument
manufacturer;

The CLD analyser shall be zeroed and spannéé. LD analyser
shall be spanned with the NO span gas from parhg(ep of this

paragraph through the gas divider. The NO span gj@l be

connected to the span port of the gas divider; ra gras shall be
connected to the diluent port of the gas dividee same nominal
blend ratio shall be used as selected in paradtgptf this paragraph;
and the gas divider's output concentration of Nalldfe used to span
the CLD analyser. Gas property corrections shall dpplied as
necessary to ensure accurate gas division;

The CQ span gas shall be connected to the span porteofgéls
divider;

The NO span gas shall be connected to the nduport of the gas
divider;

While flowing NO and C@through the gas divider, the output of the
gas divider shall be stabilized. The £€bncentration from the gas
divider output shall be determined, applying gaspprty correction as
necessary to ensure accurate gas division. Thisecdration Xcozact
shall be recorded and it shall be used in the duerarification
calculations in paragraph 8.1.11.2.3. As an altereao using a gas
divider, another simple gas blending device maysed. In this case
an analyser shall be used to determing Efcentration. If a NDIR is
used together with a simple gas blending deviceshéll meet the
requirements of this section and it shall be spamwi¢h the CQ span
gas from paragraph (d) of this section. The lingaof the NDIR
analyser has to be checked before over the wholgerap to twice of
the expected maximum G@oncentration expected during testing;
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8.1.11.15.

()

(k)

U

The NO concentration shall be measured dowastref the gas
divider with the CLD analyser. Time shall be allaiver the analyser
response to stabilize. Stabilization time may ideldime to purge the
transfer line and to account for analyser respovidgle the analyser
measures the sample's concentration, the analyseipsit shall be

recorded for 30 s. The arithmetic mean concentratshall be

calculated from these dat&yomeas Xnomeas Shall be recorded and it
shall be used in the quench verification calculsion paragraph
8.1.11.2.3;

The actual NO concentration shall be calculaedhe gas divider's
outlet, xyoacy based on the span gas concentrations R
according to equation (8-5). The calculated vahalde used in the
quench verification calculations in equation (8-4);

The values recorded according to this paragsaphl.11.1.4. and
8.1.11.1.5. of this section shall be used to cateulquench as
described in paragraph 8.1.11.2.3.

KO quench verification procedure

The following method or the method prescribed e tinstrument
manufacturer may be used to determing® Hjuench, or good engineering
judgment shall be used to develop a different paito

(@)

(b)

(©)

(d)

(e)

PTFE or stainless steel tubing shall be usedntike necessary
connections;

If the CLD analyser has an operating mode inctvlit detects NO-
only, as opposed to total NQthe CLD analyser shall be operated in
the NO-only operating mode;

A NO span gas shall be used that meets theifigpgions of
paragraph 9.5.1. and a concentration that is nbar nhaximum
concentration expected during emission testinghetigconcentration
may be wused according to the instrument manufatsure
recommendation and good engineering judgementderaio obtain
accurate verification, if the expected NO concditrais lower than
the minimum range for the verification specified the instrument
manufacturer;

The CLD analyser shall be zeroed and spannkd. LD analyser
shall be spanned with the NO span gas from parhg(ap of this
paragraph, the span gas concentration shall beded@s<noary, and
it shall be used in the quench verification caltiates in paragraph
8.1.11.2.3;

The NO span gas shall be humidified by bubbiirtgrough distilled
water in a sealed vessel. If the humidified NO spas sample does
not pass through a sample dryer for this verifaratiest, the vessel
temperature shall be controlled to generate apO Hlevel
approximately equal to the maximum mole fractiorHe© expected
during emission testing. If the humidified NO spgas sample does
not pass through a sample dryer, the quench vatiic calculations
in paragraph 8.1.11.2.3. scale the measur£dl diench to the highest
mole fraction of HO expected during emission testing. If the
humidified NO span gas sample passes through ar doyethis
verification test, the vessel temperature shakkdmgtrolled to generate
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an HO level at least as high as the level determinegaragraph
9.3.2.3.1. For this case, the quench verificatiaicudations in
paragraph 8.1.11.2.3. do not scale the measw@djdench;

)] The humidified NO test gas shall be introducetb the sample
system. It may be introduced upstream or downstrem sample
dryer that is used during emission testing. Depsnain the point of
introduction, the respective calculation methogafagraph (e) shall
be selected. Note that the sample dryer shall theesample dryer
verification check in paragraph 8.1.8.5.8.;

(g0 The mole fraction of O in the humidified NO span gas shall be
measured. In case a sample dryer is used, thefrastoon of HO in
the humidified NO span gas shall be measured doearst of the
sample dryentioomeas It is recommended to meas@omeasdS close
as possible to the CLD analyser inbgt,omeasmay be calculated from
measurements of dew poifitey,, and absolute pressumgya;

(h)  Good engineering judgment shall be used togregondensation in
the transfer lines, fittings, or valves from themovhereXq2omeasiS
measured to the analyser. It is recommended thatstistem is
designed so the wall temperatures in the trangfies) fittings, and
valves from the point where,omeasiS measured to the analyser are at
least 5 °C above the local sample gas dew point;

0] The humidified NO span gas concentration shallneasured with the
CLD analyser. Time shall be allowed for the analysesponse to
stabilize. Stabilization time may include time targe the transfer line
and to account for analyser response. While théyserameasures the
sample's concentration, the analyser's output Sealiecorded for 30
seconds. The arithmetic mean shall be calculatedesie dataxyowet
Xnowet Shall be recorded and used in the quench veiticat
calculations in paragraph 8.1.11.2.3.

CLD quench verification calculations

CLD quench-check calculations shall be performeddascribed in this
paragraph.

Amount of water expected during testing

The maximum expected mole fraction of water durgmission testing,
Xn20expShall be estimated. This estimate shall be madeentie humidified
NO span gas was introduced in paragraph 8.1.1(f)1 B8/hen estimating the
maximum expected mole fraction of water, the maxmimexpected water
content in combustion air, fuel combustion produesd dilution air (if
applicable) shall be considered. If the humidifié@ span gas is introduced
into the sample system upstream of a sample dryengl the verification
test, it is not needed to estimate the maximum &epemole fraction of
water antkizoexp Shall be set equal ¥Qu2omeas

Amount of CQOexpected during testing

The maximum expected GQ@oncentration during emission testin@ozexp
shall beestimated. This estimate shall be made at the sasystem location
where the blended NO and ¢€@pan gases are introduced according to
paragraph 8.1.11.1.4.(j)). When estimating the marimexpected CO
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8.1.11.2.3.

quench=

8.1.11.3.
8.1.11.3.1.

8.1.11.3.2.

concentration, the maximum expected Cbntent in fuel combustion
products and dilution air shall be considered.

Combined 4 and CQ quench calculations

Combined HO and CQ quench shall be calculated as follows:

XN Owet

1™ Xzomes _ 1 |5 "zoem +(XN°meas— 1) heoee| Mooy (g.4)

XNOd ry

Where:

quench

XNodry

XNOwet

XH20exp

XH20meas

XNOmeas

XNoOact

XCOZexp

Xcozact

XNOact: 1_ XCOZact D(

Where:

XNOspan =

Xco2span =

XHZOmeas X NOact X CO2ac

amount of CLD quench

measured concentration of NO upstream of a faubbl
according to paragraph 8.1.11.1.5.(d)

measured concentration of NO downstream of ableub
according to paragraph 8.1.11.1.5.(i)

maximum expected mole fraction of water duringission
testing according to paragraph 8.1.11.2.1.

measured mole fraction of water during the qbererification
according to paragraph 8.1.11.1.5.(g)

measured concentration of NO when NO span gadeisded
with CO, span gas, according to paragraph 8.1.11.1.4.(j)

actual concentration of NO when NO span gadeisded with
CO, span gas, according to paragraph8.1.11.1.4.( an
calculated according to equation (8-5)

maximum expected concentration of £@uring emission
testing, according to paragraph 8.1.11.2.2.

actual concentration of G&vhen NO span gas is blended with
CO, span gas, according to paragraph 8.1.11.1.4.(i)

NOspar (8-5)

xCOZspan

the NO span gas concentration input to the gasdet,
according to paragraph 8.1.11.1.4.(e)

the CQ span gas concentration input to the gas divider,
according to paragraph 8.1.11.1.4.(d)

NDUV analyser HC and.@® interference verification

Scope and frequency

If NO, is measured using an NDUV analyser, the amountH& and
hydrocarbon interference shall be verified aftatiah analyser installation
and after major maintenance.

Measurement principles
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Hydrocarbons and @ can positively interfere with a NDUV analyser by
causing a response similar to N@ the NDUV analyser uses compensation
algorithms that utilize measurements of other gaseneet this interference
verification, simultaneously such measurementsd figatonducted to test the
algorithms during the analyser interference veatfin.

8.1.11.3.3. System requirements

A NO, NDUV analyser shall have combined®and HC interference within
+2 per cent of the mean concentration of, NO

8.1.11.3.4. Procedure
The interference verification shall be performedalows:

(@ The NQ NDUV analyser shall be started, operated, zeret]
spanned according to the instrument manufacturestsuctions;

(b) It is recommended to extract engine exhaustptform this
verification. A CLD shall be used that meets thecifications of
paragraph 9.4. to quantify N@n the exhaust. The CLD response shall
be used as the reference value. Also HC shall basaned in the
exhaust with a FID analyser that meets the spatidins of paragraph
9.4. The FID response shall be used as the referbgdrocarbon
value;

(c) Upstream of any sample dryer, if one is useathduesting, the engine
exhaust shall be introduced into the NDUV analyser;

(d) Time shall be allowed for the analyser resporse stabilize.
Stabilization time may include time to purge thensfer line and to
account for analyser response;

(e)  While all analysers measure the sample's carateam, 30 s of
sampled data shall be recorded, and the arithmegans for the three
analysers calculated;

4] The CLD mean shall be subtracted from the NDid¥an;

(g)  This difference shall be multiplied by the catf the expected mean
HC concentration to the HC concentration measuradng the
verification. The analyser meets the interferenesfication of this
paragraph if this result is within +2 per cent loé tNQ, concentration
expected at the standard:

k2 ~7 )_(H e X —_
Xnox,cLb,meas~ X NOx,NDUV,meelS[E%J = Z%EQ X No)(,@)p (8-6)

C,meas

Where:

XnoxCLDmeas = the mean concentration of N@easured
by CLD [mol/mol] or [ppm]

XNOXNDUV,meas = the mean concentration of N@easured
by NDUV [umol/mol] or [ppm]

Xic,meas = the mean concentration of HC measured

[umol/mol] or [ppm]
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Xiic.exp = the mean concentration of HC expected at
the standard [umol/mol] or [ppm]
YNOX’exp = the mean concentration of N@xpected

at the standard [pumol/mol] or [ppm]
8.1.11.3.5. Cooling bath (chiller) requirements

It shall be demonstrated that for the highest etqmk water vapour
concentratiorH,,, the water removal technique maintains CLD hurmidit<

5 g water/kg dry air (or about 0.8 volume per ddp®D), which is 100 per
cent relative humidity at 3.9 °C and 101.3 kPasThimidity specification is
also equivalent to about 25 per cent relative hitgnat 25 °C and 101.3 kPa.
This may be demonstrated by measuring the temperatuthe outlet of a
thermal dehumidifier, or by measuring humidity ap@int just upstream of
the CLD.

8.1.11.4. Cooling bath (chiller) N(penetration
8.1.11.4.1. Scope and frequency

If a cooling bath (chiller) is used to dry a saenplpstream of a NO
measurement instrument, but no NO-NO converter is used upstream of
the cooling bath, this verification shall be penfied for cooling bath N©O
penetration. This verification shall be performdtkminitial installation and
after major maintenance.

8.1.11.4.2. Measurement principles

A cooling bath (chiller) removes water, which aatherwise interfere with a
NO, measurement. However, liquid water remaining in iexproperly
designed cooling bath can remove N€m the sample. If a cooling bath is
used without an N@to-NO converter upstream, it could therefore reenov
NO, from the sample prior NOmeasurement.

8.1.11.4.3. System requirements

The chiller shall allow for measuring at least@5 cent of the total NQat
the maximum expected concentration of NO

8.1.11.4.4. Procedure
The following procedure shall be used to verifilenperformance:

(8 Instrument setup. The analyser and chiller rfearturers’ start-up and
operating instructions shall be followed. The aratyand chiller shall
be adjusted as needed to optimize performance;

(b)  Equipment setup and data collection.

0] The total NQ gas analyser(s) shall be zeroed and spanned as it
would be before emission testing;

(i)  NO, calibration gas (balance gas of dry air) that AasNG
concentration that is near the maximum expectethguesting
shall be selected. Higher concentration may be asedrding
to the instrument manufacturer's recommendation good
engineering judgement in order to obtain accuratéigation,
if the expected N@concentration is lower than the minimum

222



8.1.11.5.

8.1.11.5.1.

8.1.11.5.2.

8.1.11.5.3.

8.1.11.5.4.

ECE/TRANS/WP.29/2011/125

range for the verification specified by the instamh
manufacturer;

(i)  This calibration gas shall be overflowed &etgas sampling
system's probe or overflow fitting. Time shall Hewed for
stabilization of the total NOresponse, accounting only for
transport delays and instrument response;

(iv)  The mean of 30 s of recorded total Ndata shall be calculated
and this value recorded &$oxer,

(v)  The flowing the N@calibration gas shall be stopped;

(vi)  Next the sampling system shall be saturatedvwgrflowing a
dew point generator's output, set at a dew poiBi0ofC, to the
gas sampling system's probe or overflow fittinge Thew point
generator's output shall be sampled through theplsagn
system and chiller for at least 10 minutes untd thiller is
expected to be removing a constant rate of water;

(vii) It shall be immediately switched back to olewing the NQ
calibration gas used to establigib,.r. It shall be allowed for
stabilization of the total NOresponse, accounting only for
transport delays and instrument response. The &3l s of
recorded total NQ data shall be calculated and this value
recorded a%\oxmeas

(Vi) Xnoxmeas Shall be corrected t&yoxary based upon the residual
water vapour that passed through the chiller at ahider's
outlet temperature and pressure;

(c) Performance evaluation.Xfoxary is less than 95 per cent foxes the
chiller shall be repaired or replaced.

NG-to-NO converter conversion verification
Scope and frequency

If an analyser is used that measures only NO teraéne NQ, an NQ-to-
NO converter shall be used upstream of the analyides verification shall
be performed after installing the converter, afteajor maintenance and
within 35 days before an emission test. This veaifon shall be repeated at
this frequency to verify that the catalytic actyvdf the NQ-to-NO converter
has not deteriorated.

Measurement principles

An NO,-to-NO converter allows an analyser that measurdyg IO to
determine total NQby converting the N@in exhaust to NO.

System requirements

An NO,-to-NO converter shall allow for measuring at le2stper cent of the
total NG, at the maximum expected concentration of,NO

Procedure

The following procedure shall be used to verifg lerformance of a NGo-
NO converter:

(@) For the instrument setup the analyser and,-dENO converter
manufacturers' start-up and operating instructisimall be followed.
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(b)

(©

The analyser and converter shall be adjusted adede® optimize
performance;

An ozonator's inlet shall be connected to a-zér or oxygen source
and its outlet shall be connected to one port 8fveay tee fitting. An
NO span gas shall be connected to another porttandNQ-to-NO
converter inlet shall be connected to the last;port

The following steps shall be taken when periog this check:

® The ozonator air shall be set off and the otoenpower shall
be turned off and the NAo-NO converter shall be set to the
bypass mode (i.e., NO mode). Stabilization shallabewed
for, accounting only for transport delays and imstent
response;

(i)  The NO and zero-gas flows shall be adjustedtise NO
concentration at the analyser is near the peal t§@3,
concentration expected during testing. The,NGntent of the
gas mixture shall be less than 5 per cent of the NO
concentration. The concentration of NO shall beorged by
calculating the mean of 30 s of sampled data frioenatnalyser
and this value shall be recordedxas.+ Higher concentration
may be used according to the instrument manufatiure
recommendation and good engineering judgement deroto
obtain accurate verification, if the expected NGeantration
is lower than the minimum range for the verificatispecified
by the instrument manufacturer;

(i)  The ozonator @supply shall be turned on and the f@w rate
adjusted so that the NO indicated by the analysebbut 10
percent less thamyorer The concentration of NO shall be
recorded by calculating the mean of 30 s of samgad from
the analyser and this value recordech@Ssoomix

(iv)  The ozonator shall be switched on and the ezganeration
rate adjusted so that the NO measured by the araigs
approximately 20 percent oforer, While maintaining at least
10 per cent unreacted NO. The concentration of K&l de
recorded by calculating the mean of 30 s of samgad from
the analyser and this value shall be recordegi@sas

(v)  The NQ analyser shall be switched to N@ode and total
NO, measured. The concentration of N&hall be recorded by
calculating the mean of 30 s of sampled data frioenatnalyser
and this value shall be recorded agxmeas

(viy The ozonator shall be switched off but gasaflthrough the
system shall be maintained. The Nahalyser will indicate the
NO, in the NO + Q mixture. The concentration of NGhall
be recorded by calculating the mean of 30 s of sesngata
from the analyser and this value shall be recoad®ox02mix

(vii) O, supply shall be turned off. The N@nalyser will indicate
the NQ, in the original NO-in-N mixture. The concentration of
NO, shall be recorded by calculating the mean of 36f s
sampled data from the analyser and this value bbalécorded
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asXnoxrer- This value shall be no more than 5 per cent altiowe
Xnorer ValUe;

(d)  Performance evaluation. The efficiency of th®,onverter shall be
calculated by substituting the concentrations oleii into the
following equation:

X

EfﬁCienC){%] — {1+ XNOxmeas_ NOx+02mixJ EI.OO (8-7)

XNO+02mix - XNOmeas

(e) If the result is less than 95 per cent, the-MENO converter shall be
repaired or replaced.

8.1.12. PM measurements
8.1.12.1. PM balance verifications and weighingcpss verification
8.1.12.1.1.  Scope and frequency

This paragraph describes three verifications.

(@) Independent verification of PM balance perfanogwithin 370 days
prior to weighing any filter;

(b)  Zero and span of the balance within 12 h piworeighing any filter;

(c)  Verification that the mass determination orehce filters before and
after a filter weighing session be less than aifipddolerance.

8.1.12.1.2. Independent verification

The balance manufacturer (or a representative ogpfr by the balance
manufacturer) shall verify the balance performanithin 370 days of testing
in accordance with internal audit procedures.

8.1.12.1.3.  Zeroing and spanning

Balance performance shall be verified by zeroing spanning it with at least
one calibration weight, and any weights that aredushall meet the
specifications in paragraph 9.5.2. to perform trasification. A manual or
automated procedure shall be used:

(&8 A manual procedure requires that the balane# bk used in which
the balance shall be zeroed and spanned with sit deee calibration
weight. If normally mean values are obtained byestmng the
weighing process to improve the accuracy and poetief PM
measurements, the same process shall be used ifg bafance
performance;

(b)  An automated procedure is carried out with rimaé calibration
weights that are used automatically to verify betéaperformance.
These internal calibration weights shall meet tpec#Hications in
paragraph 9.5.2. to perform this verification.

8.1.12.1.4. Reference sample weighing

All mass readings during a weighing session shallverified by weighing

reference PM sample media (e.g. filters) before aftetr a weighing session.
A weighing session may be as short as desiredpdimnger than 80 hours,
and may include both pre- and post-test mass rgadiBuccessive mass
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determinations of each reference PM sample medidl skturn the same

value within +10 pg or +10 per cent of the expectethl PM mass,

whichever is higher. Should successive PM samfite fiveighing events fail

this criterion, all individual test filter mass bags mass readings occurring
between the successive reference filter mass deigtions shall be

invalidated. These filters may be re-weighed intheo weighing session.
Should a post-test filter be invalidated then thst tinterval is void. This

verification shall be performed as follows:

(@)  Atleast two samples of unused PM sample melidl be kept in the
PM-stabilization environment. These shall be usedreferences.
Unused filters of the same material and size dfmlselected for use
as references;

(b)  References shall be stabilized in the PM stadiibn environment.
References shall be considered stabilized if ttesetbeen in the PM-
stabilization environment for a minimum of 30 miznd the PM-
stabilization environment has been within the dipeations of
paragraph 9.3.4.4. for at least the preceding 60 mi

(c)  The balance shall be exercised several tim#s avreference sample
without recording the values;

(d)  The balance shall be zeroed and spanned. Anass$ shall be placed
on the balance (e.g. calibration weight) and themaved ensuring
that the balance returns to an acceptable zeroingaslithin the
normal stabilization time;

(e) Each of the reference media (e.g. filters) Ishalweighed and their
masses recorded. If normally mean values are aataiy repeating
the weighing process to improve the accuracy anecigiopn of
reference media (e.qg. filters) masses, the sanmgscshall be used to
measure mean values of sample media (e.g. filleasges;

)] The balance environment dew point, ambient terajure, and
atmospheric pressure shall be recorded;

()  The recorded ambient conditions shall be usedotrect results for
buoyancy as described in paragraph 8.1.12.2. Thgadmey-corrected
mass of each of the references shall be recorded;

(h) Each of the reference media's (e.g. filter'sjoy@mncy-corrected
reference mass shall be subtracted from its prelyjomeasured and
recorded buoyancy-corrected mass;

0] If any of the reference filters' observed mabssanges by more than
that allowed under this paragraph, all PM massrdetations made
since the last successful reference media (etgr)fimass validation
shall be invalidated. Reference PM filters maylseaided if only one
of the filters mass has changed by more than tlesvable amount
and a special cause for that filter's mass chamrgebe positively
identified which would not have affected other iogess filters. Thus
the validation can be considered a success. In thaise, the
contaminated reference media shall not be includeeh determining
compliance with paragraph (j) of this paragrapht the affected
reference filter shall be discarded and replaced;
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0] If any of the reference masses change by ntae that allowed under
this paragraph 8.1.12.1.4., all PM results that eweletermined
between the two times that the reference massesdetermined shall
be invalidated. If reference PM sample media isatided according
to paragraph (i) of this paragraph, at least onfereace mass
difference that meets the criteria in this paragradd.12.1.4. shall be
available. Otherwise, all PM results that were deiteed between the
two times that the reference media (e.g. filtersasses were
determined shall be invalidated.

8.1.12.2. PM sample filter buoyancy correction
8.1.12.2.1. General

PM sample filter shall be corrected for their baogy in air. The buoyancy
correction depends on the sample media densitydehsity of air, and the

density of the calibration weight used to calibrdie balance. The buoyancy
correction does not account for the buoyancy of RM itself, because the
mass of PM typically accounts for only (0.01 to@).per cent of the total

weight. A correction to this small fraction of magsuld be at the most 0.010
per cent. The buoyancy-corrected values are the naasses of the PM
samples. These buoyancy-corrected values of théeptdilter weighing are

subsequently subtracted from the buoyancy-correctdues of the post-test
weighing of the corresponding filter to determiine tmass of PM emitted
during the test.

8.1.12.2.2. PM sample filter density

Different PM sample filter have different densitidhe known density of the
sample media shall be used, or one of the densitiessome common
sampling media shall be used, as follows:

€) For PTFE-coated borosilicate glass, a sampldiandensity of 2300
kg/m?® shall be used:

(b)  For PTFE membrane (film) media with an integsapport ring of
polymethylpentene that accounts for 95 per cenh@fmedia mass, a
sample media density of 920 kg/shall be used:;

(c) For PTFE membrane (flm) media with an integsapport ring of
PTFE, a sample media density of 2144 Kgétrall be used.

8.1.12.2.3.  Air density

Because a PM balance environment shall be tigitthtrolled to an ambient
temperature of (22 +1) °C and a dew point of (915 C, air density is
primarily function of atmospheric pressure. Therefa buoyancy correction
is specified that is only a function of atmosphgmiessure.

8.1.12.2.4. Calibration weight density

The stated density of the material of the metdibcation weight shall be
used.

8.1.12.2.,5. Correction calculation

The PM sample filter shall be corrected for buayansing the following
equations:
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1- P
My = My 0200 (8-8)
1- Par
Predia
Where:
Meor = PM sample filter mass corrected for buoyancy
Myncor = PM sample filter mass uncorrected for buoyancy
Pair = density of air in balance environment
Pweight = density of calibration weight used to span ba¢an
Pmedia = density of PM sample filter
P =—pa§§w - (8-9)
amb
Where:
Pabs = absolute pressure in balance environment
Mmix = molar mass of air in balance environment
R = molar gas constant.
Tamb = absolute ambient temperature of balance envieorim
8.2. Instrument validation for test
8.2.1. Validation of proportional flow control fdsatch sampling and minimum

dilution ratio for PM batch sampling
8.2.1.1. Proportionality criteria for CVS
8.2.1.1.1. Proportional flows

For any pair of flow-meters, the recorded samplg ttal flow rates or their
1 Hz means shall be used with the statistical taficuns in Annex 4B
Appendix A.2 paragraph A.2.9. The standard errothef estimateSEE, of
the sample flow rate versus the total flow rateldte determined. For each
test interval, it shall be demonstrated tB&E was less than or equal to 3.5
per cent of the mean sample flow rate.

8.2.1.1.2. Constant flows

For any pair of flow-meters, the recorded samplg ttal flow rates or their
1 Hz means shall be used to demonstrate that déawhréite was constant
within £2.5 per cent of its respective mean or ¢arftpw rate. The following

options may be used instead of recording the réispeitow rate of each type
of meter:

(a) Critical-flow venturi option. For critical-flowenturis, the recorded
venturi-inlet conditions or their 1 Hz means shmdl used. It shall be
demonstrated that the flow density at the ventoletiwas constant
within £2.5 per cent of the mean or target densitaer each test
interval. For a CVS critical-flow venturi, this méye demonstrated by
showing that the absolute temperature at the vieinlet was constant
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within +4 per cent of the mean or target absolet@gderature over
each test interval,

Positive-displacement pump option. The recordpdmp-inlet
conditions or their 1 Hz means shall be used. dtld¥e demonstrated
that the flow density at the pump inlet was constaithin +2.5 per
cent of the mean or target density over each testval. For a CVS
pump, this may be demonstrated by showing that ahsolute
temperature at the pump inlet was constant witl#irper cent of the
mean or target absolute temperature over eachtestal.

Demonstration of proportional sampling

For any proportional batch sample such as a bagMffilter, it shall be
demonstrated that proportional sampling was maiethiusing one of the
following, noting that up to 5 per cent of the tatamber of data points may
be omitted as outliers.

Using good engineering judgment, it shall be destated with an
engineering analysis that the proportional-flow tcoin system inherently
ensures proportional sampling under all circumstanexpected during
testing. For example, CFVs may be used for bothpgafiow and total flow
if it is demonstrated that they always have the esantet pressures and
temperatures and that they always operate undaratiflow conditions.

Measured or calculated flows and/or tracer gasceuntnations (e.g. CO
shall be used to determine the minimum dilutioforédr PM batch sampling
over the test interval.

Partial flow dilution system validation

For the control of a partial flow dilution systeamextract a proportional raw
exhaust sample, a fast system response is requivisdis identified by the
promptness of the partial flow dilution system. Tthensformation time for
the system shall be determined by the procedupatiagraph 8.1.8.6. and the
related Figure 3.1. The actual control of the paftow dilution system shall
be based on the current measured conditions. I€dhgbined transformation
time of the exhaust flow measurement and the pditia system is< 0.3 s,
online control shall be used. If the transformatione exceeds 0.3 s, look-
ahead control based on a pre-recorded test ruhtshaked. In this case, the
combined rise time shall be 1 s and the combined delay timel0 s. The
total system response shall be designed as toeastepresentative sample
of the particulatesyy, i (sample flow of exhaust gas into partial flow tiim
system), proportional to the exhaust mass flow. determine the
proportionality, a regression analysisdpf,i versustmew,i (€xhaust gas mass
flow rate on wet basis) shall be conducted on aitiim 5 Hz data
acquisition rate, and the following criteria sHadl met:

(@)

(b)

(©)

The correlation coefficiemf of the linear regression betwegg; and
Omew,i Shall not be less than 0.95;

The standard error of estimatecpf,; 0N Omew, Shall not exceed 5 per
cent ofg, maximum;

Omp intercept of the regression line shall not exce@dper cent ofjm,
maximum.

Look-ahead control is required if the combinech$farmation times of the
particulate systentgs, p and of the exhaust mass flow sigrigd-are > 0.3 s.
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In this case, a pre-test shall be run and the esthraass flow signal of the
pre-test be used for controlling the sample flote ithe particulate system. A
correct control of the partial dilution system istained, if the time trace of
Omew,pre O the pre-test, which controdgy, is shifted by a "look-ahead" time of

tsop * ts50,m

For establishing the correlation betweep gnd G.ew, the data taken during
the actual test shall be used, with.gj time aligned bysh ¢ relative to @)
(no contribution fromsh pto the time alignment). The time shift betweegR.g
and g, is the difference between their transformation sntbat were
determined in paragraph 8.1.8.6.3.2.

Gas analyser range validation, drift valmaand drift correction
Range validation

If an analyser operated above 100 per cent ofitge at any time during the
test, the following steps shall be performed:

Batch sampling

For batch sampling, the sample shall be re-andlyseng the lowest analyser
range that results in a maximum instrument respbegav 100 per cent. The
result shall be reported from the lowest range framich the analyser
operates below 100 per cent of its range for thieeetest.

Continuous sampling

For continuous sampling, the entire test shallréygeated using the next
higher analyser range. If the analyser again opsrabove 100 per cent of its
range, the test shall be repeated using the ngkehrange. The test shall be
continued to be repeated until the analyser alvepgrates at less than 100
per cent of its range for the entire test.

Drift validation and drift correction

If the drift is within £1 per cent, the data cam &ither accepted without any
correction or accepted after correction. If thdtdsi greater than +1 per cent,
two sets of brake specific emission results shall dalculated for each
pollutant, or the test shall be voided. One setl $fl@calculated using data
before drift correction and another set of dat@zuated after correcting all
the data for drift according to Appendix 2 of AneexA.7 or A.8. The

comparison shall be made as a percentage of therrested results. The
difference between the uncorrected and the coddwi@ke-specific emission
values shall be within +4 per cent of the uncoeddirake-specific emission
values. If not, the entire test is void.

PM sampling media (e.qg. filters) precondiitng and tare weighing

Before an emission test, the following steps shalltaken to prepare PM
sample filter media and equipment for PM measurésnen

Periodic verifications

It shall be made sure that the balance and PMlgttibn environments
meet the periodic verifications in paragraph 8.1Tl2e reference filter shall
be weighed just before weighing test filters toabksh an appropriate
reference point (see section details of the promeduparagraph 8.1.12.1.).
The verification of the stability of the referenfikkers shall occur after the
post-test stabilization period, immediately beftive post-test weighing.
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Visual Inspection

The unused sample filter media shall be visualigpected for defects,
defective filters shall be discarded.

Grounding

Electrically grounded tweezers or a groundingpsshall be used to handle
PM filters as described in paragraph 9.3.4.

Unused sample media

Unused sample media shall be placed in one or oun&iners that are open
to the PM-stabilization environment. If filters arsed, they may be placed in
the bottom half of a filter cassette.

Stabilization

Sample media shall be stabilized in the PM-stadtiibn environment. An

unused sample medium can be considered stabilzémhg as it has been in
the PM-stabilization environment for a minimum & @in, during which the

PM-stabilization environment has been within thecsfications of paragraph
9.3.4.

Weighing
The sample media shall be weighed automaticallpamually, as follows:

(@ For automatic weighing, the automation systeranufacturer's
instructions shall be followed to prepare sampbesifeighing;

(b)  For manual weighing, good engineering judgnsat| be used;

(c) Optionally, substitution weighing is permitte(see paragraph
8.2.3.10.);

(d) Once a filter is weighed it shall be returnedthe Petri dish and
covered.

Buoyancy correction

The measured weight shall be corrected for buoyam& described in
paragraph 8.1.12.2.

Repetition

The filter mass measurements may be repeateddeondee the average mass
of the filter using good engineering judgement &maxclude outliers from
the calculation of the average.

Tare-weighing

Unused filters that have been tare-weighed stalloladed into clean filter
cassettes and the loaded cassettes shall be placadcovered or sealed
container before they are taken to the test cebdonpling.

Substitution weighing

Substitution weighing is an option and, if usedolves measurement of a
reference weight before and after each weighing BM sampling medium

(e.g. filter). While substitution weighing requiresore measurements, it
corrects for a balance's zero-drift and it reliasalance linearity only over a
small range. This is most appropriate when quantjfyotal PM masses that
are less than 0.1 per cent of the sample mediuss ntHowever, it may not
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8.2.4.1.
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be appropriate when total PM masses exceed 1 per afethe sample

medium's mass. If substitution weighing is useghéll be used for both pre-
test and post-test weighing. The same substitutieight shall be used for
both pre-test and post-test weighing. The masshefsubstitution weight

shall be corrected for buoyancy if the density led substitution weight is

less than 2.0 g/cin The following steps are an example of substitutio
weighing:

(@) Electrically grounded tweezers or a grounditigpsshall be used, as
described in paragraph 9.3.4.6.;

(b) A static neutralizer shall be used as descrihgzhragraph 9.3.4.6. to
minimize static electric charge on any object befibis placed on the
balance pan;

(c) A substitution weight shall be selected thatetaethe specifications
for calibration weights in paragraph 9.5.2. The stiilition weight
shall also have the same density as the weightishsted to span the
microbalance, and shall be similar in mass to ansed sample
medium (e.g. filter). If filters are used, the weilg mass should be
about (80 to 100) mg for typical 47 mm diameteefs;

(d)  The stable balance reading shall be recordédtlzen the calibration
weight shall be removed;

(e)  An unused sampling medium (e.g. a new filtbglisbe weighed, the
stable balance reading recorded and the balandeoement's dew
point, ambient temperature, and atmospheric pressgorded;

)] The calibration weight shall be reweighed ame tstable balance
reading recorded;

(g0  The arithmetic mean of the two calibration-weigeadings that were
recorded immediately before and after weighing whesed sample
shall be calculated. That mean value shall be adtetd from the
unused sample reading, then the true mass of titeateon weight as
stated on the calibration-weight certificate shodladded. This result
shall be recorded. This is the unused sample's waight without
correcting for buoyancy;

(h)  These substitution-weighing steps shall be atguefor the remainder
of the unused sample media;

® The instructions given in paragraphs 8.2.3tifotigh 8.2.3.9. of this
section shall be followed once weighing is compulete

PM sample post-conditioning and total weighi
Periodic verification

It shall be assured that the weighing and PM-ktaltion environments have
met the periodic verifications in paragraph 8.1112fter testing is complete,
the filters shall be returned to the weighing and/A-®abilization
environment. The weighing and PM-stabilization eoniment shall meet the
ambient conditions requirements in paragraph $43.4therwise the test
filters shall be left covered until proper conditihave been met.

Removal from sealed containers
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In the PM-stabilization environment, the PM sarspdball be removed from

the sealed containers. Filters may be removed ftwin cassettes before or
after stabilization. When a filter is removed francassette, the top half of
the cassette shall be separated from the bottohusialg a cassette separator
designed for this purpose.

Electrical grounding

To handle PM samples, electrically grounded tweepne a grounding strap
shall be used, as described in paragraph 9.3.4.5.

Visual inspection

The collected PM samples and the associated filtetia shall be inspected
visually. If the conditions of either the filter dhe collected PM sample
appear to have been compromised, or if the pastieuinatter contacts any
surface other than the filter, the sample may netused to determine
particulate emissions. In the case of contact asthther surface; the affected
surface shall be cleaned before proceeding.

Stabilization of PM samples

To stabilize PM samples, they shall be placednia or more containers that
are open to the PM-stabilization environment, whiish described in

paragraph 9.3.4.3. A PM sample is stabilized ag las it has been in the
PM-stabilization environment for one of the followi durations, during

which the stabilization environment has been wittlie specifications of

paragraph 9.3.4.3.:

(@) If it is expected that a filter's total surfammancentration of PM will be
greater than 0.353 pg/mMimassuming a 400 pg loading on a 38 mm
diameter filter stain area, the filter shall be @sgd to the stabilization
environment for at least 60 minutes before weighing

(b) If it is expected that a filter's total surfam@ncentration of PM will be
less than 0.353 pg/nirthe filter shall be exposed to the stabilization
environment for at least 30 minutes before weighing

(c) If a filter's total surface concentration of R¥be expected during the
test is unknown, the filter shall be exposed to #iabilization
environment for at least 60 minutes before weighing

Determination of post-test filter mass

The procedures in paragraph 8.2.3. shall be regegtaragraphs 8.2.3.6.
through 8.2.3.9.) to determine the post-test fittass.

Total mass

Each buoyancy-corrected filter tare mass shall sbbtracted from its
respective buoyancy-corrected post-test filter mase result is the total
mass, My, Which shall be used in emission calculations iméxes A.7 and
A.8.

Measurement equipment
Engine dynamometer specification
Shaft work
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An engine dynamometer shall be used that has atledinaracteristics to
perform the applicable duty cycle including theliabito meet appropriate
cycle validation criteria. The following dynamomesténay be used:

(@) Eddy-current or water-brake dynamometers;

(b)  Alternating-current or direct-current motoridgnamometers;

(c)  One or more dynamometers.

Transient cycle

Load cell or in-line torque meter may be usedidoque measurements.

When using a load cell, the torque signal shaltreasferred to the engine
axis and the inertia of the dynamometer shall besicered. The actual
engine torque is the torque read on the load tedl fthe moment of inertia of
the brake multiplied by the angular acceleratiohe Tontrol system has to
perform such a calculation in real time.

Engine accessories

The work of engine accessories required to fudlritate, or heat the engine,
circulate liquid coolant to the engine, or to operafter-treatment devices
shall be accounted for and they shall be installedaccordance with
paragraph 6.3.

Dilution procedure (if applicable)
Diluent conditions and background conceiutnat

Gaseous constituents may be measured raw or dikltereas PM

measurement generally requires dilution. Dilutioaynbe accomplished by a
full flow or partial flow dilution system. When dilion is applied then the
exhaust may be diluted with ambient air, synthetic or nitrogen. For

gaseous emissions measurement the diluent shall least 15 °C. For PM
sampling the temperature of the diluent is spetifie paragraphs 9.2.2. for
CVS and 9.2.3. for PFD with varying dilution ratibhe flow capacity of the

dilution system shall be large enough to completeliminate water

condensation in the dilution and sampling syste@s-humidifying the

dilution air before entering the dilution system permitted, if the air

humidity is high. The dilution tunnel walls may beated or insulated as well
as the bulk stream tubing downstream of the tuniaeprevent aqueous
condensation.

Before a diluent is mixed with exhaust, it may peeconditioned by
increasing or decreasing its temperature or hugidnstituents may be
removed from the diluent to reduce their backgrogndcentrations. The
following provisions apply to removing constituents accounting for
background concentrations:

(@) Constituent concentrations in the diluent may fmeasured and
compensated for background effects on test restits.Annexes A.7-
A.8 for calculations that compensate for backgrocmicentrations;

(b)  To account for background PM the following opt are available:

0] For removing background PM, the diluent shallftftered with
high-efficiency particulate air (HEPA) filters thdtave an
initial minimum collection efficiency specificatioof 99.97 per
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cent (see 3.1. for procedures related to HEPAafithn
efficiencies);

(i)  For correcting for background PM without HERilration, the
background PM shall not contribute more than 50 qest of
the net PM collected on the sample filter;

(i)  Background correction of net PM with HEPA tfition is
permitted without restriction.

Full flow system

Full-flow dilution; constant-volume sampling (CV.Syhe full flow of raw

exhaust is diluted in a dilution tunnel. Constdotwf may be maintained by
maintaining the temperature and pressure at therfeter within the limits.

For non constant flow the flow shall be measurecatly to allow for

proportional sampling. The system shall be desigmedbllows (see Figure
9.1):

(@ A tunnel with inside surfaces of stainless Iss®ll be used. The
entire dilution tunnel shall be electrically groeat)

(b)  The exhaust system backpressure shall not tifizially lowered by
the dilution air inlet system. The static pressat¢he location where
raw exhaust is introduced into the tunnel shallneéntained within
+1.2 kPa of atmospheric pressure;

(c)  To support mixing the raw exhaust shall beaddtrced into the tunnel
by directing it downstream along the centreline tioé tunnel. A
fraction of dilution air maybe introduced radialisom the tunnel's
inner surface to minimize exhaust interaction wité tunnel walls;

(d)  Diluent. For PM sampling the temperature ofdiaents (ambient air,
synthetic air, or nitrogen as quoted in paragraphl9 shall be
maintained between 293 and 325 K (20 to 52°C) aselproximity to
the entrance into the dilution tunnel.

(e)

()

The Reynolds numbeReg shall be at least 4000 for the diluted
exhaust stream, wher@e is based on the inside diameter of the
dilution tunnel.Re is defined in Annexes A.7-A.8. Verification of
adequate mixing shall be performed while traversirsmmpling probe
across the tunnel's diameter, vertically and haotizlty. If the analyser
response indicates any deviation exceeding +2 est of the mean
measured concentration, the CVS shall be operatedhigher flow
rate or a mixing plate or orifice shall be instdlte improve mixing;

Flow measurement preconditioning. The dilutexhaust may be
conditioned before measuring its flow rate, as loag this
conditioning takes place downstream of heated H@P®Fr sample
probes, as follows:

0] Flow straighteners, pulsation dampeners, orhbof these
maybe used;

(i)  Afilter maybe used;

(i) A heat exchanger maybe used to control thengerature
upstream of any flow-meter but steps shall be takeprevent
aqueous condensation;
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(@

(h)

(i)

()

Aqueous condensation. To ensure that a flowmsasured that
corresponds to a measured concentration, eitheroagucondensation
shall be prevented between the sample probe locatia the flow-
meter inlet in the dilution tunnel or aqueous carsdion shall be
allowed to occur and humidity at the flow-metereinmeasured. The
dilution tunnel walls or bulk stream tubing dowrstm of the tunnel
may be heated or insulated to prevent aqueous neatien. Aqueous
condensation shall be prevented throughout thetiailutunnel.
Certain exhaust components can be diluted or editadh by the
presence of moisture;

For PM sampling, the already proportional flow cogifrom CVS

goes through secondary dilution (one or more) thieae the

requested overall dilution ratio as shown in Figr2 and mentioned
in paragraph 9.2.3.2.;

The minimum overall dilution ratio shall be hiih the range of 5:1 to
7:1 and at least 2:1 for the primary dilution staggsed on the
maximum engine exhaust flow rate during the testlecyor test
interval;

The overall residence time in the system shalbetween 0.5 and 5 s,
as measured from the point of diluent introductimn the filter
holder(s);

The residence time in the secondary dilutiostem, if present, shall
be at least 0.5 s, as measured from the point afnslary diluent
introduction to the filter holder(s).

To determine the mass of the particulates, aqudatie sampling system, a
particulate sampling filter, a gravimetric balan@nd a temperature and
humidity controlled weighing chamber, are required.
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Examples of full-flow dilution sampling configurations
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9.2.3.
9.2.3.1.

Partial flow dilution (PFD) system
Description of partial flow system

A schematic of a PFD system is shown in Figure %2s a general
schematic showing principles of sample extractigllution and PM
sampling. It is not meant to indicate that all twenponents described in the
figure are necessary for other possible samplirgtesys that satisfy the
intent of sample collection. Other configurationkieh do not match these
schematics are allowed under the condition that Heeve the same purpose
of sample collection, dilution, and PM sampling.€¥b need to satisfy other
criteria such as in paragraphs 8.1.8.6. (perioditb@ation) and 8.2.1.2.
(validation) for varying dilution PFD, and paragha.1.4.5 as well as table
8.2 (linearity verification) and paragraph 8.1.8.5verification) for constant
dilution PFD.

As shown in Figure 9.2, the raw exhaust gas omtimeary diluted flow is
transferred from the exhaust pipe EP or from C\&peetively to the dilution
tunnel DT through the sampling probe SP and thesfea line TL. The total
flow through the tunnel is adjusted with a flow t@fer and the sampling
pump P of the particulate sampling system (PSS}. gfoportional raw
exhaust sampling, the dilution air flow is conteall by the flow controller
FC1, which may us€.. (exhaust gas mass flow rate on wet basis).Qf
(intake air mass flow rate on wet basis) apg (fuel mass flow rate) as
command signals, for the desired exhaust split. 3dmple flow into the
dilution tunnel DT is the difference of the tote and the dilution air flow.
The dilution air flow rate is measured with thewilaneasurement device
FM1, the total flow rate with the flow measuremestice of the particulate

237



ECE/TRANS/WP.29/2011/125

sampling system. The dilution ratio is calculateahf these two flow rates.
For sampling with a constant dilution ratio of rawdiluted exhaust versus
exhaust flow (e.g.: secondary dilution for PM sam), the dilution air flow
rate is usually constant and controlled by the femmtroller FC1 or dilution

air pump.
Figure 9.2
Schematic of partial flow dilution system (total sanpling type)
|
FC1
b
DAF FM1 T
| DT
} TL
Qmew
|l
: and :
| Do | EP

|
a

a = engine exhaust or primary diluted flow

b = optional ¢ =PM sampling

Components of Figure 9.2:

DAF = Dilution air filter — The dilution air (ambie air, synthetic air,
or nitrogen) shall be filtered with a high-efficmn PM air
(HEPA) filter.

DT = Dilution tunnel or secondary dilution system

EP = Exhaust pipe or primary dilution system

FC1 = Flow controller

FH = Filter holder

FM1 = Flow measurement device measuring the ditugio flow rate
P = Sampling pump

PSS = PM sampling system

PTL = PM transfer line

SP = Raw or dilute exhaust gas sampling probe

TL = Transfer line

Mass flow rates applicable only for proportioreahrexhaust sampling PFD:

Omew = Exhaust gas mass gas flow rate on wet basis
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Omaw = Intake air mass flow rate on wet basis
Ot = Fuel mass flow rate
Dilution

The temperature of the diluents (ambient air, lsgti¢ air, or nitrogen as
quoted in paragraph 9.2.1.) shall be maintainedrdost 293 and 325 K (20
to 52°C) in close proximity to the entrance inte thlution tunnel.

De-humidifying the dilution air before enteringethdilution system is
permitted. The partial flow dilution system hashe designed to extract a
proportional raw exhaust sample from the engineaegh stream, thus
responding to excursions in the exhaust stream flatg, and introduce
dilution air to this sample to achieve a tempesatat the test filter as
prescribed by paragraph 9.3.3.4.3. For this isgeatial that the dilution ratio
be determined such that the accuracy requiremémaragraph 8.1.8.6.1. are
fulfilled.

To ensure that a flow is measured that correspoiadsa measured
concentration, either aqueous condensation shafireeented between the
sample probe location and the flow-meter inlet e dilution tunnel or
aqueous condensation shall be allowed to occurhamdidity at the flow-
meter inlet measured. The PFD system may be heatiedulated to prevent
aqueous condensation. Aqueous condensation shalldvented throughout
the dilution tunnel.

The minimum dilution ratio shall be within the ganof 5:1 to 7:1 based on
the maximum engine exhaust flow rate during thedgsle or test interval.

The residence time in the system shall be betWe®grand 5 s, as measured
from the point of diluent introduction to the fittolder(s).

To determine the mass of the particulates, aqudatie sampling system, a
particulate sampling filter, a gravimetric balan@md a temperature and
humidity controlled weighing chamber, are required.

Applicability

PFD may be used to extract a proportional raw eshsample for any batch
or continuous PM and gaseous emission sampling amgrtransient duty
cycle, any steady-state duty cycle or any rampedahduty cycle.

The system may be used also for a previously eliléxhaust where, via a
constant dilution-ratio, an already proportionawfl is diluted (see Figure
9.2). This is the way of performing secondary dintfrom a CVS tunnel to

achieve the necessary overall dilution ratio for ampling.

Calibration

The calibration of the PFD to extract a propordloraw exhaust sample is
considered in paragraph 8.1.8.6.

Sampling procedures
General sampling requirements
Probe design and construction

A probe is the first fitting in a sampling systelhprotrudes into a raw or
diluted exhaust stream to extract a sample, sughitk inside and outside
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surfaces are in contact with the exhaust. A sangpleansported out of a
probe into a transfer line.

Sample probes shall be made with inside surfatstimless steel or, for raw
exhaust sampling, with any non-reactive materiglatde of withstanding
raw exhaust temperatures. Sample probes shallchéelb where constituents
are mixed to their mean sample concentration andravinterference with
other probes is minimized. It is recommended tHapm@bes remain free
from influences of boundary layers, wakes, and esldi especially near the
outlet of a raw-exhaust tailpipe where unintendédtidn might occur.
Purging or back-flushing of a probe shall not iefige another probe during
testing. A single probe to extract a sample of nbea one constituent may
be used as long as the probe meets all the spaiwfis for each constituent.

Transfer lines

Transfer lines that transport an extracted sarfipla a probe to an analyser,
storage medium, or dilution system shall be minediin length by locating

analysers, storage media, and dilution systemsl@s®e do the probes as
practical. The number of bends in transfer lineslldbe minimized and that

the radius of any unavoidable bend shall be maxchiz

Sampling methods

For continuous and batch sampling, introduced aragraph 7.2., the
following conditions apply:

(@) When extracting from a constant flow rate, aenple shall also be
carried out at a constant flow rate;

(b)  When extracting from a varying flow rate, tharple flow rate shall
be varied in proportion to the varying flow rate;

(c) Proportional sampling shall be validated ascdbed in paragraph
8.2.1.

Gas sampling
Sampling probes

Either single-port or multi-port probes are usemt Sampling gaseous
emissions. The probes may be oriented in any decelative to the raw or
diluted exhaust flow. For some probes, the samgiteperatures shall be
controlled, as follows:

€) For probes that extract N@om diluted exhaust, the probe's wall
temperature shall be controlled to prevent aqueoungensation;

(b)  For probes that extract hydrocarbons from théetl exhaust, a probe
wall temperature is recommended to be controllgat@pmately 190
°C to minimize contamination.

Transfer lines

Transfer lines with inside surfaces of stainleeels PTFE, VitoR", or any
other material that has better properties for emissampling shall be used.
A non-reactive material capable of withstanding aadt temperatures shall
be used. In-line filters may be used if the filkexd its housing meet the same
temperature requirements as the transfer linefsllasvs:
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(@) For NQ transfer lines upstream of either an Nl®-NO converter that
meets the specifications of paragraph 8.1.11.% chiller that meets
the specifications of paragraph 8.1.11.4. a sarntgieperature that
prevents aqueous condensation shall be maintained;

(b)  For THC transfer lines a wall temperature tatere throughout the
entire line of (191 £11YC shall be maintained. If sampled from raw
exhaust, an unheated, insulated transfer line meayohnected directly
to a probe. The length and insulation of the trandihe shall be
designed to cool the highest expected raw exhansperature to no
lower than 191°C, as measured at the transfer line outlet. Fatedil
sampling a transition zone between the probe amdter line of up to
0.92 m in length is allowed to transition the walnperature to (191
+11)°C.

Sample-conditioning components
Sample dryers
Requirements

The instrument that is used for removing moistiall meet the minimum
requirements in the following paragraph. The maestontent of 0.8 volume
per cent HO is used in equation (A.8-14).

For the highest expected water vapour concentraijg the water removal
technigue shall maintain CLD humidity a6 g water/kg dry air (or about 0.8
volume per cent D), which is 100 per cent relative humidity at 3®@and
101.3 kPa. This humidity specification is also @glént to about 25 per cent
relative humidity at 25 °C and 101.3 kPa. This nieey demonstrated by
measuring the temperature at the outlet of a thedehumidifier, or by
measuring humidity at a point just upstream ofGh®.

Type of sample dryers allowed and gulace to estimate moisture content
after the dryer

Either type of sample dryer described in this geaph to decrease the effects
of water on gaseous emission measurements mayele us

@) If an osmotic-membrane dryer upstream of arsegas analyser or
storage medium is used, it shall meet the temperafecifications in
paragraph 9.3.2.2. The dew poifite,, and absolute pressunBear
downstream of an osmotic-membrane dryer shall beitor@d. The
amount of water shall be calculated as specifie@rinexes A.7-A.8
by using continuously recorded valuesTgf,, and py OF their peak
values observed during a test or their alarm séttpolLacking a
direct measurement, the nomimad, is given by the dryer's lowest
absolute pressure expected during testing;

(b) A thermal chiller upstream of a THC measuremegstem for
compression-ignition engines may not be used. thexmal chiller
upstream of an N&o-NO converter or in a sampling system without
an NG-to-NO converter is used, the chiller shall meet NO, loss-
performance check specified in paragraph 8.1.1Th& dew point,
Tgew and absolute pressumg,, downstream of a thermal chiller shall
be monitored. The amount of water shall be caledlas specified in
Annexes A.7-A.8 by using continuously recorded galwf T, and
Potar OF their peak values observed during a test oir thiarm set
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9.3.2.3.2.

9.3.2.4.

points. Lacking a direct measurement, the nonpgal is given by the
thermal chiller's lowest absolute pressure expedtegihg testing. If it
is valid to assume the degree of saturation irthieemal chiller, Tyew
based on the known chiller efficiency and contirsi@oonitoring of
chiller temperaturelq,yier may be calculated. If values & are not
continuously recorded, its peak value observedndua test, or its
alarm setpoint, may be used as a constant valudetermine a
constant amount of water according to Annexes Ag-K it is valid
to assume thakcniier is equal toTgew, Teniter May be used in lieu Gfyey
according to Annexes A.7-A.8. If it is valid to asse a constant
temperature offset betwediyer and Tgew, due to a known and fixed
amount of sample reheat between the chiller outied the
temperature measurement location, this assumedetatope offset
value may be factored in into emission calculatiofise validity of
any assumptions allowed by this paragraph shallshewn by
engineering analysis or by data.

Sample pumps

Sample pumps upstream of an analyser or storagaumefor any gas shall
be used. Sample pumps with inside surfaces ofletzirsteel, PTFE, or any
other material having better properties for emissampling shall be used.
For some sample pumps, temperatures shall be dedtras follows:

(@) If a NQ, sample pump upstream of either an N®NO converter
that meets paragraph 8.1.11.5. or a chiller thaetsngaragraph
8.1.11.4. is used, it shall be heated to prevem¢ags condensation;

(b) If a THC sample pump upstream of a THC analyserstorage
medium is used, its inner surfaces shall be hetteal tolerance of
(191 +11)°C.

Sample storage media

In the case of bag sampling, gas volumes shadtdred in sufficiently clean
containers that minimally off-gas or allow permeatiof gases. Good
engineering judgment shall be used to determinemable thresholds of
storage media cleanliness and permeation. To deeaontainer, it may be
repeatedly purged and evacuated and may be heatéldxible container

(such as a bag) within a temperature-controlled irenmnent, or a

temperature controlled rigid container that isiatiy evacuated or has a
volume that can be displaced, such as a pistoncglidder arrangement,
shall be used. Containers meeting the specificatinorthe following Table

9.1 shall be used.
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Table 9.1
Gaseous Batch Sampling Container Materials

CO, CQ, O,, CH,, CHg, [polyvinyl fluoride (PVF§ for example TedId!, polyvinylidene fluoridéfor
CsHs, NO, NO! example Kynal™, polytetrafluoroethylerigfor example TefloR", or
stainless stegl

THC, NMHC polytetrafluoroethylerfeor stainless ste®l
1 As long as aqueous condensation in storage coniaipesvented.
2 Up to 40°C.
¥ Up to 202°C.
4 At (191 £11)°C.
9.3.3. PM sampling
9.3.3.1. Sampling probes

PM probes with a single opening at the end stalised. PM probes shall be
oriented to face directly upstream.

The PM probe may be shielded with a hat that aomfo with the
requirements in Figure 9.3. In this case the passifier described in
paragraph 9.3.3.3. shall not be used.

Figure 9.3
Scheme of a sampling probe with a hat-shaped preadsifier

Cross-section

9.3.3.2. Transfer lines

Insulated or heated transfer lines or a heatetbsme are recommended to
minimize temperature differences between transfeesl and exhaust
constituents. Transfer lines that are inert witlspext to PM and are
electrically conductive on the inside surfaces Isha¢ used. It is

recommended using PM transfer lines made of s&snéteel; any material
other than stainless steel will be required to nmwt same sampling
performance as stainless steel. The inside sudb&M transfer lines shall
be electrically grounded.

9.3.3.3. Pre-classifier

The use of a PM pre-classifier to remove largevaiger particles is permitted
that is installed in the dilution system directlgfore the filter holder. Only
one pre-classifier is permitted. If a hat shapesbpris used (see Figure 9.3),
the use of a pre-classifier is prohibited.
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9.3.3.4.

9.3.34.1.

9.3.34.2.

9.3.3.4.3.

9.3.3.4.4.

9.3.3.45

9.3.4.

The PM pre-classifier may be either an inertiapattor or a cyclonic

separator. It shall be constructed of stainlessl.stde pre-classifier shall be
rated to remove at least 50 per cent of PM at andgeamic diameter of 10
pm and no more than 1 per cent of PM at an aeradigndiameter of 1 um

over the range of flow rates for which it is uséte pre-classifier outlet shall
be configured with a means of bypassing any PM #&rfiler so that the

pre-classifier flow can be stabilized before stayta test. PM sample filter
shall be located within 75 cm downstream of theglassifier's exit.

Sample filter

The diluted exhaust shall be sampled by a filbat tmeets the requirements
of paragraphs 9.3.3.4.1. t0 9.3.3.4.4. during éis€ sequence.

Filter specification

All filter types shall have a 0.3 um DOP (di-ogtygthalate) collection
efficiency of at least 99.7 per cent. The sampleerfi manufacturer's
measurements reflected in their product ratings maysed to show this
requirement. The filter material shall be either:

€) Fluorocarbon (PTFE) coated glass fibre; or
(b)  Fluorocarbon (PTFE) membrane.

If the expected net PM mass on the filter exce#@® g, a filter with a
minimum initial collection efficiency of 98 per cemay be used.

Filter size
The nominal filter size shall be 46.50 mm +0.6 wchameter.
Dilution and temperature control of Pafhples

PM samples shall be diluted at least once upstfanansfer lines in case of
a CVS system and downstream in case of PFD systeend(3.3.2. relating to
transfer lines). Sample temperature is to be cHettoto a (47 +5)°C
tolerance, as measured anywhere within 200 mm egstror 200 mm
downstream of the PM storage media. The PM sangplatéended to be
heated or cooled primarily by dilution conditions specified in paragraph
9.2.1.(a).

Filter face velocity

A filter face velocity shall be between 0.90 an@0lm/s with less than 5 per
cent of the recorded flow values exceeding thigeanf the total PM mass

exceeds 400 ug, the filter face velocity may beuced. The face velocity

shall be measured as the volumetric flow rate efdample at the pressure
upstream of the filter and temperature of therfifeee, divided by the filter's

exposed area. The exhaust stack or CVS tunnelyseeskall be used for the
upstream pressure if the pressure drop througRMeampler up to the filter

is less than 2 kPa.

Filter holder

To minimize turbulent deposition and to deposit BMenly on a filter, a
12.5° (from centre) divergent cone angle to transitioonf the transfer-line
inside diameter to the exposed diameter of therfiface shall be used.
Stainless steel for this transition shall be used.

PM-stabilization and weighing environmemtsdravimetric analysis
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Environment for gravimetric analysis

This section describes the two environments reguio stabilize and weigh
PM for gravimetric analysis: the PM stabilizatiomveéonment, where filters

are stored before weighing; and the weighing emvivent, where the balance
is located. The two environments may share a conspane.

Both the stabilization and the weighing environtseshall be kept free of
ambient contaminants, such as dust, aerosols, mir\adatile material that
could contaminate PM samples.

Cleanliness

The cleanliness of the PM-stabilization environtnesing reference filters
shall be verified, as described in paragraph 8.1.42

Temperature of the chamber

The temperature of the chamber (or room) in whiehparticulate filters are
conditioned and weighed shall be maintained to iwit2 °C +1 °C during
all filter conditioning and weighing. The humidighall be maintained to a
dew point of 9.5 °C +1 °C and a relative humidify4® per cent £8 per cent.
If the stabilization and weighing environments aeparate, the stabilization
environment shall be maintained at a tolerance2df@+3 °C.

Verification of ambient conditions

When using measurement instruments that meet pezifications in
paragraph 9.4 the following ambient conditions kbalverified:

(@ Dew point and ambient temperature shall berdszb These values
shall be used to determine if the stabilization aweighing
environments have remained within the tolerancescifipd in
paragraph 9.3.4.3. of this section for at leastré® before weighing
filters;

(b)  Atmospheric pressure shall be continuously méed within the
weighing environment. An acceptable alternativivisse a barometer
that measures atmospheric pressure outside thdwgignvironment,
as long as it can be ensured that the atmospheessgre at the
balance is always at the balance within +100 Pathef shared
atmospheric pressure. A means to record the moshretmospheric
pressure shall be provided when each PM samplecighed This
value shall be used to calculate the PM buoyanayection in
paragraph 8.1.12.2.

Installation of balance
The balance shall be installed as follows:

(@) Installed on a vibration-isolation platform ismlate it from external
noise and vibration;

(b)  Shielded from convective airflow with a statissipating draft shield
that is electrically grounded.

Static electric charge

Static electric charge shall be minimized in theabhce environment, as
follows:

(@)  The balance is electrically grounded;
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9.4.
9.4.1.

9.4.1.1.

9.4.1.2.

9.4.1.3.

9.4.2.

(b)  Stainless steel tweezers shall be used if Pptes shall be handled
manually;

(c)  Tweezers shall be grounded with a groundingpstor a grounding
strap shall be provided for the operator such tihatgrounding strap
shares a common ground with the balance;

(d) A static-electricity neutralizer shall be prded that is electrically
grounded in common with the balance to removecstdtarge from
PM samples.

Measurement instruments
Introduction
Scope

This paragraph specifies measurement instrumemds agsociated system
requirements related to emission testing. Thisuites$ laboratory instruments
for measuring engine parameters, ambient condjtiofiew-related
parameters, and emission concentrations (raw otedi).

Instrument types

Any instrument mentioned in this annex shall beduas described in the
annex itself (see Table 8.2 for measurement quesititfrovided by these
instruments). Whenever an instrument mentionedis dannex is used in a
way that is not specified, or another instrumenused in its place, the
requirements for equivalency provisions shall agsyspecified in paragraph
5.1.3. Where more than one instrument for a pddicmeasurement is
specified, one of them will be identified by theéyapproval authority upon
application as the reference for showing that aermétive procedure is
equivalent to the specified procedure.

Redundant systems

Data from multiple instruments to calculate testults for a single test may
be used for all measurement instruments describetiis paragraph, with
prior approval of the type approval authority. Restrom all measurements
shall be recorded and the raw data shall be retaasedescribed in paragraph
5.3 of this annex. This requirement applies whethianot the measurements
are actually used in the calculations.

Data recording and control

The test system shall be able to update datardataia and control systems
related to operator demand, the dynamometer, saghmuipment, and

measurement instruments. Data acquisition and @losystems shall be used
that can record at the specified minimum frequencis shown in Table 9.2
(this table does not apply to discrete mode tepting
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Table 9.2
Data recording and control minimum frequencies
Minimum
Command and
lApplicable Test Protocc Control Minimum Recordin(
Section Measured Vales Frequenc Frequenc
7.6. Speed and torque during an engine step-map z1H 1 mean value per
step
7.6. Speed and torque during an engine sweep-map | Hz 5 1 Hz means
7.8.3. Transient duty cycle reference and feedkpeleds [5 Hz 1 Hz means
and torques
7.8.2. Steady-state and ramped-modal duty cyctzente (1 Hz 1Hz
and feedback speeds and torques
7.3. Continuous concentrations of raw analysers N/A 1Hz
7.3. Continuous concentrations of dilute analysers N/A 1 Hz
7.3. Batch concentrations of raw or dilute analgser N/A 1 mean value per
test interval

7.6. Diluted exhaust flow rate from a CVS with a heat |N/A 1 Hz
521 exchanger upstream of the flow measurement
7.6. Diluted exhaust flow rate from a CVS without a heft Hz 1 Hz means
521 exchanger upstream of the flow measurement
7.6. Intake-air or exhaust flow rate (for raw transient |N/A 1 Hz means
501 measurement)
7.6. Dilution air if actively controlled 5Hz 1 Hz means
8.2.1.
7.6. Sample flow from a CVS with a heat exchanger 1Hz Hzl
8.2.1.
7.6. Sample flow from a CVS without a heat exchangef z5H 1 Hz mean
8.2.1.

9.4.3. Performance specifications for measurenmestitiments

9.4.3.1. Overview

The test system as a whole shall meet all theicgipé calibrations,
verifications, and test-validation criteria spemifi in paragraphs 8.1.,
including the requirements of the linearity cheflparagraphs 8.1.4. and 8.2.
Instruments shall meet the specifications in T&2efor all ranges to be used
for testing. Furthermore, any documentation reakifeom instrument
manufacturers showing that instruments meet theifspaions in Table 9.2
shall be kept.
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9.4.3.2. Component requirements
Table 9.3 shows the specifications of transduadrdorque, speed, and
pressure, sensors of temperature and dew pointptinedt instruments. The
overall system for measuring the given physical/@ndhemical quantity
shall meet the linearity verification in paragrahth.4. For gaseous emissions
measurements, analysers may be used, that haveeneatn algorithms
that are functions of other measured gaseous coamp@nand of the fuel
properties for the specific engine test. Any congagion algorithm shall only
provide offset compensation without affecting amyngthat is no bias).
Table 9.3
Recommended performance specifications for measuremt instruments
Measurec [Complete
quantity  |System Recordin¢update
Measurement Instrume symbol Rise tim  ffrequenc Accurac?® Repeatabilit®
ngine speed transducer n 1s 1 Hz means 2.0 % of pt. or 0.51.0 % of pt. or
% of max 0.25 % of max
Engine torque transducer T 1s 1 Hz means 2.0 % of pt. or 1.0(1.0 % of pt. or
% of max 0.5 % of max
Fuel flow-meter 5s 1 Hz 2.0 % of pt. or 1.5[1.0 % of pt. or
0, 0,
(Fuel totalizer) (N/A)  (NIA) o of max 0-75 % of max
Total diluted exhaust meter (CVS) 1s 1 Hz means 2.0 % of pt. or 1.51.0 % of pt. or
0, 0,
(With heat exchanger before meter) (5s) (1 Hz) % of max 0.75 % of max
Dilution air, inlet air, exhaust, and 1s 1 Hz means of 5 2.5 % of pt. or 1.5(1.25 % of pt. or
sample flow-meters Hz samples % of max 0.75 % of max
Continuous gas analyser raw X 25s 2 Hz 2.0 % of pt. or 2.01.0 % of pt. or
% of meas. 1.0 % of meas.
Continuous gas analyser dilute X 5s 1 Hz 2.0 % of pt. or 2.01.0 % of pt. or
% of meas. 1.0 % of meas.
Continuous gas analyser X 5s 1 Hz 2.0 % of pt. or 2.0(1.0 % of pt. or
% of meas. 1.0 % of meas.
Batch gas analyser X N/A N/A 2.0 % of pt. or 2.01.0 % of pt. or
% of meas. 1.0 % of meas.
Gravimetric PM balance Mpm N/A N/A See 9.4.11. 0.5 ug
Inertial PM balance Mpm 5s 1 Hz 2.0 % of pt. or 2.0(1.0 % of pt. or
% of meas. 1.0 % of meas.

& Accuracy and repeatability are all determined lin same collected data, as described in 9.4.8 based on absolute values.
"pt." refers to the overall mean value expectetthatemission limit ; "max." refers to the peak wakxpected at the emission limit
over the duty cycle , not the maximum of the instent's range; "meas." refers to the actual measuned over the duty cycle.
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Measurement of engine parameters & amb@rditions
Speed and torque sensors
Application

Measurement instruments for work inputs and ostpduring engine
operation shall meet the specifications in this ageaph. Sensors,
transducers, and meters meeting the specificatimnsTable 9.3 are
recommended. Overall systems for measuring worktsyand outputs shall
meet the linearity verifications in paragraph 8.1.4

Shaft work

Work and power shall be calculated from outputsspéed and torque
transducers according to paragraph 9.4.4.1. Oveyallems for measuring
speed and torque shall meet the calibration anidicadions in paragraphs
8.1.7.and 8.1.4.

Torque induced by the inertia of accelerating dedelerating components
connected to the flywheel, such as the drive shaft dynamometer rotor,
shall be compensated for as needed, based on ggotwering judgment.

Pressure transducers, temperature seasdrgiew point sensors

Overall systems for measuring pressure, temperaamd dew point shall
meet the calibration in paragraph 8.1.7.

Pressure transducers shall be located in a tempereontrolled
environment, or they shall compensate for tempegatihanges over their
expected operating range. Transducer material$ lshalompatible with the
fluid being measured.

Flow-related measurements

For any type of flow-meter (of fuel, intake-aigw exhaust, diluted exhaust,
sample), the flow shall be conditioned as neededréwent wakes, eddies,
circulating flows, or flow pulsations from affectjinthe accuracy or
repeatability of the meter. For some meters, thés/ the accomplished by
using a sufficient length of straight tubing (swaha length equal to at least
10 pipe diameters) or by using specially desigmihg bends, straightening
fins, orifice plates (or pneumatic pulsation dangrenfor the fuel flow-
meter) to establish a steady and predictable wglgeofile upstream of the
meter.

Fuel flow-meter

Overall system for measuring fuel flow shall meée calibration in
paragraph 8.1.8.1. In any fuel flow measuremesidll be accounted for any
fuel that bypasses the engine or returns from tiggne to the fuel storage
tank.

Intake-air flow-meter

Overall system for measuring intake-air flow shalet the calibration in
paragraph 8.1.8.2.

Raw exhaust flow-meter

Component requirements
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9.453.2.

9.453.3.

9.4.54.
9.454.1.

9.454.2.

The overall system for measuring raw exhaust féall meet the linearity
requirements in paragraph 8.1.4. Any raw-exhausenshall be designed to
appropriately compensate for changes in the ravawstts thermodynamic,
fluid, and compositional states.

Flow-meter response time

For the purpose of controlling of a partial flowution system to extract a
proportional raw exhaust sample, a flow-meter raspotime faster than
indicated in Table 9.3 is required. For partialvflailution systems with
online control, the flow-meter response time shadlet the specifications of
paragraph 8.2.1.2.

Exhaust cooling

Exhaust cooling upstream of the flow-meter is pted with the following
restrictions:

€)) PM shall not be sampled downstream of theicgpl

(b) If cooling causes exhaust temperatures aboZ°20to decrease to
below 180 °C, NMHC shall not be sampled downstreaimthe
cooling;

() If cooling causes aqueous condensation, NKkall not be sampled
downstream of the cooling unless the cooler mewtsperformance
verification in paragraph 8.1.11.4;

(d) If cooling causes aqueous condensation befoeeflow reaches a
flow-meter, Tgew @and pressurpya shall be measured at the flow-meter
inlet. These values shall be used in emission Glons according to
Annexes A.7-A.8.

Dilution air and diluted exhaust flow-mste
Application

Instantaneous diluted exhaust flow rates or tdilaked exhaust flow over a
test interval shall be determined by using a dilw&haust flow-meter. Raw
exhaust flow rates or total raw exhaust flow ovetest interval may be
calculated from the difference between a dilutetagst flow-meter and a
dilution air meter.

Component requirements

The overall system for measuring diluted exhaustvfshall meet the
calibration and verifications in paragraphs 8.1.&rd 8.1.8.5. The following
meters may be used:

(@) For constant-volume sampling (CVS) of the tdtalw of diluted
exhaust, a critical-flow venturi (CFV) or multipleritical-flow
venturis arranged in parallel, a positive-displaeatrpump (PDP), a
subsonic venturi (SSV), or an ultrasonic flow-mefgiFM) may be
used. Combined with an upstream heat exchangeereit CFV or a
PDP will also function as a passive flow control®r keeping the
diluted exhaust temperature constant in a CVS gyste

(b)  For the Partial Flow Dilution (PFD) system tbembination of any
flow-meter with any active flow control system to aimtain
proportional sampling of exhaust constituents mayubed. The total
flow of diluted exhaust, or one or more sample Bpwor a
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combination of these flow controls may be conti@li® maintain
proportional sampling.

For any other dilution system, a laminar flow eta1y an ultrasonic flow-
meter, a subsonic venturi, a critical-flow ventori multiple critical-flow
venturis arranged in parallel, a positive-displaeebhmeter, a thermal-mass
meter, an averaging Pitot tube, or a hot-wire amagier may be used.

Exhaust cooling

Diluted exhaust upstream of a dilute flow-meteryrha cooled, as long as all
the following provisions are observed:

(@) PM shall not be sampled downstream of theicgpl

(b)  If cooling causes exhaust temperatures aboZ°20to decrease to
below 180 °C, NMHC shall not be sampled downstreaimthe
cooling;

(c) If cooling causes aqueous condensation, NKkall not be sampled
downstream of the cooling unless the cooler mewtsperformance
verification in paragraph 8.1.11.4;

(d) If cooling causes aqueous condensation befoeeflow reaches a
flow-meter, dew pointT 4., and pressurpga Shall be measured at the
flow-meter inlet. These values shall be used inssian calculations
according Annexes A.7-A.8.

Sample flow-meter for batch sampling

A sample flow-meter shall be used to determinemarfiow rates or total
flow sampled into a batch sampling system over st faterval. The
difference between two flow-meters may be usedaloutate sample flow
into a dilution tunnel e.g. for partial flow dilgth PM measurement and
secondary dilution flow PM measurement. Specifaraifor differential flow
measurement to extract a proportional raw exhaastpke is given in
paragraph 8.1.8.6.1. and the calibration of difiée¢ flow measurement is
given in paragraph 8.1.8.6.2.

Overall system for the sample flow-meter shall mée calibration in
paragraph 8.1.8.

Gas divider
A gas divider may be used to blend calibratioregas

A gas divider shall be used that blends gaseshéo specifications of
paragraph 9.5.1. and to the concentrations expeahiadg testing. Critical-
flow gas dividers, capillary-tube gas dividers, tbermal-mass-meter gas
dividers may be used. Viscosity corrections shallapplied as necessary (if
not done by gas divider internal software) to appedely ensure correct gas
division. The gas-divider system shall meet thesdnity verification in
paragraph 8.1.4.5. Optionally, the blending deviwgy be checked with an
instrument which by nature is linear, e.g. using &3 with a CLD. The span
value of the instrument shall be adjusted withspan gas directly connected
to the instrument. The gas divider shall be checkethe settings used and
the nominal value shall be compared to the meascoedentration of the
instrument.

CO and COmeasurements
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9.4.7.1.
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9.4.7.1.3.
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9.4.7.1.5.

9.4.7.2.
9.4.7.2.1.

9.4.7.2.2.

A Non-dispersive infrared (NDIR) analyser shalluse=d to measure CO and
CO, concentrations in raw or diluted exhaust for aitbatch or continuous
sampling.

The NDIR-based system shall meet the calibratiod aerifications in
paragraph 8.1.8.1.

Hydrocarbon measurements
Flame-ionization detector
Application

A heated flame-ionization detector (FID) analyskall be used to measure
hydrocarbon concentrations in raw or diluted exhdos either batch or
continuous sampling. Hydrocarbon concentrationdl ffadetermined on a
carbon number basis of one;. QMethane and non-methane hydrocarbon
values shall be determined as described in parag®ap7.1.4. Heated FID
analysers shall maintain all surfaces that are seghato emissions at a
temperature of 191 +11 °C.

Component requirements

The FID-based system for measuring THC or,GHall meet all of the
verifications for hydrocarbon measurement in paapgr8.1.10.

FID fuel and burner air

FID fuel and burner air shall meet the specifmasi of paragraph 9.5.1. The
FID fuel and burner air shall not mix before emgrithe FID analyser to

ensure that the FID analyser operates with a difuglame and not a

premixed flame.

Methane

FID analysers measure total hydrocarbons (THC)ddtermine non-methane
hydrocarbons (NMHC), methane, ¢Hhall be quantified either with a non-
methane cutter and a FID analyser as describedragpaph 9.4.7.2., or with
a gas chromatograph as described in paragraph.®.4a@r a FID analyser
used to determine NMHC, its response factor to,CRFchs shall be
determined as described in paragraph 8.1.10.1. NiviHiEed calculations
are described in Annexes A.7-A.8.

Assumption on methane

Instead of measuring methane, it is allowed taimssthat 2 per cent of
measured total hydrocarbons is methane, as deddrnil®nnexes A.7-A.8.

Non-methane cutter
Application

A non-methane cutter may be used to measurgv@th a FID analyser. A
non-methane cutter oxidizes all non-methane hydbmes to CQ@ and HO.
A non-methane cutter may be used for raw or dildgdaust for batch or
continuous sampling.

System performance

Non-methane-cutter performance shall be determiasd described in
paragraph 8.1.10.3. and the results shall be usedl¢ulate NMHC emission
in A.7 and A.8.
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Configuration

The non-methane cutter shall be configured wittypass line for the
verification described in paragraph 8.1.10.3.

Optimization

A non-methane cutter may be optimised to maxirtieepenetration of CH

and the oxidation of all other hydrocarbons. A sknmpay be humidified and
a sample may be diluted with purified air or oxyd€n) upstream of non-
methane cutter to optimize its performance. Any @anmumidification and
dilution shall be accounted for in emission caltolzs.

Gas chromatograph

Application: A gas chromatograph may be used toasue CH
concentrations of diluted exhaust for batch sangpliwhile also a non-
methane cutter may be used to measure, Gid described in paragraph
9.4.7.2. a reference procedure based on a gas atograph shall be used for
comparison with any proposed alternate measurementedure under
paragraph 5.1.3.

NQ measurements

Two measurement instruments are specified fog M@&asurement and either
instrument may be used provided it meets the @itgecified in paragraph
9.4.8.1. or 9.4.8.2., respectively. The chemiluregaat detector shall be used
as the reference procedure for comparison with prgposed alternate
measurement procedure under paragraph 5.1.3.scditimex.

Chemiluminescent detector
Application

A chemiluminescent detector (CLD) coupled withN,-to-NO converter is
used to measure NQ@oncentration in raw or diluted exhaust for batch
continuous sampling.

Component requirements

The CLD-based system shall meet the quench vatidic in paragraph
8.1.11.1. A heated or unheated CLD may be usedad®idD that operates at
atmospheric pressure or under a vacuum may be used.

NG-to-NO converter

An internal or external N&to-NO converter that meets the verification in
paragraph 8.1.11.5. shall be placed upstream o€t while the converter
shall be configured with a bypass to facilitates therification.

Humidity effects

All CLD temperatures shall be maintained to pré\amueous condensation.
To remove humidity from a sample upstream of a Cafe of the following
configurations shall be used:

(@ A CLD connected downstream of any dryer or lehilthat is
downstream of an N&to-NO converter that meets the verification in
paragraph 8.1.11.5;

(b) A CLD connected downstream of any dryer or riedr chiller that
meets the verification in paragraph 8.1.11.4.
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Response time

A heated CLD may be used to improve CLD respoinse. t
Non-dispersive ultraviolet analyser
Application

A non-dispersive ultraviolet (NDUV) analyser isedsto measure NO
concentration in raw or diluted exhaust for batcleantinuous sampling.

Component requirements
The NDUV-based system shall meet the verificationzaragraph 8.1.11.3.
NG-to-NO converter

If the NDUV analyser measures only NO, an inteoraéxternal N@to-NO
converter that meets the verification in paragr8gh11.5. shall be placed
upstream of the NDUV analyser. The converter shallconfigured with a
bypass to facilitate this verification.

Humidity effects

The NDUV temperature shall be maintained to préevegueous
condensation, unless one of the following configjare is used:

(@  An NDUV shall be connected downstream of angedor chiller that
is downstream of an N&o-NO converter that meets the verification
in paragraph 8.1.11.5;

(b)  An NDUV shall be connected downstream of anyedror thermal
chiller that meets the verification in paragraph.81.4.

Q measurements

A paramagnetic detection (PMD) or magneto pneuwmdgtection (MPD)
analyser shall be used to measugec@ncentration in raw or diluted exhaust
for batch or continuous sampling.

Air-to-fuel ratio measurements

A Zirconia (ZrQ) analyser may be used to measure air-to-fuel iatiaw
exhaust for continuous sampling, Geasurements with intake air or fuel
flow measurements may be used to calculate exfilmustrate according to
Annexes A.7-A.8.

PM measurements with gravimetric balance
A balance shall be used to weigh net PM collectedample filter media.

The minimum requirement on the balance resolusioall be equal or lower
than the repeatability of 0.5 microgram recommenitedable 9.3. If the
balance uses internal calibration weights for rmitspanning and linearity
verifications, the calibration weights shall medie t specifications in
paragraph 9.5.2.

The balance shall be configured for optimum gaitlime and stability at its
location.

Analytical gases and mass standards

Analytical gases
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Analytical gases shall meet the accuracy and ywiecifications of this
section.

9.5.1.1. Gas specifications
The following gas specifications shall be consideer
(@) Purified gases shall be used to zero measuteimetnuments and to

blend with calibration gases. Gases with contaritnato higher than

the highest of the following values in the gas myér or at the outlet

of a zero-gas generator shall be used:

0] 2 per cent contamination, measured relativethe mean
concentration expected at the standard. For exarifpde CO
concentration of 100.0 umol/mol is expected, themduld be
allowed to use a zero gas with CO contaminatioa than or
equal to 2.000 pmol/mol;

(i)  Contamination as specified in Table 9.4, apglile for raw or
dilute measurements:

(iii) Contamination as specified in Table 9.5, applicdbteraw

measurements
Table 9.4
Contamination limits, applicable for raw or dilute measurements [umol/mol = ppm
(3.2.)]
Constituent Purified Synthetic Aft Purified N2
THC (C, equivalent) < 0.05 pmol/mol < 0.05 pmol/mol
CcO <1 pmol/mol <1 pmol/mol
CGo, <10 pmol/mol <10 pmol/mol
O, 0.205 to 0.215 mol/mo <2 pmol/mol
NOy <0.02 pmol/mol <0.02 pmol/mol

2 It is not required that these levels of purity imternational and/or national recognized stand#matseable.
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Table 9.5

Contamination limits, applicable for raw measuremeis [umol/mol = ppm (3.2.)]

Constituent Purified Synthetic Aft Purified N2
THC (C, equivalent) <1 pmol/mol <1 pmol/mol
CcO <1 pmol/mol <1 pmol/mol
CGO, <400 pmol/mol <400 pmol/mol
O, 0.18 to 0.21 mol/mo -
NOy < 0.1 pmol/mol < 0.1 pmol/mol

2 |t is not required that these levels of purity imternational and/or national recognized stand#matseable.

(b)

(©)

256

The following gases shall be used with a Fialgser:

(i)

(ii)

(iif)

(iv)

v)

FID fuel shall be used with an,Honcentration of (0.39 to
0.41) mol/mol, balance He. The mixture shall nattain more
than 0.05 pmol/mol THC;

FID burner air shall be used that meets thec#frations of
purified air in paragraph (a) of this paragraph;

FID zero gas.Flame-ionization detectors shall be zeroed with
purified gas that meets the specifications in pagly (a) of
this paragraph, except that the purified ggscOncentration
may be any value;

FID propane span gas. The THC FID shall bengpd and
calibrated with span concentrations of propang{sClt shall
be calibrated on a carbon number basis of ong (C

FID methane span gas. If a €HID is always spanned and
calibrated with a non-methane cutter, then the BHall be
spanned and calibrated with span concentrationmethane,
CH,. It shall be calibrated on a carbon number babisne
(C);

The following gas mixtures shall be used, vgtses traceable within
+1.0 per cent of the international and/or natimeabgnized standards
true value or of other gas standards that are apgro

@)
(ii)
(iif)
(iv)
V)
(vi)
(vii)

CH,, balance purified synthetic air and/os (ds applicable);
C,He, balance purified synthetic air and/os (ds applicable);
C3Hg, balance purified synthetic air and/os (ds applicable);
CO, balance purified N
CGO,, balance purified N
NO, balance purified §l

NO,, balance purified synthetic air;
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(viii) Oy, balance purified N
(ix) GCsHg, CO, CQ, NO, balance purified §l
) CsHg, CH,;, CO, CQ, NO, balance purified N

(d) Gases for species other than those listed nagpaph (c) of this
paragraph may be used (such as methanol in aichwhay be used to
determine response factors), as long as they aceable to within
+3.0 per cent of the international and/or naticeglognized standards
true value, and meet the stability requirementsashgraph 9.5.1.2.;

(e) Own calibration gases may be generated usipgeaision blending
device, such as a gas divider, to dilute gases pithfied N, or
purified synthetic air. If the gas dividers meeg thpecifications in
paragraph 9.4.5.6., and the gases being blendetthesequirements
of paragraphs (a) and (c) of this paragraph, tseltieg blends are
considered to meet the requirements of this papag®ab.1.1.

Concentration and expiration date

The concentration of any calibration gas standand its expiration date
specified by the gas supplier shall be recorded.

(@) No calibration gas standard may be used afteexpiration date,
except as allowed by paragraph (b) of this pardgrap

(b)  Calibration gases may be relabelled and useat #feir expiration
date if it is approved in advance by type apprawdhority.

Gas transfer

Gases shall be transferred from their source &dyaers using components
that are dedicated to controlling and transferanty those gases.

The shelf life of all calibration gases shall lespected. The expiration date
of the calibration gases stated by the manufactiralt be recorded.

Mass standards

PM balance calibration weights that are certifiesl international and/or
national recognized standards-traceable withinp@rlcent uncertainty shall
be used. Calibration weights may be certified by aalibration lab that

maintains international and/or national recognist@hdards-traceability. It
shall be made sure that the lowest calibration hteigis no greater than ten
times the mass of an unused PM-sample medium. dlii@ation report shall

also state the density of the weights.
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Annex 4B

Appendix A.1 (reserved)
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Appendix A.2
Statistics
A2.1.

A.2.2.

A.2.3.

A2.4.
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Arithmetic mean
The arithmetic meany, shall be calculated as follows:

N

y=13L _ A.2-1
y N ( )

Standard deviation

The standard deviation for a non-biasedg( N-1) sample,s, shall be
calculated as follows:

g, (A.2-2)
Root mean square
The root mean squanens,, shall be calculated as follows:
1 N
rms, = NZ ¥ (A.2-3)
i=1

t-test

It shall be determined if the data passes a tigsusing the following
equations and tables:

€) For an unpaired-test, thet statistic and its number of degrees of
freedom,v, shall be calculated as follows:

t:L__yL (A.2-4)
i29f+7y
Nref N
Nref N (A2 5)
V= 2.
(O-rzef/Nref)2 +(0-5/N)2
N —1 N-1

ref

(b)  For a paired-test, thet statistic and its number of degrees of freedom,
v, shall be calculated as follows, noting that thare the errorse(g,
differences) between each pairyf andy;:
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v=N-1 (A.2-6)

[N
g,

&

(c) Table A.2.1 of this paragraph shall be used¢dmparet to thet;
values tabulated versus the number of degreesetlém. If t is less
thant., thent passes thetest.

Table A.2.1
Critical t values versus number of degrees of freedom,
Y Confidence
90 per cent 95 per cent
1 6.314 12.706
2 2.920 4.303
3 2.353 3.182
4 2.132 2.776
5 2.015 2.571
6 1.943 2.447
7 1.895 2.365
8 1.860 2.306
9 1.833 2.262
10 1.812 2.228
11 1.796 2.201
12 1.782 2.179
13 1.771 2.160
14 1.761 2.145
15 1.753 2.131
16 1.746 2.120
18 1.734 2.101

260



ECE/TRANS/WP.29/2011/125

v Confidence
90 per cent 95 per cent
20 1.725 2.086
22 1.717 2.074
24 1.711 2.064
26 1.706 2.056
28 1.701 2.048
30 1.697 2.042
35 1.690 2.030
40 1.684 2.021
50 1.676 2.009
70 1.667 1.994
100 1.660 1.984
1000+ 1.645 1.960

Linear interpolation shall be used to establislesnot shown here.
A.2.5. F-test

TheF statistic shall be calculated as follows:
F=—" (A.2-7)

(@) For a 90 per cent confidenEetest, Table 2 of this paragraph is used
to compard- to theF90 values tabulated versul<1) and Nie—1).
If F is less thanF.g, then F passes thd--test at 90 per cent
confidence;

(b)  For a 95 per cent confidenEetest, Table 3 of this paragraph is used
to compard- to theF;95 values tabulated versus (N-1) amle(1).
If F is less thanF.es, then F passes thd--test at 95 per cent
confidence.
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Table A.2.2
Critical F values,F w0, versusN-1 and N, -1 at 90 per cent confidence

N-1 1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘12‘15‘20‘24‘30‘40‘60‘120‘1000+

Nref‘ 1

1 |39.86 49.50 53.59| 55.83 57.24 58.20) 58.90) 59.43| 59.85| 60.19| 60.70| 61.22| 61.74 62.00| 62.26| 62.52 62.79| 63.06 63.32

8.526| 9.000 9.162| 9.243] 9.293 9.326| 9.349 9.367 9.381| 9.392| 9.408 9.425| 9.441| 9.450 9.458| 9.466  9.475 9.483| 9.491

5.538| 5.462 5.391 5.343] 5.309 5.285| 5.266| 5.252 5.240| 5.230| 5.216 5.200| 5.184| 5.176 5.168| 5.160 5.151 5.143| 5.134

4.545| 4.325 4.191| 4.107| 4.051 4.010 3.979| 3.955  3.936| 3.920| 3.896/ 3.870 3.844  3.831 3.817| 3.804 3.790 3.775| 3.761

4.060| 3.780 3.619| 3.520| 3.453 3.405| 3.368| 3.339 3.316 3.297| 3.268 3.238 3.207  3.191 3.174 3.157 3.140 3.123| 3.105

3.776| 3.463 3.289 3.181 3.108 3.055| 3.014| 2.983 2.958| 2.937| 2.905 2.871| 2.836| 2.818 2.800| 2.781 2.762 2.742| 2.722

3.589| 3.257 3.074 2.961 2.883| 2.827| 2.785| 2.752 2.725| 2.703| 2.668 2.632| 2.595| 2.575 2.555| 2.535| 2.514 2.493| 2.471

3.458| 3.113  2.924 2.806| 2.726 2.668| 2.624| 2.589 2.561| 2.538| 2.502 2.464| 2.425| 2.404 2.383| 2.361 2.339 2.316| 2.293

© (0o N oo g b W N

3.360| 3.006 2.813 2.693| 2.611| 2.551| 2.505| 2.469 2.440| 2.416| 2.379 2.340| 2.298| 2.277 2.255| 2.232| 2.208 2.184| 2.159

=
o

3.285] 2.924 2.728 2.605| 2.522| 2.461| 2.414) 2.377 2.347| 2.323| 2.284 2.244| 2.201| 2.178 2.155| 2.132 2.107 2.082| 2.055

[
[N

3.225| 2.860 2.660 2.536| 2.451| 2.389| 2.342) 2.304 2.274| 2.248| 2.209 2.167| 2.123| 2.100 2.076| 2.052| 2.026 2.000| 1.972

[
N

3.177 2.807 2.606| 2.480| 2.394| 2.331| 2.283| 2.245 2.214| 2.188| 2.147 2.105| 2.060| 2.036 2.011| 1.986  1.960 1.932| 1.904

=
w

3.136| 2.763 2.560 2.434| 2.347| 2.283| 2.234/ 2.195 2.164| 2.138| 2.097 2.053| 2.007| 1.983 1.958| 1.931 1.904 1.876| 1.846

[
S

3.102 2.726 2.522| 2.395| 2.307| 2.243| 2.193| 2.154  2.122| 2.095| 2.054 2.010| 1.962| 1.938 1.912| 1.885 1.857 1.828| 1.797

=
(&)]

3.073] 2.695 2.490 2.361 2.273| 2.208| 2.158| 2.119 2.086| 2.059| 2.017 1.972| 1.924| 1.899 1.873| 1.845 1.817 1.787| 1.755

=
(o]

3.048| 2.668 2.462 2.333| 2.244|2.178| 2.128| 2.088 2.055| 2.028| 1.985 1.940| 1.891| 1.866 1.839| 1.811 1.782 1.751| 1.718

[y
~

3.026| 2.645 2.437 2.308| 2.218| 2.152| 2.102| 2.061 2.028| 2.001| 1.958 1.912| 1.862| 1.836 1.809| 1.781 1.751 1.719| 1.686

=
[ee]

3.007| 2.624 2.416 2.286| 2.196| 2.130| 2.079| 2.038 2.005| 1.977| 1.933 1.887| 1.837| 1.810 1.783| 1.754 1.723 1.691| 1.657

=
©

2.990] 2.606 2.397 2.266| 2.176| 2.109| 2.058| 2.017 1.984| 1.956| 1.912 1.865| 1.814| 1.787 1.759| 1.730 1.699 1.666| 1.631

N
o

2.975] 2.589 2.380 2.249| 2.158| 2.091| 2.040] 1.999 1.965| 1.937| 1.892 1.845| 1.794| 1.767 1.738| 1.708| 1.677 1.643| 1.607

N
=

2.961 2.575 2.365 2.233| 2.142| 2.075| 2.023| 1.982 1.948| 1.920  1.875 1.827|1.776| 1.748 1.719| 1.689 1.657 1.623| 1.586

N
o

2.949 2.561 2.351 2.219 2.128 2.061| 2.008| 1.967 1.933| 1.904| 1.859 1.811| 1.759  1.731 1.702| 1.671 1.639 1.604| 1.567

N
w

2.937| 2.549 2.339 2.207| 2.115  2.047| 1.995| 1.953 1.919| 1.890| 1.845 1.796| 1.744| 1.716 1.686| 1.655 1.622 1.587| 1.549

N
S

2.927) 2.538 2.327, 2.195| 2.103| 2.035| 1.983| 1.941 1.906| 1.877| 1.832 1.783| 1.730| 1.702 1.672| 1.641 1.607 1.571| 1.533

N
(&)]

2.918| 2.528 2.317 2.184/ 2.092| 2.024| 1.971 1.929 1.895| 1.866| 1.820 1.771| 1.718| 1.689 1.659| 1.627 1.593 1.557| 1.518

N
(o]

2.909| 2.519 2.307 2.174/ 2.082| 2.014| 1.961 1.919 1.884| 1.855  1.809 1.760| 1.706| 1.677 1.647| 1.615 1.581 1.544| 1.504

N
Ry}

2.901 2.511 2.299 2.165| 2.073| 2.005| 1.952 1.909 1.874|1.845 1.799 1.749| 1.695| 1.666 1.636| 1.603| 1.569 1.531| 1.491

N
[ee]

2.894) 2.503  2.291 2.157| 2.064| 1.996| 1.943| 1.900 1.865| 1.836| 1.790 1.740| 1.685| 1.656 1.625| 1.593| 1.558 1.520| 1.478

N
©

2.887 2.495 2.283 2.149 2.057/1.988| 1.935| 1.892 1.857|1.827| 1.781 1.731| 1.676| 1.647 1.616| 1.583| 1.547 1.509| 1.467

w
o

2.881 2.489 2.276) 2.142 2.049 1.980| 1.927| 1.884 1.849| 1.819  1.773 1.722| 1.667| 1.638 1.606| 1.573| 1.538 1.499| 1.456

N
o

2.835] 2.440 2.226) 2.091 1.997|1.927| 1.873] 1.829 1.793| 1.763| 1.715 1.662| 1.605| 1.574 1.541| 1.506 1.467 1.425| 1.377

(o]
o

2.791 2.393 2.177 2.041 1.946/ 1.875| 1.819 1.775 1.738| 1.707| 1.657 1.603| 1.543| 1.511 1.476| 1.437 1.395 1.348| 1.291

120 | 2.748 2.347/ 2.130, 1.992| 1.896 1.824| 1.767 1.722 1.684| 1.652 1.601 1.545| 1.482 1.447 1.409| 1.368| 1.320 1.265| 1.193

1000+ 2.706| 2.303| 2.084 1.945| 1.847 1.774 1.717|1.670 1.632 1.599| 1.546| 1.487 1.421 1.383  1.342 1.295 1.240 1.169| 1.000

262



ECE/TRANS/WP.29/2011/125

Table A.2.3
Critical F values,F;w9s, versusN-1 and N1 at 95 per cent confidence

N-1 1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘12‘15‘20‘24‘30‘40‘60‘120‘1000+

Nref‘ 1

1 |161.4 199.5 215.7| 224.5 230.1 233.9| 236.7| 238.8 240.5| 241.8| 243.9| 245.9| 248.0 249.0| 250.1| 251.1) 252.2| 253.2| 254.3

18.51 19.00 19.16| 19.24) 19.29 19.33| 19.35 19.37 19.38| 19.39 19.41 19.42| 19.44 19.45| 19.46| 19.47| 19.47| 19.48| 19.49

10.12 9.552 9.277|9.117 9.014 8.941| 8.887 8.845 8.812| 8.786 8.745| 8.703| 8.660 8.639 8.617| 8.594| 8.572| 8.549| 8.526

7.709) 6.944 6.591 6.388| 6.256/ 6.163) 6.094| 6.041 5.999| 5.964| 5.912 5.858| 5.803| 5.774 5.746| 5.717 5.688 5.658| 5.628

6.608| 5.786/ 5.410 5.192| 5.050 4.950 4.876| 4.818 4.773| 4.735/ 4.678 4.619| 4.558| 4.527 4.496| 4.464 4.431 4.399| 4.365

5.987| 5.143 4.757 4.534| 4.387| 4.284 4.207| 4.147 4.099| 4.060| 4.000 3.938| 3.874 3.842 3.808| 3.774  3.740 3.705| 3.669

5.591 4.737 4.347 4.120) 3.972) 3.866 3.787| 3.726| 3.677| 3.637| 3.575 3.511| 3.445| 3.411 3.376| 3.340 3.304 3.267| 3.230

5.318| 4.459 4.066 3.838| 3.688 3.581 3.501| 3.438 3.388| 3.347| 3.284 3.218| 3.150| 3.115 3.079| 3.043 3.005 2.967| 2.928

© (0o N oo g b W N

5.117 4.257 3.863 3.633| 3.482| 3.374 3.293| 3.230 3.179| 3.137| 3.073 3.006| 2.937| 2.901 2.864| 2.826  2.787 2.748| 2.707

=
o

4.965| 4.103 3.708| 3.478| 3.326 3.217| 3.136| 3.072 3.020 2.978| 2.913| 2.845 2.774| 2.737 2.700 2.661 2.621 2.580 2.538
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4.844| 3.982 3.587| 3.357| 3.204 3.095| 3.012| 2.948 2.896 2.854| 2.788| 2.719 2.646| 2.609 2.571 2.531 2.490 2.448 2.405

[
N

4.747| 3.885 3.490 3.259| 3.106 2.996| 2.913| 2.849 2.796 2.753| 2.687| 2.617 2.544| 2.506| 2.466 2.426 2.384 2.341 2.296
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4.667| 3.806 3.411 3.179| 3.025 2.915| 2.832| 2.767 2.714 2.671| 2.604  2.533 2.459| 2.420  2.380 2.339 2.297 2.252  2.206
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4.600| 3.739 3.344| 3.112| 2.958 2.848| 2.764| 2.699 2.646 2.602| 2.534  2.463 2.388| 2.349 2.308| 2.266  2.223 2.178 2.131
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4.543| 3.682 3.287| 3.056| 2.901 2.791| 2.707| 2.641 2.588 2.544| 2.475| 2.403 2.328| 2.288 2.247| 2.204 2.160 2.114 2.066
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4.494| 3.634 3.239 3.007| 2.852 2.741| 2.657| 2.591 2.538 2.494| 2.425| 2.352 2.276| 2.235 2.194 2.151 2.106 2.059 2.010
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4.451] 3.592 3.197| 2.965| 2.810 2.699 2.614| 2.548 2.494 2.450| 2.381 2.308 2.230| 2.190  2.148 2.104  2.058 2.011 1.960
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4.414| 3.555) 3.160 2.928| 2.773 2.661| 2.577| 2.510 2.456 2.412| 2.342| 2.269 2.191| 2.150 2.107, 2.063| 2.017 1.968 1.917
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4.381] 3.522 3.127| 2.895| 2.740 2.628| 2.544| 2.477 2.423) 2.378| 2.308| 2.234 2.156| 2.114 2.071 2.026 1.980 1.930 1.878
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4.351] 3.493 3.098 2.866| 2.711 2.599  2.514| 2.447 2.393 2.348| 2.278| 2.203 2.124| 2.083| 2.039 1.994 1.946 1.896  1.843
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4.325| 3.467 3.073| 2.840| 2.685 2.573| 2.488| 2.421 2.366 2.321| 2.250  2.176 2.096| 2.054  2.010 1.965 1.917 1.866, 1.812
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4.301] 3.443 3.049  2.817| 2.661 2.549 2.464| 2.397 2.342 2.297| 2.226| 2.151 2.071| 2.028  1.984 1.93