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l. Proposal

The text of the Regulation, amend to read:

1.

1.1.

1.2.

1.3.

2.1.
2.1.1.

2.1.2.

2.1.3.

2.1.4.

2.1.5.

2.1.6.

Scope

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

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

used imon-road mobile machinery' having an installed net power higher
than 18 kW but not more than 560 kW, operated undeable speed

used imon-road mobile machinery' having an installed net power higher
than 18 kW, but not more than 560 kW, operated uodestanspeed

Definitions and abbreviations

For the purpose of this Regulation,

"Adjustment factor$ mean additive (upward adjustment factor and
downward adjustment factor) or multiplicative factors to be considered
during the periodic (infrequent) regeneration;

"Applicable emission limit means an emission limit to which an engine is
subject;

"Approval of an engine means the approval of an engine type or family
with regard to the level of emission of gaseous arghrticulate pollutants
by the engine;

"Agueous condensatidnmeans the precipitation of water-containing
constituents from a gas phase to a liquid phase. Agous condensation is
a function of humidity, pressure, temperature, andconcentrations of
other constituents such as sulphuric acid. These pameters vary as a
function of engine intake-air humidity, dilution-air humidity, engine air-

to-fuel ratio, and fuel composition - including theamount of hydrogen
and sulphur in the fuel;

"Atmospheric pressufe means the wet, absolute, atmospheric static
pressure. Note that if the atmospheric pressure imeasured in a duct,
negligible pressure losses shall be ensured betwettye atmosphere and
the measurement location, and changes in the duct'static pressure
resulting from the flow shall be accounted for;

"Calibration” means the process of setting a measurement system
response so that its output agrees with a range o&ference signals.
Contrast with "verification";

! As defined in the Consolidated Resolution on thesbaiction of Vehicles (R.E.3)
(ECE/TRANS/WP.29/78/Rev.2).
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2.1.7.

2.1.8.

2.1.9.

2.1.10.

2.1.11.

2.1.12.

2.1.13.

2.1.14.

2.1.15.

2.1.16.

"Calibration gas means a purified gas mixture used to calibrate ga
analysers. Calibration gases shall meet the speciitions of 9.5.1. Note
that calibration gases and span gases are qualitagly the same, but
differ in terms of their primary function. Various performance
verification checks for gas analysers and sample hdling components
might refer to either calibration gases or span gass;

"Compression ignition (C.l.) engifemeans an engine which works on
the compression-ignition principle (e.g. diesel ernge);

"Constant-speed engitiemeans an engine whose type approval or
certification is limited to constant-speed operatin. Engines whose
constant-speed governor function is removed or diéded are no longer
constant-speed engines;

'Constant-speed operatidmmeans engine operation with a governor that

automatically controls the operator's demand to maitain engine speed,
even under changing load. Governors do not always amtain exactly
constant speed. Typically, speed can decrease (€0110) per cent below
the speed at zero load, such that the minimum speestcurs near the
engine's point of maximum power;

‘Continuous regeneratiohmeans the regeneration process of an exhaust
after-treatment system that occurs either in a susined manner or at
least once over the applicable transient test cycte ramped-modal cycle;
in contrast to periodic (infrequent) regeneration;

"Conversion efficiency of non-methane cutter (NMC)"Emeans the

efficiency of the conversion of a NMC that is usetbr removing the non-

methane hydrocarbons from the sample gas by oxidizg all

hydrocarbons except methane. Ideally, the conversiofor methane is 0
per cent Ecys = 0) and for the other hydrocarbons represented by
ethane is 100 per cent Ecope = 100 per cent). For the accurate
measurement of NMHC, the two efficiencies shall beletermined and

used for the calculation of the NMHC emission masslow rate for

methane and ethane. Contrast with "penetration fration";

'‘Delay time means the difference in time between the changef ¢he
component to be measured at the reference point aral system response
of 10 per cent of the final reading 1) with the sampling probe being
defined as the reference point. For the gaseous cponents, this is the
transport time of the measured component from the ampling probe to
the detector (see figure 3.1);

'deNQ, systeri means an exhaust after-treatment system designetb
reduce emissions of oxides of nitrogen (NQP(e.g. passive and active lean
NO, catalysts, NQ adsorbers and selective catalytic reduction (SCR)
systems);

‘Dew point means a measure of humidity stated as the equilium

temperature at which water condenses under a givepressure from
moist air with a given absolute humidity. Dew pointis specified as a
temperature in °C or K, and is valid only for the pressure at which it is
measured;

" Discrete-modé means relating to a discrete-mode type of steadstate
test, as described in paragraph 7.4.1.1. and Annéx
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2.1.17.

2.1.18.

2.1.19.

2.1.20.

2.1.21

2.1.22.

2.1.23.

2.1.24.

2.1.25.

2.1.26.

2.1.27.

2.1.28.

2.1.29.

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

‘Electronic control unit' means an engine's electronic device that uses
data from engine sensors to control engine paramete

‘Emission control systeth means any device, system, or element of
design that controls or reduces the emissions of galated pollutants
from an engine;

'‘Emission control strategymeans a combination of an emission control
system with one base emission control strategy andith one set of
auxiliary emission control strategies, incorporatednto the overall design
of an engine or non-road mobile machinery into whik the engine is
installed.

"Emission durability period means the number of hours indicated in
Annex 8 used to determine the deterioration factors

'Engine family' means a manufacturer's grouping of engines which,
through their design, are expected to have similaexhaust emission
characteristics and comply with the requirements inparagraph 7 of this
Regulation;

'‘Engine governed speé&dmeans the engine operating speed when it is
controlled by the installed governor;

'‘Engine systerti means the engine, the emission control system arte

communication interface (hardware and messages) beeen the engine
system electronic control unit(s) (ECU) and any othr powertrain or

vehicle control unit;

‘Engine typé means a category of engines which do not diffemi such
essential engine characteristics as defined in pageaphs 1 to 4 of Annex
1A, Appendix 3 to this Regulation;

"Exhaust after-treatment system" means a calyst, particulate filter,

deNO, system, combined deNQparticulate filter or any other emission-
reducing device that is installed downstream of theengine. This
definition excludes exhaust gas recirculation (EGRand turbochargers,
which are considered an integral part of the engine

‘Exhaust-gas recirculatiol means a technology that reduces emissions
by routing exhaust gases that had been exhaustedofn the combustion
chamber(s) back into the engine to be mixed with oming air before or
during combustion. The use of valve timing to incrase the amount of
residual exhaust gas in the combustion chamber(shat is mixed with
incoming air before or during combustion is not cosidered exhaust-gas
recirculation for the purposes of this Regulation;

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

‘Gaseous pollutantsmeans carbon monoxide, hydrocarbons (assuming
a ratio of C;H; g) and oxides of nitrogen, the last named being expssed
in nitrogen dioxide (NO,) equivalent;
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2.1.30.

2.1.31.

2.1.32.

2.1.33.

2.1.34.

2.1.35.

2.1.36.

2.1.37.

2.1.38.

2.1.39.

2.1.40.

2.1.41.

‘Good engineering judgmehtmeans judgments made consistent with
generally accepted scientific and engineering pririples and available
relevant information;

'HEPA filter" means high-efficiency particulate air filters that are rated
to achieve a minimum initial particle-removal effidency of 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 which theemission
standards are based for each type of fuel and engin

'High speed ()" means the highest engine speed where 70 per cesft
the maximum power occurs;

‘Idle speetl means the lowest engine speed with minimum loadjfeater
than or equal to zero load), where an engine goveon function controls
engine speed. For engines without a governor funoti that controls idle
speed, idle speed means the manufacturer-declaredhlue for lowest
engine speed possible with minimum load. Note thatarm idle speed is
the idle speed of a warmed-up engine;

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

(a) For engines which are designed to operate ovarspeed range on a
full load torque curve, the intermediate speed shhlbe the
declared maximum torque speed if it occurs betwee@0 per cent
and 75 per cent of the rated speed,;

(b)  If the declared maximum torque speed is less #m 60 per cent of
the rated speed, then the intermediate speed sh&le 60 per cent
of the rated speed,;

(c) If the declared maximum torque speed is greatethan 75 per cent
of the rated speed then the intermediate speed shak 75 per cent
of the rated speed.

‘Linearity" means the degree to which measured values agreeithv
respective reference values. Linearity is quantifié using a linear
regression of pairs of measured values and refereawalues over a range
of values expected or observed during testing;

'‘Low speed (g)" means the lowest engine speed where 50 per ceifttloe
maximum power occurs;

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

'‘Maximum torque speetdmeans the engine speed at which the maximum
torque is obtained from the engine, as specified the manufacturer;

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

‘Net powet means the power in "ECE kW" obtained on the test bench
at the end of the crankshaft, or its equivalent, masured in accordance
with the method described in Regulation No. 120 othe measurement of
the net power, net torque and specific fuel consuntipn of internal
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2.1.42.

2.1.43.

2.1.44.

2.1.45.

2.1.46.

2.1.47.

2.1.48.

2.1.49.

2.1.50.

2.1.51.

2.1.52.

2.1.53.

combustion engines for agricultural and forestry tactors and non-road
mobile machinery.

'‘Non-methane hydrocarbons (NMHC) means the sum of all
hydrocarbon species except methane;

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

'Operator demanti means an engine operator's input to control engia

output. The "operator" may be a person (i.e. manugl, or a governor

(i.e., automatic) that mechanically or electronicdy signals an input that

demands engine output. Input may be from an accelator pedal or

signal, a throttle-control lever or signal, a fuellever or signal, a speed
lever or signal, or a governor setpoint or signal;

'‘Oxides of nitrogefi means compounds containing only nitrogen and
oxygen as measured by the procedures specified imig Regulation.
Oxides of nitrogen are expressed quantitatively ag the NO is in the
form of NO,, such that an effective molar mass is used for afixides of
nitrogen equivalent to that of NQ;;

'Parent enginé means an engine selected from an engine family such
a way that its emissions characteristics are represtative for that engine
family and that it complies with the requirements &t out in Annex 1B of
this Regulation;

'‘Partial pressuré means the pressurep, attributable to a single gas in a
gas mixture. For an ideal gas, the partial pressurelivided by the total
pressure is equal to the constituent's molar concémation, X;

'‘Particulate after-treatment devitemeans an exhaust after-treatment
system designed to reduce emissions of particulatgollutants (PM)
through a mechanical, aerodynamic, diffusional ornertial separation;

‘Partial flow dilution method means the process of separating a part
from the total exhaust flow, then mixing it with an appropriate amount
of dilution air prior to the particulate sampling f ilter;

'‘Particulate matter (PM) means any material collected on a specified
filter medium after diluting C.l. engine exhaust ga with clean filtered
air so that the temperature does not exceed 325 K% °C);

'‘Penetration fraction PF means the deviation from ideal functioning of

a non-methane cutter (see Conversion efficiency ofon-methane cutter

(NMC) E). An ideal non-methane cutter would have a methane
penetration factor, PFch4, of 1.000 (that is, a methane conversion
efficiency Ecpys Of 0), and the penetration fraction for all other

hydrocarbons would be 0.000, as represented bRFcone (that is, an

ethane conversion efficiency Ecope Of 1). The relationship is:

PFcha = 1 —Ecps and PFcang = 1 —Ecore;

'Per cent load means the fraction of the maximum available torque at
an engine speed,;

‘Periodic (or infrequent) regeneratichmeans the regeneration process
of an exhaust after-treatment system that occurs pdically in typically
less than 100 hours of normal engine operation. Dimg cycles where
regeneration occurs, emission standards may be exxked,;
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2.1.54.

2.1.55.

2.1.56.
2.1.57.

2.1.58.

2.1.59.

2.1.60.

2.1.61.

2.1.62.

2.1.63.

2.1.64.

2.1.65.

2.1.66.

‘Placing on the markeét means the action of making available a product
covered by this Regulation on the market of a couny applying this
Regulation, for payment or free of charge, with a iew to distribution
and/or use in the country;

'Probe' means the first section of the transfer line whit transfers the
sample to next component in the sampling system;

'PTFE" means polytetrafluoroethylene, commonly known ageflon ™:;

'Ramped modal steady state test cycieans a test cycle with a sequence
of steady state engine test modes with defined speand torque criteria
at each mode and defined speed and torque ramps beten these modes;

'‘Rated spe€d means the maximum full load speed allowed by the
governor, as designed by the manufacturer, or, iflech a governor is not
present, the speed at which the maximum power is tdined from the
engine, as designed by the manufacturer;

'‘Reagent means any consumable or non-recoverable medium ggiired
and used for the effective operation of the exhausafter-treatment
system.

'‘Regeneratiol means an event during which emissions levels chge
while the aftertreatment performance is being resteed by design. Two
types of regeneration can occur: continuous regenation (see paragraph
6.6.1.) and infrequent (periodic) regeneration (separagraph 6.6.2.);

'Response timemeans the difference in time between the changd the
component to be measured at the reference point aral system response
of 90 per cent of the final reading tgo) with the sampling probe being
defined as the reference point, whereby the changef the measured
component is at least 60 per cent full scale (FSha the devices for gas
switching shall be specified to perform the gas stehing in less than 0.1
s. The system response time consists of the delayé to the system and
of the rise time of the system;

'‘Rise timé& means the difference in time between the 10 perat and 90
per cent response of the final readingt§o —t10);

'Shared atmospheric pressure métemeans an atmospheric pressure
meter whose output is used as the atmospheric prese for an entire test
facility that has more than one dynamometer test de

‘Shared humidity measuremehimeans a humidity measurement that is
used as the humidity for an entire test facility ttat has more than one
dynamometer test cell;

"Spar’ means to adjust an instrument so that it gives groper response

to a calibration standard that represents between ¥ per cent and 100
per cent of the maximum value in the instrument rage or expected
range of use;

'Span ga% means a purified gas mixture used to span gas alysers.
Span gases shall meet the specifications of paragta 9.5.1. Note that
calibration gases and span gases are qualitativelile same, but differ in
terms of their primary function. Various performance verification
checks for gas analysers and sample handling compamts might refer to
either calibration gases or span gases;
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2.1.67.
2.1.68.

2.1.69.

2.1.70.

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.

'Specific emissior’smeans the mass emissions expressed in g/kWh;

'Standaloné means something that has no dependencies; it castand
alone";

'Steady-statemeans relating to emission tests in which engingpeed and
load are held at a finite set of hominally constantalues. Steady-state
tests are either discrete-mode tests or ramped-mobiests;

"Stoichiometri¢ means relating to the particular ratio of air and fuel
such that if the fuel were fully oxidized, there wald be no remaining fuel
or oxygen;

'‘Storage mediuti means a particulate filter, sample bag, or any dter
storage device used for batch sampling;

'Test (or duty) cyclémeans a sequence of test points each with a dedith
speed and torque to be followed by the engine undesteady state or
transient operating conditions. Duty cycles are sg#fied in the Annex 5.
A single duty cycle may consist of one or more tesitervals;

'Test interval means a duration of time over which brake-specifi
emissions are determined. In cases where multipleest intervals occur
over a duty cycle, the Regulation may specify addiinal calculations that
weigh and combine results to arrive at composite Waes for comparison
against the applicable emission limits;

'Tolerancé' means the interval in which 95 per cent of a sedf recorded
values of a certain quantity shall lie, with the renaining 5 per cent of the
recorded values deviating from the tolerance interal. The specified
recording frequencies and time intervals shall be sed to determine if a
quantity is within the applicable tolerance;

‘Total hydrocarbon (THC) means the combined mass of organic
compounds measured by the specified procedure for easuring total

hydrocarbon, expressed as a hydrocarbon with a hydigen-to-carbon

mass ratio of 1.85:1;

'Transformation timé means the difference in time between the change
of the component to be measured at the reference ipb and a system
response of 50 per cent of the final readingsp) with the sampling probe
being defined as the reference point. The transforation time is used for
the signal alignment of different measurement insuments. See figure
3.1;

'‘Transient test cyclfemeans a test cycle with a sequence of normalized
speed and torque values that vary relatively quickl with time (NRTC);

'Type approval means the approval of an engine type with regardo its
emissions measured in accordance with the procedwespecified in this
Regulation;

‘Updating-recording means the frequency at which the analyser
provides new, current, values;

'‘Useful life" means the relevant period of distance and/or timeover
which compliance with the relevant gaseous and padulate emission
limits has to be assured,
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2.1.81. Variable-speed engifemeans an engine that is not a constant-speed
engine;
2.1.82. "Verification" means to evaluate whether or not a measurement siem's

outputs agree with a range of applied reference sigls to within one or
more predetermined thresholds for acceptance. Conast with
“calibration”;

2.1.83. "To zerd means to adjust an instrument so it gives a zercesponse to a
zero calibration standard, such as purified nitroge or purified air for
measuring concentrations of emission constituents;

2.1.84. 'Zero ga8 means a gas that yields a zero response in an dyser. This
may either be purified nitrogen, purified air, a cambination of purified
air and purified nitrogen.

Figure 1
Definitions of system response: delay time (paragph 2.1.13.), response time
(paragraph 2.1.59.), rise time (paragraph 2.1.609nd transformation time (paragraph
2.1.74)

o |step input time

c 1

e : .

é’* ; response time

2|

i transformation time
delay time rise time "I'ime

2.2. Symbols and abbreviations
2.2.1. Symbols

The symbols are explained in Annex 4A paragraph 1l.4and Annex 4B
paragraph 3.2. respectively.

2.2.2. Symbols and abbreviatiofigr the chemical components
Ar Argon
C; Carbon 1 equivalent hydrocarbon
CH,4 Methane
CoHg Ethane
CsHg Propane
(6{0) Carbon monoxide
CO, Carbon dioxide
DOP Di-octylphthalate
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2.2.3.

Ho
HC
H,O
He

N
NMHC
NOy
NO
NO,
O
PM
PTFE
S
THC

Atomic hydrogen
Molecular hydrogen
Hydrocarbon

Water

Helium

Molecular nitrogen
Non-methane hydrocarbon
Oxides of nitrogen
Nitric oxide

Nitrogen dioxide
Oxygen

Particulate matter
Polytetrafluoroethylene
Sulphur

Total hydrocarbon

Abbreviations

ASTM
BMD
BSFC
CFVv
Cl
CLD
CVS
deNOy
DF
ECM
EFC
EGR
FID
GC
HCLD
HFID
IBP
ISO
LPG
NDIR

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)
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3.1

3.1.1.

3.1.2.

3.1.3.

4.1.

4.2.

NDUV Nondispersive ultraviolet (Analyser)

NIST US National Institute for Standards and Techndéogy
NMC Non-Methane Cutter

PDP Positive Displacement Pump

%FS Per cent of full scale

PFD Partial Flow Dilution

PFS Partial Flow System

PTFE Polytetrafluoroethylene (commonly known as Tdbn™)
RMC Ramped-modal cycle

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 aasafe technical unit

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

It shall be accompanied by the undermentici@uments 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 the particalaf the engine
family as referred to in Annex 1B of this Regulatio

An engine conforming to the engine type abtaristics described in Annex
1A shall be submitted to the technical service sasgble for conducting the
approval tests defined in paragraph 5. If the terservice determines that
the submitted engine does not fully represent tigine family described in
Annex 1A Appendix 2 an alternative and, if necessary, an additionglre
shall be submitted for test according to paragf&ph

Approval

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

An approval number shall be assigned to egoé or family approved. Its
first two digits shall indicate the series of amemats (at present 01)
incorporating the most recent major technical amems made to the

11
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N

Regulation at the time of issue of the approvak $ame Contracting Party
shall not assign the same number to another ergeeor family.

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

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

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

4.4.2. the number of this Regulation, followed b tletter "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 lethtem D to K indicating the
emission level (paragraph 5.2.1.) according to tvie 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 presttibeed not be repeated;
in such a case, the regulation and approval numaeds the additional
symbols of all the Regulations under which apprdwad been granted under
this Regulation shall be placed in vertical colurtmshe right of the symbol
prescribed in paragraph 4.4.2.

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

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

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

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 SpainfdrSerbia, 11 for the United Kingdom, 12 for
Austria, 13 for Luxembourg, 14 for Switzerland, ({&cant), 16 for Norway, 17 for Finland, 18 for
Denmark, 19 for Romania, 20 for Poland, 21 for &gat, 22 for the Russian Federation, 23 for
Greece, 24 for Ireland, 25 for Croatia, 26 for 8laa, 27 for Slovakia, 28 for Belarus, 29 for Estpn
30 (vacant), 31 for Bosnia and Herzegovina, 32.fdvia, 33 (vacant), 34 for Bulgaria, 35 for
Kazakhstan, 36 for Lithuania, 37 for Turkey, 38damt), 39 for Azerbaijan, 40 for The former
Yugoslav Republic of Macedonia, 41 (vacant), 42ther European Community (Approvals are
granted by its Member States using their respestmebol), 43 for Japan, 44 (vacant), 45 for
Australia, 46 for Ukraine, 47 for South Africa, #8 New Zealand, 49 for Cyprus, 50 for Malta,

51 for the Republic of Korea, 52 for Malaysia, 88 Thailand, 54 and 55 (vacant), 56 for
Montenegro, 57 (vacant) and 58 for Tunisia. Subsetjoumbers 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 \ges, Equipment and Parts which can be Fitted
and/or be Used on Wheeled Vehicles and the Condifior Reciprocal Recognition of Approvals
Granted on the Basis of these Prescriptions, anduimbers thus assigned shall be communicated by
the Secretary-General of the United Nations taQbetracting Parties to the Agreement.
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4.8.1.
4.8.2.
4.9.

5.1.

5.1.1.

5.1.2

5.1.3.

5.1.4.

5.2.

5.2.1.

the trademark or trade name of the manufaicaf the engine;
the manufacturer's engine code;

These marks shall be clearly legible and ibt|

Specification and tests

General

The components liable to affect the emission ofegas and particulate
pollutants shall be so designed, constructed asdnaisled as to enable the
engine, in normal use, despite the vibrations t&kvit may be subjected, to
comply with the provisions of this Regulation.

The technical measures taken by the manugacshall be such as to ensure
that the mentioned emissions are effectively lidhitgpursuant to this
Regulation, throughout the normal life of the emgiand under normal
conditions of useThese provisions are deemed to be met:

(@) if the provisions of paragraphs 5.2.1. and 7.2.1. are respectively
complied with, and

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

For engines of power bands H and upwards, ehmanufacturer shall
prove the durability of the engine and after-treatnent device, if
applicable, in accordance with Annex 8.

Systematic replacement of emission relate@roponents, after a certain
running time of the engine, is permissible. Any adjstment, repair,

disassembly, cleaning or replacement of engine compents or systems
which is performed on a periodic basis to prevent mifunction of the

engine, shall only be done to the extent that isdenologically necessary
to ensure proper functioning of the emission contilo system.

Accordingly, scheduled maintenance requirements shabe included in

the customer's manual and be approved before an appval is granted.

For engines of power bands L and upwards, furtherriformation shall be

included according to the requirements of paragraptb.3.3.

The corresponding extract from the manual wh respect to
maintenance/replacements of the after-treatment deee(s) shall be
included in the information document as set out inthe appendices of
Annex 1A to this Regulation.

Specifications concerning the emissions olupenhts

The gaseous and particulate components emitted byhe engine
submitted for testing shall be measured by the metids described in
Annex 4A for the power bands up to P, and in AnnexXB for power
bands Q and R. At the request of the manufacturer md with the
agreement of the approval authority the methods desibed in Annex 4B
may be used for power bands up to P.

The emissions of the carbon monoxide, thissams of hydrocarbons, the
emissions of the oxides of nitrogen and the emissiaf particulatenatter
obtained shall not exceed the amount shown inabie tbelow:

13
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Oxides of
Net power Carbon monoxide Hydrocarbons nitrogen Particulate Matter
Power ® (co) (HO) (NOy (PM)
band (KW) (g/kWh) (g/kWh) (g/kWh) (g/kwWh)
E 130< P< 560 35 1.0 6.0 0.
F 75< P <130 5.0 1.4 6. 0.
G 37<sP <75 5.0 1.3 7.G 0.
D 18<P <37 55 1.5 8. 0.
Sum of hydro-carbons and oxides
Net power Carbon monoxide of nitrogen Particulate Matter
P) (CO) (HC + NOx) (PM)
(kw) (g/kwh) (g/kwh) (g/kwh)
H 130< P< 560 35 4.0 0.4
| 75<P <130 5.0 4.0 0.
J 37sP <75 5.0 4.7 0.4
K 19<P <37 55 7.9 0.4
Oxides of|
Net power Carbon monoxidg Hydrocarbons| nitrogen Particulate Matter
P) (Co) (HC) (NOx) (PM)
(kW) (9/kWh) (9/kWh) (9/kWh) (g/kWh)
L 130< P< 560 35 0.19 2.0 0.02p
M 75<P <130 5.0 0.19 3.3 0.02b
N 56<sP <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

14
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Oxides of
Net power Carbon monoxide Hydrocarbons nitrogen Particulate Matter
P) (CO) (HC) (NOx) (PM)
(kW) (g/kwh) (g/kwh) (g/kwh) (g/kwh)
130< P< 560 35 0.19 0.4 0.02p
56< P <130 5.0 0.19 0.4 0.02b

The limit values for power bands H B shall include deterioration factors
calculated in accordance winnex 8

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

5.3. Type approval requirements for power bands Lda R

5.3.1. This paragraph shall apply to the type-appreal of electronically
controlled engines, which use electronic control taletermine both the
quantity and timing of injecting fuel (hereafter 'engine’). This paragraph
shall apply irrespective of the technology appliedo such engines so as to
comply with the emission limit values set out in pagraph 5.2.1. of this

Regulation.
5.3.2. General requirements
5.3.2.1. Requirements for base emission control stegy

5.3.2.1.1. The base emission control strategy, a@ted throughout the speed and
torque operating range of the engine, shall be degied as to enable the
engine to comply with the provisions of this Regulion.

5.3.2.1.2. Any base emission control strategy thaan distinguish engine operation
between a standardized type approval test and otheroperating
conditions and subsequently reduce the level of ession control when
not operating under conditions substantially incluckd in the type
approval procedure is prohibited.

5.3.2.2. Requirements for auxiliary emission conticstrategy

5.3.2.2.1. An auxiliary emission control strategy @y be used by an engine or a
non-road mobile machine, provided that the auxiliay emission control
strategy, when activated, modifies the base emisgi@ontrol strategy in
response to a specific set of ambient and/or opemg conditions but does
not permanently reduce the effectiveness of the ession control system.

(@)  Where the auxiliary emission control strategyd activated during
the type approval test, paragraphs 5.3.2.2.2. and.%2.2.3. shall

not apply.
(b)  Where the auxiliary emission control strategy $ not activated
during the type approval test, it shall be demonstited that the

auxiliary emission control strategy is active onlyfor as long as
required for the purposes identified in paragraph 53.2.2.3.

15
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53.2.2.2

5.3.2.2.3.

5.3.2.2.4.

5.3.2.2.5.

5.3.2.3.
5.3.2.3.1.

16

The control conditions applicable to thisparagraph are all of the
following:

(&  An altitude not exceeding 1000 metres (or equalent atmospheric
pressure of 90 kPa);

(b)  An ambient temperature within the range 275 K b 303 K (2 °C to
30 °C);

(c)  The engine coolant temperature above 343 K (7C).

Where the auxiliary emission control strategy is atvated when the
engine is operating within the control conditions et out in
subparagraphs (a), (b) and (c), the strategy shalbnly be activated
exceptionally.

An auxiliary emission control strategy iy be activated in particular for
the following purposes:

(a) By on-board signals, for protecting the engingincluding air-
handling device protection) and/or non-road mobilemachine into
which the engine is installed from damage;

(b)  For operational safety and strategies;

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

(d) If used to trade-off the control of one regulaéd pollutant under
specific ambient or operating conditions, for maindining control
of all other regulated pollutants, within the emisgn limit values
that are appropriate for the engine concerned. Theurpose is to
compensate for naturally occurring phenomena in a mnner that
provides acceptable control of all emission constients.

The manufacturer shall demonstrate to thtechnical service at the time

of the type-approval test that the operation of anyauxiliary emission
strategy complies with the provisions of paragraph5.3.2.2. The
demonstration shall consist of an evaluation of thedocumentation
referred to in paragraph 5.3.2.3.

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

Documentation requirements

The manufacturer shall provide an inforration folder accompanying the
application for type-approval at the time of submision to the technical
service, which ensures access to any element of igasand emission
control strategy and the means by which the auxiliy strategy directly
or indirectly controls the output variables. The iformation folder shall
be made available in two parts:

(a) The documentation package, annexed to the apgpdition for type-
approval, shall include a full overview of the emision control
strategy. Evidence shall be provided that all outpts permitted by
a matrix, obtained from the range of control of theindividual unit
inputs, have been identified. This evidence shallebattached to the
information folder as referred to in Annex 1 A.
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(b)  The additional material, presented to the techital service but not
annexed to the application for type-approval, shalinclude all the
modified parameters by any auxiliary emission contol strategy
and the boundary conditions under which this stratgy operates
and in particular:

0] A description of the control logic and of timing strategies
and switch points, during all modes of operation fo the
fuel and other essential systems, resulting in efféve
emissions control (such as exhaust gas recirculaticystem
(EGR) or reagent dosing);

(i) A justification for the use of any auxiliary emission control
strategy applied to the engine, accompanied by matel
and test data, demonstrating the effect on exhaust
emissions. This justification may be based on teslata,
sound engineering analysis, or a combination of bt

(i) A detailed description of algorithms or sensos (where
applicable) used for identifying, analysing, or dignosing
incorrect operation of the NQ, control system;

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

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

5.3.3. Requirements to ensure correct operation §O, control measures

5.3.3.1. The manufacturer shall provide information that fully describes the
functional operational characteristics of the NQ control measures using
the documents set out in paragraph 2. of Appendix &nd paragraph 2. of
Appendix 3 to Annex 1A.

5.3.3.2. If the emission control system requires @agent, the characteristics of
that reagent, including the type of reagent, information on concentration
when the reagent is in solution, operational tempeture conditions and
reference to international standards for compositia and quality shall be
specified by the manufacturer, in paragraph 2.2.1.3. of Appendix 1 and
in paragraph 3.2.1.13. of Appendix 3 to Annex IA.

5.3.3.3. The engine emission control strategy shalle operational under all
environmental conditions regularly pertaining in the territory of the
Community, especially at low ambient temperatures.

5.3.3.4. The manufacturer shall demonstrate that th emission of ammonia
during the applicable emission test cycle of the pe approval procedure,
when a reagent is used, does not exceed a mean eatd 25 ppm.

5.3.3.5. If separate reagent containers are installi on or connected to a non-
road mobile machine, means for taking a sample ofhe reagent inside
the containers shall be included. The sampling poinshall be easily
accessible without requiring the use of any speciaéd tool or device.

5.3.3.6. Use and maintenance requirements

17
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5.3.3.6.1.

5.3.3.7.
5.3.3.7.1.

The type approval shall be made conditial, in accordance with
paragraph 5.1.3., upon providing to each operator fonon-road mobile
machinery written instructions comprising the following:

(@) Detailed warnings, explaining possible malfun@ns generated by
incorrect operation, use or maintenance of the insiled engine,
accompanied by respective rectification measures;

(b)  Detailed warnings on the incorrect use of the achine resulting in
possible malfunctions of the engine, accompanied byespective
rectification measures;

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

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

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

(i)  Prompt action has been taken for rectifying ircorrect
operation, use or maintenance in accordance with &
rectification measures indicated by the warnings rierred
to in subparagraphs (a) and (b);

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

The instructions shall be written in a clear and no-technical manner
using the same language as is used in the operasrhanual on non-road
mobile machinery or engine.

Reagent control (where applicable)

The type approval shall be made conditial, in accordance with the
provisions of paragraph 6.1., upon providing indicéors or other
appropriate means, according to the configuration b the non-road
mobile machinery, informing the operator on:

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

(b)  When the reagent container becomes empty, orrabst empty;

(c)  When the reagent in the storage tank does nobmply with the
characteristics declared and recorded in paragraph2.2.1.13. of
Appendix 1 and paragraph 2.2.1.13. of Appendix 3 té\nnex 1A,
according to the installed means of assessment;

(d)  When the dosing activity of the reagent is inteupted, in cases
other than those executed by the engine ECU or thdosing
controller, reacting to engine operating conditionswhere the
dosing is not required, provided that these operatig conditions
are made available to the type approval authority.
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5.3.3.7.2.

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.

By the choice of the manufacturer the gairements of reagent
compliance with the declared characteristics and th associated NQ
emission tolerance shall be satisfied by one of tielowing means:

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

(b) Indirect means, such as the use of a N&ensor in the exhaust to
evaluate reagent effectiveness.

(c)  Any other means provided that its efficacy is taleast equal to the
one resulting by the use of the means of subparagrhs (a) or (b)
and the main requirements of this paragraph are maitained.

Installation on the vehicle

The engine installation on the vehicle shamply with the following
characteristics in respect to the approval of tigire.

Intake depression shall not exceed thatifspe:dor the approved engine in
Annex 1A, Appendix 1.

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

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

Conformity of production

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

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

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

When the quality level appears unsatisfgoborwhen it seems necessary to
verify the validity of the data presented in apaiion 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 5.2The emissions of the
carbon monoxide, the emissions of the hydrocarbtires,emissions of the
oxides of nitrogen and the emissions of particutddtained shall not exceed
the amounts shown in the table in paragraph 5.XWbject to the
requirements of paragraph 5.2.2.

If the engine taken from the series does satisfy the requirements of
paragraph 7.2.2.1. the manufacturer may ask forsuorements to be
performed on a sample of engines of the same spe@iin taken from the
series and including the engine originally takeme Tmanufacturer shall
determine the size n of the sample in agreemertt thig technical service.
Engines other than the engine originally takenIshalsubjected to a test.

The arithmetical mea X) of the results obtained with the sample shall then
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be determined for each pollutant. The productiorthef series shall then be
deemed to confirm if the following condition is met

X +kS<|
Where:

_X(X-x )

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

is the limit value laid down in paragraph 5.2ftr each pollutant
considered;

k is a statistical factor depending on n and giwvethe following table:

k 0.973

0.613 0.48¢ 0.4211 0.316 0.3p2 0.317 0.p96 7012

12 13 14 15 14 1y 1B 10

k 0.265

0.253 0.242 0.23B 0.234 0.2]L6 0.210 0.p0o3 9801

7.2.3.

7.2.4.

8.1.

8.2.

20

~0.860
Jn

The Technical Service responsible for vergthe conformity of production
shall carry out tests on engines which have beeamirrupartially or
completely, according to the manufacturer's speatifdns.

if n> 20, k

The normal frequency of inspections autleatiby the Competent Authority
shall be one per year. If the requirements of pafiy7.2.2.1.are not met,
the Competent Authority shall ensure that all neags steps are taken to
re-establish the conformity of production as rapmi possible.

Penalties for non-conformity of production

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

If a Contracting Party to the Agreement apmiyihis Regulation withdraws
an approval it has previously granted, it shaltiaith so notify the other
Contracting Parties applying this Regulation by nzeaf a communication
form conforming to the model in Annex 2 to this Rigion.
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9.1.

9.1.1.

9.1.2.

9.2.

9.3.

10.

11.

11.1.

11.2.

11.3.

11.4.

Modifications and extension of approval of the
approved type

Every modification of the approved type or flgnshall be notified to the
Administrative Department which approved the typlee department may
then either:

Consider that the modifications made arekelyl to have an appreciable
adverse effect and that in any case the modifipd still complies with the
requirement; or

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

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

The Competent Authority issuing the extensidbrapproval shall assign a
series number for such an extension and informetifehe other Contracting
Parties to the 1958 Agreement applying this Regulaby means of a
communication form conforming to the model in Anrieto this Regulation.

Production definitely discontinued

If the holder of the approval completely ceasesnanufacture the type or
family approved in accordance with this Regulatien shall so inform the
authority which granted the approval. Upon recejvithe relevant

communication that authority shall inform therebg tother Parties to the
Agreement which apply this Regulation by means obamunication form

conforming to the model in Annex 2 to this Regulati

Transitional provisions

As from the official date of entry into foroé the 02 series of amendments,
no Contracting Party applying this Regulation shefuse to grant approval
under this Regulation as amended by the 02 sefrimendments.

As from the date of entry into force of th2 8eries of amendments,
Contracting Parties applying this Regulation m&yse to grant approvals to
variable speed engines, or engine families, of the powad®ad, 1, J and K
which do not meet the requirements of this Reguteéis amended by the 02
series of amendments.

As from the date of entry into force of th2 Beries of amendments,
Contracting Parties applying this Regulation mafjise the placing on the
market ofvariable speed engines, or engine families, included inpiwer
bands H, I, J and K not approved under this Regulas amended by the
series 02 of amendments.

As from 1 January 2010, Contracting Partgdyang this Regulation may
refuse to grant approvals to constant speed enginengine families, of the
power bands H, | and K which do not meet the regoénts of this
Regulation as amended by the 02 series of amendment
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11.5.

11.6.

11.7.

11.8.

11.9.

11.10.

11.11.

11.12.

11.13.

11.14.

11.15.

As from 1 January 2011, Contracting Partjgdyéng 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.

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

As from 1 January 2012, Contracting Partjgdyéng this Regulation may
refuse the placing on the market of constant speegines, or engine
families, included in the power band J not approwader 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 yearsspect 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 enhi#sis of a previous

technical standard, provided that the enginesraemded as replacement for
fitting in vehicles in use, and that it is not te@ally feasible for the engines
in question to satisfy the new requirements ofdReseries of amendments.

As from the official date of entry into fore of the 03 series of
amendments, no Contracting Party applying this Reglation shall refuse

to grant approval under this Regulation as amendedy the 03 series of
amendments.

As from the date of entry into force of theD3 series of amendments,
Contracting Parties applying this Regulation may réuse to grant

approvals to variable speed engines, or engine falwis, of the power
bands L, M, N and P which do not meet the requiren@s of this

Regulation as amended by the 03 series of amendment

As from 1 January 2013, Contracting Partiegpplying this Regulation
may refuse to grant approvals to variable speed eimges, or engine
families, of the power band Q which do not meet theequirements of this
Regulation as amended by the 03 series of amendment

As from 1 October 2013, Contracting Partieapplying this Regulation
may refuse to grant approvals to variable speed eimes, or engine
families, of the power band R which do not meet theequirements of this
Regulation as amended by the 03 series of amendment

As from the date of entry into force of thed3 series of amendments,
Contracting Parties applying this Regulation may réuse the placing on
the market of variable speed engines, or engine fales, included in the

power bands L, M, N and P not approved under this Rgulation as

amended by the series 03 of amendments.

As from 1 January 2014, Contracting Partiegpplying this Regulation
may refuse the placing on the market of variable sged engines, or
engine families, included in the power band Q notproved under this
Regulation as amended by the series 03 of amendment
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11.16.

11.17.

12.

As from 1 October 2014, Contracting Partieapplying this Regulation
may refuse the placing on the market of variable sged engines, or
engine families, included in the power band R not@proved under this
Regulation as amended by the series 03 of amendment

By derogation to the provisions stipulatechiparagraphs 11.14. to 11.16.
Contracting Parties applying this Regulation shallpostpone each date
mentioned in the above paragraphs for two years imespect of engines
with a production date prior to the said dates.

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

The Contracting Parties to the 1958 Agreementyapplthis Regulation shall
communicate to the United Nations Secretariat wmes and addresses of
the Technical Services responsible for conductipgraval tests and the
Administrative Departments which grant approval atod which forms
certifying approval or extension or refusal or withwal of approval, issued
in other countries are to be sent.

23



ECE/TRANS/WP.29/GRPE/2011/11

Annex 1A

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

Parent engine/eNgiNg tYPE ........ooee e ee e areea

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

the family engiNe(SY: ....veoveiie e
1.3. Manufacturer's type coding as marked on the egine(s):..........cccccceeeeanee.
1.4. Specification of machinery to be propelled bthe enginé: .........................
1.5. Name and address of manufaCturer:.........ccccuuviviiiiiiiieiie e

Name and address of manufacturer's authorized repreentative

(I AINY ) e
1.6. Location, coding and method of affixing of thengine identification .........
1.7. Location and method of affixing of the approvemark: ..........cccccceveennnnns
1.8. Address(es) of assembly plant(S): .......oeeeeeiiiiiiiiiiie e
Attachments:
1.1. Essential characteristics of the parent engifg) (see Appendix 1)
1.2. Essential characteristics of the engine familisee Appendix 2)
1.3. Essential characteristics of engine types withthe family (see Appendix
3)
2. Characteristics of engine-related parts of the wobile machinery (if
applicable)
3. Photographs of the parent engine
4, List further attachments if any

Date, file

! Strike out what does not apply.
2 Specify the tolerance.
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Annex 1A

Appendix 1

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
MANUFACTUIET: ...ttt ettt snne e e e
Manufacturer's eNgine COUE: .........uiiiiiiiiiiiiiieeeeee e

Cycle: four stroke/two stroke

L0 R PPTRRN mm
SEIOKE: ettt e mm
Number and layout of CYlINAErs: ...,
ENQINE CAPACILY: .....vovveeeereeeteecees et en s e en s e eeaateees cm
[z 1= 0 R 0 1= = o SRS
Maximum tOrqUE SPEEM: ....c.ceevuuereet e s eteeee e e e sttt e e e e et eeesnnneees
Volumetric ComPression ratio............cooveeeeeeeeeeeee e
Combustion system desCrptioN: ........ccvveiiiiiiie e
Drawing(s) of combustion chamber and pist@wao .............c.ccccvveeeeeeeeeerenen...
Minimum cross sectional area of inlet andedydorts: ............cccvvevveeeiiiiniennn.

Cooling system

Liquid

Circulating pump(s): yesino

Characteristics or make(s) and type{sipfilicable): ..........ccooieiiiiiiiiiiiinnes
Drive ratio(s) (if applicable): .....ccueeiiiiiiiiiiiiiie e
Air

Blower: yes/rio

Characteristics or make(s) and type{sipfilicable): .........cccooieeiiiiiiiiiinnes
Drive ratio(s) (if applicable): .....ccueeiiiiiiiiiiiiii e
Temperature permitted by the manufacturer

Liquid cooling: Maximum temperature at etitl.............cccccovvvvvieeeeeenniinnn. K

Air cooling: Reference POINt: ........oeeeemeeemiiiiiiiiiiieeeieeeieeeee e e eeeaaaeeens

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

1.15.4.

1.15.5.

1.15.6.

1.16.

1.16.1.
1.16.2.
1.16.3.

1.16.4.
1.17.

1.18.

2.1.
2.2.

2.2.1.

2.2.1.1.
2.2.1.2.
2.2.1.3.
2.2.1.4.
2.2.1.5.
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.

Maximum temperature at reference point:.......cccccovcvveeereeniiiiiiiiee e, K
Maximum charge air outlet temperature o€ timlet intercooler (if
=T o] o] 110> o] =) SRR K
Maximum exhaust temperature at the poitlhénexhaust pipe(s) adjacent to
the outer flange(s) of the exhaust manifold(S):..e--...cvvveeriiiiiireeiiiiiieenn, K
Fuel tempPerature: .......oooe e e e min: K
..................................................................................................... max: K
Lubricant temMpPerature:..........ooo oo min: K
..................................................................................................... max: K

Pressure charger: yes/no
MBKE: .ttt

Description of the system (e.g. max chapgessure, waste-gate, if
APPLICADIE): ..eeiieei it

Intercooler: yes/ho

Intake system: Maximum allowable intake degi@n at rated engine speed
and at 100 per cent 10ad: ..........ccvveiiieeieeee i kPa

Exhaust system: Maximum allowable exhauskpr&ssure at rated engine
speed and at 100 per cent 10ad: ...........oceveieeeiiiiiiiiiiiiiiie e, kPa

Measures taken against air pollution
Device for recycling crankcase gases: yesfno

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

Catalytic converter: yes/nb

Relative CONCENTIALION: .....civve e er s

Substrate (structure and material): ....c..vveveeeiiiiii s

Type of casing for the catalytic CONVEFL(S): .......c.evvvveeiiiiiiiiiiiiee e,

Location of the catalytic converter(s)p{ace(s) and maximum/minimum
distance(s) from eNgiNe):........coooiiiiiiii e

Normal operating range (K): ......ooiuveieeiiiiiiieee e

Consumable reagent (Where appropriate)i...........ueeeeeeeeeeeeeeeeeeeereeeeeeeaeeeens
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2.2.1.13.1.
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.
2.2.5.5.
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.

NQ sensor: yes/nb

Oxygen sensor: yes/ho

Air injection: yes/nd

Type (pulse air, air PUMP, E1C.): ..uuiireeiiieee it
EGR: yes/nb

Characteristics (cooled/uncooled, high pssure/low pressure, etc.):..........
Particulate trap: yes/n6

Dimensions and capacity of the particulat@ap: .............ccccvvveeeeeiiiiiiinneennn

Location (place(s) and maximum/minimum diance(s) from engine): ......

Method or system of regeneration, descriph and/or drawing: ................

Other systems: yes/fo
Description and OPEration: ............owmeeeriiirrieeeiees e nireeee e esaneeeees
Fuel feed

Feed pump

Injection system

Pump

1137 0 1=T 5 5P

Delivery: .......... mn? per stroke or cycle at pump speed of: ........... mi
at full injection, or characteristic diagram.

Mention the method used: On engine/on pump benéh

Injection advance

INJECLION AVANCE CUINVE.......cceveeieeiee et ee ettt enee s
TIMING: oottt
Injection piping

[T o 14 o PP TPPPRPN mm
INternal diamMeter:.........viiiiie e mm
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3.2.3.

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.
3.2.4.5.

3.3.
3.3.1.
3.3.2.
3.3.3.
4.
4.1.

4.2.

Injector(s)

Q1137 8 1=T 5 PRSP
Opening pressureor characteristic diagram: .............ccoceevmeeeveenneen, kPa

Governor

Q1137 0 1=T 5 PRSP
Speed at which cut-off starts under fulbad:...............cccccoeveveveveennn. min

Maximum NO-l0ad SPEETL............cooveeeeeeeeeeeeeee e mirt
IAlING SPEEH ... vt mtn
Cold Start System

I3 0= (5 S UUUURUPPPRPN
(D=2 ]od ] o) o] PP TPTSPRRN

Valve timing

Maximum lift and angles of opening and closingn relation to dead

Reference and/or setting rangés
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Annex 1A
Appendix 2

Essential characteristics of the engine family

1. Common parameters
1.1. COMBUSEION CYCIE: .. uuiiiiiiiiiiiiiieee et eeeeeaaaeaaeens
1.2. CO0ING MEAIUM:...eiiiiiiiiie e e e
1.3. Method of air aspiration: .............ooi i
1.4. Combustion chamber type/design:..........ccccieiiiiiiiiei e
1.5. Valve and porting 3/4 configuration, size andumber: ..............ccccccninnnnns
1.6. FUBT SYSTEIM: ittt e s a e
1.7. Engine management SYSIEIMS .........cuiiiiiriiiiiiiiiiiiiieeeeeeeeeeaeaeeeeeeeeeeeeeeenaans
Proof of identity pursuant to drawing NUMDBEr(S): .u....cccuvvveeeeeiiiiiiiieeeniiins
1.7.1. charge CoOlING SYSLEIM: ... ..uuiiiiiiiiieeeeee e e e e e eea e as
1.7.2. exhaust gas recirculation ............cccocviiiiiicie e
1.7.3. water iNjection/@MUISIOR: ............cooeiueeie e
1.7.4. oL Q1] [=Yox (o 10 OO OO PU PR UPORURRRURRO
1.8. Exhaust after-treatment SyStemM...........ccocoeeieiieiieece e e
Proof of identical (or lowest for the parent engie) ratio: system
capacity/fuel delivery per stroke, pursuant to diagam number(s):............
2 Engine family listing
2.1 Engine family Name:........cccoviiiiiiii e

! 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 the dmily, the information
required in Annex 1B — Appendix 3 shall be submittd to the approval
authority.
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Annex 1A

Appendix 3

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

Manufacturer's engine COUE: ........uuuiiiiccmiiiiiie et reeee s

Cycle: four stroke/two stroké

B OT . ettt e mm
STOK . ittt e e e e mm
Number and layout of CYlINErs: .........ccoeeeiiiiiiiiiie e
ENQING CAPACILY:........veveceeeeee e cemee e ee e en e annae cn
RALEA SPEEA: ..ottt s et
Maximum tOrqUE SPEET: ......ueeeiiiieiieiieeiee e e e
Volumetric COMPreSSIioN FatiG: ...........cceceeiveeiieiieiie et eemee e
Combustion System deSCrPLioN:...........cueuiiiiiiiiiiiieee e
Drawing(s) of combustion chamber and piStonrown .............ccccceveeeinnneee.
Minimum cross-sectional area of inlet and olgt ports: ...........cccccevveeeeeen...

Cooling system
Liquid

Circulating pump(s): yes/nb

Characteristics or make(s) and type(sY @pplicable): ........cccccevviiiiiennennn.
Drive ratio(s) (if applicable): .......oeeeeeiiiiieee e
Air

Blower: yes/no

Characteristics or make(s) and type(sY @pplicable): ........ccccccvvviiiivenennnnn.
Drive ratio(s) (if applicable): ......coceeeeeeeiiiieeee e
Temperature permitted by the manufacturer

Liquid cooling: Maximum temperature at outet: ..............ccooeeeeeeieeeennnn. K

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

1.15.4.

1.15.5.

1.15.6.

1.16.

1.16.1.
1.16.2.
1.16.3.

1.16.4.
1.17.

1.18.

2.1.
2.2.

2.2.1.

2.2.1.1.
2.2.1.2.
2.2.1.3.
2.2.1.4.
2.2.1.5.
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.

Maximum temperature at reference point:.........cccccoveviiieee e, K
Maximum charge air outlet temperature of tle inlet intercooler (if
APPIICADIE): ..eeeiieie i K
Maximum exhaust temperature at the point inthe exhaust pipe(s)
adjacent to the outer flange(s) of the exhaust mafiwld(s): ..........ccccuvveenee K
FUEl tEMPEIAtUIe: .. eeii i min: K
.................................................................................................... max: K
Lubricant teMPErature: ............ooeeiimmmrirreeiee e iiieiee e e mK

Pressure charger: yes/rio
1S3

B3/ 0L PSR PPTUPT PRSPPI

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

Intercooler: yes/nb

Intake system: Maximum allowable intake deprgsion at rated engine
speed and at 100 per cent load:...........cccuuvueuiimmiimiiiiiiiieeeeeeeeeeeee e kPa

engine speed and at 100 per cent load:........ccceeeiievieeiiiiiiiiieee i, kPa
Measures taken against air pollution
Device for recycling crankcase gases: yesino

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

Catalytic converter: yes/nb

B 1T €53 PP P UU PR
Number of catalytic converters and elemest..............ccoeeeeeeieieee e

Dimensions and volume of the catalytic coarter(s): .........ccoevvvvveeeeriiirenenn.

Type Of catalytiC ACHON: ........uueei e ee e e e eee e e e e e e eeeeas

Relative CONCENTIALION: .....civeeiiieeeee e e e e e e

Substrate (structure and material): ... .vveereeiiiiiii s

Type of casing for the catalytic CONVemES): ...........ccoeeriiiiiiieeeeiiiiiiee e

Location of the catalytic converter(s) (pce(s) and maximum/minimum
distance(s) from eNgiNe):........cooviiiiiii e

Normal operating range (K) .......ooieeeeieee e
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2.2.1.13.1.
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.
2.2.5.5.
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.

NQ sensor: yes/nb

Oxygen sensor: yes/ho

Air injection: yes/nd

Type (pulse air, air PUMP, E1C.): ..uuiireeiiieee it
EGR: yes/nb

Characteristics (cooled/uncooled, high pssure/low pressure, etc.):..........
Particulate trap: yes/n6

Dimensions and capacity of the particulat@ap: .............ccccvvveeeeeiiiiiiinneennn

Location (place(s) and maximum/minimum diance(s) from engine): ......

Method or system of regeneration, descriph and/or drawing: ................

Other systems: yes/fo
Description and OPEration: ............oumeeeriirrrieeeieesiiiieeie e nirreee e esanneeess
Fuel feed

Feed pump

Injection system

Pump

1137 0 1=T 5 5P

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

Mention the method used: On engine/on pump benéh

Injection advance

INJECLION AVANCE CUINVE.......cceveeieeiee et ee ettt enee s
TIMING: oottt
Injection piping

[T o 14 o PP TPPPRPN mm
INternal diamMeLer:.........viiiiie e mm
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3.2.3.

3.2.3.1.
3.2.3.2.
3.2.3.3.

3.2.4.

3.2.4.1.
3.2.4.2.
3.2.4.3.
3.2.4.4.
3.2.4.5.

3.3.
3.3.1.
3.3.2.
3.3.3.
4.
4.1.

4.2.

Injector(s)

Q1137 8 1=T 5 PRSP
Opening pressureor characteristic diagram: ....................oomeeveerenn. kPa

Governor

1137 0 1=T 5 PRSP
Speed at which cut-off starts under fulblac: ..............cccooeeeeeieinennn. min

Maximum NO-10ad SPEE............ccveeeeeeeeeeeeeee e mirt
IAlING SPEEH ...ttt eeeee e mtn
Cold Start System

I3 0= (5 S UUUURUPPPRPN
(D=2 ]od ] o) o] PP TPTSPRRN

Valve timing

Maximum lift and angles of opening and closingn relation to dead

Reference and/or setting rangés
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Annex 1B

1. Parameters defining the engine family

1.1. General
An engine family is characterized by design paranmers. These shall be
common to all engines within the family. The enginenanufacturer may
decide, which engines belong to an engine family,salong as the
membership criteria listed in paragraph 1.3. are rspected. The engine
family shall be approved by the type approval authdty. The
manufacturer shall provide to the type approval auhority the
appropriate information relating to the emission lesels of the members of
the engine family.

1.2 Special cases

1.2.1. Interactions between parameters
In some cases there may be interaction between @aneters, which may
cause emissions to change. This shall be taken intmnsideration to
ensure that only engines with similar exhaust emigmn characteristics
are included within the same engine family. These ases shall be
identified by the manufacturer and notified to the type approval
authority. It shall then be taken into account as ariterion for creating a
new engine family.

1.2.2. Devices or features having a strong influeamn emissions
In case of devices or features, which are not lstl in paragraph 1.3. and
which have a strong influence on the level of emisss, this equipment
shall be identified by the manufacturer using good engineering
judgment, and shall be notified to the type approvhauthority. It shall
then be taken into account as a criterion for creahg a new engine
family.

1.2.3. Additional criteria
In addition to the parameters listed in paragraphl.3., the manufacturer
may introduce additional criteria allowing the definition of families of a
more restricted size. These parameters are not nessarily parameters
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
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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.

(b)  In-line;

(c) Radial;

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

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

Main cooling medium:

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

Individual cylinder displacement

Within 85 per cent and 100 per cent for engines Wi a unit cylinder
displacement> 0.75 dn? of the largest displacement within the engine
family.

Within 70 per cent and 100 per cent for engines Wi a unit cylinder
displacement < 0.75 drh of 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:

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

(c) Unit injector;

(d)  Common rail.

Miscellaneous devices:

(@) Exhaust gas recirculation (EGR);

(b)  Water injection;

(c)  Airinjection;
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1.3.10.

1.3.11.

(d)  Others.
Electronic control strategy

The presence or absence of an electronic controhii (ECU) on the
engine is regarded as a basic parameter of the falyi

In the case of electronically controlled enginegshe manufacturer shall
present the technical elements explaining the groumg of these engines
in the same family, i.e. the reasons why these engs can be expected to
satisfy the same emission requirements.

The electronic governing of speed does not need be in a different
family from those with mechanical governing. The ned to separate
electronic engines from mechanical engines shoulchly apply to the fuel
injection characteristics, such as timing, pressurerate shape, etc.

Exhaust after-treatment systems

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

(@) Oxidation catalyst;

(b) DeNO, system with selective reduction of NQ (addition of
reducing agent);

(c)  Other DeNQ, systems;

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

(g)  Other devices.

When an engine has been certified without an aftereatment system,
whether as parent engine or as member of the familythen this engine,
when equipped with an oxidation catalyst (not withparticulate trap),
may be included in the same engine family, if it d&s not require
different fuel characteristics.

If it requires specific fuel characteristics (e.gparticulate traps requiring

special additives in the fuel to ensure the regenation process), the
decision to include it in the same family shall bebased on technical
elements provided by the manufacturer. These elem&nshall indicate
that the expected emission level of the equipped gine complies with the
same limit value as the non-equipped engine.

When an engine has been certified with after-treaent system, whether
as parent engine or as member of a family, whose gt engine is
equipped with the same after-treatment system, thethis engine, when
equipped without after-treatment system, shall nobe added to the same
engine family.

Choice of the parent engine

The parent engine of the family shall be selexd using the primary
criteria of the highest fuel delivery per stroke atthe declared maximum
torque speed. In the event that two or more engineshare this primary
criterion, the parent engine shall be selected usinthe secondary criteria
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2.2.

of highest fuel delivery per stroke at rated speed.Under certain
circumstances, the approval authority may conclude¢hat the worst case
emission rate of the family can best be characterz by testing a second
engine. Thus, the approval authority may select aadditional engine for
test based upon features which indicate that it majhave the highest
emission levels of the engines within that family.

If engines within the family incorporate othervariable features which
could be considered to affect exhaust emissions,etbe features shall also
be identified and taken into account in the seleatn of the parent engine.
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Annex 2
Communication
(Maximum format: A4 (210 x 297 mm)
issued by: Name of administration:

concerning APPROVAL GRANTED

APPROVAL EXTENDED

APPROVAL REFUSED

APPROVAL WITHDRAWN

PRODUCTION DEFINITELY DISCONTINUED
of a compression-ignition engine type or familyeofgine types as separate technical units
with regard to the emission of pollutants pursuarRegulation No. 96
Approval NO.: ....cooviiiiiiieeniiiieceee Extension No.: .................
1. Trade name or mark of the engine: ...
2. Engine type(s):
2.1. ENgine family: .....oooiii e
2.2. Types included in the engine family:........cccccoooiiii e,
2.3. Tested type of engine or the representatitheobngine family: .....................
3. Manufacturer's name and addresSs: ........cceeeevreieriiieeniie e
4. If applicable, name and address of manufacturepresentative:....................
5. Maximum allowable intake depresSSion: ... . eeerieenniniiieeee e, kPa
6. Maximum allowable back presSsure: .........cceeccvveviviieeieeeeeeeeeeeeeeeeeeeeee kPa
7. Restriction of USe (if aNY):....occuvviiiii 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 NRTC
CO (g/kWh)
HC (g/kWh)

NO, (g/kWh)

PM (g/kWh)
9 Engine submitted for teSt ON:.....c..vvviiiii e
10. Technical Service responsible for conducting ¢happroval test: ................
11. Date of test report issued by that SErVICE: w....cvveviieiiiiiiiie e
12. Number of test report issued by that Service: ...,
13. Site of approval mark on the engiNe: .......cccvvviiiii i,
14. PLACE ... e
15. D2 1 (=P PPPPTT P PRUPRPPPRPIR
16. I [0 4 F= LU= U
17. The following documents, bearing the approval nemshown above, are

annexed to this communication:

One copy of Annex 1A or Annex 1B to this Regulataompleted 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: . ....iiiiiiii et mrre et
1.1.2. SUIPNUF CONTENE: ... ee e e e e e e e eeaeens
1.1.3. (D=1 | YOO PPPRN
1.2. Lubricant
1.2.1. = T ) PR PRRP
1.2.2. I3 0= (5 5SS URPPUUPPPUPN
(state percentage of oil in mixture if lubricant and fuel are mixed)
1.3. Engine driven equipment (if applicable)
1.3.1. Enumeration and identifying details:...........ccoooiviiiiiiinii e
1.3.2. Power absorbed at indicated engine speedss (aspecified by the
manufacturer):
Power Re (kW) absorbed at various engine spe&daking into account Annex 7,
Equipment Intermediate (if applicable) Rated
Total:
a shall

not be greater than 10 per cent of the power meased during the test.

1.4. Engine performance

1.4.1. Engine speeds:

! For the case of several parent engines, the followg are to be indicated for each of them.
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LI . ettt min*
INEEIMEAIALE: ..........ceeeeeeceereeeeeeee et eeaeens min™
RALEO: ...ttt min*
1.4.2. Engine powet
Power setting (kW) at various engine speefls
Condition Intermediate (if applicable) Rated
Maximum power measured on test (R)
(kw) (a)
Total power absorbed by engine driven equipment ager
paragraph 1.3.2. of this Appendix or Annex 7
(kw) (b)
Net engine power as specified in paragraph 2.1.4KW) (c)
c=a+hb
2. Information concerning the conduct of the NRSCést:
2.1. Dynamometer setting (kW)
Dynamometer setting (kW) at various engine speeds
Per cent Load Intermediate (if applicable) Rated

10 (if applicable)

25 (if applicable)

50

75

100

2 Uncorrected power measured in accordance with pagraph 2.1.41.
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2.2. Emission results of the engine/parent engihe
Deterioration Factor (DF): calculated/fixed®

Specify the DF values and the emission results fhe following table®:

NRSC Test
co HC NQ, PM
DF
mult/add®
Emissions CO (g/kwh) HC (g/kWh) NQ (g/kWh) PM (g/kwh)
Test result
Final test result with
DF
2.3. Sampling system used for the NRSC test:
2.3.1. GaSEOUS EMISSIONS. ... eciiieieiiii ettt mrme e nee
2.3.2. PV et b et ettt e bttt st e te et b
2.3.2.1. Method: single/multiple filter
3. Information concerning the conduct of the NRTC ¢sf:
3.1. Emission results of the engine/parent engifie
Deterioration Factor (DF): calculated/fixec®
Specify the DF values and the emission results ihe following table®:
NRTC Test
co HC NQ, PM
DF
mult/add®
Emissions (ef6] (g/kWh) HC (g/kWh) NQ(g/kWh) PM (g/kWh)
Cold start

3 Delete as appropriate.
4 Indicate figure numbers of system used as defingd Annex 4A, Appendix 4.
® In the case of several parent engines, each of theshall be indicated.
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Emissions

CO (g/kwh) HC (g/kWh)

NQ (g/kwh)

PM (g/kwh)

Hot start w/o
regeneration

Hot start with
regeneratior?

k., (mult/add)
k¢ (Mult/add)

3

3

Weighted test

result

Final test result with

DF

3.2.

Sampling system used for the NRTC test:

Gaseous emissionis

PaArICUIALES": ...ttt et e st e e et e e e e e

Method®: single/multiple filter




ECE/TRANS/WP.29/GRPE/2011/11

Annex 3
Arrangements of approval marks

Model A

(See paragraph 4.4. of this Regulation)

%jj:
—

-
" 96 R -011857 I

a =8 mm min

The above approval mark affixed to an engine shitas the engine type concerned has
been approved in the Netherlands (E4) pursuanteguRtion No. 96 (according to the

level corresponding to power band F) and under agbrnumber 011857. The first two

digits of the approval number indicate that RegataNo. 96 was in its amended form (01
series of amendments) when the approval was granted

Model B

(See paragraph 4.5. of this Regulation)

.| 1 (Ea4

w v
NI N

196 F 1011857
1124 130 | 031628

>H<
wlo

a=8mm min

The above approval mark affixed to an engine showthat the engine type concerned
has been approved in the Netherlands (E4) pursuanto Regulations Nos. 96
(according to the level corresponding to power band) and 120! The first two digits
of the approval number indicate that, at the datesvhen the respective approvals were
granted, Regulation No. 96 was already in its amerdi form (01 series of
amendments) and Regulation No. 120 in its originalersion.

! The second Regulation number is given merely asxample. The corrected absorption coefficient is
1.30 m*.
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Annex 4A

1. Introduction

1.1. This Annex describes the method of determimngssions of gaseous and
particulate pollutants from thengineto be tested.

The following test cycles shall apply:

The NRSC (non-road steady cycle) appropriate for tb equipment
specification which shall be used for the measuremeof the emissions of
carbon monoxide, hydrocarbons, oxides of nitrogenral particulates for

all power bands of engines described in paragraph.1., 1.2. and 1.3. of
this Regulation, and the NRTC (non-road transient gcle) which shall be
used for the measurement of the emissions of carbomonoxide,

hydrocarbons, oxides of nitrogen and particulates dr power bands L

and upwards of engines described in paragraph 1.land 1.2. of this
Regulation.

The gaseous and particulate components emitted byhe engine
submitted for testing shall be measured by the metids described in
Annex 4A, Appendix 4.

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

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

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

(c) For particulate emissions, the full flow diluton system, operating
with a separate filter for each mode, shown in Fige 13 of
Appendix 4 of Annex 4A.

The determination of system equivalency shall be lsad upon a seven
test cycle (or larger) correlation study between tb system under
consideration and one or more of the above refereecsystems.

The equivalency criterion is defined as a5 per cent agreement of the
averages of the weighted cycle emissions values.€eThycle to be used
shall be that given in Annex 4A, paragraph 3.6.1.

For introduction of a new system into the Regulatio the determination
of equivalency shall be based upon the calculatioof repeatability and
reproducibility, as described in ISO 5725.

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

1.3. Measurement principle:

The engine exhaust emissions to be measured inctudhe gaseous
components (carbon monoxide, total hydrocarbons andoxides of
nitrogen), and the particulates. Additionally, carbon dioxide is often used
as a tracer gas for determining the dilution ratioof partial and full flow

dilution systems. Good engineering practice recommes the general
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1.3.1.

1.3.2.

measurement of carbon dioxide as an excellent to@dr the detection of
measurement problems during the test run.

NRSC test:

During a prescribed sequence of operating conditics) with the engines
warmed up, the amounts of the above exhaust emise® shall be
examined continuously by taking a sample from the aw exhaust gas.
The test cycle consists of a number of speed anddae (load) modes,
which cover the typical operating range of diesel rggines. During each
mode, the concentration of each gaseous pollutangxhaust flow and
power output shall be determined, and the measuredgalues weighted
(either by weighing factors or by sampling time). Tie particulate sample
shall be diluted with conditioned ambient air. Onesample over the
complete test procedure shall be taken and colleaten suitable filters.

Alternatively, for discrete mode cycles, a sample ay be taken on
separate filters, one for each mode, and cycle-wéigd results computed.

The grams of each pollutant emitted per kilowatt-har shall be
calculated as described in Appendix 3 to this Annex

NRTC test:

The prescribed transient test cycle, based closelgn the operating
conditions of diesel engines installed in non-roadnachinery, is run
twice:

(@ The first time (cold start) after the engine ha soaked to room
temperature and the engine coolant and oil temperates, after
treatment systems and all auxiliary engine controldevices are
stabilized between 20 and 30 °C.

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

During this test sequence the above pollutants shabe examined. The
test sequence consists of a cold start cycle follmg natural or forced
cool-down of the engine, a hot soak period and a hstart cycle, resulting
in a composite emissions calculation. Using the eng torque and speed
feedback signals of the engine dynamometer, the pew shall be
integrated with respect to the time of the cycle, esulting in the work
produced by the engine over the cycle. The conceations of the gaseous
components shall be determined over the cycle, eéhin the raw exhaust
gas by integration of the analyser signal in accomahce with Appendix 3
to this Annex, or in the diluted exhaust gas of a €S full-flow dilution
system by integration or by bag sampling in accordace with Appendix 3
to this Annex. For particulates, a proportional sanple shall be collected
from the diluted exhaust gas on a specified filteby either partial flow
dilution or full-flow dilution. Depending on the method used, the diluted
or undiluted exhaust gas flow rate shall be determied over the cycle to
calculate the mass emission values of the pollutantThe mass emission
values shall be related to the engine work to givéhe grams of each
pollutant emitted per kilowatt-hour.

Emissions (g/kWh) shall be measured during both theold and hot start
cycles. Composite weighted emissions shall be conbgad by weighing the
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1.4.

cold start results 10 per cent and the hot start reults 90 per cent.
Weighted composite results shall meet the limits.

Symbols for test parameters

Symbol
Ap

Ar

aver

C1

conc

cong,

cong

DF

Fen

GAIRW
GAIRD
GDILW

GEDFW

GEXHW
GFUEL

GTOTW

HREF

Hq

Unit

m2

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

g/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 calculationsfo
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 rate
on wet basis.

Exhaust gas mass flow rate on wet basis.
Fuel mass flow rate.

Diluted exhaust gas mass flow rate on wet
basis.

Reference value of absolute humidity 10.71
g/kg for calculation of NO, and particulate
humidity correction factors.

Absolute humidity of the intake air.

Absolute humidity of the dilution air.
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i - Subscript denoting an individual mode.

Ky - Humidity correction factor for NO ,.

Ko - Humidity correction factor for particulate.

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

Kw,d - Dry to wet correction factor for the dilution
air.

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 flow eat

Mp 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
intake air (ISO 3046 p, = PSY test ambient).

Ps kPa Total barometric pressure (ISO 3046: P= PX

Site ambient total pressure; B = PY Test
ambient total pressure).

Pg 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).

P kw Power measured at the different test modes.

q - Dilution ratio.

r - Ratio of cross sectional areas of isokinetic
probe and exhaust pipe.

Ra % Relative humidity of the intake air.

Ry % Relative humidity of the dilution air.

Ry - FID response factor.
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2.2.

2.2.1.

2.2.2.

50

S kw Dynamometer setting.

Ta K Absolute temperature of the intake air.

Tog K Absolute dewpoint temperature.

Tsc K Temperature of the intercooled air.

Tret K Reference temperature (of combustion air
298K (25 °C)).

Tscref K Intercooled air reference temperature.

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

Vairw m°/h Intake air volume flow rate on wet basis.

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

Vouww m°/h Dilution air volume flow rate on wet basis.

VEepEw m°h Equivalent diluted exhaust gas volume flow
rate on wet basis.

Vexup 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.

WFe - 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 temperatdrgof the engine intake air expressed in Kelvin, and
the dry atmospheric pressypg expressed in kPa, shall be measured, and the
parametef, shall be determined according to the followingvsimns:

Naturally aspirated and mechanically superchargeihes:

¢ -[99 [ﬁLj
* | p,) (298

Turbocharged engine with or without cooling of thiake air:

f _ 9_9 Oj[ﬁljl's
*Lps 298

Test validity
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2.2.3.

2.3.

2.4,

2.5.

2.6.

For a test to be recognized as valid, the paramfethall be such that:
0.96<f,<1.06
Engines with charge air cooling

The charge air temperature shall be recorded andat the declared rated
speed and full load, shall be within £5 K of the m@&mum charge air
temperature specified by the manufacturer. The temerature of the
cooling medium shall be at least 293 K (20 °C).

If a test shop system or external blower is usedthe charge air
temperature shall be set to within +5 K of the maxhum charge air
temperature specified by the manufacturer at the sped of the declared
maximum power and full load. Coolant temperature aml coolant flow
rate of the charge air cooler at the above set pdirshall not be changed
for the whole test cycle. The charge air cooler voime shall be based
upon good engineering practice and typical vehicledachinery
applications.

Optionally, the setting of the charge air cooler ray be done in
accordance with SAE J 1937 as published in JanuardQ95.

Engine air inlet system

The test engine shall be equipped with an airt isystem presenting an air
inlet restrictionwithin £300 Pa of the value specified by the manufacturer
for a clean air cleaner at the engine operatinglitioms as specified by the
manufacturer, which result in maximum air flomhe restrictions are to be
set at rated speed and full loadA test shop system may be used, provided
it duplicates actual engine operating conditions.

Engine exhaust system

The test engine shall be equipped with an exhausystem with exhaust
back pressure within +650 Pa of the value specifidloy the manufacturer
at the engine operating conditions resulting in mamum declared
power.

If the engine is equipped with an exhaust after-gatment device, the
exhaust pipe shall have the same diameter as fourid-use for at least
four pipe diameters upstream to the inlet of the bginning of the
expansion section containing the after-treatment dece. The distance
from the exhaust manifold flange or turbocharger otlet to the exhaust
after-treatment device shall be the same as in thmachine configuration
or within the distance specifications of the manufeturer. The exhaust
backpressure or restriction shall follow the same riteria as above, and
may be set with a valve. The after-treatment contaier may be removed
during dummy tests and during engine mapping, and eplaced with an
equivalent container having an inactive catalyst suport.

Cooling system

An engine cooling system with sufficient capadidymaintain the engine at
normal operating temperatursisall be prescribed by the manufacturer.

Lubricating oil

Specifications of the lubricating oil used for ttest shall be recorded and
presented with the results of the test.
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2.7.

3.2.

Test fuel

The fuel shall be the reference fuel specifiedimex 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
Annex 6 Table 3 for power bands L to P

Optionally, the reference fuel specifiedAnnex 6 Table 1may be used for
power bands H to K.

The cetane number and the sulphur content ofefegence fuel used for test
shall be recorded aiaragraph 1.1. of Appendix 1 of Annex 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 is wnected brake power
according to Regulation No. 120

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

Where auxiliaries have not been removed, the poweabsorbed by them
at the test speeds shall be determined in order taalculate the
dynamometer settings, except for engines where suelxiliaries form an
integral part of the engine (e.g. cooling fans foair cool engines).

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

The maximum torque values at the specified test spds shall be
determined by experimentation in order to calculatethe torque values
for the specified test modes. For engines which areot designed to
operate over a range on a full load torque curve hie maximum torque at
the test speeds shall be declared by the manufacarr

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

L
S:((PM +F?AE)%j_PAE

If the ratio,

P >0.03
P

M

the value of Rg may be verified by the technical authority grantirg type
approval.

Preparation of the Sampling Filters
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3.3.

3.4.

3.5.

At least one hour before the test, each filteirfall be placed in a closed,
but unsealed, petri dish and placed in a weighimgyrer for stabilization.

At the end of the stabilization period, each fil§pair) 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 bereweighedbefore use.

Installation of the Measuring Equipment

The instrumentation and sample probes shall telied as required. When
using a full flow dilution system for exhaust gakition, the tailpipe shall be
connected to the system.

Starting the Dilution System and Engine

The dilution system and the engine shall be silaated warmed up until all
temperatures and pressures have stabilized atldal 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 multipfter method). The
particulate background level of the dilution airyrize determined by passing
dilution air through the particulate filters. téred dilution air is used, one
measurement may be done at any time prior to, dudnafter the testf the
dilution air is not filtered, the measurement shallbe done on one sample
taken for the duration of the test.

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

Note: For power bands up to and including K using écrete mode cycles
the filter temperature may be kept at or below the maximum
temperature of 325 K (52 °C) instead of respectinghe temperature
range of 42 °C to 52 °C.

For the singleand multiple filter methods the sample mass flow rate
through the filter shall be maintained at a constaoportion of the dilute
exhaust mass flow rate for full flow systems fdrrabdes. This mass ratio
shall be within £ 5 per cemtith respect to the averaged value of the moge
except for the first 10 s of each mode for systartBout bypass capability.
For partial flow dilution systems with single fiitenethod, the mass flow rate
through the filter shall be constant within + 5 memtwith respect to the
averaged value of themode, except for the first 10 s of each mode for
systems without bypass capability.

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

When using a dilute exhaust gas analysis systeenrdlevant background
concentrations shall be determined by samplingtidituair into a sampling
bag over the complete test sequence.
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3.6.

3.7.
3.7.1.

3.7.1.1.

3.7.1.2.

3.7.2.

3.7.3.

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 aathspgl.

Test cycle

Machinery specification according to paragrphs 1.1. to 1.3.:
Specification A

For engines covered by paragraph 1.1. and 1.2. dfis 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 9-maacycle of Annex 5,
paragraph 1.2.(a) may be used. In this case, the dg shall be run in
accordance with Annex 4B, paragraph 7.8.2. insteadf following the
procedures in paragraphs 3.7.2. to 3.7.6.

Specification B

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

As an option, the ramped modal 5-mode cycle of Amx 5, paragraph
1.2.(b) may be used. In this case, the cycle shak run in accordance
with Annex 4B, paragraph 7.8.2. instead of followig the procedures in
paragraphs 3.7.2. to 3.7.6.

The load figures are percentage values of the toug corresponding to
the prime power rating defined as the maximum poweavailable during
a variable power sequence, which may be run for aanlimited number
of hours per year, between stated maintenance inteals and under the
stated ambient conditions, the maintenance being o@&d out as
prescribed by the manufacturer.

Conditioning of the engine

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

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

Test sequence

The test sequence shall be started. The testishalkrformed in the order of
themode numbers as set out above for the test cycles

! Identical with C1 cycle as described in paragraph 8.1.1. of ISO 8178-4:2008.
2 |dentical with D2 cycle as described in paragraph 8.1. of ISO 8178-4: 2008.
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3.7.4.

3.7.5.

3.7.6.

During each mode of thgiven test cycle after the initial transition periodeth
specified speed shall be held to within +1 per aéntated speed or +3 min
whichever is greater, except for low idle whichlsba within the tolerances
declared by the manufacturer. The specified toshal be held so that the
average over the period during which the measursmanme being taken is
within £2 per cent of the maximum torque at the sgeed.

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

The mode length shall be recorded and reported.

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

The particulate sampling and the gaseous emissianeasurement should
not commence before engine stabilization, as defide by the
manufacturer, has been achieved and their completio shall be
coincident.

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

Analyser response

The output of the analysers shall be recorded aitrip 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.), a sample shalb&gged
during the last three minutes of each mode, andbaigesample analysed and
recorded.

Particulate sampling

The particulate sampling can be done either withgingle filter method or

with the multiple filter method Annex 4A, Appendix 1, 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 weighingtéas 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 shersingle filter method and
at least 60 s for the multifilter method. For syssewithout bypass capability,
the sampling time per mode shall be at least &0 sihgle and multiple filter
methods.

Engine conditions

The engine speed and load, intake air temperafus#, flow and air or
exhaust gas flow shall be measured for each mode the engine has been
stabilized.
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3.8.

4.1.1.

4.2.

4.2.1.

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 Aseex 4A, Appendix 1,

paragraph 1.2.3.).

Any additional data required for calculation shiadl recorded (se@nnex
4A, Appendix 3, paragraphs 1.1. and 1.2.).

Re-checking the analysers

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

Test run (NRTC test)
Introduction

The non-road transient cycle (NRTC) is listed in Anex 5 as a second-by-
second sequence of normalized speed and torque veduapplicable to all
diesel engines covered by this Regulation. In ordéo perform the test on
an engine test cell, the normalized values shall m®nverted to the actual
values for the individual engine under test, basedn the engine mapping
curve. This conversion is referred to as denormalaion, and the test
cycle developed is referred to as the reference dgoof the engine to be
tested. With these reference speed and torque vakjethe cycle shall be
run on the test cell, and the feedback speed andrtpue values recorded.
In order to validate the test run, a regression anlgsis between reference
and feedback speed and torque values shall be coraded upon
completion of the test.

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

Engine mapping procedure

When generating the NRTC on the test cell, the emge shall be mapped
before running the test cycle to determine the spdevs. torque curve.

Determination of the mapping speed range

The minimum and maximum mapping speeds are defineds follows:

Minimum mapping
speed

idle speed

Maximum mapping
speed

Ny X 1.02 or speed where full load torque drops offotzero, whichever is lower
(where ny,; is the high speed, defined as the highest engimeesd where 70 per
cent of the rated power is delivered).

4.2.2.

4.2.2.1.

56

Engine mapping curve

The engine shall be warmed up at maximum power iorder to stabilize
the engine parameters according to the recommendath of the
manufacturer and good engineering practice. When th engine is
stabilized, the engine mapping shall be performed cgording to the
following procedures.

Transient map
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4.2.2.2.

4.2.3.

4.2.4.

4.2.5.

4.3.
4.3.1.

(@)  The engine shall be unloaded and operated atl@speed.

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

(c) The engine speed shall be increased at an avgearate of 8 +1
min™/s from minimum to maximum mapping speed. Engine sged
and torque points shall be recorded at a sample ratof at least one
point per second.

Step map
(@)  The engine shall be unloaded and operated atl@speed.

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

(c)  While maintaining full load, the minimum mapping speed shall be
maintained for at least 15 s, and the average torgquduring the
last 5 s shall be recorded. The maximum torque cugs from
minimum to maximum mapping speed shall be determingin no
greater than 100 +20 mif* speed increments. Each test point shall
be held for at least 15 s, and the average torquaudng the last 5 s
shall be recorded.

Mapping curve generation

All data points recorded under paragraph 4.2.2. sall be connected using
linear interpolation between points. The resultingtorque curve is the
mapping curve and shall be used to convert the noralized torque
values of the engine dynamometer schedule of AnneX into actual
torque values for the test cycle, as described irepagraph 4.3.3.

Alternate mapping

If a manufacturer believes that the above mappingechniques are unsafe
or unrepresentative for any given engine, alternatenapping techniques
may be used. These alternate techniques shall s&fighe intent of the

specified mapping procedures to determine the maxiom available

torque at all engine speeds achieved during the tesycles. Deviations
from the mapping techniques specified in this paragph for reasons of
safety or representativeness shall be approved bye parties involved

along with the justification for their use. In no case, however, shall the
torque curve be run by descending engine speeds faggoverned or

turbocharged engines.

Replicate tests

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

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

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

Generation of the reference test cycle

Reference speed
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4.3.2.

4.3.3.

4.3.4.

Actual Speed =

The reference speedn(s) corresponds to the 100 per cent normalized
speed values specified in the engine dynamometehedule of Annex 5.

The actual engine cycle resulting from denormalizabn to the reference

speed depends largely on selection of the properfegence speed. The
reference speed shall be determined by the followgnformula:

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

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

If the measured reference speed is within £3 pereat of the reference
speed as declared by the manufacturer, the declaretkference speed
may be used for the emissions test. If the toleraacis exceeded, the
measured reference speed shall be used for the egiiss test. (This is
consistent with the 1ISO 8178-11:2006 standard.)

Denormalization of engine speed

The speed shall be denormalized using the followgnequation:
%speed

OSp [{referencespeed —idlespeed) +idlespeed
Denormalization of engine torque

The torque values in the engine dynamometer schelduof Annex 5 are
normalized to the maximum torque at the respectivespeed. The torque
values of the reference cycle shall be denormalizedsing the mapping
curve determined according to paragraph 4.2.2., a®llows:

%torque

Actualtorque= (maxtorque

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

As an example, the following test point shall beeshormalized:

% speed = 43 per cent

% torque = 82 per cent

Given the following values:

reference speed = 2,200 mih

idle speed = 600 mifi

results in
Actual Speed = —EQZZOO— 600 606G 1288 min

With the maximum torque of 700 Nm observed from themapping curve
at 1,288 min*

Actualtorque= 82 [700= 574Nn
100
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4.4,
4.4.1.

4.4.2.

Dynamometer

When using a load cell, the torque signal al be transferred to the
engine axis and the inertia of the dyno shall be osidered. The actual
engine torque is the torque read on the load celllps the moment of
inertia of the brake multiplied by the angular accéeration. The control
system has to perform this calculation in real time

If the engine is tested with an eddy-currentdynamometer, it is

recommended that the number of points, where the ftference
T, —-20rh, O, .
® ® D is smaller than -5 per cent of the peak torque,

. n, .

does not exceed 30 (whereJ is the demanded torque, ¥ is the

derivative of the engine speed®p is the rotational inertia of the eddy-

current dynamometer).
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4.5, Emissions test run

The following flow chart outlines the test sequere

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 pt

=

One or more practice cycles may be run as necesgaio check engine,
test cell and emissions systems before the measugarthcycle.

45.1. Preparation of the sampling filters

At least one hour before the test, each filter sliabe placed in a petri
dish, which is protected against dust contaminationand allows air
exchange, and placed in a weighing chamber for stdlzation. At the end
of the stabilization period, each filter shall be wighed and the weight
shall be recorded. The filter shall then be storedéh a closed petri dish or
sealed filter holder until needed for testing. Thefilter shall be used
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4.5.2.

4.5.3.

4.5.4.

4.5.5.

4.5.6.

45.7.
4.5.7.1.

within eight hours of its removal from the weighingchamber. The tare
weight shall be recorded.

Installation of the measuring equipment

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

Starting the dilution system

The dilution system shall be started. The total dlited exhaust gas flow of
a full-flow dilution system or the diluted exhaustgas flow through a
partial flow dilution system shall be set to elimimte water condensation
in the system, and to obtain a filter face temperatre between 315 K (42
°C) and 325 K (52 °C).

Starting the particulate sampling system

The particulate sampling system shall be startedral run on by-pass.
The particulate background level of the dilution ar may be determined
by sampling the dilution air prior to entrance of the exhaust into the
dilution tunnel. It is preferred that background particulate sample be
collected during the transient cycle if another PMsampling system is
available. Otherwise, the PM sampling system used tcollect transient
cycle PM can be used. If filtered dilution air is sed, one measurement
may be done prior to or after the test. If the dildion air is not filtered,
measurements should be carried out prior to the begning and after the
end of the cycle and the values averaged.

Checking the analysers

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

Cool-down requirements

A natural or forced cool-down procedure may be apled. For forced

cool-down, good engineering judgment shall be used set up systems to
send cooling air across the engine, to send cool tirough the engine

lubrication system, to remove heat from the coolanthrough the engine
cooling system, and to remove heat from an exhaustfter-treatment

system. In the case of a forced after-treatment cbalown, cooling air

shall not be applied until the after-treatment sysem has cooled below its
catalytic activation temperature. Any cooling procelure that results in

unrepresentative emissions is not permitted.

The cold start cycle exhaust emission test may hiagafter a cool-down
only when the engine oil, coolant and after-treatma temperatures are
stabilized between 20 °C and 30 °C for a minimum difteen minutes.

Cycle run
Cold start cycle

The test sequence shall commence with the cold dtecycle at the
completion of the cool-down when all the requiremets specified in
paragraph 4.5.6. are met.

The engine shall be started according to the starty procedure
recommended by the manufacturer in the owner's manal, using either a
production starter motor or the dynamometer.
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4.5.7.2.

4.5.7.3.

As soon as it is determined that the engine is stad, start a "free idle"
timer. Allow the engine to idle freely with no-loadfor 23 1 s. Begin the
transient engine cycle such that the first non-idlerecord of the cycle
occurs at 23 £1 s. The free idle time is included ithe 23 £1 s.

The test shall be performed according to the ref@nce cycle as set out in
Annex 5. Engine speed and torque command set poirgball be issued at
5 Hz (10 Hz recommended) or greater. The set poinghall be calculated

by linear interpolation between the 1 Hz set pointsf the reference cycle.
Feedback engine speed and torque shall be recordadl least once every
second during the test cycle, and the signals maye belectronically

filtered.

Analyser response

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

(a)  start collecting or analysing dilution air, if a full flow dilution
system is used;

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

(c) start measuring the amount of diluted exhaust @ and the
required temperatures and pressures;

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

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

If raw exhaust measurement is used, the emission raentrations (HC,
CO and NQ,) and the exhaust gas mass flow rate shall be measd
continuously and stored with at least 2 Hz on a coputer system. All
other data may be recorded with a sample rate of ateast 1 Hz. For
analogue analysers the response shall be recordeahd the calibration
data may be applied online or offline during the déa evaluation.

If a full flow dilution system is used, HC and NQ shall be measured
continuously in the dilution tunnel with a frequencg of at least 2 Hz. The
average concentrations shall be determined by integting the analyser

signals over the test cycle. The system responsmé shall be no greater
than 20 s, and shall be coordinated with CVS flowldictuations and

sampling time/test cycle offsets, if necessary. C@nd CO, shall be

determined by integration or by analysing the concatrations in the

sample bag collected over the cycle. The concentiais of the gaseous
pollutants in the dilution air shall be determined by integration or by

collection in the background bag. All other paramegrs that need to be
measured shall be recorded with a minimum of one nasurement per

second (1 Hz).

Particulate sampling

At the start of the engine the particulate samplig system shall be
switched from by-pass to collecting particulates.
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If a partial flow dilution system is used, the sample pump(s) shall be
adjusted so that the flow rate through the particuate sample probe or
transfer tube is maintained proportional to the extaust mass flow rate.

If a full flow dilution system is used, the samplepump(s) shall be
adjusted so that the flow rate through the particuhte sample probe or
transfer tube is maintained at a value within 5 pe cent of the set flow
rate. If flow compensation (i.e. proportional contol of sample flow) is
used, it shall be demonstrated that the ratio of ma tunnel flow to
particulate sample flow does not change by more timat5 per cent of its
set value (except for the first 10 s of sampling).

Note: For double dilution operation, sample flow is the et difference
between the flow rate through the sample filters ath the secondary
dilution airflow rate.

The average temperature and pressure at the gas iee(s) or flow

instrumentation inlet shall be recorded. If the setflow rate cannot be
maintained over the complete cycle (within +5 perent) because of high
particulate loading on the filter, the test shall k& voided. The test shall be
rerun using a lower flow rate and/or a larger diameer filter.

4.5.7.4. Engine stalling during the cold start testycle

If the engine stalls anywhere during the cold stdrtest cycle, the engine
shall be preconditioned, then the cool-down procede repeated; finally
the engine shall be restarted, and the test repeateIf a malfunction
occurs in any of the required test equipment duringthe test cycle, the
test shall be voided.

4.5.7.5. Operations after cold start cycle

At the completion of the cold start cycle of thedst, the measurement of
the exhaust gas mass flow rate, the diluted exhaugts volume, the gas
flow into the collecting bags and the particulate ample pump shall be

stopped. For an integrating analyser system, samplg shall continue

until system response times have elapsed.

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

After the emission test, a zero gas and the sampas gas shall be used
for rechecking the analysers. The test will be coigered acceptable if the
difference between the pre-test and post-test redslis less than 2 per
cent of the span gas value.

The particulate filters shall be returned to the weighing chamber no
later than one hour after completion of the test. Tey shall be
conditioned in a petri dish, which is protected agast dust
contamination and allows air exchange, for at leasbne hour, and then
weighed. The gross weight of the filters shall bescorded.

4.5.7.6. Hot soak

Immediately after the engine is turned off, the egine cooling fan(s) shall
be turned off if used, as well as the CVS blower {odisconnect the
exhaust system from the CVS), if used.
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4.5.7.7.

4.5.7.8.

4.5.7.9.

Allow the engine to soak for 20 +1 minutes. Prepar the engine and
dynamometer for the hot start test. Connect evacuatl sample collection
bags to the dilute exhaust and dilution air samplecollection systems.
Start the CVS (if used or not already on) or conndcthe exhaust system
to the CVS (if disconnected). Start the sample pung (except the
particulate sample pump(s), the engine cooling fas] and the data
collection system.

The heat exchanger of the constant volume samplgif used) and the
heated components of any continuous sampling systé&h (if applicable)
shall be preheated to their designated operating teperatures before the
test begins.

Adjust the sample flow rates to the desired flowate and set the CVS gas
flow measuring devices to zero. Carefully install &lean particulate filter
in each of the filter holders and install assembledilter holders in the
sample flow line.

Hot start cycle

As soon as it is determined that the engine is stad, start a "free idle"
timer. Allow the engine to idle freely with no-loadfor 23 1 s. Begin the
transient engine cycle such that the first non-idlerecord of the cycle
occurs at 23 £1 s. The free idle time is included ithe 23 £1 s.

The test shall be performed according to the ref@nce cycle as set out in
Annex 5. Engine speed and torque command set poirgball be issued at
5 Hz (10 Hz recommended) or greater. The set poinghall be calculated

by linear interpolation between the 1 Hz set pointsf the reference cycle.
Feedback engine speed and torque shall be recordedl least once every
second during the test cycle, and the signals maye belectronically

filtered.

The procedure described in previous paragraphs 4.8.2. and 4.5.7.3.
shall then be repeated.

Engine stalling during the hot start cycle

If the engine stalls anywhere during the hot starttycle, the engine may
be shut off and re-soaked for 20 minutes. The hotat cycle may then be
rerun. Only one hot re-soak and hot start cycle rdart is permitted.

Operations after hot start cycle

At the completion of the hot start cycle, the measement of the exhaust
gas mass flow rate, the diluted exhaust gas volumiie gas flow into the
collecting bags and the particulate sample pump slidbe stopped. For an
integrating analyser system, sampling shall contirel until system
response times have elapsed.

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

After the emission test, a zero gas and the sampas gas shall be used
for re-checking the analysers. The test will be caidered acceptable if
the difference between the pre-test and post-tesesults is less than 2 per
cent of the span gas value.
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4.6.
4.6.1.

4.6.2.

4.6.3.

The particulate filters shall be returned to the weighing chamber no
later than one hour after completion of the test. Tey shall be
conditioned in a petri dish, which is protected agast dust
contamination and allows air exchange, for at leasbne hour, and then
weighed. The gross weight of the filters shall bescorded.

Verification of the test run
Data shift

To minimize the biasing effect of the time lag beteen the feedback and
reference cycle values, the entire engine speed andrque feedback
signal sequence may be advanced or delayed in timgth respect to the
reference speed and torque sequence. If the feedkagsignals are shifted,
both speed and torque shall be shifted by the san@nount in the same
direction.

Calculation of the cycle work

The actual cycle workW,; (kWh) shall be calculated using each pair of
engine feedback speed and torque values recordedhd actual cycle
work W, is used for comparison to the reference cycle wolW,; and for
calculating the brake specific emissions. The sammeethodology shall be
used for integrating both reference and actual enge power. If values
are to be determined between adjacent references adjacent measured
values, linear interpolation shall be used.

In integrating the reference and actual cycle work all negative torque
values shall be set equal to zero and included. ititegration is performed

at a frequency of less than 5 Hz, and if, during given time segment, the
torque value changes from positive to negative oreagative to positive,
the negative portion shall be computed and set equdo zero. The

positive portion shall be included in the integratd value.

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

Linear regressions of the feedback values on theference values shall be
performed for speed, torque and power. This shall & done after any
feedback data shift has occurred, if this option iselected. The method of
least squares shall be used, with the best fit equ@n having the form:

y=mx+b

Where:

y = feedback (actual) value of speed (mih), torque (N-m), or
power (kW)

m = slope of the regression line

X = reference value of speed (mif), torque (N'm), or power
(kW)

b = y intercept of the regression line

The standard error of estimate SE) of y on x and the coefficient of
determination (r?) shall be calculated for each regression line.
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It is recommended that this analysis be performedt 1 Hz. For a test to
be considered valid, the criteria of Table 1 shalbe met.

Table 1
Regression line tolerances
Speed Torque| Power

Standard error of estimate max 13 % of power map max 8 % of power map
(SEE) of y onx max 100 mir* maximum engine torque maximum engine power
Slope of the regression linen 0.95t0 1.03 0.83-1.03 0.89-1.03
Coefficient of determination,
r? min 0.9700 min 0.8800 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 min’ whichever is greater whichever is greater

For regression purposes only, point deletions aregomitted where noted
in Table 2 before doing the regression calculatiorHowever, those points
shall not be deleted for the calculation of cycle @rk and emissions. An
idle point is defined as a point having a normalize reference torque of 0
per cent and a normalized reference speed of O peent. Point deletion
may be applied to the whole or to any part of theycle.

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 maydelete:
with reference to the conditions listed in the lefblumn

First 24 (+1) sand last 25 s

Speed, torque and pew

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

Torque and/or power

Wide open throttle, and speed feedback < 95 % speed
reference

Speed and/or power

Closed throttle, speed feedback > idle speed + 50ni, and
torque feedback > 105 % torque reference

Torque and/or power

Closed throttle, speed feedback idle speed + 50 mift, and
torque feedback = Manufacturer defined/measured ic
torque +2 % of max torque

Speed and/or power

Closed throttle and speed feedback > 105 % speedieeence

Speed and/or power
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Annex 4A

Appendix 1

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 desciib&dnex 4A, Appendix
4. The methods of Annex 4A, Appendix 4describe the recommended
analytical systems for the gaseous emissions (pgwhgl.l.) and the
recommended particulate dilution and sampling systéparagraph 1.2.).

At the request of the manufacturer and with the ageement of the
approval authority the methods described in Annex B, paragraph 9.
may be used as an alternative to those in paragraph of this appendix.

Dynamometer specification

An engine dynamometer with adequate charactesigticperform the test
cycle described in AnnexdA, paragraph3.7.1. shall be used. The
instrumentation for torque and speed measuremet! shlow the
measurement afhe power within the given limits. Additional calculations
may be necessary. The accuracy of the measurinigregot shall be such
that the maximum tolerances of the figures givemamagraph 1.3. are not
exceeded.

Exhaust gas flow

The exhaust gas flow shall be determined by onth@fmethods mentioned
in paragraphs 1.2.1.to0 1.2.4.

Direct measurement method

Direct measurement of the exhaust flow by flow ziezor equivalent
metering system (for detail see ISO 52800.

Note Direct gaseous flow measurement is a difficulktdrecautions shall
be taken to avoid measurement ertbeg will impact emission value errors.

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

Air flow-meters and fuel flow-meters with the accuracy defined in
Paragraph 1.3. shall be used.

The calculation of the exhaust gas flow is asofed:
Gexnw = Garw * GrueL (for wet exhaust mass)
Carbon balance method

Exhaust mass calculation from fuel consumption a@xhaust gas
concentrations using the carbon balance methodg®4A, Appendix 3).

Tracer measurement method

This method involves measurement of the concentrian of a tracer gas
in the exhaust. A known amount of an inert gas (e.goure helium) shall
be injected into the exhaust gas flow as a tracefhe gas is mixed and
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1.2.5.

diluted by the exhaust gas, but shall not react ithe exhaust pipe. The
concentration of the gas shall then be measured ithe exhaust gas
sample.

In order to ensure complete mixing of the tracer gs, the exhaust gas
sampling probe shall be located at least 1 m or 3@mes the diameter of
the exhaust pipe, whichever is larger, downstreamfothe tracer gas
injection point. The sampling probe may be locatedcloser to the
injection point if complete mixing is verified by mmparing the tracer gas
concentration with the reference concentration wherthe tracer gas is
injected upstream of the engine.

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

The calculation of the exhaust gas flow is as follvs:

G; Wy

EXHW ™ 60conc,,, — conc, )
Where:
Gexnw = instantaneous exhaust mass flow (kg/s)
Gr = tracer gas flow (cn/min)
CONGnix = instantaneous concentration of the tracer gas t&r
mixing, (ppm)
PEXH = density of the exhaust gas (kg/fh
cong = background concentration of the tracer gas in the

intake air (ppm)

The background concentration of the tracer gas dong) may be
determined by averaging the background concentratio measured
immediately before and after the test run.

When the background concentration is less than 1 pecent of the
concentration of the tracer gas after mixing ¢ongx) at maximum
exhaust flow, the background concentration may beeglected.

The total system shall meet the accuracy specifigahs for the exhaust
gas flow and shall be calibrated according to Appetix 2, paragraph
1.11.2.

Air flow and air to fuel ratio measurement nethod

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

1

GEXHW = GAIRW qu"'m
st

)

with A/ Fst= 14.5
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1 2feoncy, no*

4 CO2

100- %0 10" _ hne 0 |+| 0.45  33%NC
2 conc., (10

1+ 000 2V

3.5[¢onc €02

6.9078]onc °°%+ conc,, (110" + conc,,. 010" )
Where:

AlF g

2 = relative air/fuel ratio

[Qconc €024+ conce,, ElO“‘)

A=

stoichiometric air/fuel ratio (kg/kg)

CONGeo2 dry CO, concentration (%)

CONCo = dry CO concentration (ppm)
CONGyc = HC concentration (ppm)

Note: The calculation refers to a diesel fuel with a H/Qatio equal to
paragraph 1.8.

The air flow-meter shall meet the accuracy specifations in Table 3, the
CO, analyser used shall meet the specifications of graph 1.4.1., and
the total system shall meet the accuracy specifiéahs for the exhaust gas
flow.

Optionally, air to fuel ratio measurement equipment such as a zirconia
type sensor, may be used for the measurement of thelative air to fuel
ratio in accordance with the specifications of pargraph 1.4.4.

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 CEVW SSV (Annex 4A,
Appendix 4, paragraph 1.2.1.2)). The accuracy slalhiform to the
provisions of AnnexA, Appendix 2, paragraph 2.2.

1.3. Accuracy

The calibration of all measurement instrumentsl dl@traceable to national
or international standards and comply wiltke requirementslisted in Table
3.

Table 3
Accuracy of measuring instruments

No. Measuring instrumen /Accuracy

Engine speed +2 % of reading or £1 % of enginel®ax. value whichever is larger

Torque +2 % of reading or £1 % of engine's max. &lue whichever is larger

Fuel consumption +2 % of engine's max. value

Air consumption +2 % of reading or £1 % of enginés max. value whichever is larger

Exhaust gas flow +2.5 %of reading or £1.5 % of engine's max. value whicheer is larger

O O] ] W] N]

Temperatures< 600 K +2 K absolute
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7 Temperatures > 600 K +1 % of reading
No. Measuring instrumen /Accuracy
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 +5 % of reading
13 Dilution air flow +2 % of reading
14 Diluted exhaust gas flow +2 % of reading
1.4. Determination of the gaseous components
1.4.1. General analyser specifications
The analysers shall have a measuring range apatior the accuracy
required to measure the concentrations of the esthgas components
(paragraphl1.4.1.1.). It is recommended that thdys@es beoperated in
such a way thatthe measured concentration falls between 15 petr aed
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, concéntra below 15 per cent of
full scale are also acceptable. In this case, mtdit calibrations are to be
made to ensure the accuracy of the calibrationesurvAnnexdA, Appendix
2, paragraph 1.5.5.2.
The electromagnetic compatibility (EMC) of the giuent shall be on a
level as to minimize additional errors.
1.4.1.1. Measurement error
The analyser shall not deviate from the nominal dération point by
more than +2 per cent of the reading or 0.3 per c#& of full scale,
whichever is larger.
Note: For the purpose of this standard, accuracy idefined as the
deviation of the analyser reading from the nominalcalibration values
using a calibration gas € true value)
1.4.1.2. Repeatability
The repeatability, defined as 2.5 times the stathdaviation of ten repetitive
responses to a given calibration or span gas, beafio greater than + 1 per
cent of full scale concentration for each rangedusigove 155 ppm (or ppm
C) or +2 per cent of each range used below 155 (@omppm C).
1.4.1.3. Noise

The analyser peak-to-peak response to zero aifwtat@n or span gases over
any ten second period shall not exceed 2 per defuilscale on all ranges
used.
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1.4.1.4.

1.4.1.5.

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.

Zero drift

The zero drift during a one-hour period shall égslthan 2 per cent of full
scale on the lowest range used. The zero respendefined as the mean
response, including noise, to a zero gas during stBne interval.

Span drift

The span drift during a one-hour period shall éxs 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 mihireffect on the
concentration of the measured gases. Chemical dlarer not an acceptable
method of removing water from the sample.

Analysers

Paragraphs 1.4.3.1. to 1.4.3.5. of this Appendigcdbe the measurement
principles to be used. A detailed description &f theasurement systems is
given inAnnex 4A, Appendix 4.

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

Carbon monoxide (CO) analysis

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

Carbon dioxide (Ganalysis

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

Hydrocarbon (HC) analysis

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

Oxides of nitrogen (NQ analysis

The oxides of nitrogen analyser shall be of thenttuminescent detector
(CLD) or heated chemiluminescent detector (HCLO)etywith a NQ/NO

converter, if measured on a dry basis. If measored wet basis, a HCLD
with converter maintained abod28 K (55 °C)shall be used, provided the
water quench check (Anné#d, Appendix 2, paragraph 1.9.2.2.) is satisfied.

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

Air to fuel measurement

The air to fuel measurement equipment used to detaine the exhaust
gas flow as specified in paragraph 1.2.5. shall lewide range air to fuel
ratio sensor or lambda sensor of Zirconia type.
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1.4.5.

1.5.

The sensor shall be mounted directly on the exhaupipe where the
exhaust gas temperature is high enough to eliminatgater condensation.

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

15 per cent of reading <1 <5

+10 per cent of reading & A

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

Sampling for gaseous emissions

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

at the probe.

In the case of a multi-cylinder engine with a lofsed exhaust manifold, the
inlet of the probe shall be located sufficiently éwnstream so as to ensure
that the sample is representative of the averapaust emissions from all
cylinders. In multi-cylinder engines having distiggoups of manifolds, such
as in a'V'-engine configuration, it ispermissible to acquire a sample from
each group individually and calculate an averageaest emission. Other
methods which have been shown to correlate wittabi@ve methods may be
used. For exhaust emissions calculation the tothhest mass flow of the
engine shall besed

When a full flow dilution system is used for the detémation of the
particulates, the gaseous emissions may also lendeed in the diluted
exhaust gas. The sampling probes shall be closeetparticulate sampling
probe in the dilution tunnel (AnnefA, Appendix 4 paragraph 1.2.1.2..DT
and paragraphi.2.2., PSP CO and CQ@ may optionally be determined by
sampling into a bag and subsequent measuremehé aoncentration in the
sampling bag.

Determination of the particulates

The determination of the particulates requiredwidn system. Dilution may
be accomplished by a partial flow dilution systemaofull flow dilution
system. The flow capacity of the dilution systenalkive large enough to
completely eliminate water condensation in the tiiu and sampling
systems, and maintain the temperature of the diletehaust gabetween
315 K (42 °C)and 325 K (52 °C) immediately upstream of theefilholders.
De-humidifying the dilution air before entering thdilution system is
permitted, if the air humidity is high. Dilution rapre-heating above the
temperature limit of 303 K (30 °C) is recommendéfd,the ambient
temperature is below 293 K (20 °C). However, thieitdd air temperature
shall not exceed 325 K (52 °C) prior to the introiiion of the exhaust in the
dilution tunnel.

Note: For power bands up to and including K using @crete mode cycles,
the filter temperature may be kept at or below the maximum

temperature of 325 K (52 °C) instead of respectinghe temperature

range of 42 to 52 °C.
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1.5.1.

1.5.1.1.

1.5.1.2.

1.5.1.3.

1.5.1.4.

For a partial flow dilution system, the particeladampling probe shall be
fitted close to and upstream of the gaseous prstiefined in paragraph 4.4.
and in accordance with Ann&A, Appendix 4, paragraph 1.2.1.1., Figure 4-
12 EP and SP.

The partial flow dilution system has to be des@yteesplit the exhaust stream
into two fractions, the smaller one being diluteilhwair and subsequently
used for particulate measurement. From that itseemetial that the dilution
ratio be determined very accurately. Different t§plj methods can be
applied, whereby the type of splitting used ditatea significant degree the
sampling hardware and procedures to be used (AdwexAppendix 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 filtgpparagraph 1.5.1.3.0f
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 onér d filters (paragraph
1.5.1.3. of this Appendix) is used for each of itndividual 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@dmn based membrane
filters are required for certification tests. Fgesial applications different
filter materials may be used. All filter types dhahve a 0.3um DOP (di-
octylphthalate) collection efficiency of at lea®® per cent at a gas face
velocity between 35 and00 cm/s. When performing correlation tests
between laboratories or between a manufactureramgproval authority,
filters of identical quality shall be used.

Filter size

Particulate filters shall have a minimum diamet€d7 mm (37 mm stain
diameter). Larger diameter filters are acceptaéesgraph 1.5.1.5.).

Primary and back-up filters

The diluted exhaust shall be sampled by a paifiltefs placed in series (one
primary and one back-up filter) during the testusage. 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 veighed separately or as a
pair with the filters placed stain side to staitesi

Filter face velocity

A gas face velocity through the filter of 35100 cm/s shall be achieved. The
pressure drop increase between the beginning &ndrith of the test shall be
no more than 25 kPa.
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1.5.1.5.

Filter loading

The recommended minimum filter loadings for the mst common filter
sizes are shown in the following table. For largeffilter sizes, the
minimum filter loading shall be 0.065 mg/1000 mrhfilter area.

Filter diameter

(mm)

Recommended stain diameter

(mm)

Recommended minimum loadin

(mg)

47

37

0.11

70

60

0.25

90

80

0.41

110

100

0.62
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1.5.2.
15.2.1.

15.2.2.

15.2.3.

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

Weighing chamber and analytical balanceipations
Weighing chamber conditions

The temperature of the chamber (or room) in whighparticulate filters are
conditioned and weighed shall be maintaitedavithin 295 K (22 °C) +3 K

during all filter conditioning and weighing. Theridity 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 apfy ambient
contaminants (such as dust) that would settle emp#rticulate filters during
their stabilization. Disturbances to weighing rogpecifications as outlined
in paragraph 1.5.2.1. will be allowed if the dupatiof the disturbances does
not exceed 30 minutes. The weighing room should tnike required
specifications prior to personnel entrance into wedghing room. At least
two unused reference filters or reference filterpahall be weighed within
four hours of, but preferably at the same time tas sgample filter (pair)
weighing. They shall be the same size and material asatingle filters.

If the average weight of the reference filterddrence filter pairs) changes
between sample filteweighing by more tharl0 pg, then all sample filters
shall be discarded and the emissions test repeated.

If the weighing room stability criteria outlinea paragraph 1.5.2.1. is not
met, but the reference filter (paivyeighing meet the above criteria, the
engine manufacturer has the option of acceptingsémple filter weights or
voiding the tests, fixing the weighing room contsgstem and re-running the
test.

Analytical balance
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1.5.2.4.

1.5.3.

2.2.

2.2.1.

2.2.2.

The analytical balance used to determine the vieighall filters shall have a
precision (standard deviation) ®fug and a resolution df pg (1 digit =1 ug)
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 neliter 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 teraiion 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 by threngine submitted for
testing shall be measured by the methods of AnneXA4Appendix 4. The
methods of Annex 4A, Appendix 4 describe the recomemded analytical
systems for the gaseous emissions (paragraph 1.13nd the
recommended particulate dilution and sampling systas (paragraph
1.2)).

Dynamometer and test cell equipment

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

Engine dynamometer

An engine dynamometer shall be used with adequatharacteristics to
perform the test cycle described in Appendix 4 toHhis Annex. The
instrumentation for torque and speed measurement sl allow the
measurement of the power within the given limits. Aditional
calculations may be necessary. The accuracy of theneasuring
equipment shall be such that the maximum tolerancesf the figures
given in Table 4 are not exceeded.

Other instruments

Measuring instruments for fuel consumption, air coasumption,

temperature of coolant and lubricant, exhaust gas r@ssure and intake
manifold depression, exhaust gas temperature, ainiake temperature,

atmospheric pressure, humidity and fuel temperatureshall be used, as
required. These instruments shall satisfy the requements given in Table
4:
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Table 4
Accuracy of measuring instruments
No. Measuring instrumen /Accuracy
1 Engine speed 12 % of reading or £1 % of engineimax. value, whichever is larger
2 Torque +2 % of reading or £1 % of engine's max. &lue, whichever is larger
3 Fuel consumption 2 % of engine's max. value
4 Air consumption +2 % of reading or £1 % of engines max. value, whichever is larger
5 Exhaust gas flow +2.5 %of reading or £1.5 % of engine's max. value, whiakwver 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 +5 % of reading
13 Dilution air flow +2 % of reading
14 Diluted exhaust gas flow +2 % of reading
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2.2.3.

Raw exhaust gas flow

For calculating the emissions in the raw exhaustag and for controlling a
partial flow dilution system, it is necessary to kow the exhaust gas mass
flow rate. For determining the exhaust mass flow rte, either of the
methods described below may be used.

For the purpose of emissions calculation, the respse time of either
method described below shall be equal to or lessah the requirement
for the analyser response time, as defined in Appeix 2, paragraph
1.11.1.

For the purpose of controlling a partial flow dilution system, a faster
response is required. For partial flow dilution sysems with online
control, a response time ok 0.3 s is required. For partial flow dilution
systems with look ahead control based on a pre-rea®d test run, a
response time of the exhaust flow measurement systeof < 5 s with a
rise time of< 1 s is required. The system response time shall bpecified
by the instrument manufacturer. The combined respoee time
requirements for exhaust gas flow and partial flowdilution system are
indicated in paragraph 2.4.

Direct measurement method

Direct measurement of the instantaneous exhaustofiv may be done by
systems, such as:
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(@)  Pressure differential devices, like flow nozz|gfor details see 1SO
5167: 2000);

(b)  Ultrasonic flow-meter;
(c)  Vortex flow-meter.

Precautions shall be taken to avoid measurement mars, which will
impact emission value errors. Such precautions ingtle the careful
installation of the device in the engine exhaust sfem according to the
instrument manufacturers' recommendations and to god engineering
practice. Especially, engine performance and emissis shall not be
affected by the installation of the device.

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

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

Gexnw = Garw + GrueL (for wet exhaust mass)

The flow-meters shall meet the accuracy specifidans of Table 3, but
shall also be accurate enough to also meet the acacy specifications for
the exhaust gas flow.

Tracer measurement method

This involves measurement of the concentration od tracer gas in the
exhaust.

A known amount of an inert gas (e.g. pure heliumhall be injected into
the exhaust gas flow as a tracer. The gas is mixeohd diluted by the
exhaust gas, but shall not react in the exhaust pip The concentration of
the gas shall then be measured in the exhaust gasple.

In order to ensure complete mixing of the tracer gs, the exhaust gas
sampling probe shall be located at least 1 m or 3imes the diameter of
the exhaust pipe, whichever is larger, downstreamfothe tracer gas
injection point. The sampling probe may be locatedcloser to the
injection point if complete mixing is verified by omparing the tracer gas
concentration with the reference concentration wherthe tracer gas is
injected upstream of the engine.

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

The calculation of the exhaust gas flow is as follvs:

1

GEXHW = Garw ml"'m)

with A/ Fst= 14.5

7
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1 2[eoncy, no*

{100‘W ~CONC,yc EW‘J +| 0.45 SN Ciz fconc 2+ conc., 10™)
2 14+ SOMCeo 10
1= 3.5[¢onc €02
6.9078&tonc °°%+ conc,., (110" + conc,,. 010" )
Where:
AlFg = stoichiometric air/fuel ratio (kg/kg)
2 = relative air/fuel ratio
CONGeo2 = dry CO, concentration (%)
CONCo = dry CO concentration (ppm)
CONGyc = HC concentration (ppm)

Note: The calculation refers to a diesel fuel with a H/Catio equal to 1.8.

The air flow-meter shall meet the accuracy specifations in Table 3, the
CO; analyser used shall meet the specifications of @graph 2.3.1., and
the total system shall meet the accuracy specifiéahs for the exhaust gas
flow.

Optionally, air to fuel ratio measurement equipmen, such as a zirconia
type sensor, may be used for the measurement of tlegcess air ratio in
accordance with the specifications of paragraph 2.3.

2.2.4. Diluted exhaust gas flow

For calculation of the emissions in the diluted ehaust gas, it is necessary
to know the diluted exhaust gas mass flow rate. Thetal diluted exhaust
gas flow over the cycle (kg/test) shall be calcukd from the
measurement values over the cycle and the correspding calibration
data of the flow measurement device\{; for PDP, Ky for CFV, C, for
SSV): the corresponding methods described in Apperixd 3, paragraph
2.2.1. shall be used. If the total sample mass oapiculates and gaseous
pollutants exceeds 0.5 per cent of the total CVSoflv, the CVS flow shall
be corrected or the particulate sample flow shall & returned to the CVS
prior 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 approiate for the accuracy
required to measure the concentrations of the exhat gas components
(paragraph 1.4.1.1.). It is recommended that the alysers be operated in
such a way that the measured concentration falls b&een 15 and 100 per
cent of full scale.

If the full scale value is 155 ppm (or ppm C) ordss, or if read-out
systems (computers, data loggers) that provide sigfent accuracy and
resolution below 15 per cent of full scale are used¢oncentrations below
15 per cent of full scale are also acceptable. Irhis case, additional
calibrations are to be made to ensure the accuracygf the calibration
curves — Annex 4A, Appendix 2, paragraph 1.5.5.2.
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The electromagnetic compatibility (EMC) of the eqipment shall be of a
level such as to minimize additional errors.

2.3.1.1. Measurement error

The analyser shall not deviate from the nominal diration point by
more than +2 per cent of the reading or +0.3 per ag of full scale,
whichever is larger.

Note: For the purpose of this standard, accuracy idefined as the
deviation of the analyser reading from the nominalcalibration values
using a calibration gas £ true value).

2.3.1.2. Repeatability

The repeatability, defined as 2.5 times the standa deviation of 10
repetitive responses to a given calibration or spamas, shall be no
greater than +1 per cent of full scale concentratio for each range used
above 155 ppm (or ppm C) or £2 per cent for each rege used below 155
ppm (or ppm C).

2.3.1.3. Noise

The analyser peak-to-peak response to zero and dahtion or span
gases over any 10 s period shall not exceed 2 pentof full scale on all
ranges used.

2.3.1.4. Zero drift

The zero drift during a one-hour period shall be ¢ss than 2 per cent of
full scale on the lowest range used. The zero regge is defined as the
mean response, including noise, to a zero gas dugim 30 s time interval.

2.3.1.5. Span drift

The span drift during a one-hour period shall be ¢ss than 2 per cent of
full scale on the lowest range used. Span is defthexs the difference
between the span response and the zero responseeTdpan response is
defined as the mean response, including noise, tspan gas during a 30 s
time interval.

2.3.1.6. Rise time

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

NOTE: Only evaluating the response time of the angker alone will not
clearly define the suitability of the total systemfor transient testing.
Volumes, and especially dead volumes, throughout ¢hsystem will not
only affect the transportation time from the probeto the analyser, but
also affect the rise time. Also transport times inde of an analyser would
be defined as analyser response time, like the carter or water traps
inside of a NQ, analyser. The determination of the total system ponse
time is described in Appendix 2, paragraph 1.11.1.

2.3.2. Gas drying

Same specifications as for NRSC test cycle applpafagraph 1.4.2.) as
described here below.
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2.3.3.

2.3.3.1.

2.3.3.2.

2.3.3.3.

2.3.3.4.

2.3.4.

2.3.5.

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

Analysers

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

The gases to be measured shall be analysed withethfollowing
instruments. For non-linear analysers, the use ofiflearizing circuits is
permitted.

Carbon monoxide (CO) analysis

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

Carbon dioxide (CQ) analysis

The carbon dioxide analyser shall be of the non-gpersive infra-red
(NDIR) absorption type.

Hydrocarbon (HC) analysis

The hydrocarbon analyser shall be of the heated dme ionization
detector (HFID) type with detector, valves, pipewok etc., heated so as to
maintain a gas temperature of 463K (190 °C) +10 K.

Oxides of nitrogen (N¢) analysis

The oxides of nitrogen analyser shall be of the emiluminescent
detector (CLD) or heated chemiluminescent detectof(HCLD) type with

a NO,/NO converter, if measured on a dry basis. If measad on a wet
basis, a HCLD with converter maintained above 328 K55 °C shall be
used, provided the water quench check (Annex 4A, Agendix 2,
paragraph 1.9.2.2.) is satisfied.

For both CLD and HCLD, the sampling path shall bemaintained at a
wall temperature of 328K to 473 K (55 to 200 °C) upo the converter for
dry measurement, and up to the analyser for wet meairement.

Air to fuel measurement

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

The sensor shall be mounted directly on the exhaupipe where the
exhaust gas temperature is high enough to eliminatgater condensation.

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

+5 per cent of reading <1 <5

110 per cent of reading &< A

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

Sampling of gaseous emissions
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2.3.5.1.

2.3.5.2.

2.4.

Raw exhaust gas flow

For calculation of the emissions in the raw exhatisgas the same
specifications as for NRSC test cycle apply (paragph 1.4.4.), as
described here below.

The gaseous emissions sampling probes shall beefit at least 0.5 m or
three times the diameter of the exhaust pipe — whiever is the larger
— upstream of the exit of the exhaust gas system &8 as applicable and
sufficiently close to the engine as to ensure anteaust gas temperature of
at least 343 K (70 °C) at the probe.

In the case of a multicylinder engine with a branbed exhaust manifold,
the inlet of the probe shall be located sufficienyl far downstream so as to
ensure that the sample is representative of the angge exhaust emissions
from all cylinders. In multicylinder engines having distinct groups of
manifolds, such as in a 'V'-engine configuration, ti is permissible to
acquire a sample from each group individually and alculate an average
exhaust emission. Other methods which have been st to correlate
with the above methods may be used. For exhaust esgions calculation
the total exhaust mass flow of the engine shall hesed.

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

The exhaust pipe between the engine and the fullofv dilution system
shall conform to the requirements of Annex 4A, Appadix 4.

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

Sampling can generally be done in two ways:

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

(b)  The pollutants are sampled continuously and irggrated over the
cycle; this method is mandatory for HC and NQ.

The background concentrations shall be sampled upgam of the
dilution tunnel into a sampling bag, and shall be sbtracted from the
emissions concentration according to Appendix 3, pagraph 2.2.3.

Determination of the particulates

Determination of the particulates requires a diluton system. Dilution
may be accomplished by a partial flow dilution systm or a full flow
dilution system. The flow capacity of the dilutionsystem shall be large
enough to completely eliminate water condensatiomithe dilution and
sampling systems, and maintain the temperature ofhe diluted exhaust
gas between 315 K (42 °C) and 325 K (52 °C) immetidy upstream of
the filter holders. De-humidifying the dilution air before entering the
dilution system is permitted, if the air humidity is high. Dilution air pre-
heating above the temperature limit of 303 K (30 °Tis recommended if
the ambient temperature is below 293 K (20 °C). Hoewer, the diluted
air temperature shall not exceed 325 K (52 °C) prioto the introduction
of the exhaust in the dilution tunnel.
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The particulate sampling probe shall be installedn close proximity to
the gaseous emissions sampling probe, and the intion shall comply
with the provisions of paragraph 2.3.5.

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

Partial flow dilution system specifications

The partial flow dilution system has to be desigreto split the exhaust
stream into two fractions, the smaller one being dited with air and
subsequently used for particulate measurement. Fothis it is essential
that the dilution ratio be determined very accuratdy. Different splitting
methods can be applied, whereby the type of splittg used dictates to a
significant degree the sampling hardware and procedges to be used
(Annex 4A, Appendix 4, paragraph 1.2.1.1.).

For the control of a partial flow dilution system, a fast system response is
required. The transformation time for the system shll be determined by
the procedure described in Appendix 2, paragraph 1.1.1.

If the combined transformation time of the exhaustflow measurement
(see previous paragraph) and the partial flow systa is less than 0.3 s,
online control may be used. If the transformation ime exceeds 0.3 s, look
ahead control based on a pre-recorded test run sHabe used. In this
case, the rise time shall bg 1 s and the delay time of the combinatios
10 s.

The total system response shall be designed asttsure a representative
sample of the particulates,Gsg, proportional to the exhaust mass flow.
To determine the proportionality, a regression anajsis of Gsg versus
Gexnw shall be conducted on a minimum 5 Hz data acquisdn rate, and
the following criteria shall be met:

(@)  The correlation coefficient r of the linear regession betweenGsg
and Gexyw shall be not less than 0.95;

(b)  The standard error of estimate ofGsg on Gexyw Shall not exceed 5
per cent of Gsg maximum;

(c)  Gseintercept of the regression line shall not exceetl2 per cent of
Gse maximum.

Optionally, a pre-test may be run, and the exhausmass flow signal of
the pre-test be used for controlling the sample flo into the particulate

system (look-ahead control). Such a procedure is geired if the

transformation time of the particulate system, tsop or/fand the
transformation time of the exhaust mass flow signaltso - are > 0.3 s. A
correct control of the partial dilution system is ddtained, if the time trace
of Gexnw pre Of the pre-test, which controlsGsg, is shifted by a ‘look-
ahead' time oftsgp + tso .

For establishing the correlation betweerGsg and Gexqw the data taken
during the actual test shall be used, withGexqw time aligned by tsor
relative to Gse (no contribution from tsg p to the time alignment). That is,
the time shift between Gexyw and Gge is the difference in their
transformation times that were determined in Appendx 2, paragraph
2.6.
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2.4.1.

2.4.1.1.

2.4.1.2.

2.4.1.3.

2.4.1.4.

For partial flow dilution systems, the accuracy ofthe sample flowGsg is
of special concern, if not measured directly, but etermined by
differential flow measurement:

Gse = Grotw — Goiw

In this case an accuracy of +2 per cent foGrorw and Gpuw is not
sufficient to guarantee acceptable accuracies d@se. If the gas flow is
determined by differential flow measurement, the maimum error of the
difference shall be such that the accuracy oBse is within 5 per cent
when the dilution ratio is less than 15. It can bealculated by taking the
root-mean-square of the errors of each instrument.

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

(@ The absolute accuracies o6Grorw and Gpw are 0.2 per cent
which guarantees an accuracy o5sg of < 5 per cent at a dilution
ratio of 15. However, greater errors will occur athigher dilution
ratios.

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

(c)  The accuracy ofGse is determined indirectly from the accuracy of
the dilution ratio as determined by a tracer gas, g. CO,. Again,
accuracies equivalent to method (a) fo6Gsg are required.

(d)  The absolute accuracy o6Grorw and Gpw is within £2 per cent of
full scale, the maximum error of the difference baween Gromw
and Gp, w is within 0.2 per cent, and the linearity error iswithin
+0.2 per cent of the highesGrorw 0bserved during the test.

Particulate sampling filters
Filter specification

Fluorocarbon coated glass fibre filters or fluoroarbon based membrane
filters are required for certification tests. For gecial applications
different filter materials may be used. All filter types shall have a 0.am
DOP (di-octylphthalate) collection efficiency of atleast 99 per cent at a
gas face velocity between 35 and 100 cm/s. When foeming correlation
tests between laboratories or between a manufactur@nd an approval
authority, filters of identical quality shall be used.

Filter size

Particulate filters shall have a minimum diameterof 47 mm (37 mm
stain diameter). Larger diameter filters are accepable (paragraph
2.4.15).

Primary and back-up filters

The diluted exhaust shall be sampled by a pair dilters placed in series
(one primary and one back-up filter) during the te$ sequence. The back-
up filter shall be located no more than 100 mm dowstream of, and shall
not be in contact with, the primary filter. The filters may be weighed
separately or as a pair with the filters placed st side to stain side.

Filter face velocity

83



ECE/TRANS/WP.29/GRPE/2011/11

A gas face velocity through the filter of 35 to 1@ cm/s shall be achieved.
The pressure drop increase between the beginning dithe end of the test
shall be no more than 25 kPa.

2.4.1.5. Filter loading

The recommended minimum filter loadings for the mat common filter
sizes are shown in the following table. For largerfilter sizes, the
minimum filter loading shall be 0.065 mg/1000 mrhfilter area.

Filter diameter Recommended stain diameter Recommended minimum IoadinJ;
(mm) (mm) (mg)
47 37 0.11
70 60 0.25
90 80 0.41
110 100 0.62
2.4.2. Weighing chamber and analytical balance spiications
2.4.2.1. Weighing chamber conditions

The temperature of the chamber (or room) in whichthe particulate
filters are conditioned and weighed shall be maintaed to within 295 K
(22 °C) £3 K during all filter conditioning and weighing. The humidity
shall be maintained to a dewpoint of 282.5 (9.5 °G)3 K and a relative
humidity of 45 +8 per cent.

2.4.2.2. Reference filter weighing

The chamber (or room) environment shall be free ofany ambient

contaminants (such as dust) that would settle on éhparticulate filters

during their stabilization. Disturbances to weighirg room specifications
as outlined in paragraph 2.4.2.1. will be allowedfithe duration of the

disturbances does not exceed 30 minutes. The weighiroom should

meet the required specifications prior to personnelentrance into the

weighing room. At least two unused reference filtex or reference filter

pairs shall be weighed within four hours of, but peferably at the same
time as the sample filter (pair) weighing. They shiabe the same size and
material as the sample filters.

If the average weight of the reference filters (rerence filter pairs)
changes between sample filter weighing by more thah0 pg, then all
sample filters shall be discarded and the emissiorsst repeated.

If the weighing room stability criteria outlined in paragraph 2.4.2.1. are
not met, but the reference filter (pair) weighing neet the above criteria,
the engine manufacturer has the option of acceptinghe sample filter
weights or voiding the tests, fixing the weighingasom control system and
re-running the test.

2.4.2.3. Analytical balance
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2.4.2.4.

2.4.3.

The analytical balance used to determine the weigth of all filters shall
have a precision (standard deviation) of 21g and a resolution of 1ug (1
digit = 1 pg) specified by the balance manufacturer.

Elimination of static electricity effects

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

Additional specifications for particulate masurement

All parts of the dilution system and the samplingsystem from the

exhaust pipe up to the filter holder, which are incontact with raw and

diluted exhaust gas, shall be designed to minimizeleposition or

alteration of the particulates. All parts shall be made of electrically

conductive materials that do not react with exhausgas components, and
shall be electrically grounded to prevent electrosttic effects.
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Annex 4A

Appendix 2

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 asseapgeto fulfil the accuracy
requirements of thiRegulation. The calibration method that shall be used is
described in this paragraph for the analysers atdit in Appendix 1,
paragraph 1.4.3.

At the request of the manufacturer and with the ageement of the
approval authority the methods described in Annex B, paragraphs 8.1.
and 8.2. may be used as an alternative to those jparagraph 1. of this
appendix.

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

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

Pure gases

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

(a) Purified nitrogen

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

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

(contamination < 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

! The calibration procedure is common for both NRSC ad NRTC tests, with the exception of the
requirements specified in paragraphs 1.11. and 2.6.

86



ECE/TRANS/WP.29/GRPE/2011/11

1.3.

1.4.

Mixtures of gases having the following chemicalmpmsitions shall be
available:

(a) GHg and purified synthetic air (see paragraph 1.2.1.);
(b)  CO and purified nitrogen;

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

(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 theegao 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 dilmation 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 used foblending shall be
known to have an accuracy of at least + 1 per certfraceable to national
or international gas standards. The verification shll be performed at
between 15 and 50 per cent of full scale for eachalibration
incorporating a blending device. An additional verfication may be
performed using another calibration gas, if the fist verification has
failed.

Optionally, the blending device may be checked wit an instrument
which by nature is linear, e.g. using NO gas with €LD. The span value
of the instrument shall be adjusted with the span &s directly connected
to the instrument. The blending device shall be cluked at the used
settings and the nominal value shall be compared tthe measured
concentration of the instrument. This difference shll in each point be
within £1 per cent of the nominal value.

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

Note: A precision gas divider of accuracy is within 1 pr cent, is
recommended for establishing the accurate analyseralibration curve.
The gas divider shall be calibrated by the instrumet manufacturer.

Operating procedure for analysers and samplstem

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
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1.5.
1.5.1.

15.2.

15.3.

1.5.4.

1.5.5.
1.55.1.

A system leakage test shall be performed. Theepsitall be disconnected
from the exhaust system and the end plugged. The/ser pump shall be

switched on. After an initial stabilization periadl flow-meters should read

zero. If not, the sampling lines shall be checked toe fault corrected. The
maximum allowable leakage rate on the vacuum diddl be 0.5 per cent of

the in-use flow rate for the portion of the systeeing checked. The analyser
flows and bypass flows may be used to estimaténtiise flow rates.

Another method is the introduction of a conceidratstep change at the
beginning of the sampling line by switching fromraéo 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 atidresion curves checked
against standard gases. The same gas flow ratdéls bghaised 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 (paragraphill).8

Calibration
Each normally used operating range shall be Gkl

Using purified synthetic air (or nitrogen), the COQO,, Ng, 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
15.6.

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

Establishment of the calibration curve
General guidelines

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

The calibration curve is calculated by the metlwddeast 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.
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The calibration curve shall not differ by more rih&a2 per cent from the
nominal value of each calibration point and by mtthr@n+0.3 per centof
full scale at zero.

From the calibration curve and the calibrationnpsi it is possible to verify
that the calibration has been carried out corred@the different characteristic
parameters of the analyser shall be indicatedicpéatly:

(@  The measuring range;

(b)  The sensitivity;

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

The analyser calibration curve is establishedtdgast ten calibration points
(excluding zero) spaced so that 50 per cent ot#tfibration points are below
10 per cent of full scale.

The calibration curve is calculated by the metbbkbast squares.

The calibration curve shall not differ by more rih&a4 per cent from the
nominal value of each calibration point and by mibian +0.3 per cent of full
scale at zero.

1.5.5.3. Alternative methods

If it can be shown that alternative technologyg(ecomputer, electronically
controlled range switch, etc.) can give equivalecturacy, then these
alternatives may be used.

1.6. Verification of the calibration

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

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

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

1.7. Efficiency test of the NQOconverter

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

1.7.1. Test set-up

Using the test set-up as shown in Figure 1 (see 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

02

solenoid valve

P

Tk

- P
Ao = JlIT}  [cooner
Variac
[} —
NO/N2 to analyser
Pl
Figure 1
1.7.2. Calibration
The CLD and the HCLD shall be calibrated in thestncommon operating
range following the manufacturer's specificatioséng zero and span gas
(the NO content of which shall amount to about 80 gent of the operating
range and the NQOconcentration 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 convertern@iieied concentration has
to be recorded.
1.7.3. Calculation
The efficiency of the NQconverter is calculated as follows:
- a-b
Efficiency (%)= ( 1+ — ) [100
c-d
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 1.7The analyser is in the NO
mode.)
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1.7.5.

1.7.6.

1.7.7.

1.7.8.

1.7.9.

1.7.10.

1.8.
1.8.1.

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 enougimed to bring the NO
concentration down to about 20 per cent (minimump&d cent) of the
calibration concentration given in paragraph 1.7.2he indicated
concentratiord shall be recorded. (The analyser is in the NO n)ode

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 afsgs described in
paragraph 1.7.6. passes through the convertethatdetector. The indicated
concentratiorb shall be recorded. (The analyser is in the,N©de.)

NO mode

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

Test interval

The efficiency of the converter shall be testedrpio each calibration of the
NOy analyser.

Efficiency requirement

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

Note: If, with the analyser in the most commong&nthe ozonator cannot
give a reduction from 80 per cent to 20 per certoeting to paragraph
1.7.5., then the highest range which will give théuction 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 optithzeesponse on the most
common operating range.

With the fuel and air flow rates set at the mantifeer's recommendations, a
350 +£75 ppm C span gas shall be introduced torhé/ser. The response at
a given fuel flow shall be determined from the elifnce between the span
gas response and the zero gas response. Thedweslfflall be incrementally
adjusted above and below the manufacturer's spatidn. The span and zero
response at these fuel flows shall be recorded. ditierence between the
span and zero response shall be plotted and thédueadjusted to the rich
side of the curve.
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1.8.2.

1.8.3.

1.8.3.1.

1.8.3.2.
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Hydrocarbon response factors

The analyser shall be calibrated using propan&irirand purified synthetic
air, according to paragraph 1.5.

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

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

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

The test gases to be used and the recommenddiveetasponse factor
ranges are as follows:

Methane and purified synthetic air: 18R <1.15
Propylene and purified synthetic air: 08® <11
Toluene and purified synthetic air: 0AR <110

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

Oxygen interference check

The oxygen interference check shall be determiwwbén introducing an
analyser into service and after major service uatist

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

Oxygen interference gases

Oxygen interference check gases shall contain prape with 350 ppmC
to 75 ppmC hydrocarbon. The concentration value sHabe determined
to calibration gas tolerances by chromatographic aalysis of total
hydrocarbons plus impurities or by dynamic blending Nitrogen shall be
the predominant diluent with the balance oxygen. Binds required for
Diesel engine testing are:

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

(@)  The analyser shall be zeroed.

(b)  The analyser shall be spanned with the 21 peent oxygen blend.
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(c)  The zero response shall be rechecked. If it hahanged more than
0.5 per cent of full scale subparagraphs (a) and )bshall be
repeated.

(d) The 5 per cent and 10 per cent oxygen interfenee check gases
shall be introduced.

(e)  The zero response shall be rechecked. If it habanged more than
+1 per cent of full scale, the test shall be repezd.

) The oxygen interference (%0.l) shall be calculated for each
mixture in (d) as follows:

B-C
%0, = (B=C) 100
A = hydrocarbon concentration (ppmC) of the span gas
used in (b)
B = hydrocarbon concentration (ppmC) of the oxygen
interference check gases used in (d)
C = analyser response
A
mC)=—
(ppmC) = -
D = per cent of full scale analyser response due £o

(@)  The per cent of oxygen interference%O,l) shall be less than £3.0
per cent for all required oxygen interference checlgases prior to
testing.

(h)  If the oxygen interference is greater than £3.(per cent, the air
flow above and below the manufacturer's specificatins shall be
incrementally adjusted, repeating paragraph 1.8.1for each flow.

0] If the oxygen interference is greater than +3.0per cent after
adjusting the air flow, the fuel flow and thereafte the sample flow
shall be varied, repeating paragraph 1.8.1. for edcnew setting.

) If the oxygen interference is still greater than +3.0 per cent, the
analyser, FID fuel, or burner air shall be repaired or replaced
prior to testing. This paragraph shall then be repated with the
repaired or replaced equipment or gases.

1.9. Interference effects with NDIR and CLD anafgse

Gases present in the exhaust other than the dng aealysed can interfere
with the reading in several ways. Positive intesfere occurs in NDIR

instruments where the interfering gas gives theesaffect as the gas being
measured, but to a lesser degree. Negative inteder occurs in NDIR

instruments by the interfering gas broadening thsogption band of the

measured gas, and in CLD instruments by the imfagfegas quenching the
radiation. The interference checks in paragrapBslland 1.9.2. shall be
performed prior to an analyser's initial use andrahajor service intervals.

1.9.1. CO analyser interference check
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1.9.2.

1.9.2.1.

1.9.2.2.

Water and C@can interfere with the CO analyser performanceréfore a
CO; span gas having a concentration of 80 to 100 gerr af full scale of the
maximum operating range used during testing skabubbled through water
at room temperature and the analyser response deztoThe analyser
response shall not be more than 1 per cent oféalle for ranges equal to or
above 300 ppm or more than 3 ppm for ranges be@ppm.

NQ analyser quench checks

The two gases of concern for CLD (and HCLD) arnalysare C@and water
vapour. Quench responses of these gases are poopbrito their
concentrations, and therefore require test teclesiqa determine the quench
at the highest expected concentrations experiethgedg testing.

CQ@quench check

A CO, span gas having a concentration of 80 to 100 get af full scale of
the maximum operating range shall be passed thrthegNDIR 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 BsaandC, respectively. The COshall be shut
off and only the NO span gas be passed throug{Hh€LD and the NO
value recorded &3.

The quench shall be calculated as follows:

g O B o1
% CO, Quench= { 1 ((D 7)-0 ) J } [100

and shall not be greater than 3 per cent of fulles

Where:

A = 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

Water quench check

This check applies to wet gas concentration measents only. Calculation
of water quench shall consider dilution of the N#ars gas with water vapour
and scaling of water vapour concentration of thetane to that expected
during testing. A NO span gas having a concentnaiafa80 to 100 per cent of
full scale to the normal operating range shall asspd through the (H)CLD
and the NO value recorded Bs The NO gashall bebubbled through water
at room temperature and passed through the (H)&tdNO value recorded
as C. The water temperature shall be determined andrded asF. The
mixture's saturation vapour pressure that corredpda the bubbler water
temperature K) shall be determined and recorded@sThe water vapour
concentration (in per cent) of the mixture shalché&ulated as follows:

H=100(-2" )

Ps
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1.10.

1.11.

1.11.1.

and recorded abBl. The expected diluted NO span gas (in water vgpour
concentration shall be calculated as follows:

De=D EEl- i}
100

and recorded aBe. 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 CO
concentration in the exhaust gas or from the uteluCQ 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 Quench= 100[€DeD—_eCj [ﬁ%‘j

and shall not be greater than 3 per adritll scale

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 comtaminimal NQ
concentration for this check, since absorption &,Nh 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 chageade that could
influence calibration.

Additional calibration requirements for raw exhaust measurements over
NRTC test

Response time check of the analytical syste

The system settings for the response time evaluati shall be exactly the
same as during measurement of the test run (i.e. ssure, flow rates,
filter settings on the analysers and all other regpnse time influences).
The response time determination shall be done witlgas switching
directly at the inlet of the sample probe. The gaswitching shall be done
in less than 0.1 s. The gases used for the testIsltause a concentration
change of at least 60 per cent FS.

The concentration trace of each single gas companteshall be recorded.
The response time is defined as the difference iinte between the gas
switching and the appropriate change of the records: concentration. The
system response timetdy) consists of the delay time to the measuring
detector and the rise time of the detector. The day time is defined as
the time from the change o) until the response is 10 per cent of the final
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1.11.2.

2.2.

reading (tip). The rise time is defined as the time between Hnhd 90 per
cent response of the final readingtfy —t;).

For time alignment of the analyser and exhaust flw signals in the case of
raw measurement, the transformation time is definedas the time from
the change {p) until the response is 50 per cent of the final eing (ts).

The system response time shall be 10 s with a rise time< 2.5 s for all
limited components (CO, NQ, HC) and all ranges used.

Calibration of tracer gas analyser for exhast flow measurement

The analyser for measurement of the tracer gas coentration, if used,
shall be calibrated using the standard gas.

The calibration curve shall be established by atelast 10 calibration
points (excluding zero) spaced so that a half of éhcalibration points are

placed between 4 to 20 per cent of analyser's fidtale and the rest are in
between 20 to 100 per cent of the full scale. Thalibration curve is

calculated by the method of least squares.

The calibration curve shall not differ by more than +1 per cent of the full
scale from the nominal value of each calibration gat, in the range from

20 to 100 per cent of the full scale. It shall alsaot differ by more than +2

per cent from the nominal value in the range from 40 20 per cent of the
full scale.

The analyser shall be set at zero and spanned prito the test run using
a zero gas and a span gas whose nominal value isrenthan 80 per cent
of the analyser full scale.

Calibration of the particulate measuring system
Introduction

Each component shall be calibrated as often asssacy to fulfil the
accuracy requirements of tHRegulation. The calibration method to be used
is described in this paragraph for the componemiicated in AnnexA,
Appendix 1, paragraph 1.5. and Appendix 4.

At the request of the manufacturer and with the ageement of the
approval authority the methods described in Annex B, paragraphs 8.1.
and 8.2. may be used as an alternative to those fraragraph 2. of this
Appendix.

Flow measurement

The calibration of gaflow-meters or flow measurement instrumentation
shall be traceable to national and/or internatigtehdards.

The maximum error of the measured value shall Bhinw+2 per cent of
reading.

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

Gse = Grotw —Gpiw

In this case an accuracy of +2 per cent foGrorw and Gpw iS not
sufficient to guarantee acceptable accuracies dbse. If the gas flow is
determined by differential flow measurement, theximam error of the
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2.3.

2.4,

2.5.

2.6.

2.6.1.

difference shall be such that the accuractgf is within 15 per centwhen
the dilution ratio is less than 15 It can be calculated by taking root-mean-
square of the errors of each instrument.

Checking the dilution ratio

When using particulate sampling systems without AEGAnnex 4A,
Appendix 4, paragraph 1.2.1.1.), the dilution rati@ll be checked for each
new engine installation with the engine running #reuse of either the GO
or NQ, concentration measurements in the raw and dikhausst.

The measured dilution ratio shall be within +10 pent of the calculated
dilution ratio from CQ or NO, concentration measurement.

Checking the partial flow conditions

The range of the exhaust gas velocity and thespresoscillations shall be
checked and adjusted according to the requirentgmsinex4A, Appendix
4, paragraph 1.2.1.1., EP, if applicable.

Calibration intervals

The flow measurement instrumentation shall bebcatied at least every three
months, or whenever a system change is made thalid cdofluence
calibration.

Additional calibration requirements for partial flow dilution systems
Periodical calibration

If the sample gas flow is determined by differengl flow measurement
the flow-meter or the flow measurement instrumentabn shall be
calibrated by one of the following procedures, suclhat the probe flow
Gse into the tunnel fulfils the accuracy requirementsof Annex 4A,
Appendix 1, paragraph 2.4.:

The flow-meter for Gp,w IS connected in series to the flow-meter for
Grotw, the difference between the two flow-meters is dhtated for at
least five set points with flow values equally spad between the lowest
Gpw Value used during the test and the value d&&romw Used during the
test. The dilution tunnel may be bypassed.

A calibrated mass flow device is connected in ses to the flow-meter for
Grotw and the accuracy is checked for the value used fahe test. Then
the calibrated mass flow device is connected in ses to the flow-meter
for Gpww, and the accuracy is checked for at least five dilgs
corresponding to the dilution ratio between 3 and 6, relative to Grotw
used during the test.

The transfer tube TT is disconnected from the exhast, and a calibrated
flow measuring device with a suitable range to mease Gge is connected
to the transfer tube. ThenGrory is set to the value used during the test,
and Gpw is sequentially set to at least five values cornesnding to
dilution ratios q between 3 and 50. Alternatively,a special calibration
flow path may be provided, in which the tunnel is gpassed, but the total
and dilution air flow through the corresponding meters are maintained
as in the actual test.

A tracer gas is fed into the transfer tube TT. Ths tracer gas may be a
component of the exhaust gas, like COor NO,. After dilution in the

97



ECE/TRANS/WP.29/GRPE/2011/11

98

2.6.2.

2.6.3.

2.6.4.

tunnel the tracer gas component is measured. Thisall be carried out
for five dilution ratios between 3 and 50. The acaacy of the sample
flow is determined from the dilution ration q:

Gse = Grotw /0

The accuracies of the gas analysers shall be takento account to
guarantee the accuracy of3sg.

Carbon flow check

A carbon flow check using actual exhaust is strorg recommended for
detecting measurement and control problems and vdsiing the proper
operation of the partial flow dilution system. The carbon flow check
should be run at least each time a new engine isstlled, or something
significant is changed in the test cell configuradin.

The engine shall be operated at peak torque loadchd speed or any other
steady-state mode that produces 5 per cent or mo@ CO,. The partial

flow sampling system shall be operated with a dilinn factor of about 15
to 1.

Pre-test check

A pre-test check shall be performed within two hots before the test run
in the following way:

The accuracy of the flow-meters shall be checkedstihe same method as
used for calibration for at least two points, inclding flow values of

Gpw that correspond to dilution ratios between five ad 15 for the

Grotw Value used during the test.

If it can be demonstrated by records of the calibation procedure
described above that the flow-meter calibration isstable over a longer
period of time, the pre-test check may be omitted.

Determination of the transformation time

The system settings for the transformation time esluation shall be
exactly the same as during measurement of the testun. The
transformation time shall be determined by the folbwing method:

An independent reference flow-meter with a measureent range
appropriate for the probe flow shall be put in seres with and closely
coupled to the probe. This flow-meter shall have &ransformation time

of less than 100 ms for the flow step size used the response time
measurement, with flow restriction sufficiently low not to affect the
dynamic performance of the partial flow dilution system, and consistent
with good engineering practice.

A step change shall be introduced to the exhaustofv (or air flow if
exhaust flow is calculated) input of the partial fow dilution system, from
a low flow to at least 90 per cent of full scale. fe trigger for the step
change should be the same one as that used to sténe look-ahead
control in actual testing. The exhaust flow step snhulus and the flow-
meter response shall be recorded at a sample ratéat least 10 Hz.

From this data, the transformation time shall be @termined for the
partial flow dilution system, which is the time from the initiation of the
step stimulus to the 50 per cent point of the flowmeter response. In a
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3.2.1.

similar manner, the transformation times of the G signal of the partial
flow dilution system and of theGgxyw Signal of the exhaust flow-meter
shall be determined. These signals are used in tlregression checks
performed after each test (Annex 4A, Appendix 1, pagraph 2.4.).

The calculation shall be repeated for at least fev rise-and-fall stimuli,
and the results shall be averaged. The internal trasformation time
(<100 ms) of the reference flow-meter shall be stlacted from this
value. This is the 'look-ahead' value of the partiaflow dilution system,
which shall be applied in accordance with Annex 4AAppendix 1,
paragraph 2.4,

Calibration of the CVS system
General

The CVS system shall be calibrated by using an asate flow-meter and
means to change operating conditions.

The flow through the system shall be measured atiféerent flow
operating settings, and the control parameters ofhte system shall be
measured and related to the flow.

Various types of flow-meters may be used, e.g. daiated venturi,
calibrated laminar flow-meter, calibrated turbine meter.

At the request of the manufacturer and with the ageement of the
approval authority the methods described in Annex B, paragraphs 8.1.
and 8.2. may be used as an alternative to those fraragraph 3. of this
Appendix.

Calibration of the positive displacement pumgPDP)

All the parameters related to the pump shall be siultaneously
measured along with the parameters related to a dalration venturi
which is connected in series with the pump. The callated flow rate (in
m%min at pump inlet, absolute pressure and temperatie) shall be
plotted against a correlation function which is thevalue of a specific
combination of pump parameters. The linear equationwhich relates the
pump flow and the correlation function shall be de¢rmined. If a CVS
has a multiple speed drive, the calibration shall & performed for each
range used.

Temperature stability shall be maintained during @libration.

Leaks in all the connections and ducting between éhcalibration venturi
and the CVS pump shall be maintained lower than 0.®er cent of the
lowest flow point (highest restriction and lowest PP speed point).

Data analysis

The air flowrate (Qs) at each restriction setting (minimum 6 settings)
shall be calculated in standard ri¥min. from the flow-meter data using
the manufacturer's prescribed method. The air flowrate shall then be
converted to pump flow ) in mrev at absolute pump inlet
temperature and pressure as follows:

Q. T 1013

n 273 P,
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3.3.

where,

Qs = air flow rate at standard conditions (101.3 kPa,273 K)
(m%s)

T = temperature at pump inlet (K)

Pa = absolute pressure at pump inletgg —p,) (kPa)

n = pump speed (rev/s)

To account for the interaction of pressure variatims at the pump and the
pump slip rate, the correlation function (X,) between pump speed,
pressure differential from pump inlet to pump outlet and absolute pump
outlet pressure shall be calculated as follows:

1. |Ap,
Xo== |—=
n Pa
where,
JAY
Py = pressure differential from pump inlet to pump outlet (kPa)
Pa = absolute outlet pressure at pump outlet (kPa)

A linear least-square fit shall be performed to geerate the calibration
equation as follows:

Vo = D¢ —m- (Xo)

Do and m are the intercept and slope constants, respectiygldescribing
the regression lines.

For a CVS system with multiple speeds, the calibran curves generated
for the different pump flow ranges shall be approxinately parallel, and
the intercept values Do) shall increase as the pump flow range decreases.

The values calculated by the equation shall be wiih +0.5 per cent of the
measured value ofV,. Values of m will vary from one pump to another.
Particulate influx over time will cause the pump sp to decrease, as
reflected by lower values for m. Therefore, calibréon shall be

performed at pump start-up, after major maintenance and if the total

system verification (paragraph 3.5.) indicates a cdnge in the slip rate.

Calibration of the critical flow venturi (CFV)

Calibration of the CFV is based upon the flow equdon for a critical
venturi. Gas flow is a function of inlet pressure ad temperature, as
shown below:

Q = Kv ) pA
AT
where,
Ky = calibration coefficient
Pa = absolute pressure at venturi inlet (kPa)
T = temperature at venturi inlet (K)
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3.3.1. Data analysis

The air flow rate (Qs) at each restriction setting (minimum 8 settings)
shall be calculated in standard ri¥min. from the flow-meter data using
the manufacturer's prescribed method. The calibraton coefficient shall
be calculated from the calibration data for each dting as follows:

Qs'ﬁ

T

where,

Q = air flow rate at standard conditions (101.3 kPa,273 K)
(m%s)

T = temperature at the venturi inlet (K)

Pa = absolute pressure at venturi inlet (kPa)

To determine the range of critical flow,K, shall be plotted as a function
of venturi inlet pressure. For critical (choked) flow, K, will have a

relatively constant value. As pressure decreasesaguum increases), the
venturi becomes unchoked andK, decreases, which indicates that the
CFV is operated outside the permissible range.

For a minimum of eight points in the region of criical flow, the average
Ky and the standard deviation shall be calculated. Tén standard
deviation shall not exceed £0.3 per cent of the awage Ky.

3.4. Calibration of the subsonic venturi (SSV)

Calibration of the SSV is based upon the flow equi®mn for a subsonic
venturi. Gas flow is a function of inlet pressure ad temperature,
pressure drop between the SSV inlet and throat, ashown below:

1 1
Qy, = A,d?C,P, || = (r 14286 _ | 17143 =
T 1-B8%*
where,
Ao = collection of constants and units conversions
1
, (m® ) K2 1
= 0.006111 in SI unit - >
min )| kPa |\ mm
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, stati pressure =
AP
1-=—
PA
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3 = ratio of the SSV throat diameter, d, to the inle pipe inner

d
diameter= —
D

Data analysis

The air flow rate (Qssy) at each flow setting (minimum 16 settings) shall
be calculated in standard nimin from the flow-meter data using the

manufacturer's prescribed method. The discharge cdgcient shall be

calculated from the calibration data for each settig as follows:

C, = Qs
A,d 2 P, _:II_- (I’ 14286 _ | 17143 1184114286
- rt
where,
Qssv = air flow rate at standard conditions (101.3 kPa,2273 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, stati pressure =
-
A
) = ratio of the SSV throat diameter, d, to the inle pipe inner
diameter = E
D

To determine the range of subsonic flowCy shall be plotted as a function
of Reynolds number, at the SSV throat. TheRe at the SSV throat is
calculated with the following formula:

Re= A Qs
du
where,
Ay = a collection of constants and units conversions
1 )( min } mm
= 25.55152| — || — | ——
m S m
Qssv = air flow rate at standard conditions (101.3 kPa,273 K)
(m¥s)
d = diameter of the SSV throat (m)
H = absolute or dynamic viscosity of the gas, calated with the

following formula:



ECE/TRANS/WP.29/GRPE/2011/11

bT’2 _ bT/2
H= = kg/m-s
S+T 4,5
T
Where: ‘
b = empirical constant = 1458[1(° g T
msK?
S = empirical constant = 104.4 K

BecauseQssy is an input to the Re formula, the calculations shall be
started with an initial guess forQssy or Cq4 of the calibration venturi, and
repeated until Qssy converges. The convergence method shall be
accurate to 0.1 per cent or better.

For a minimum of sixteen points in the subsonic @w region, the
calculated values ofC, from the resulting calibration curve fit equation
shall be within £0.5 per cent of the measured, for each calibration
point.

3.5. Total system verification

The total accuracy of the CVS sampling system andnalytical system
shall be determined by introducing a known mass od pollutant gas into
the system while it is being operated in the normalmanner. The
pollutant is analysed, and the mass calculated aaating to Annex 4A,
Appendix 3, paragraph 2.4.1. except in the case gropane where a
factor of 0.000472 is used in place of 0.000479 feiC. Either of the
following two techniques shall be used.

3.5.1. Metering with a critical flow orifice

A known quantity of pure gas (propane) shall be f& into the CVS system
through a calibrated critical orifice. If the inlet pressure is high enough,
the flow rate, which is adjusted by means of the dical flow orifice, is

independent of the orifice outlet pressure (critichflow). The CVS system
shall be operated as in a normal exhaust emissioast for about five to 10
minutes. A gas sample shall be analysed with the wal equipment
(sampling bag or integrating method), and the massof the gas
calculated. The mass so determined shall be withith 3 per cent of the
known mass of the gas injected.

3.5.2. Metering by means of a gravimetric technique

The weight of a small cylinder filled with propaneshall be determined
with a precision of £0.01 g. For about five to 10 imutes, the CVS system
shall be operated as in a normal exhaust emissiorst, while carbon

monoxide or propane is injected into the system. Teh quantity of pure

gas discharged shall be determined by means of difiential weighing. A

gas sample shall be analysed with the usual equipmte(sampling bag or

integrating method), and the mass of the gas calatkd. The mass so
determined shall be within 3 per cent of the knownmass 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 calculation8IRSC test
Gaseous emissions data evaluation

For the evaluation of the gaseous emissions, libeé ceading of the last 60 s
of each mode shall be averaged, and the averageemtations ¢onc) of

HC, CO, NQ and CQ if the carbon balance method is used, during each
mode shall be determined from the average chartimga and the
corresponding calibration data. A different typea@tording can be used if it
ensures an equivalent data acquisition.

The average background concentrati@umd;) may be determined from the
bag readings of the dilution air or from the contios (non-bag) background
reading and the corresponding calibration data.

If the ramped modal cycles of Annex 5, paragraph.2.(a) or paragraph
1.2.(b), respectively, are used, the data evaluatioand calculation
procedures of Annex 4B, paragraph 7.8.2.2., and thapplicable sections
of paragraphs A.8.2., A.8.3. and A.8.4. shall applyThe final test results
shall be calculated according to equations A.8-60nd A.8-61 or A.7-49
and A.7-50, respectively.

Particulate emissions

For the evaluation of the particulates, the tatample masses Msaw,i)
through the filters shall be recorded for each mode. Tiliers shall be
returned to the weighing chamber and conditionedatdeast one hour, but
not more than 80 hours, and then weighed. The gnesght of the filters
shall be recorded and the tare weight (see parhgBap, Annex 4A)
subtracted. The particulate masé; for single filter method; M;; 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 madg)(shall
be recorded. If more than one measurement was rntaalejuotientMy/Mp,
shallbe calculatedfor each single measurement and the values awkrage

If the ramped modal cycles of Annex 5, paragraph.2.(a) or paragraph
1.2.(b), respectively, are used, the data evaluatioand calculation
procedures of Annex 4B, paragraph 7.8.2.2., and thapplicable sections
of paragraphs A.8.2., A.8.3. and A.8.4. shall applyThe final test results
shall be calculated according to equation A.8-64 ok.7-53, respectively.

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@exqw,.) shall be determined for each mode
according to AnnedA, Appendix 1, paragraphs 1.2.1. to 1.2.3.



ECE/TRANS/WP.29/GRPE/2011/11

1.3.2.

When using a full flow dilution system, the tothlute exhaust gas flow rate
(Grotw.i) shall be determined for each mode according to eXdw,
Appendix 1, paragraph 1.2.4.

Dry/wet correction

Dry/wet correction (Ggxnw,) shall be determined for each mode
according to Annex 4A, Appendix 1, paragraphs 1.2.%0 1.2.3.

When applyingGexnw the measured concentration shall be converted to a
wet basis according to the following formulae, @t ralready measured on a
wet basis:

CONCyet = Ky * CONCary

For the raw exhaust gas:

) 1
Ko = [1+ 1.88[0.005 [ % CO[dry] + % CO[dry] )j o

_ 1.608 [H
1000+ (1.608 [H ,)
6.22 R, D,
pB - pa lj?a |j-0_2

For thediluted gas:

w1

a

1.88 (O, % (wet)

w, = 1_ ) "
Kwet ( 200 o
or.

_ 1' KWZ
Kuwe2= | 1+ 1+ 188IEO,%(dry)
200

_ 1608 H,[{1-1/ DF)+ H, {1/ DF)]
1000+ 1.608 ] H 4 [{1- 1/ DF)+ H, {1/ DF)]

w2

For the dilution air:

Kwa=1-Kws

K = B

6.22[R, (p,
Ps- Py (R4[A07?

For the intake air (if different from the diluticir):

Kwa =1-Kwz

d =
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1.608[H.
">~ 1000+ (1.608 (H,)
_ 6.22[R,[p,
" ps- p, [RA0?
Where:
Ha = absolute humidity of the intake air (g water per kgdry air)
Hy = absolute humidity of the dilution air (g water per kg dry
air)
Ry = relative humidity of the dilution air ( per cgnt
Ry = relative humidity of the intake air ( per cent)
Pg = saturation vapour pressure of the dilution kig)
Pa = saturation vapour pressure of the intake aiafkP
Ps = total barometric pressure (kPa).

Note: H, and Hy may be derived from relative humidity measurementas
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theegerally accepted
formulae.

1.3.3. Humidity correction for NO

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient aifperature and humidity by
the factorKy given in the followingormula:

/ﬂ B A _H B T
o¢ @ ) oCe )
Where:
A = 0.309Gk e/ Garp - 0.0266
B = —0.209Ggye/ Garp + 0.00954
Grue - Fuelair ratio (dry air basis)
GAIRD
T, = temperatures of the air in (K)
Hy = humidity of the intak/_e?air (g water per kg dry air):
A o IR
B a0 O
Where:
Ry = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake aiakP
Ps = total barometric pressure (kPa).
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Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theemerally accepted
formulae.

1.3.4. Calculation of emission mass flow rates
The emission mass flow rates for each mode skatblrulated as follows:
(a)  For the raw exhaust gas
GaSnass= U - conc - Gexpw
(b)  For the dilute exhaust ga$
GaSnass= U - cong - Grotw
Where:
conc, is the background corrected concentration
conc, =conc —concy - (1 - (1/DF))
DF = 13.4/ ¢onccoy + (CONCco + concic) - 10%)
or:
DF = 13.4 /concCO,

The coefficientsu — wet shall be used according to Table 5:

Table 5
Values of the coefficient u — wet for various exhat components
Gas u conc
NOy 0.001587 ppm
Co 0.000966 ppm
HC 0.000479 ppm
CGo, 15.19 per cent

The density of HC is based upon an average catbdnydrogen ratio of
1:1.85.

1.3.5. Calculation of the specific emissions

The specific emission (g/kWh) shall be calculated for all individual
components in the following way:

1 In the case of N the NG concentration (N@onc or NQ.conc,) has to be multiplied bl nox
(humidity correction factor for NQOguoted in section 1.3.3) as follow&:noy - conc or Kiynoy + CONce

2 |n the case of N the NG concentration (N@onc or NQ.conc,) has to be multiplied bl nox
(humidity correction factor for NQOquoted in section 1.3.3) as follow&:noy - conc or Kiynoy + CONce
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1.4.

1.4.1.

1.4.2.

1.4.2.1.

Z Gas mass WF;
Individual gas=-=1—
z pi WVFi
i=1

whereP; = Pm,i + PAE, i

The weighing factors and the number of modes @8duin the above
calculation are according to AnndA, paragraph 3.7.1.

Calculation of the particulate emission
The particulate emission shall be calculated enftllowing way:
Humidity correction factor for particulates

As the particulate emission of diesel engines ddpeon ambient air
conditions, the particulate mass flow rate shallcbgected 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 aigram of water per kg dry air
H= gl
P pepl T
B ap O

Where

Ra = relative humidity of the intake air ( per cent)

Pa = saturation vapour pressure of the intake ainfkP

Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theegerally accepted
formulae.

Partial flow dilution system

The final reported test results of the particulateission shall be derived
through the following steps. Since various typesliaftion rate control may
be used, different calculation methods &muivalent diluted exhaust gas
mass flow rateGgpr apply. All calculations shall be based upon therage
values of the individual modes @uring the sampling period.

Isokinetic systems

Geprw,i = Gexhw, i * G

— Gouww +( Gextw i Lf )
( Gexuwi )

wherer corresponds to the ratio of the cross sectioredsapf the isokinetic
probeA, and exhaustpipeAr:

q;
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1.4.2.2.

1.4.2.3.

1.4.2.4.

1.4.3.

A
At

Systems with measurement o, @ONQ, concentration

r

Geprw,i = Gextw, i * G

_ Conce,i - Conca,i
' Concp,i - Conca,i

Where:

Concg = wet concentration of the tracer gas in raw eshau
Concp = wet concentration of the tracer gas in the ddutxhaust
Concy = wet concentration of the tracer gas in the iifutir

Concentrations measured on a dry basis shall bgeced to a wet basis
according to paragraph 1.3.2.

Systems with G@neasurement and carbon balance method

_ 206.6lGrye,
EDFW,— —
COap, - CO2a,i
Where:
COp = CO, concentration of the diluted exhaust
CO,n = CGO;, concentration of the dilution air

(concentrations in volume per cent on wet basis)

This equation is based upon the carbon balanagmgd®n (carbon atoms
supplied to the engine are emitted as,)C&and derived through the following
steps:

Geprw,i = Gextw, i * O

and:

- 2066']3 FUEL,i
GEXHW,i Eﬂ COZD,i - COZA,i )

Systems with flow measurement

Geprw,i = Gextw, i * O

_ Grorw
(Gromwi - Goww; )

Full flow dilution system

q;

The final reported test results of the particulateission shall be derived
through the following steps.

All calculations shall be based upon the averagleies of the individual
modes i) during the sampling period.

Georw, i = Grotw, i
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Calculation of the particulate mass floverat
The particulate mass flow rate shall be calculatetbllows:
For the single filter method:
— Mf HG EDFW)aver
PT mass— ~ _ -
M sav [1000
Where:

(Geprw)aver OVer the test cycle shall be determined by sunonatf the
average values of the individual modes during #raing period:

(Geprw ) aver= z G eorwi OWF
i=1

M sam= Z M sam,
i1

wherei=1,...n
For the multiple filter method:
_ Mt; UGeorw;i ) aver
PT mass, —
M sami (1000

wherei=1,...n

The particulate mass flow rate may be backgrowntected as follows:

For single filter method:

PTmass: Mf - & i 1—i DV\/FI EGEDFW)aver
Mgam Mg, = DF, 1000

If more than one measurement is madeMg4/Mp,.) shall be replaced with
(Md/MDIL)aver

13.4
conc 2 + (conc,, + conc,,.) (10 *

DF =

or:
DF=13.4 /concco,

For multiple filter method:

PT o = M Md"_[ﬁl- 1J Geprwj
Msaw,i \Mp DF 1000

If more than one measurement is madeMy/Mp,_) shall be replaced with
(Md/MDIL)aver

134
conc %% (conc,, + conc,,. ) A0

DF =
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or:
DF= 13.4 conccoy
1.4.5. Calculation of the specific emissions

The specific emission of particulated (g/kwh) shall be calculated in the
following way?:

For the single filter method:

—_ PT mass
PT=
Z P OWF;
i=1
For the multiple filter method:
n
D" PT mass, WF;
— izl
PT =1L
Pi OWF;
i=1
1.4.6. Effective weighing factor

For the single filter method, the effective weigiifactor Wk ; for each
mode shall be calculated in the following way:

VVF - — M SAM,i l]GEDF)aver
M sam {Geprw,i )

wherei =1, ...n.

The value of the effective weighing factors sl within £0,005 (absolute
value) of the weighing factors listed in AnnéX, paragrap!3.7.1.

2. Data evaluation and calculations (NRTC test)

The two following measurement principles that canbe used for the
evaluation of pollutant emissions over the NRTC cye are described in
this paragraph:

(@) The gaseous components are measured in the r@whaust gas on
a real-time basis, and the particulates are determid using a
partial flow dilution system;

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

2.1. Calculation of gaseous emissions in the raw hlaust gas and of the
particulate emissions with a partial flow dilution system

2.1.1. Introduction

The instantaneous concentration signals of the gasus components are
used for the calculation of the mass emissions byuftiplication with the

3 The particulate mass flow raf,.sshas to be multiplied bigp (humidity correction factor for
particulates quoted in section 1.4.1).
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2.1.2.
2.1.2.1.

Table 6

instantaneous exhaust mass flow rate. The exhaustass flow rate may
be measured directly, or calculated using the metlts described in
Annex 4A, Appendix 1, paragraph 2.2.3. (intake airand fuel flow
measurement, tracer method, intake air and air/fueratio measurement).
Special attention shall be paid to the response ties of the different
instruments. These differences shall be accountearf by time aligning
the signals.

For particulates, the exhaust mass flow rate sigte are used for
controlling the partial flow dilution system to take a sample proportional
to the exhaust mass flow rate. The quality of propoionality is checked
by applying a regression analysis between sample dexhaust flow as
described in Annex 4A, Appendix 1, paragraph 2.4.

Determination of the gaseous components
Calculation of mass emission

The mass of the pollutants Mg,s (g/test) shall be determined by
calculating the instantaneous mass emissions from ha raw
concentrations of the pollutants, theu values from Table 6 (see also
paragraph 1.3.4.) and the exhaust mass flow, aligde for the
transformation time and integrating the instantaneais values over the
cycle. Preferably, the concentrations should be msared on a wet basis.
If measured on a dry basis, the dry/wet correctionas described here
below shall be applied to the instantaneous conceation values before
any further calculation is done.

Values of the coefficient u — wet for various exhai components

Gas u conc
NOy 0.001587 ppm
Cco 0.000966 ppm
HC 0.000479 ppm
CO;, 15.19 per cent

The density of HC is based upon an average carbda hydrogen ratio of
1:1.85.

The following formula shall be applied:

M o= Z u[¢onc, [G BXHW. B:; (in g/test)

i=1

Where

u = ratio between density of exhaust component andedsity of
exhaust gas

cong = instantaneous concentration of the respective ngponent in
the raw exhaust gas (ppm)

Gexnw, i= instantaneous exhaust mass flow (kg/s)
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2.1.2.2.

2.1.2.3.

f = data sampling rate (Hz)
n = number of measurements

For the calculation of NQ, the humidity correction factor ky, as
described here below, shall be used.

The instantaneously measured concentration shallebconverted to a wet
basis as described here below, if not already measua on a wet basis

Dry/wet correction

If the instantaneously measured concentration is gasured on a dry
basis, it shall be converted to a wet basis accordj to the following
formulae:

CONGyet = Ky * CONGyry
Where:

1
K= -K -
1+1.8810.00%]¢onc,, + conc €2

With:
_ 1.608H,
K™ 1000 + (1.608H,
Where:
CONGoo= dry CO, concentration (per cent)
CONGo= dry CO concentration (per cent)
Ha = intake air humidity, %water per kg dry air)
PPN S
B a0 O
Where:
R. = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake air
(kPa)
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theegerally accepted
formulae.

NQ correction for humidity and temperature

As the NQ, emission depends on ambient air conditions, the NO
concentration shall be corrected for humidity and anbient air
temperature with the factors given in the followingformula:

_ 1
1-0.018Z70{, -10.71)+0.00457( -89

K+
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2.1.2.4.

2.1.3.
2.1.3.1.

With:
Ta = temperature of the intake air, K
Ha = humidity of the intak/e?air, g water per kg dry ar
2 oo I
B a0 O
Where:
R. = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake air
(kPa)
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theegerally accepted
formulae.

Calculation of the specific emissions

The specific emissions (g/kWh) shall be calculatefbr each individual
component in the following way:

/nd/V/dua/Gas=(1/1d/W ...... L o/1d W
( ) atwa ) act ot
Where:
Mgas,cold= total mass of gaseous pollutant over the coldsst cycle (g)
Mgas,hot = total mass of gaseous pollutant over the hotast cycle (g)
Wagt cold = actual cycle work over the cold start cycle adetermined in
Annex 4A paragraph 4.6.2. (kWh)

Wacthot = actual cycle work over the hot start cycle asetermined in

Annex 4A paragraph 4.6.2. (kWh)
Particulate determination
Calculation of mass emission

The particulate masseMpr coiq aNd Mpt hot (g/test) shall be calculated by
either of the following methods:

M =
Mf EDFW

@ PT

Mg 1000
Where:
Mpr = Met cod fOr the cold start cycle
Mpr = Mpt hot fOr the hot start cycle
M; = particulate mass sampled over the cycle (mg)
Meprw = mass of equivalent diluted exhaust gas over thoycle (kg)
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Msam = mass of diluted exhaust gas passing the partiate
collection filters (kg)

The total mass of equivalent diluted exhaust gasass over the cycle shall
be determined as follows:
M =n
EDFW,
EDFW ZG i [":;
i=1

) EXHW,
EDFW, G v Lo

B GTOTW J

b (GTOTW,i _GDILW,i)
Where:
Geprwi = instantaneous equivalent diluted exhaust massofl rate
(kgls)
Gexnuw,i = instantaneous exhaust mass flow rate (kg/s)
o] = instantaneous dilution ratio
Grotw; = instantaneous diluted exhaust mass flow rate tbugh
dilution tunnel (kg/s)
Goww,i = instantaneous dilution air mass flow rate (kg/s)
f = data sampling rate (Hz)
n = number of measurements
(b) M - L
r,[1000
Where:
Mpr = Met cod fOr the cold start cycle
Mpr = MeT hot fOr the hot start cycle
M; = particulate mass sampled over the cycle (mg)
rs = average sample ratio over the test cycle
Where:
rs - |vlSE DM SAM
M EXHW M TOTW
Mse = sampled exhaust mass over the cycle (kg)
Mexuw = total exhaust mass flow over the cycle (kg)

Msam = mass of diluted exhaust gas passing the partiaie
collection filters (kg)

Mrotw = mass of diluted exhaust gas passing the
dilution tunnel (kg)

Note: In case of the total sampling type systenMsay and Moy are
identical
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2.1.3.2.

2.1.3.3.

2.2.

Particulate correction factor for humidity

As the particulate emission of diesel engines deps on ambient air
conditions, the particulate concentration shall becorrected for ambient
air humidity with the factor Kp given in the following formulae.

= 1

% (1+0.01330d, - 10.71)
Where:
Ha = humidity of the intake air in g water per kg dry air
U o I
B a0 O
Where:
Ra = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake air
(kPa)
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theemerally accepted
formulae.

Calculation of the specific emissions

The specific emissions (g/kWh) shall be calculatefbr in the following
way:

PIC ) 059w +Capqd D

( ) act,cold ( ) act,hot

Where

MpTcold = particulate mass over the cold start cycle (g/st)

Mprhot = particulate mass over the hot start cycle (g/té€s

Ko, cold = humidity correction factor for particulate over the cold
start cycle

Ko, hot = humidity correction factor for particulate over the hot
start cycle

Wt cod = actual cycle work over the cold start cycle asedermined
in paragraph 4.6.2. of Annex 4A, (kwh)

Wact hot = actual cycle work over the hot start cycle as dermined

in paragraph 4.6.2. of Annex 4A, (kWh)

Determination of gaseous and particulate compents with a full flow
dilution system

For calculation of the emissions in the diluted éhaust gas, it is necessary
to know the diluted exhaust gas mass flow rate. Thtal diluted exhaust
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gas flow over the cycleMtomw (kg/test) shall be calculated from the
measurement values over the cycle and the corresping calibration
data of the flow measurement device\{, for PDP, Ky for CFV, C4 for
SSV): the corresponding methods described in paragph 2.2.1. may be
used. If the total sample mass of particulatesMsav) and gaseous
pollutants exceeds 0.5 per cent of the total CVSoilv (Mtotw), the CVS
flow shall be corrected forMsay Or the particulate sample flow shall be
returned to the CVS prior to the flow measuring devce.

2.2.1. Determination of the diluted exhaust gas fl®
PDP-CVS system

The calculation of the mass flow over the cyclef the temperature of the
diluted exhaust is kept within £+ 6 K over the cycleby using a heat
exchanger, is as follows:

MTOTW =1.293 Vo ° Np * (pB - pl) + 273/ (1013 T)

Where

Mrotw = mass of the diluted exhaust gas on wet basis ovére
cycle

Vo = volume of gas pumped per revolution under test
conditions (n/rev)

Np = total revolutions of pump per test

Ps = atmospheric pressure in the test cell (kPa)

p1 = pressure drop below atmospheric at the pump inte
(kPa)

T = average temperature of the diluted exhaust gag aump

inlet over the cycle (K)

If a system with flow compensation is used (i.e.ithout heat exchanger),
the instantaneous mass emissions shall be calculht@nd integrated over
the cycle. In this case, the instantaneous masstbg diluted exhaust gas
shall be calculated as follows:

Mrotw, =1.293 Vo Np; * (pg —p1) * 273/(101.3 T)
Where:

Npi = total revolutions of pump per time interval
CFV-CVS system

The calculation of the mass flow over the cyclef the temperature of the
diluted exhaust gas is kept within £ 11 K over theycle by using a heat
exchanger, is as follows:

Mrotw = 1.293 t- Ky * Pa /To'5

Where:

Mrotw = mass of the diluted exhaust gas on wet basis ovére
cycle

t = cycle time (s)
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Ky = calibration coefficient of the critical flow verturi 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.e.ithout heat exchanger),
the instantaneous mass emissions shall be calculdtend integrated over
the cycle. In this case, the instantaneous masstbe diluted exhaust gas
shall be calculated as follows:

Mrotw,i = 1.293 At; * Ky * pa / T*®
Where

At = time interval(s)
SSV-CVS system

The calculation of the mass flow over the cycle iss follows if the
temperature of the diluted exhaust is kept within +11 K over the cycle
by using a heat exchanger:

M omw = 1.293:@59, [At
Where:

1

1
_ 2 =, 14286 _ 17143
Qsv = Ad°CyP, T(r r ) 1_ﬁ4r1.4286

Ao = collection of constants and units conversions
1
, (m® ) K2 1
= 0.006111 in SI unit - >
min ) kPa [\ mm
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, stati pressure =
AP
1-=—"
PA
R = ratio of the SSV throat diameter, d, to the inlé pipe inner

diameter= —
D

If a system with flow compensation is used (i.e.ithout heat exchanger),
the instantaneous mass emissions shall be calculht@nd integrated over
the cycle. In this case, the instantaneous masstbg diluted exhaust gas
shall be calculated as follows:
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MTOTW,i =1.2930Q, [AY,

Where:
1 1
— 2 1.4286 17143
Qe = Agd2C, Py x || = (42 -1 T
T 1-B%r*
At; = time interval (s)

The real time calculation shall be initialised wih either a reasonable
value for Cy, such as 0.98, or a reasonable value Qf, If the calculation
is initialised with Qs, the initial value of Qs shall be used to evaluate
Re

During all emissions tests, the Reynolds number @he SSV throat shall
be in the range of Reynolds numbers used to derithe calibration curve
developed in Appendix 2 paragraph 3.2.

2.2.2. NQ, correction for humidity

As the NQ, emission depends on ambient air conditions, the NO
concentration shall be corrected for ambient air huidity with the
factors given in the following formulae.

1
k4= 1 0.0182] (. -10.71)+0.0045 { -9
Where:
Ta = temperature of the air (K)
Hy = humidity of the intak/e?air (g water per kg dry air)
e o I
B a0 O
Where:
Ra = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake air
(kPa)
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theemerally accepted

formulae.
2.2.3. Calculation of the emission mass flow
2.2.3.1. Systems with constant mass flow

For systems with heat exchanger, the mass of thelfutants Mgas (g/test)
shall be determined from the following equation:

Mgas: u-conc* Mrotw

Where:
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2.2.3.1.1.

2.2.3.2.

u = ratio between density of the exhaust componentnd
density of diluted exhaust gas, as reported in Tabl 6,
paragraph 2.1.2.1.

conc = average background corrected concentrations ovethe
cycle from integration (mandatory for NO, and HC) or
bag measurement (ppm)

Mrotw = total mass of diluted exhaust gas over the cyclas

determined in paragraph 2.2.1. (kg)

As the NQ, emission depends on ambient air conditions, the NO
concentration shall be corrected for ambient air hunidity with the factor
ky, as described in paragraph 2.2.2.

Concentrations measured on a dry basis shall be weerted to a wet basis
in accordance with paragraph 1.3.2.

Determination of the background correctéconcentrations

The average background concentration of the gaseswollutants in the
dilution air shall be subtracted from measured conentrations to get the
net concentrations of the pollutants. The average alues of the
background concentrations can be determined by thesample bag
method or by continuous measurement with integratin. The following
formula shall be used.

conc=cong —cong * (1 — (1 /DF))

where,

conc = concentration of the respective pollutant in thediluted
exhaust gas, corrected by the amount of the respéct
pollutant contained in the dilution air (ppm)

conG = concentration of the respective pollutant meased in
the diluted exhaust gas (ppm)

cong = concentration of the respective pollutant measwad in
the dilution air (ppm)

DF = dilution factor

The dilution factor shall be calculated as follows:
DF= 13.4

conc
eC02+ (conc,,. +CoNC o) O

Systems with flow compensation

For systems without heat exchanger, the mass of ehpollutants Mgas
(g/test) shall be determined by calculating the inantaneous mass
emissions and integrating the instantaneous valuesser the cycle. Also,
the background correction shall be applied directlyto the instantaneous
concentration value. The following formulae shall kb applied:

M =n
1
eas D ((M TO™.[gonc e W) = (M, [ONC, Eﬂl—E)m))

i=1

Where:
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2.2.4.

2.2.5.
2.2.5.1.

cong,; = instantaneous concentration of the respective datant
measured in the diluted exhaust gas (ppm)

cong = concentration of the respective pollutant measurk in
the dilution air (ppm)

u = ratio between density of the exhaust componentnd
density of diluted exhaust gas, as reported in Tabl 4,
paragraph 2.1.2.1.

Mrotw,i = instantaneous mass of the diluted exhaust gas
(paragraph 2.2.1.) (kg)

Mrotw = total mass of diluted exhaust gas over the cycle
(paragraph 2.2.1.) (kg)

DF = dilution factor as determined in paragraph 2.2.31.1.

As the NQ, emission depends on ambient air conditions, the NO
concentration shall be corrected for ambient air hunidity with the factor
ky, as described in paragraph 2.2.2.

Calculation of the specific emissions

The specific emissions (g/kWh) shall be calculatefbr each individual
component in the following way:

Individual Gas= ( 1'/1& 7 A 797/176 P

( ) act,cold ( ) act ,hot

Where:

Mgascold = total mass of gaseous pollutant over the coldast cycle
(9)

Mgashot = total mass of gaseous pollutant over the hot stacycle
9

Wactcod = actual cycle work over the cold start cycle aselermined
in paragraph 4.6.2. of Annex 4A (kWh)

Wocthot = actual cycle work over the hot start cycle as dermined

in paragraph 4.6.2. of Annex 4A. (kWh)
Calculation of the particulate emission
Calculation of the mass flow

The particulate masseMpr coq @nd Mpr not (9/test) shall be calculated as
follows:

Mg, 1000
Where

Mpt = Mpr coid fOr the cold start cycle
Mpt = Met not fOr the hot start cycle

=<
1

particulate mass sampled over the cycle (mg)
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2.2.5.2.

Mrotw = total mass of diluted exhaust gas over the cyclas
determined in paragraph 2.2.1. (kg)

Msam = mass of diluted exhaust gas taken from the dilidn
tunnel for collecting particulates (kg)

and,

M; = M¢p + My, if weighed separately (mg)

Msp = particulate mass collected on the primary filter(mg)

Msp = particulate mass collected on the back-up filte(mg)

If a double dilution system is used, the mass dfi¢ secondary dilution air
shall be subtracted from the total mass of the doub diluted exhaust gas
sampled through the particulate filters.

Msam = Mror - Msec

where:

Mot = mass of double diluted exhaust gas through padilate
filter (kg)

Msec = mass of secondary dilution air (kg)

If the particulate background level of the dilution air is determined in
accordance with paragraph 4.4.4. of Annex 4A, thegsticulate mass may
be background corrected. In this case, the particalte massedpr oq and
Mpt ot (9/test) shall be calculated as follows:

M =
T
SAM DIL
Where
Mpr = Met cod fOr the cold start cycle
Mpr = MeT hot fOr the hot start cycle

Ms, Msam, Mrotw = see above

Mp = mass of primary dilution air sampled by background
particulate sampler (kg)

Mg = mass of the collected background particulates ofthe
primary dilution air (mg)

DF = dilution factor as determined in paragraph 2.2.31.1.
Particulate correction factor for humidity

As the particulate emission of diesel engines depds on ambient air
conditions, the particulate concentration shall becorrected for ambient
air humidity with the factor Kp given in the follow ing formula.

= 1
k
P (1+0.0133]Jd, - 10.71)
Where:
Ha = humidity of the intake air (g water per kg dry air)
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2.2.5.3.

- R,
I o DR
B ap O
Where:
Ra = relative humidity of the intake air ( per cent)
Pa = saturation vapour pressure of the intake air
(kPa)
Ps = total barometric pressure (kPa).

Note: H, may be derived from relative humidity measurement,as
described above, or from dewpoint measurement, vapo pressure
measurement or dry/wet bulb measurement using theemerally accepted
formulae.

Calculation of the specific emissions

The specific emissions (g/kWW) shall be calculated for in the following
way:

PT= p,col oo B ] -
C 115w «L9/1d Wt

( ) act,cold ( ) act,hot

Where:

Mprcold = particulate mass over the cold start cycle of NRC,
(gltest)

MpThot = particulate mass over the hot start cycle of NRCT,
(g/test)

Ko, cold = humidity correction factor for particulate over the cold
start cycle

Ko, hot = humidity correction factor for particulate over the hot
start cycle

Wact, cod = actual cycle work over the cold start cycle asalermined
in paragraph 4.6.2. of Annex 4A, (kWh)

Waet hot = actual cycle work over the hot start cycle as dermined

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 number Description
2 Exhaust gas analysis system for raw exhaust
3 Exhaust gas analysis system for dilute exhaust
4 Partial flow, isokinetic flow, suction blower dool, 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 concentrationasierement, fractional sampling
9 Partial flow, twin venturi or orifice and conceation measurement, fractional sampling
10 Partial flow, multiple tube splitting and cont@tion measurement, fractional sampling
11 Partial flow, flow control, total sampling
12 Partial flow, flow control, fractional sampling
13 Full flow, positive displacement pump or critilaw 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 contain leétaiescriptions of the
recommended sampling and analysing systems. Sexgeug configurations
can produce equivalent results, exact conformarite tvese figures is not
required. Additional components such as instrumentdves, solenoids,
pumps and switches may be used to provide additimdarmation and
coordinate the functions of the component systédtiser components which
are not needed to maintain the accuracy on sontersgsmay be excluded if
their exclusion is based upon good engineeringgutnt.
1.1.1. Gaseous exhaust components CQ, G, NQ,
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An analytical system for the determination of tieseous emissions in the
raw or diluted exhaust gas is described basedengh of:

- HFID analyser for the measurement of hydrocasbon
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- NDIR analysers for the measurement of carbon midecand carbon
dioxide,

- HCLD or equivalent analyser for the measurenoémitrogen oxide.

For the raw exhaust gas (Figure 2), the sampleaffocomponents may be
taken with one sampling probe or with two samplimgbes located in close
proximity and internally split to the different dpsers. Care shall be taken
that no condensation of exhaust components (inetudiater and sulphuric
acid) occurs at any point of the analytical system.

For the diluted exhaust gas (Figure 3), the sargl¢he hydrocarbons shall
be taken with another sampling probe than the sanipt the other
components. Care shall be taken that no condensaftiexhaust components
(including water and sulphuric acid) occurs at gont of the analytical
system.

Figure 2
Flow diagram of exhaust gas analysis system for CO, N@nd HC

HSL1
zero gas
% vent
span gas
R3
R1 R2 vent

optional 2 sampling probes

vent
zero gas
FL5

%—%J- co vent

V11 V4
span gas
zero gas FL6
}% -%— co vent
V13 | V12 V5 2
span gas FL7
}J%{RS zero gas vent FL2 a

(¢]
2 FL8 Vi3 | V12
V6

span gas
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Figure 3

Flow diagram of dilute exhaust gas analysis system for@ CO,, NO, and HC

© to PSS see figure 14

¢ vent
HC
SP2 V1
same plane I span gas
) zero gas pan g
see fia|14 R3
SP
.......... R1 R2 vent
DT air fuel
see fig. 13
— = FLL

HSL1

zero gas

vent vent
FL5

Cco vent FL4

V4

NO 7

span gas
zero gas

FL6 span gas
Cco vent
A vs 2 @{ R4

Span gas vent
@i% FL2 a

Descriptions — Figures 2 and 3
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 ¥ onl

A stainless steel straight closed andltihole probe is recommended. The
inside diameter shall not be greater than the éndidmeter of the sampling
line. The wall thickness of the probe shall notdoeater than 1 mm. There
shall be a minimum of three holes in three différeadial planes sized to
sample approximately the same flow. The probe #wlnd across at least
80 per cent of the diameter of the exhaust pipe.

— SP2 dilute exhaust gas HC sampling probe (Figuely)
The probe shall:

- be defined as the first 254 mm to 762 mm of th&rbcarbon
sampling line (HSL3),

- have a 5 mm minimum inside diameter,

- be installed in the dilution tunnel DT (paragrapi2.1.2.) at a point
where the dilution air and exhaust gas are well edhix(i.e.

approximately 10 tunnel diameters downstream ofphiat 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 wake=ddlies,

- be heated so as to increase the gas stream taomageto 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 fres 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 coisdéon.

— 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, iftdmperature of the
exhaust gas at the sampling probe is equal or b&&3K (190 °C),

- maintain a wall temperature greater than 453 RO(ZC) if the
temperature of the exhaust gas at the samplingephbove 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 NOQsampling line
The sampling line shall:

- maintain a wall temperature of 328 to 473 K (63200 °C) up to the
converter when using a cooling bath, and up toah&yser 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 temperatuitedepend on the sulphur
content of the fuel.

— SL sampling line for CO (C9

The line shall be made of PTFE or stainless stitefnay be heated or
unheated.

— BK background bag (optional; Figure 3 only)
For the measurement of the background concemisatio
— BG sample bag (optional; Figure 3 CO and,©aly)

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 frahve gas sample prior to the
analyser. The temperature shall be the same as HBid filter shall be
changed as needed.

— P heated sampling pump
The pump shall be heated to the temperature oflHSL
—HC

Heated flame ionization detector (HFID) for thetedmination 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 oxd# nitrogen. If a HCLD
is used it shall be kept at a temperature of 328/®K (55 to 200 °C).

— C converter

A converter shall be used for the catalytic reucof NO, to NO prior to
analysis in the CLD or HCLD.

— B cooling bath

To cool and condense water from the exhaust sandjple bath shall be
maintained at a temperature of 273 to 277 K (0 t6dCG} by ice or

refrigeration. It is optional if the analyser isedé from water vapour
interference as determined in Annex 4A, Appendip&agraphs 1.9.1. and
19.2

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 taiedlow to the analysers.
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— 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 N&NO converter.

— V9 needle valve

To balance the flow through the MO 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.
1.2. Determination of the particulates

Paragraphs 1.2.1. and 1.2.2. and Figures 4 toifio detailed descriptions
of the recommended dilution and sampling systemsiceS 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 mradditional information
and coordinate the functions of the component systems. Other corapts
which are not needed to maintain the accuracy onessystems, may be
excluded if their exclusion is based on good ergjing judgement.

1.2.1. Dilution system
1.2.1.1. Partial flow dilution system (Figures 41@)*

A dilution system is described basewd the dilution of a part of the exhaust
stream. Splitting of the exhaust stream and thlvidhg dilution process
may be done by different dilution system types. $idosequent collection of
the particulates, the entire dilute exhaust gasnty a portion of the dilute
exhaust gas may be passed to the particulate sagngjistem (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 deperatsthe type of system used.

! Figures 4 to 12 show many types of partial flowtibn systems, which normally can be used for the
steady-state test (NRSC). But, because of veryre@anstraints of the transient tests, only those
partial flow dilution systems (Figures 4 to 12)ebb fulfill all the requirements quoted in the tac
'Partial flow dilution system specifications' of #ex 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 transferetitb matched to the bulk
exhaust flow in terms of gas velocity and/or pressdhus requiring an
undisturbed and uniform exhaust flow at the sangpprobe. This is usually
achieved by using a resonator and a straight apprage 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 partiees sufficiently small as to
follow the fluid streamlines,

— flow controlled systems with concentration measent (Figures 6 to 10)

With these systems, a sample is taken from th& bxhaust stream by
adjusting the dilution air flow and the total dibi 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 ameasured, whereas the
concentration in the raw exhaust gas can be eitiegisured directly or
determined from fuel flow and the carbon balanceiatiqn, if the fuel
composition is known. The systems may be controbigdthe calculated
dilution ratio (Figures 6 and 7) or by the flowarthe transfer tube (Figures
8,9 and 10),

— flow controlled systems with flow measuremerig(fFes 11 and 12)

With these systems, a sample is taken from thie dsxhaust stream by setting
the dilution air flow and the total dilution exhad®w. The dilution ratio is
determined from the difference of the two flow mtéccurate calibration of
the flow-meters relative to one another is requirsithce the relative
magnitude of the two flow rates can lead to sigaifit errors at higher
dilution ratios. Flow control is very straightforward by keeping theuthl
exhaust flow rate constant and varying the diluaarflow rate, if needed.

In order to realize the advantages of the pafi@alv dilution systems,
attention shall be paid to avoiding the potentiabbflems 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 thesealréreas.
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Figure 4
Partial flow dilution system with isokinetic probe and fractiond sampling (SB control)
DAF PB FM1 [ >10*d — SB
| PSP

air

d
1 vent
DT % PTT

. to particulate
see figure 14 sampling

system

A FC1

exhaust

Raw exhaust gas is transferred from the exhausttpifEP to the dilution
tunnel DT through the transfer tube TT by the isekic sampling probe ISP.
The differential pressure of the exhaust gas betvesdaust pipe and inlet to
the probe is measured with the pressure transdD&3r. This signal is
transmitted to the flow controller FC1 that congréhe suction blower SB to
maintain a differential pressure of zero at thedipghe probe. Under these
conditions, exhaust gas velocities in EP and 1SPidentical, and the flow
through ISP and TT is a constant fraction (splithe exhaust gas flow. The
split ratio is determined from the cross sectiogiaas of EP and ISP. The
dilution air flow rate is measured with the flow aseirement device FML1.
The dilution ratio is calculated from the diluti@ir flow rate and the split
ratio.

Figure 5
Partial flow dilution system with isokinetic probe and fractiond sampling (PB
control)

DAF FM1 | >10*d —— SB
t
" I PSP ven
> i
air
T DT PTT
see figure 14 to particulate
sampling
system
ISP

EP

FC1 J

exhaust

deltap
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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 betveadaust pipe and inlet to
the probe is measured with the pressure transdD&dr. This signal is

transmitted to the flow controller FC1 that corgrtiie 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, feeding it to TT by

means of a pneumatic orifice. Under these conditiexhaust gas velocities
in EP and ISP are identical, and the flow throug§R land TT is a constant
fraction (split) of the exhaust gas flow. The spéitio 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 measwith FM1 at the inlet to

DT. The dilution ratio is calculated from the dikn air flow rate and the

split ratio.

Figure 6
Partial flow dilution system with CO, or NO, concentration measurement and

fractional sampling

FC2 EGA EGA
optional
DAF to PB or SB — 1>10d —— SB
| | T -
d
> r~ ! psTY
air vent
PB DT PTT I
TT see figure 14 to particulate
sampling
EGA system
SP
EP
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 dilutioiorat DT. The dilution ratio
is calculated from the tracer gas concentrationthénraw 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

optional to P

EGA
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d
|
DT

PSS

G FUEL

TT
TT I
D FH

optional from FC2 —— *@ =]

details see figure 15

EP

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 exlgassand 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 systerhigure 14). FC2 controls the
pressure blower PB, while FC3 controls the parditailsampling system
(Figure 14), thereby adjusting the flows into and out loé system so as to
maintain the desired exhaust split and dilutioforat DT. The dilution ratio
is calculated from the Croncentrations an@gyg,. USing the carbon balance
assumption.
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Figure 8
Partial flow dilution system with single venturi, concentration measurement and

fractional sampling

EGA EGA

| >10*d —
VN T -
) d PSP

DAF PB

DT PTT
TT
see figure 14 to particulate
sampling
system
SP
EP EGA

exhaust

Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the sampling probe SP and thesfes 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 verdng, and is therefore
affected by the absolute temperature of the gasthat exit of TT.
Consequently, the exhaust split for a given turflosV rate is not constant,
and the dilution ratio at low load is slightly lowéhan at high load. The
tracer gas concentrations (€@ NQ,) are measured in the raw exhaust gas,
the diluted exhaust gas, and the dilution air with exhaust gas analyser(s)
EGA, and the dilution ratio is calculated from tr&#ues 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
|| I -
/= $ ™
air | | PSP
PB DT PTT I
/ PCV1 see figure 14  to particulate
T sampling
system SB
EP
vent
FD1
FD2
~—— /
4 a—
1
A £
exhaust

Raw exhaust gas is transferred from the exhaust BB to the dilution
tunnel DT through the sampling probe SP and thestes tube TT by a flow
divider that contains a set of orifices or ventufie first one (FD1) is
located in EP, the second one (FD2) in TT. Addaibn two pressure
control valves (PCV1 and PCV2) are necessary tont@iai a constant
exhaust split by controlling the backpressure indfl the pressure in DT.
PCVL1 is located downstream of SP in EP, PCV2 beivtlee 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 chgdhkim 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

EGA EGA

DAF — |1>10d —

EGA

T ) PTT
see figure 14

to particulate
sampling
system

T DPT DAF vent

fresh air injection

TT

FD3 / F 'fair

EP
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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 fldwider FD3 that consists
of a number of tubes of the same dimensions (saameter, length anded
radius) installed in EP. The exhagsts throughone of these tubes leadto
DT, and the exhaust gésrough the rest of the tubess passed through the
damping chamber DC. Thus, the exhaust split israéted by the total
number of tubes. A constant split control requizedifferential pressure of
zero between DC and the outlet of TT, which is mes$ with the
differential pressure transducer DPT. A differentmessure of zero is
achieved by injecting fresh air into DT at the eutbf TT. The tracer gas
concentrations (C©or NQ,) are measured in the raw exhaust gas, the diluted
exhaust gas, and the dilution air with the exhaastanalyser(s) EGA. They
are necessary for checking the exhaust split ang beaused to control the
injection air flow rate for precise split contrdlhe dilution ratio is calculated
from the tracer gas concentrations.




ECE/TRANS/WP.29/GRPE/2011/11

Figure 11
Partial flow dilution system with flow control and total sampling
FC2
DAF B optional to P (PSS)
Qﬂ l I
> (f >\PTT
FM1 DT PSS
L FH
| GEXH |
P @
or SP
GAIR vent
or
GFUEL A EP details see figure 15
exhaust

Raw exhaust gas is transferred from the exhaust EP to the dilution
tunnel DT through the sampling probe SP and thesfeast tube TT. The total
flow through the tunnel is adjusted with the flowntroller FC3 and the
sampling pump P of the particulate sampling sydteigure 16).

The dilution air flow is controlled by the flow ctnller FC2, which may use
Gexn, Gar Or Grye @as command signals, for the desired exhaust Jipig.
sample flow into DT is the difference of the toflw and the dilution air
flow. The dilution air flow rate is measured wittoww measurement device
FM1, the total flow rate with the flow measuremeatd#vice FM3 of the
particulate sampling systeriigure 14). The dilution ratio is calculated from
these two flow rates.
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Figure 12
Partial flow dilution system with flow control and fractional sampling
FC2
to PB
DAF or SB —— 1>10%d —— ‘ SB
I
) DT ? PSP
air

PTT *T

see figure 14 | to particulate FM2

sampling
system

see figure 14

A vent

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
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 Hample taken with the
particulate sampling system is returned into BGegxy, Gar OF Geyg. May
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 calad from these two
flow rates.

Description — Figures 4 to 12
— EP exhaust pipe

The exhaust pipe may basulated. To reduce the thermal inertia of the
exhaust pipe a thickness to diameter ratio of 0.@1kss is recommended.
The use of flexible sections shall be limited teragth to diameter ratio of 12

or less. Bends will be minimized to reduce inertlaposition. If the system

includesa test bed silencer, the silencer may also be itesdila

For an isokinetic system, the exhaust pipe stafrée of elbows, bends and
sudden diameter changes for at least six pipe deamepstream 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 excediD#3a on the average. Any
steps to reduce pressure oscillations beyond usgimdpassis-type exhaust
system (including silencer and after-treatment c&vishall not alter engine
performance nor cause the deposition of particslate

For systems without isokinetic probes, it is reatended to have a straight
pipe of six pipe diameters upstream and three gipmeters 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. Theimim diameter ratio
between exhaust pipe and probe shall be four. Thbepshall be an open
tube facing upstream on the exhaust pipe centeg-tina multiple hole probe
as described und&P1 in paragraph1.1.1.

— ISP isokinetic sampling probe (Figures 4 and 5)

The isokinetic sampling probe shall be installedirig 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 exayplitting by maintaining
a differential pressure of zero between EP and L8Rler these conditions
exhaust gas velocities in EP and ISP are identicdlthe 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 préipoal sample of the raw
exhaust gas. A control system consisting of twosguwee 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 installen the exhaust pipe EP to
provide a proportional sample of the raw exhaust @ne of the tubes feeds
exhaust gas to the dilution tunnel DT, whereasdtter tubes exit exhaust
gas to a damping chamber DC. The tubes shall Havesame dimensions
(same diameter, length, bend radius), so thatxhauest split depends on the
total number of tubes. A control system is necgsEarproportional splitting
by maintaining a differential pressure of zero kedw the 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 fbey TT is a constant
fraction of the exhaust gas flow. The two pointsen#o be connected to a
differential pressure transducer DPT. The contooptovide 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 meZidonly).
The analysers shall be calibrated like the anasy$ar the measurement of
the gaseous emissions. One or several analyserbenased to determine the
concentration differences.

The accuracy of the measuring systems has to die 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 mnigtke
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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 tunnend pointing
downstream.

If the tube is 1 metre or less in length, it isoinsulated with material with
a maximum thermal conductivity of 0.05 W/(nK) with a radial insulation
thickness corresponding to the diameter of the @rdbthe tube is longer
than 1 metre, it shall be insulated and heatedrtonamum 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 harenge of £500 Pa or less.
— FC1 flow controller (Figures 4, 5 and 10)

For the isokinetic systems (Figures 4 and 5) w ftontroller is necessary to
maintain a differential pressure of zero betweenaB® ISP. The adjustment
can be done by:

(@) controlling the speed or flow of the suctiooveér (SB) and keeping
the speed of the pressure blower (PB) constanhgueiach mode
(Figure 4); or

(b)  adjusting the suction blower (SB) to a constarass flow of the
diluted exhaust and controlling the flow of the gsare blower PB,
and therefore the exhaust sample flow in a regiotha end of the
transfer tube (TT) (Figure 5).

In the case of a pressure controlled system timairéng error in the control
loop shall not exceed +3 Pa. The pressure osoailiatin the dilution tunnel
shall not exceed +25@a on average

For a multi-tube system (Figure 10) a flow cor&olis necessary for
proportional exhaust splitting to maintain a diffetial pressure of zero
between the outlet of the multi-tube unit and tki¢ 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 fortwiie venturi/twin orifice
system for proportional flow splitting by contralfj the backpressure of EP
and the pressure in DT. The valves shall be locdtedhstream of SP in EP
and between PB and DT.

— DC damping chamber (Figure 10)

A damping chamber shall be installed at the eikihe multiple tube unit to
minimize the pressure oscillations in the exhais gP.

— 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. Tas flow rate through TT is
determined by the momentum exchange at the venbme, and is basically
proportional to the flow rate of the pressure blow8 leading to a constant
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dilution ratio. Since the momentum exchange iscaéfg 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 than lsigh load.

— FC2 flow controller (Figures 6, 7, 11 and 12tiopal)

A flow controller may be used to control the fl@ivthe pressure blower PB
and/or the suction blower SB. It may be conneabeithé exhaust flow or fuel
flow signal and/or to the CQor NQ, differential signal.

When using a pressurised air supply (Figure 113 Bitectly controls the air
flow.

— FM1 flow measurement device (Figures 6, 7, 1d H2)

Gas meter or other flow instrumentation to meaghee dilution air flow.
FM1 is optional if PB is calibrated to measure fibev.

— 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 islibrated to measure the
flow.

— PB pressure blower (Figures 4, 5, 6, 7, 8, 9&2)d

To control the dilution air flow rate, PB may benoected to the flow
controllers FC1 or FC2. PB is not required whemgs butterfly valve. PB
may be used to measure the dilution air flow, lfzated.

— 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 filetr@nd charcoal scrubbed to
eliminate background hydrocarbons. The dilutionsaill have a temperature
of 298 K (25 °C) #5 K.

At the manufacturer's request the dilution airllsba sampled according to
good engineering practice to determine the backgtoparticulate levels,
which can then be subtracted from the values medsim the diluted
exhaust.

— PSP particulate sampling probe (Figures 4, B, 6, 10 and 12)
The probe is the leading section of PTT and

- shall be installed facing upstream at a pointnettbe dilution air and
exhaust gas are well mixed, i.e. on the dilutiomil DT centre-line
of the dilution systems approximately 10 tunnel nugers
downstream of the point where the exhaust enterdithtion tunnel,

- shall be 12 mm in minimum inside diameter,

- 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) pritinéantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
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1.2.1.2.

— DT dilution tunnel (Figures 4 to 12)
The dilution tunnel:

- shall be of a sufficient length to cause comptebeing 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 foaat! sampling type,

- is recommended to be at least 25 mm in diameterttie total
sampling type,

- may be heated to no greater than 325 K (52 °Q) terperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritihéantroduction of
the exhaust in the dilution tunnel,

- may be insulated.

The engine exhaust shall be thoroughly mixed vtfite dilution air. For

fractional sampling systems, the mixing quality IsH@e checked after
introduction into service by means of a £grofile of the tunnel with the
engine running (at least four equally spaced méagoints). If necessary, a
mixing orifice may be used.

Note If the ambient temperature in the vicinity of tiéution tunnel (DT) is
below 293 K (20 °C), precautions should be takemuoid particle losses
onto the cool walls of the dilution tunnel. Themefoheating and/or insulating
the tunnel within the limits given above is reconmued.

At high engine loads, the tunnel may be cooledilnon-aggressive means
such as a circulating fan, as long as the temperafuthe 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 thetidiluof the total exhaust
using the constant volume sampling (CVS) concepe ibtal volume of the
mixture of exhaust and dilution air shall be meaduEither a PDP or@FVv
or a SSVsystem may be used.

For subsequent collection of the particulatesampde of the dilute exhaust
gas is passed to the particulate sampling systemagpaph 1.2.2., Figures 14
and 15). If this is done directly, it is referreal &s single dilution. If the
sample is diluted once more in the secondary diiutunnel, it is referred to
as double dilution. This is useful, if the filtemde temperature requirement
cannot be met with single dilution. Although pardydilution 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 lifpesit shares most of the
parts with a typical particulate sampling system.

The gaseous emissions may also be determinee idiltition tunnel of a full

flow dilution system. Therefore, the sampling prebfor the gaseous
components are shown in Figure 13 but do not apipeidwe description list.

The respective requirements are described in papagt.1.1.

Descriptions (Figure 13)
— EP exhaust pipe

The exhaust pipe length from the exit of the eagexhaust manifold,
turbocharger outlet or after-treatment device ®dlution 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 foiraline smoke-meter, if
used. The radial thickness of the insulation shallat least 25 mm. The
thermal conductivity of the insulating material Bieave a value no greater
than 0.1W/(m - K) measured at 673 K (400 °C). To reduce the thermal
inertia of the exhaust pipe a thickness to diameggo of 0.015 or less is
recommended. The use of flexible sections shalliroged to a length to
diameter ratio of 12 or less.

see Figure 3

analysis system

1
1
i
1
to exhaust gas '
1
1
1
1

air

T HE optional
]
PSP
exhaust T EP see flgure 1 optlonal

to particulate sampling system PDP
or to DDS see figure 15

C3
/F

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 riteneasured either with a
positive displacement pump PDP or with a criti¢ahf venturi CFVor with

a sub-sonic venturi SSV A heat exchanger HE or electronic flow
compensation EFC may be used for proportional pdetie sampling and for
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flow determination. Since particulate mass deteatim 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 thenber of the pump
revolutions and the pump displacement. The exhsystem back pressure
shall not be artificially lowered by the PDP orutibn air inlet system. Static
exhaust back pressure measured with the CVS sygpenating shall remain
within £1,5 kPa of the static pressure measuredhawit connection to the
CVS at identical engine speed and load.

The gas mixture temperature immediately aheadh®fRDP shall be within
+6 K of the average operating temperature obsedueithg 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 maiitej the flow at choked
conditions (critical flow). Static exhaust backmee measured with the
CFV system operating shall remain within +1.5 kHahe static pressure
measured without connection to the CFV at identiadine speed and load.
The gas mixture temperature immediately aheadeofXfRV shall be within £
11 K of the average operating temperature obsedveidg the test, when no
flow compensation is used.

— SSV subsonic venturi

SSV measures total diluted exhaust flow as a furioh of inlet pressure,
inlet temperature, pressure drop between the SSV et and throat.
Static exhaust backpressure measured with the SS\Wstem operating
shall remain within £1.5 kPa of the static pressuremeasured without
connection to the SSV at identical engine speed andad. The gas
mixture temperature immediately ahead of the SSV il be within £11
K of the average operating temperature observed dimg the test, when
no flow compensation is used.

— 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 floncompensation(optional if HE is used)

If the temperature at the inlet to either the RBRCFV or SSV is not kept
within the limits stated above, a flosompensationsystem is required for
continuous measurement of the flow rate and contfothe proportional
sampling in the particulate system. To that purpadse continuously
measured flow rate signals are used to correctdneple 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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- shall be small enough in diameter to cause teriiulow (Reynolds
number greater thad000Q of sufficient length to cause 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 thoroughixed.

When using single dilution, a sample from the tililn tunnel is transferred to
the particulate sampling system (paragraph 1.ERjure 14). The flow
capacity of the PDP or CFdr SSV shall be sufficient to maintain the diluted
exhaust at a temperature of less than or equa23ok3(52 °C) immediately
before the primary particulate filter.

When using double dilution, a sample from thetdlu tunnel is transferred
to the secondary dilution tunnel where it is furtbduted, and then passed
through the sampling filters (paragraph 1.2.2.uFRégl5). The flow capacity
of the PDP or CF\Or SSV shall be sufficient to maintain the diluted extaus
stream in the DT at a temperature of less tharmgoaleto 464 K (191 °C) at
the sampling zone. The secondary dilution systeril girovide sufficient
secondary dilution air to maintain the doubly-dédtexhaust stream at a
temperature of less than or equal to 325 K (52 in@pediately before the
primary particulate filter.

— DAF dilution air filter

It is recommended that the dilution air be filetr@nd charcoal scrubbed to
eliminate background hydrocarbons. The dilutionsaill have a temperature
of 298 K (25 °C) 15 K. At the manufacturer's requibe dilution air shall be
sampled according to good engineering practicesterthine the background
particulate levels, which can then be subtractethfthe 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 pointngtibe dilution air and
exhaust gas are well mixed, i.e. on the dilutiomntl DT centre-line
of the dilution systems approximately 10 tunnel nuiters
downstream of the point where the exhaust enterslitbtion 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) pritihéantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
1.2.2. Particulate sampling system (Figures 141&)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 santptough the filters,
dilution (paragraph 1.2.1.1., Figures 7 and 11) sawhpling system usually
form an integral unit. In the case of fractionaingding partial flow dilution
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or full flow dilution, which consists of passingrttugh the filters only a

portion of the diluted exhaust, the dilution (paegzh 1.2.1.1, Figures 4, 5, 6,
8, 9, 10 and 12 and paragraph 1.2.1Rgure 13) and sampling systems
usually form different units.

In this Regulation, the double dilution syst&BS (Figure 15) of a full flow

dilution system is considered as a specific modifan of a typical

particulate sampling system as shown in FigureTie double dilution

system includes all important parts of the partieilsampling system, like
filter holders and sampling pump, and additionabme dilution features,
like a dilution air supply and a secondary dilutiannel.

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 dsegassing the sample
through the sampling filters at the desired tinieterference of the switching
procedure on the control loops shall be minimized.

Descriptions +igures 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 pointngtibe dilution air and
exhaust gas are well mixed, i.e. on the dilutiomntl DT centre-line
of the dilution systems (paragragh2.1), approximately 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) pritihéantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
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Figure 14
Particulate sampling system

from dilution tunnel DT
(figures 4 to 13)

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 freendilution tunnel DT of a patrtial flow or
full flow dilution system through the particulatarspling 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 electrorfiow compensation EFG-{gure 13) is
used, the diluted exhaust gas flow is used as cordrsignal for FC3.

Figure 15
Dilution system (full flow system only)

@

from dilution V optional

tunnel DT PDP

. or
(figure 13) CEV

vent

A sample of the diluted exhaust gas is transfein@u the dilution tunnel DT
of a full flow dilution system through the partieté sampling probe PSP and
the particulate transfer tube PTT to the secondaugion tunnel SDT, where
it is diluted once more. The sample is then pasisenigh the filter holder(s)
FH that contain the particulate sampling filterieTdilution air flow rate is
usually constant whereas the sample flow rate i#rolbed by the flow
controller FC3. If electronic flow compensation Ef&gure 13) is used, the
total diluted exhaust gas flow is used as commagatfor FC3.

— PTT particulate transfer tube (Figures 14 and 15
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The particulate transfer tube shall not excé@20mm in length, and shall be
minimized in length whenever possible.

The dimensions are valid for:

- the partial flow dilution fractional sampling tgpand 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 e tip to the
secondary dilution tunnel.

The transfer tube:

- 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) pritihéantroduction of
the exhaust in the dilution tunnel,

- may be insulated.
— SDT secondary dilution tunnel (Figure 15)

The secondary dilution tunnel should have a mimmuiameter of 75 mm
and should be sufficient length so as to providesadence time of at least
0.25 s for the doubly-diluted sample. The primakgif 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) temperature by
direct heating or by dilution air pre-heating, pded the air
temperature does not exceed 325 K (52 °C) pritinéantroduction 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 housiogseparate filter housings
may be used. The requirements of Annex 4A, Appefidparagraph 1.5.1.3.
have to be met.

The filter holder(s):

- 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),

- may be insulated.
— P sampling pump (Figures 14 and 15)

The particulate sampling pump shall be locateficgently 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 dolgodilution only)

The dilution air pump shall be located so that $keondary dilution air is
supplied at a temperature of 298 K (25 °C) £5 K.
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— FC3 flow controller (Figures 14 and 15)

A flow controller shall be used to compensate phaeticulate 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 (p8)ticulate sample
flow)

The gas meter or flow instrumentation shall beated sufficiently distant
from the sample pump so that the inlet gas tempeyaemains constant (+ 3
K), if flow correction by FC3 is not used.

— FM4 flow measurement device (Figure 15) (dilatiair, 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 PSH,T, SDT, and FH is
below 239 K (20 °C), precautions should be takemuoid particle losses
onto the cool wall of these parts. Therefore, Imgatind/or insulating these
parts within the limits given in the respective dgstions is recommended. It
is also recommended that the filter face tempeegatiuring 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 theeture of the cooling
medium is not below 293 K (20 °C).
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Test procedure for compression-ignition enginestbe
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 symbols

Symbol Unit
a -
a -
asp rad/s’
AlFg -
c ppm, per
cent vol
D -
d m
E per cent
e o/kWh
€gas g/kWh
€M g/kWh
ey o/kWh
F
F -
fa -
K, -
kDr -
kUr -
2 -
L -

Term

y intercept of the regression line

Slope of the regression line

Derivative of the engine speed at the set point

Stoichiometric air to fuel ratio
Concentration (also in pmol/mol = ppm)

Dilution factor

Diameter

Conversion efficiency

Brake specific basis

Specific emission of gaseous components
Specific emission of particulates
Weighted specific emission

F-test statistics

Frequency of the regeneration event in terms
of fraction of tests during which the
regeneration occurs

Laboratory atmospheric factor

Multiplicative regeneration factor
downward adjustment factor
upward adjustment factor
Excess air ratio

Per cent torque
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Mpm

Nhi
Nio

Pmax

|:)AUX

Pa
PF
Omaw
Omdw

Omdew

Omew
me
Cmp

Unit
g/mol
g/mol
g/mol

kg

min™*
min*
min*
kW
kW

kw

kPa
kPa
per cent
kals
kals
kg/s

kg/s
kg/s
kals

m3/s

kg/m3

kW

°C

N-m
N-m

Term

Molar mass of the intake air

Molar mass of the exhaust

Molar mass of gaseous components

Mass

Mass of gaseous emissions over the test cycle

Mass of particulate emissions over the test
cycle
Engine rotational speed

High engine speed
Low engine speed
Power

Maximum observed or declared power at the
test speed under the test conditions (specified
by the manufacturer)

Declared total power absorbed by auxiliaries
fitted for the test

Pressure

Dry atmospheric pressure

Penetration fraction

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

Diluted exhaust gas mass flow rate on wet
basis
Exhaust gas mass flow rate on wet basis

Fuel mass flow rate

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

Response factor

Dilution ratio

Coefficient of determination
Density

Standard deviation

Dynamometer setting

Standard error of estimate ofy on x
Temperature

Absolute temperature

Engine torque

Demanded torque with "sp" set point

Ratio between densities of gas component
and exhaust gas

Time

Time interval
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Symbol Unit
t10 S

3.3. Subscripts

abs
act
air
amb
atm
cor
CFV
denorm
dry
exp
filter
i
i
idle
in
leak
max
meas
min
mix
out
PDP
ref
SsV
total
uncor
vac
weight
wet

152

Term

Time between step input and 10 per cent of
final reading

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 guantity
Actual quantity

Air quantity

Ambient quantity
Atmospheric quantity
Corrected quantity
Critical flow venturi
Denormalized quantity
Dry quantity

Expected guantity

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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3.4.

3.5.

5.1.

51.1.
5.1.2

5.1.3.

Symbols and abbreviations for the chemical cgmonents (used also as a
subscript)

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, constructeddaassembled so as to
enable it to comply with the provisions of this Reglation. The technical
measures taken by the manufacturer shall be such de ensure that the
mentioned emissions are effectively limited, pursud to this Regulation,
throughout the useful life of the engine and undenormal conditions of
use. For this, engines shall meet the performanceequirements of
paragraph 5. when tested in accordance with the tesconditions of
paragraph 6. and the test procedure of paragraph 7.

Performance requirements
General requirements
Reservetl
Emissions of gaseous and particulate pollutes
The pollutants are represented by:
(@  Oxides of nitrogen, NQ;
(b)  Hydrocarbons, which may be expressed in the flowing 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 particulate pghnts exhausted by
the engine refer to the brake-specific emissions igrams per kilowatt-
hour (g/kwh). Other system of units may be used wit appropriate
conversion.

The emissions shall be determined on the duty cyd (steady-state and/or
transient), as described in paragraph 7. The measament systems shall
meet the calibration and performance checks of pagraph 8. with
measurement equipment of paragraph 9.

Other systems or analysers may be approved by thgpe approval
authority if it is found that they yield equivalent results in accordance
with paragraph 5.1.3.

Equivalency

2 The numbering of this annex is consistent with theumbering of the NRMM gtr 11. However,
some sections of the NRMM gtr are not needed in thiannex.
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5.2.

6.1.

6.2.

The determination of system equivalency shall bedsed on a seven-
sample pair (or larger) correlation study between he system under
consideration and one of the systems of this annex.

"Results" refer to the specific cycle weighted ensisions value. The
correlation testing is to be performed at the samdaboratory, test cell,

and on the same engine, and is preferred to be ruconcurrently. The

equivalency of the sample pair averages shall be t@emined by F-test

and t-test statistics as described in Annex 4B, AppendiA.2. obtained

under the laboratory test cell and the engine contlons described above.
Outliers shall be determined in accordance with ISG5725 and excluded
from the database. The systems to be used for cotaéion testing shall be
subject to the approval by the type approval authaity.

Reserved
Test conditions
Laboratory test conditions

The absolute temperature T,) of the engine air at the inlet to the engine
expressed in Kelvin, and the dry atmospheric pressa (ps), expressed in
kPa shall be measured and the parametef, shall be determined
according to the following provisions. In multi-cyinder engines having
distinct groups of intake manifolds, such as in aV' engine configuration,

the average temperature of the distinct groups shklbe taken. The
parameter f, shall be reported with the test results. For bette

repeatability and reproducibility of the test resuts, it is recommended
that the parameterf, be such that: 0.9% f, < 1.07.

Naturally aspirated and mechanically superchargeengines:

0.7
9| ([ Ta
fo=|— 6-1
* n, EEZ%) o

Turbocharged engines with or without cooling of tke intake air:

0.7 15
99 Ta
f= = (6-2)
* n, {ngj

The temperature of intake air shall be maintainedto (25 +5) °C, as
measured upstream of any engine component.

It is allowed to use:

(@) A shared atmospheric pressure meter as long ése equipment for
handling intake air maintains ambient pressure, whee the engine
is tested, within +1 kPa of the shared atmospheripressure;

(b) A shared humidity measurement for intake air aslong as the
equipment for handling intake air maintains dew pont, where the
engine is tested, within #0.5°C of the shared humidity
measurement.

Engines with charge air cooling

(@ A charge-air cooling system with a total intakeair capacity that
represents production engines' in-use installatiorshall be used.
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Any laboratory charge-air cooling system to minimie
accumulation of condensate shall be designed. Anyxamulated
condensate shall be drained and all drains shall beompletely
closed before emission testing. The drains shall beept closed
during the emission test. Coolant conditions shalbe maintained
as follows:

0] A coolant temperature of at least 20 °C shall & maintained
at the inlet to the charge-air cooler throughout tsting;

(i) At the engine conditions specified by the marfacturer, the
coolant flow rate shall be set to achieve an air meperature
within £5 °C of the value designed by the manufacher
after the charge-air cooler's outlet. The air-outlé
temperature shall be measured at the location spdigd by
the manufacturer. This coolant flow rate set pointshall be
used throughout testing. If the engine manufacturerdoes
not specify engine conditions or the correspondingharge-
air cooler air outlet temperature, the coolant flowrate shall
be set at maximum engine power to achieve a chargér-
cooler air outlet temperature that represents in-us
operation;

(i) If the engine manufacturer specifies pressurarop limits
across the charge-air cooling system, it shall bengured
that the pressure drop across the charge-air coolfnsystem
at engine conditions specified by the manufactureis within
the manufacturer's specified limit(s). The pressuredrop
shall be measured at the manufacturer's specified
locations;

(b) The objective is to produce emission results & are
representative of in-use operation. If good engineieg judgment
indicates that the specifications in this section @uld result in
unrepresentative testing (such as overcooling of ¢hintake air),
more sophisticated set points and controls of chaegair pressure
drop, coolant temperature, and flow rate may be uskto achieve
more representative results.

6.3. Engine power
6.3.1. Basis for emission measurement

The basis of specific emissions measurement is onected power.
6.3.2. Auxiliaries to be fitted

During the test, the auxiliaries necessary for thengine operation shall
be installed on the test bench according to the regrements of Annex 7.

6.3.3. Auxiliaries to be removed

Certain auxiliaries whose definition is linked wih the operation of the
machine and which may be mounted on the engine shale removed for
the test.

Where auxiliaries cannot be removed, the power the absorb in the
unloaded condition may be determined and added tohe measured
engine power (see note g in the table of Annex Tj.this value is greater
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6.4.

6.4.1.

6.4.2.

6.5.

6.6.

than 3 per cent of the maximum power at the test g®d it may be
verified by the test authority. The power absorbedy auxiliaries shall be
used to adjust the set values and to calculate thveork produced by the
engine over the test cycle.

Engine intake air
Introduction

The intake-air system installed on the engine orre that represents a
typical in-use configuration shall be used. This idudes the charge-air
cooling and exhaust gas recirculation systems.

Intake air restriction

An engine air intake system or a test laboratory ystem shall be used
presenting an air intake restriction within £300 Pa of the maximum
value specified by the manufacturer for a clean aicleaner at the rated
speed and full load. The static differential pressie of the restriction

shall be measured at the location and at the speeshd torque set points
specified by the manufacturer. If the manufacturer does not specify a
location, this pressure shall be measured upstreawf any turbocharger

or exhaust gas recirculation system connection tdé intake air system.
If the manufacturer does not specify speed and tome points, this
pressure shall be measured while the engine outputsaximum power.

Engine exhaust system

The exhaust system installed with the engine or enthat represents a
typical in-use configuration shall be used. For airtreatment devices the
exhaust restriction shall be defined by the manufdarer according to the
aftertreatment condition (e.g. degreening/aging andegeneration/loading
level). The exhaust system shall conform to the reqrements for exhaust
gas sampling, as set out in paragraph 9.3. An engirexhaust system or a
test laboratory system shall be used presenting atasic exhaust
backpressure within 80 to 100 per cent of the maxiom exhaust
restriction at the engine speed and torque specifieby the manufacturer.
If the maximum restriction is 5 kPa or less, the gepoint shall be no less
than 1.0 kPa from the maximum. If the manufacturerdoes not specify
speed and torque points, this pressure shall be meaed while the
engine produces maximum power.

Engine with exhaust after-treatment system

If the engine is equipped with an exhaust after-gatment system, the
exhaust pipe shall have the same diameter as fourid-use for at least
four pipe diameters upstream of the expansion secth containing the
after-treatment device. The distance from the exhat manifold flange or

turbocharger outlet to the exhaust after-treatmentsystem shall be the
same as in the vehicle configuration or within thelistance specifications
of the manufacturer. The exhaust backpressure or r&riction shall

follow the same criteria as above, and may be seitva valve. The after-
treatment container may be removed during dummy tes and during

engine mapping, and replaced with an equivalent caainer having an

inactive catalyst support.

The emissions measured on the test cycle shall Epresentative of the
emissions in the field. In the case of an engine @gped with an exhaust
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after-treatment system that requires the consumptin of a reagent, the
reagent used for all tests shall be declared by thmanufacturer.

For engines equipped with exhaust after-treatmentsystems that are
regenerated on an infrequent (periodic) basis, asedcribed in paragraph
6.6.2., emission results shall be adjusted to accdufor regeneration
events. In this case, the average emission depemasthe frequency of the
regeneration event in terms of fraction of tests ding which the
regeneration occurs. After-treatment systems with @ntinuous
regeneration according to paragraph 6.6.1. do notaguire a special test
procedure.

6.6.1. Continuous regeneration

For an exhaust aftertreatment system based on a wmtinuous
regeneration process the emissions shall be measdreon an
aftertreatment system that has been stabilized sosato result in
repeatable emissions behaviour. The regeneration pcess shall occur at
least once during the NRTC hot start test or rampednodal cycle (RMC)
test and the manufacturer shall declare the normalconditions under
which regeneration occurs (soot load, temperatureexhaust back-
pressure, etc.). In order to demonstrate that the @generation process is
continuous, at least three NRTC hot start tests oramped-modal cycle
(RMC) tests shall be conducted. In case of NRTC hadtart test, the
engine shall be warmed up in accordance with paragph 7.8.2.1., the
engine be soaked according to paragraph 7.4.2. arlde first NRTC hot
start test be run. The subsequent NRTC hot start s shall be started
after soaking according to paragraph 7.4.2. Duringthe tests, exhaust
temperatures and pressures shall be recorded (tempure before and
after the after-treatment system, exhaust back presire, etc.). The
aftertreatment system is considered to be satisfamty if the conditions
declared by the manufacturer occur during the testduring a sufficient
time and the emission results do not scatter by merthan £25 per cent or
0.005 g/kWh, whichever is greater. If the exhaustftertreatment has a
security mode that shifts to a periodic (infrequent regeneration mode, it
shall be checked according to paragraph 6.6.2. Fahat specific case, the
applicable emission limits could be exceeded and wld not be weighted.

6.6.2. Infrequent (periodic) regeneration

This provision only applies for engines equipped ith emission controls
that are regenerated on a periodic basis. For enggs which are run on
the discrete mode cycle this procedure cannot be pied.

The emissions shall be measured on at least thredRTC hot start tests
or ramped-modal cycle (RMC) tests, one with and twowithout a
regeneration event on a stabilized aftertreatment ystem. The
regeneration process shall occur at least once dag the NRTC or RMC
test. If regeneration takes longer than one NRTC orRMC test,
consecutive NRTC or RMC tests shall be run and emsgons continued to
be measured without shutting the engine off until egeneration is
completed and the average of the tests shall be calated. If
regeneration is completed during any test, the tesshall be continued
over its entire length. The engine may be equippedith a switch capable
of preventing or permitting the regeneration proces provided this
operation has no effect on the original engine cdliation.
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Figure 6.1

The manufacturer shall declare the normal parameteconditions under
which the regeneration process occurs (soot loadermperature, exhaust
back-pressure, etc.). The manufacturer shall alsorpvide the frequency
of the regeneration event in terms of number of tés during which the
regeneration occurs. The exact procedure to determé this frequency
shall be agreed by the type approval authority bagk upon good
engineering judgement.

For a regeneration test, the manufacturer shall povide an
aftertreatment system that has been loaded. Regeration shall not occur
during this engine conditioning phase. As an optignthe manufacturer
may run consecutive NRTC hot start or RMC tests urnt the
aftertreatment system is loaded. Emissions measure&mt is not required
on all tests.

Average emissions between regeneration phases s$hbé determined
from the arithmetic mean of several approximately quidistant NRTC
hot start or RMC tests. As a minimum, at least ondnot NRTC or RMC
as close as possible prior to a regeneration teshé one hot NRTC or
RMC immediately after a regeneration test shall beonducted.

During the regeneration test, all the data neededotdetect regeneration
shall be recorded (CO or NQ emissions, temperature before and after
the after-treatment system, exhaust back pressuregtc.). During the

regeneration process, the applicable emission linsitmay be exceeded.
The test procedure is schematically shown in figuré.1.

Scheme of infrequent (periodic) regeneration witl number of measurements and,
number of measurements during regeneration

Emissions [g/kWh]

Emissions during
regeneration ¢

Mean emissions
during
sampling e .

Weighted emissions
of sampling

and regeneration e
w

A

Number of cycles
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The average specific emission rate related to hetart §, [g/kwWh] shall
be weighted as follows (see figure 6.1):

g =1EtNIE (6-3)
n+n,

Where:

n = number of tests in which regeneration does notcour,

Ny = number of tests in which regeneration occurs (mimum
one test),

e = average specific emission from a test in whichhe
regeneration does not occur [g/kWh]

g = average specific emission from a test in whichhe

regeneration occurs [g/kWh]

At the choice of the manufacturer and based on upogood engineering
analysis, the regeneration adjustment factok,, expressing the average
emission rate, may be calculated either multiplicate or additive as
follows:

Multiplicative

k, =3 (upward adjustment fact 6.4
u TS pward adjustment factor) (6-4a)

Ko = @ (downward adjustment factor) (6-4b)

er

Additive

Ky, =6, —€ (upward adjustment factor) (6-5)

K, =€, —€ (downward adjustment factor) (6-6)

Upward adjustment factors are multiplied with or added to measured
emission rates for all tests in which the regenerain does not occur.
Downward adjustment factors are multiplied with or added to measured
emission rates for all tests in which the regenerin occurs. The
occurrence of the regeneration shall be identifiedn a manner that is
readily apparent during all testing. Where no regeeration is identified,
the upward adjustment factor shall be applied.

With reference to Annex 4B Appendices A.7-8 on biee specific emission
calculations, the regeneration adjustment factor:

(@  Shall be applied to the results of the weightetNRTC test and
RMC tests;

(b)  May be applied to the ramped modal cycles andotd NRTC, if a
regeneration occurs during the cycle;

(c)  May be extended to other members of the samegne family;

159



ECE/TRANS/WP.29/GRPE/2011/11

6.7.
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6.9.

6.10.
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(d) May be extended to other engine families usinghe same
aftertreatment system with the prior approval of the type
approval authority based on technical evidence toédsupplied by
the manufacturer that the emissions are similar.

The following options shall be considered:

(& A manufacturer may elect to omit adjustment fators for one or
more of its engine families (or configurations) beause the effect of
the regeneration is small, or because it is not pctical to identify
when regenerations occur. In these cases, no adjosnt factor
shall be used, and the manufacturer is liable for@ampliance with
the emission limits for all tests, without regard © whether a
regeneration occurs;

(b) Upon request by the manufacturer, the type-appoval or
certification authority may account for regeneration events
differently than is provided in paragraph (a). However, this
option only applies for events that occur extremelyinfrequently,
and which cannot be practically addressed using thadjustment
factors described in paragraph (a).

Cooling system

An engine cooling system with sufficient capacityo maintain the engine,
with its intake-air, oil, coolant, block and head emperatures, at normal
operating temperatures prescribed by the manufactuer shall be used.
Laboratory auxiliary coolers and fans may be used.

Lubricating oil

The lubricating oil shall be specified by the mantfacturer and be
representative of lubricating oil available in the market; the
specifications of the lubricating oil used for thetest shall be recorded and
presented with the results of the test.

Specification of the reference fuel
The reference fuel is specified in Annex 6, Tablg

The fuel temperature shall be in accordance withite manufacturer's
recommendations. The fuel temperature shall be meared at the inlet to
the fuel injection pump or as specified by the marfacturer, and the
location of measurement recorded.

Crankcase emissions

No crankcase emissions shall be discharged directinto the ambient

atmosphere, with the following exception: engines geipped with

turbochargers, pumps, blowers, or superchargers foair induction may

discharge crankcase emissions to the ambient atmdwre if the

emissions are added to the exhaust emissions (eithphysically or

mathematically) during all emission testing. Manufaturers taking

advantage of this exception shall install the engés so that all crankcase
emission can be routed into the emissions samplingystem. For the
purpose of this paragraph, crankcase emissions thatre routed into the

exhaust upstream of exhaust aftertreatment during t operation are not

considered to be discharged directly into the ambig atmosphere.
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7.2.

7.2.1.

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

(@ The tubing materials shall be smooth-walled, ettrically
conductive, and not reactive with crankcase emissis. Tube
lengths shall be minimized as far as possible;

(b)  The number of bends in the laboratory crankcaseubing shall be
minimized, and the radius of any unavoidable bend all be
maximized;

(c)  The laboratory crankcase exhaust tubing shall eet the engine
manufacturer's specifications for crankcase back pessure;

(d)  The crankcase exhaust tubing shall connect intthe raw exhaust
downstream of any aftertreatment system, downstreanof any
installed exhaust restriction, and sufficiently upsream of any
sample probes to ensure complete mixing with the gme's
exhaust before sampling. The crankcase exhaust tulshall extend
into the free stream of exhaust to avoid boundarydyer effects
and to promote mixing. The crankcase exhaust tube'sutlet may
orient in any direction relative to the raw exhaustflow.

Test procedures
Introduction

This paragraph describes the determination of brak specific emissions
of gaseous and particulate pollutants on engines toe tested. The test
engine shall be the parent engine configuration fothe engine family as
specified in paragraph 5.2.

A laboratory emission test consists of measuringngssions and other
parameters for the test cycles specified in this aex. The following
aspects are treated (in this Annex 4B):

(@  The laboratory configurations for measuring the brake specific
emissions (paragraph 7.2.);

(b) The pre-test and post-test verification procedres (paragraph
7.3.);

(c)  The test cycles (paragraph 7.4.);

(d)  The general test sequence (paragraph 7.5.);

(e)  The engine mapping (paragraph 7.6.);

) The test cycle generation (paragraph 7.7.);

(@)  The specific test cycle running procedure (pagraph 7.8.).
Principle of emission measurement

To measure the brake-specific emissions the engirghall be operated
over the test cycles defined in paragraph 7.4., aspplicable. The
measurement of brake-specific emissions requires ¢hdetermination of
the mass of pollutants in the exhaust (i.e. HC, NM#&, CO, NO, and PM)
and the corresponding engine work.

Mass of constituent
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7.2.1.1.

7.2.1.2.

7.2.1.3.

The total mass of each constituent shall be deteimed over the
applicable test cycle by using the following methad

Continuous sampling

In continuous sampling, the constituent's concenétion is measured
continuously from raw or dilute exhaust. This concatration is
multiplied by the continuous (raw or dilute) exhaus flow rate at the
emission sampling location to determine the constient's flow rate. The
constituent's emission is continuously summed ovethe test interval.
This sum is the total mass of the emitted constitume.

Batch sampling

In batch sampling, a sample of raw or dilute exhast is continuously
extracted and stored for later measurement. The exicted sample shall
be proportional to the raw or dilute exhaust flow rate. Examples of batch
sampling are collecting diluted gaseous emissions & bag and collecting
PM on a filter. In principal the method of emissioncalculation is done as
follows: the batch sampled concentrations are muitlied by the total

mass or mass flow (raw or dilute) from which it wasextracted during the

test cycle. This product is the total mass or masow of the emitted

constituent. To calculate the PM concentration, thé®M deposited onto a
filter from proportionally extracted exhaust shall be divided by the
amount of filtered exhaust.

Combined sampling

Any combination of continuous and batch samplingd permitted (e.g.
PM with batch sampling and gaseous emissions withogtinuous
sampling).

The following figure 7.1 illustrates the two aspes of the test procedures
for measuring emissions: the equipments with the sapling lines in raw
and diluted exhaust gas and the operations requesteto calculate the
pollutant emissions in steady-state and transienest cycles (figure 7.1).



ECE/TRANS/WP.29/GRPE/2011/11

Figure 7.1
Test procedures for emission measurement
Raw gaseous sampling | + | Partial flow PM sampling | | Full flow dilution for gaseous and PM |
Transient Steady-state® | | Transient™ || steady-state @ || Transient and steady-state © |
I

For whole test:

For each mode: | Varying dilution ratio

mode [g/h] |

Integration of
instantaneous
emissions

. Average gas Varying dilution | | Constant dilution
Continuous gas f : - -
analysis analysis gas ratio ratio I Batch sampling |
¥ concentration | | Continuous gas
analysis Seconda
+ continuous Single filter Multiple filter | Bag | il oys v
flow Average flow method method | (Option)
measurement I Calculation of
average Ggsepus
Calculation of ) Calculation of concentration emissions
. Calculation of o CO. CO2
instantaneous e emission for each )
. emission [g/h]
emission [g/h]

PM

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 7.1:The term "Partial flow PM sampling" includes the partial flow
dilution to extract only raw exhaust with constantor varying dilution ratio.

7.2.2.

7.3.
7.3.1.
7.3.1.1.

7.3.1.2.

Work determination

The work shall be determined over the test cycle yb synchronously
multiplying speed and brake torque to calculate insntaneous values for
engine brake power. Engine brake power shall be iegrated over the
test cycle to determine total work.

Verification and calibration
Pre-test procedures
Preconditioning

To achieve stable conditions, the sampling systeamd the engine shall be
preconditioned before starting a test sequence apexified in paragraphs
7.3. and 7.4. The preconditioning for cooling dowithe engine in view of
a cold start transient test is specially indicatedh paragraph 7.4.2.

Verification of HC contamination

If there is any presumption of an essential HC cdamination of the
exhaust gas measuring system, the contamination WitHC may be
checked with zero gas and the hang-up may then bercected. If the
amount of contamination of the measuring system anthe background
HC system has to be checked, it shall be conductedthin 8 hours of
starting each test-cycle. The values shall be reated for later correction.
Before this check, the leak check has to be performad and the FID
analyser has to be calibrated.
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7.3.1.3.

7.3.1.4.

7.3.1.5.

7.3.2.

7.3.2.1.

Preparation of measurement equipment forasnpling
The following steps shall be taken before emissiamampling begins:

(@) Leak checks shall be performed within 8 hours fpor to emission
sampling according to paragraph 8.1.8.7;

(b)  For batch sampling, clean storage media shallebconnected, such
as evacuated bags or tare-weighed filters;

(c)  All measurement instruments shall be started awrding to the
instrument manufacturer's instructions and good engneering
judgment;

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

(e)  The sample flow rates shall be adjusted to desd levels, using
bypass flow, if desired;

) Heat exchangers in the sampling system shall bgre-heated or
pre-cooled to within their operating temperature ranges for a test;

() Heated or cooled components such as sample Bnéilters, chillers,
and pumps shall be allowed to stabilize at their agrating
temperatures;

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

0] Calibration of gas analysers and zeroing of cdimuous analysers
shall be carried out according to the procedure ofthe next
paragraph 7.3.1.4.;

0] Any electronic integrating devices shall be zered or re-zeroed,
before the start of any test interval.

Calibration of gas analysers

Appropriate gas analyser ranges shall be selecte@Emission analysers
with automatic or manual range switching are allowe. During a ramped
modal or a NRTC test and during a sampling period b a gaseous
emission at the end of each mode for discrete modesting, the range of
the emission analysers may not be switched. Also ehgains of an
analyser's analogue operational amplifier(s) may robe switched during
atest cycle.

All  continuous analysers shall be zeroed and spaed using
internationally-traceable gases that meet the spdaiations of paragraph
9.5.1. FID analysers shall be spanned on a carborumber basis of one

(Cy).
PM filter preconditioning and tare weighirg

The procedures for PM filter preconditioning and tare weighing shall be
followed according to paragraph 8.2.3.

Post-test procedures
The following steps shall be taken after emissiosampling is complete:

Verification of proportional sampling
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7.3.2.2.

7.3.2.3.

7.3.2.4.

7.4.

7.4.1.

For any proportional batch sample, such as a bagasmple or PM sample,
it shall be verified that proportional sampling wasmaintained according
to paragraph 8.2.1. For the single filter method ad the discrete steady-
state test cycle, effective PM weighing factor sHabe calculated. Any
sample that does not fulfil the requirements of pasgraph 8.2.1. shall be
voided.

Post-test PM conditioning and weighing

Used PM sample filters shall be placed into covedeor sealed containers
or the filter holders shall be closed, in order torotect the sample filters
against ambient contamination. Thus protected, thdoaded filters have
to be returned to the PM-filter conditioning chambe or room. Then the
PM sample filters shall be conditioned and weightedaccordingly to
paragraph 8.2.4. (PM filter post-conditioning and ttal weighing
procedures).

Analysis of gaseous batch sampling
As soon as practical, the following shall be perfmed:

(@  All batch gas analysers shall be zeroed and spzed no later than
30 minutes after the test cycle is complete or durg the soak
period if practical to check if gaseous analysersra still stable;

(b)  Any conventional gaseous batch samples shall baalysed no later
than 30 minutes after the hot-start test cycle isamplete or during
the soak period,;

(c) The background samples shall be analysed no dat than 60
minutes after the hot-start test cycle is complete.

Drift verification
After quantifying exhaust gases, drift shall be vefied as follows:

(@)  For batch and continuous gas analysers, the meanalyser value
shall be recorded after stabilizing a zero gas tohe analyser.
Stabilization may include time to purge the analyse of any
sample gas, plus any additional time to account fomanalyser
response;

(b)  The mean analyser value shall be recorded aftestabilizing the
span gas to the analyser. Stabilization may includéme to purge
the analyser of any sample gas, plus any additiondime to
account for analyser response;

(c) These data shall be used to validate and corredor drift as
described in paragraph 8.2.2.

Test cycles
The following duty cycles apply:

(@ For variable-speed engines, the 8-mode test &ycor the
corresponding ramped modal cycle, and the transientycle NRTC
as specified in Annex 5;

(b)  For constant-speed engines, the 5-mode test tycor the
corresponding ramped modal cycle as specified in Arex 5.

Steady-state test cycles
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7.4.1.1.

7.4.1.2.

7.4.2.

Steady-state test cycles are specified in Annex & a list of discrete
modes (operating points), where each operating pdirhas one value of
speed and one value of torque. A steady-state tesycle shall be
measured with a warmed up and running engine accoidg to
manufacturer's specification. A steady-state testycle may be run as a
discrete-mode cycle or a ramped-modal cycle, as damed in the
following paragraphs.

Steady-state discrete mode test cycles

The steady-state discrete 8-mode test cycle consi®f eight speed and
load modes (with the respective weighing factor foeach mode) which
cover the typical operating range of variable speeéngines. The cycle is
shown in Annex 5.

The steady-state discrete 5-mode constant-speedtteycle consists of five
load modes (with the respective weighing factor foeach mode) all at
rated speed which cover the typical operating rangef constant speed
engines. The cycle is shown in Annex 5.

Steady-state ramped test cycles

The ramped modal test cycles (RMC) are hot runningcycles where
emissions shall be started to be measured after thengine is started,
warmed up and running as specified in paragraph 7.2.1. The engine
shall be continuously controlled by the test bed edrol unit during the
RMC test cycle. The gaseous and particulate emiss® shall be
measured and sampled continuously during the RMC #& cycle in the
same way as in a transient cycle.

In case of the 5-mode test cycle the RMC consigté the same modes in
the same order as the corresponding discrete steadyate test cycle. For
the 8-mode test cycle the RMC has one mode more |isjidle mode) and

the mode sequence is not the same as the correspioigd steady-state
discrete mode cycle, in order to avoid extreme chaes in the after-

treatment temperature. The length of the modes shibe selected to be
equivalent to the weighing factors of the correspafing discrete steady-
state test cycle. The change in engine speed andddfrom one mode to
the next one has to be linearly controlled in a tim of 20+1 s. The mode
change time is part of the new mode (including thérst mode).

Transient test cycle (NRTC)

The Non-Road Transient Cycle (NRTC) is specifiedni Annex 5 as a
second-by-second sequence of normalized speed awdque values. In
order to perform the test in an engine test cell,te normalized values
shall be converted to their equivalent reference \aes for the individual
engine to be tested, based on specific speed andjtee values identified
in the engine-mapping curve. The conversion is refeed to as
denormalization, and the resulting test cycle is th reference NRTC test
cycle of the engine to be tested (see paragraph 2.7.

A graphical display of the normalized NRTC dynamoneter schedule is
shown in Annex 5.

The transient test cycle shall be run twice (seeapagraph 7.8.3.):

(@) As cold start after the engine and aftertreatmet systems have
cooled down to room temperature after natural engie cool down,
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7.5.

(b)

(©

or as cold start after forced cool down and the erige, coolant and
oil temperatures, aftertreatment systems and all egine control
devices are stabilized between 20 and 30 °C. The aserement of
the cold start emissions shall be started with thetart of the cold
engine;

Hot soak period — Immediately upon completion bthe cold start
phase, the engine shall be conditioned for the hatart by a 20
minutes +1 minute hot soak period,;

The hot-start shall be started immediately aftethe soak period
with the cranking of the engine. The gaseous analyis shall be
switched on at least 10 s before the end of the operiod to avoid
switching signal peaks. The measurement of emissi®rshall be
started in parallel with the start of the hot start phase including
the cranking of the engine.

Brake specific emissions expressed in (g/kWh) shale determined
by using the procedures of this section for both # cold and hot
start test cycles. Composite weighted emissions $hae computed
by weighing the cold start results by 10 per central the hot start
results by 90 per cent as detailed in Annex 4B Appelices A.7-
A.8.

General test sequence

To measure engine emissions the following stepsveato be performed:

@)

(b)

(©

(d)

(e)

()

)

(h)

The engine test speeds and test loads have ® defined for the
engine to be tested by measuring the max torque (fa@onstant
speed engines) or max torque curve (for variable ggd engines) as
function of the engine speed;

Normalized test cycles have to be denormalizedith the torque
(for constant speed engines) or speeds and torquéisr variable
speed engines) found in the previous paragraph 7(8);

The engine, equipment, and measurement instrumés shall be
prepared for the following emission test or test seées (cold and
hot cycle) in advance;

Pre-test procedures shall be performed to verf proper operation
of certain equipment and analysers. All analysers dve to be
calibrated. All pre-test data shall be recorded;

The engine shall be started (NRTC) or kept runimg (steady-state
cycles) at the beginning of the test cycle and tteampling systems
shall be started at the same time;

Emissions and other required parameters shall & measured or
recorded during sampling time (for NRTC and steadystate
ramped modal cycles throughout the whole test cycle

Post-test procedures shall be performed to vdyi proper
operation of certain equipment and analysers;

PM filter(s) shall be pre-conditioned, weighed(empty weight),
loaded, re-conditioned, again weighed (loaded weighand then
samples shall be evaluated according to pre- (pareaph 7.3.1.5.)
and post-test (paragraph 7.3.2.2.) procedures;
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0] Emission test results shall be evaluated.

The following diagram gives an overview about therocedures needed to
conduct NRMM test cycles with measuring exhaust emge emissions.

Figure 7.3
Test sequence

( Steady-state discrete & ramped ) ( Transient NRTC

If transient cycle | | transient cycle ang A

=5

is not applied.| steady-state are applie Generation engine map
(max. torque curve)

A 4 A 4 ¢

Defining steady-state test cycle Generate reference test cyc

v

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

v

Natural or forced cool dowr

A4

Ready all systems for sampling (analyser calibratimincluded) & data collection

v

Warm-up engine

\ 4 A\ 4

Exhaust emission test Cold start exhaust emission phase

v

Hot soak

A 4

Hot start exhaust emission phase

v v

1) Data collection 2) Post-test procedures 3) Evaitions

v v

Emissions calculation A.7.-A.8.

7.5.1. Engine starting, and restarting

7.5.1.1. Engine start
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The engine shall be started:

(@ As recommended in the owner's manual using a pduction
starter motor or air-start system and either an adguately
charged battery, a suitable power supply or a suitale compressed
air source; or

(b) By using the dynamometer to crank the engine uil it starts.
Typically motor the engine within £25 per cent of is typical in-use
cranking speed or start the engine by linearly inceasing the
dynamometer speed from zero to 100 mihbelow low idle speed
but only until the engine starts.

Cranking shall be stopped within 1 s of starting e engine. If the engine
does not start after 15 s of cranking, cranking shHabe stopped and the
reason for the failure to start determined, unlesshe owner's manual or
the service-repair manual describes a longer cranki time as normal.

7.5.1.2. Engine stalling

(@ If the engine stalls anywhere during the coldtart test of the
NRTC, the test shall be voided;

(b) If the engine stalls anywhere during the hot strt test of the
NRTC, the test shall be voided. The engine shall bsoaked
according to paragraph 7.8.3., and the hot start & repeated. In
this case, the cold start test does not need to tepeated;

(c) If the engine stalls anywhere during the steadgtate cycle
(discrete or ramped), the test shall be voided anthe repeated
beginning with the engine warm-up procedure. In thecase of PM
measurement utilizing the multifilter method (one smpling filter
for each operating mode), the test shall be contimd by stabilizing
the engine at the previous mode for engine tempenate
conditioning and then initiating measurement with he mode
where the engine stalled.

7.6. Engine mapping

Before starting the engine mapping, the engine shde warmed up and
towards the end of the warm up it shall be operatedor at least 10
minutes at maximum power or according to the recommndation of the
manufacturer and good engineering judgment in orderto stabilize the
engine coolant and lube oil temperatures. When thengine is stabilized,
the engine mapping shall be performed.

Except constant speed engines, engine mapping dha# performed with
fully open fuel lever or governor using discrete speds in ascending
order. The minimum and maximum mapping speeds are efined as
follows:

Minimum mapping speed = warm idle speed

Maximum mapping speed =n;; x 1.02 or speed where max torque drops
off to zero, whichever is smaller.

Where ny,; is the high speed, defined as the highest engingeed where 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 unrepresentativge.g., for ungoverned
engines), good engineering judgment shall be used map up to the
maximum safe speed or the maximum representative en

Engine mapping for steady-state 8-mode cycle

In the case of engine mapping for the steady-staBmode cycle (only for
engines which have not to run the NRTC cycle), goo@ngineering

judgment shall be used to select a sufficient numbé20 to 30) of evenly
spaced set-points. At each setpoint, speed shall s&bilized and torque

allowed to stabilize at least for 15 seconds. Theeaan speed and torque
shall be recorded at each set-point. Linear interplation shall be used to
determine the 8-mode test speeds and torques if mssl. If the derived

test speeds and loads do not deviate for more tha2.5 per cent from the

speeds and torques indicated by the manufacturer,he manufacturer

defined speeds and loads shall be applied. When émgs shall be run on
the NRTC too, then the NRTC engine mapping curve sl be used to
determine steady-state test speeds and torques.

Engine mapping for NRTC cycle

The engine mapping shall be performed according tdahe following
procedure:

(@  The engine shall be unloaded and operated atlé speed:

0] For engines with a low-speed governor, the opator
demand shall be set to the minimum, the dynamometeor
another loading device shall be used to target angue of
zero on the engine's primary output shaft and the mgine
shall be allowed to govern the speed. This warm iellspeed
shall be measured;

(i) For engines without a low-speed governor, the
dynamometer shall be set to target a torque of zeron the
engine's primary output shaft, and the operator derand
shall be set to control the speed to the manufacter-
declared lowest engine speed possible with minimuinad
(also known as manufacturer-declared warm idle speb;

(i)  The manufacturer declared idle torque may beused for all
variable-speed engines (with or without a low-speed
governor), if a nonzero idle torque is representatie of in-
use operation.

(b)  Operator demand shall be set to maximum and etige speed shall
be controlled to between warm idle and 95 per ceraf its warm
idle speed. For engines with reference duty cycleshich lowest
speed is greater than warm idle speed, the mappingray be
started at between the lowest reference speed an8 Per cent of
the lowest reference speed;

(c) The engine speed shall be increased at an avgearate of 8 +1
min*/s or the engine shall be mapped by using a contious sweep
of speed at a constant rate such that it takes 4 #® min to sweep
from minimum to maximum mapping speed. The mappingspeed
range shall be started between warm idle and 95 peent of warm
idle and ended at the highest speed above maximurnower at
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7.6.3.

7.7.

(d)

(e)

which less than 70 per cent of maximum power occurdf this
highest speed is unsafe or unrepresentative (e.for ungoverned
engines), good engineering judgment shall be used map up to
the maximum safe speed or the maximum representatvspeed.
Engine speed and torque points shall be recorded atsample rate
of at least 1 Hz;

If a manufacturer believes that the above mapypig techniques are
unsafe or unrepresentative for any given engine, w@rnate

mapping techniques may be used. These alternate ketques shall
satisfy the intent of the specified mapping procedes to
determine the maximum available torque at all engia speeds
achieved during the test cycles. Deviations from & mapping
technigues specified in this paragraph for reasonsf safety or
representativeness shall be approved by the type pmval

authority along with the justification for their use. In no case,
however, the torque curve shall be run by descendinengine
speeds for governed or turbocharged engines;

An engine need not be mapped before each andeey test cycle.
An engine shall be remapped if:

0] An unreasonable amount of time has transpired iace the
last map, as determined by good engineering judgemg or

(i)  Physical changes or recalibrations have been ade to the
engine which potentially affect engine performanceor

(i)  The atmospheric pressure near the engine's minlet is not
within £5 kPa of the value recorded at the time othe last
engine map.

Engine mapping for constant-speed engines:

@)

(b)

©

(d)

The engine may be operated with a production ostant-speed
governor or a constant-speed governor maybe simuledl by
controlling engine speed with an operator demand carol system.
Either isochronous or speed-droop governor operatio shall be
used, as appropriate;

With the governor or simulated governor controling speed using
operator demand, the engine shall be operated at Hoad
governed speed (at high speed, not low idle) for &ast 15 s;

The dynamometer shall be used to increase torquat a constant
rate. The map shall be conducted such that it take2 to 4 min to
sweep from no-load governed speed to the maximum rtue.
During the engine mapping actual speed and torquehsll be
recorded with at least 1 Hz;

In case of a gen-set engine to be used for 5@ Ednd 60 Hz power
generation (for example 1,500 and 1,800 mii) engine has to be
tested in both constant speeds separately.

For constant speed engines good engineering judgmeshall be used to
apply other methods to record max torque and powerat the defined
operating speed(s).

Test cycle generation
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7.7.1.
7.7.1.1.

7.7.1.2.

7.7.1.3.

Generation of steady-state test cycles
Rated speed

For engines that are tested with the steady statend also the transient
schedule, the denormalization speed shall be caletitd according to the
transient procedure (paragraphs 7.6.2. and 7.7.2.and figure 7.3.).

If the calculated denormalization speedf{genorm) iS Within £2.5 per cent of
the denormalization speed as declared by the manwufaurer, the declared
denormalization speed fgenorm) May be used for the emission test. If the
tolerance is exceeded, the calculated denormalizati speed Qgenorm) Shall
be used for the emissions test. In case of the glgastate cycle the
calculated denormalization speedr(yenorm) iS tabled as rated speed.

For engines that are not tested with the transienschedule, the rated
speed of tables in Annex 5 for the 8-mode discretend the derived
ramped mode cycle shall be calculated according tthe procedure
(paragraphs 7.6.1. and 7.7.2.1. and figure 7.3.).h€ rated speed is
defined in paragraph 3.1.53.

Generation of steady-state 8-mode test &¢discrete and ramp modal)

The intermediate speed shall be determined from th calculations
according to its definition (see paragraph 3.1.32.)

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

L
S = (( Pmax + PAUX) EIlOOj - PAUX (7-1)
Where:
S = dynamometer setting in kW
Prax = maximum observed or declared power at the testpsed
under the test conditions (specified by the manufaarer) in
kw
Paux = declared total power absorbed by auxiliaries fied for the

test (see paragraph 6.3.) at the test speed in kW
L = per cent torque

During the test cycle, the engine shall be operateat the engine speeds
and torques that are defined in Annex 5.

The maximum mapping torque values at the specifietiest speeds shall
be derived from the mapping curve (see paragraph 8.1. or 7.6.2.).
"Measured" values are either directly measured durhg the engine
mapping process or they are determined from the erige map.
"Declared" values are specified by the manufacturer When both
measured and declared values are available, declarevalues may be
used instead of torques if they don't deviate mor¢han +2.5 per cent.
Otherwise, measured torques derived from the enginsmapping shall be
used.

Generation of steady-state 5-mode test &y¢discrete and ramp modal)
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During the test cycle, the engine shall be operateat the engine speeds
and torques that are defined in Annex 5.

The maximum mapping torque value at the specifiedated speed (see
paragraph 7.7.1.1.) shall be used to generate thenfode test cycle. A
warm minimum torque that is representative of in-ug operation may be
declared. For example, if the engine is typicallyannected to a machine
that does not operate below a certain minimum torga, this torque may

be declared and used for cycle generation. When bBotmeasured and
declared values are available for the maximum testorque for cycle

generation, the declared value may be used insteaaf the measured
value if it is within 95 to 100 per cent of the mesured value.

The torque figures are percentage values of thergue corresponding to

the prime power® rating. The prime power is defined as the maximum
power available during a variable power sequence, ich may be run for

an unlimited number of hours per year, between st&d maintenance
intervals and under the stated ambient conditions.The maintenance
shall be carried out as prescribed by the manufacter.

7.7.2. Generation of transient test cycle (NRTC demmalization)

Annex 5 defines applicable test cycles in a normaéd format. A
normalized test cycle consists of a sequence of gl values for speed
and torque per cent.

Normalized values of speed and torque shall be tnaformed using the
following conventions:

(@) The normalized speed shall be transformed inta sequence of
reference speeds),s, according to paragraph 7.7.2.2;

(b)  The normalized torque is expressed as a percage of the mapped
torque at the corresponding reference speed. Thesermalized
values shall be transformed into a sequence of re@nce torques,
Tet, according to paragraph 7.7.2.3.;

(c) The reference speed and reference torque valuespressed in
coherent units are multiplied to calculate the refeence power
values.

7.7.2.1. Denormalization speeenorm)

The denormalization speed rfgenorm) is selected to equal the 100 per cent
normalized speed values specified in the engine dymometer schedule
of Annex 5. The reference engine cycle resultingdm denormalization to
the reference speed, depends on the selection of ethproper
denormalization speed (genorm). FOr the calculation of the
denormalization speed figenorm), Obtained from the measured mapping
curve, either of the following equivalent formulations can be used in
agreement with the type-approval authorities:

(a) Ndenorm = Nio + 0.95* (N —Nyo) (7-2)
Where:

3 For further understanding of the prime power dééin, see figure 2 of ISO 8528-1:1993(E) standard.
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7.7.2.2.

7.7.2.3.

Ngenorm = denormalization speed
Npi = high speed (see paragraph 3.1.30.)
ne = low speed (see paragraph 3.1.34.)

(b)  ngenormcorresponding to the longest vector defined as:

Nyenorm =Ny @t the maximum o( nZ ..+ Pnzorm) (7-3)

Where:

i = an indexing variable that represents one recordk
value of an engine map

Nrormi = an engine speed normalized by dividing it byipmay.

Promi = an engine power normalized by dividing it byPyax.

Note that if multiple maximum values are found, tle denormalization
speed fgenorm) Should be taken as the lowest speed of all pointgth the
same maximum sum of squares. A higher declared spkenay be used if
the length of the vector at the declared speed isitlin 2 per cent of the
length of the vector at the measured value.

If the falling part of the full load curve has a \ery steep edge, this may
cause problems to drive the 105 per cent speedstbe NRTC test cycle
correctly. In this case it is allowed with previousagreement with type-
approval or certification authorities, to reduce the denormalization
speed (genorm) Slightly (maximum 3 per cent) in order to make caect
driving of the NRTC possible.

If the measured denormalization speedn(enorm) IS Within £3 per cent of
the denormalization speed as declared by the manwufaurer, the declared
denormalization speed figenorm) May be used for the emissions test. If the
tolerance is exceeded, the measured denormalizatiepeed {genorm) Shall
be used for the emissions test.

Denormalization of engine speed

The engine speed shall be denormalized using thallbwing equation:

- %Speed Hndenorm_ n idIJ

Mot 100 +Nge (7-4)
Where:

Nyef = reference speed

Ndenorm = denormalization speed

Nidie = idle speed

%speed = tabled NRTC normalized speed

Denormalization of engine torque

The torque values in the engine dynamometer schelguof Annex 5
paragraph 1.3. are normalized to the maximum torqueat the respective
speed. The torque values of the reference cycle dhee denormalized,
using the mapping curve determined according to pagraph 7.6.2., as
follows:
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_ %torquemax.torque (7-5)
) 100

for the respective reference speed as determinemd paragraph 7.7.2.2.

7.7.2.4. Example of denormalization procedure
As an example, the following test point shall beeshormalized:
% speed:= 43 per cent
% torque= 82 per cent
Given the following values:
Nenorm = 2200 min*
Nigie = 600 Min*
results in
43[{ 2200~ 600
100

With the maximum torque of 700 Nm observed from tlie mapping curve
at 1288 min*

ref— M: 574Nm
100

nref=

+600= 1288min"

7.8. Specific test cycle running procedure
7.8.1. Emission test sequence for discrete steadgts test cycles
7.8.1.1. Engine warming-up for steady state discretmode test cycles

For preconditioning the engine shall be warmed upaccording to the
recommendation of the manufacturer and good enginemg judgment.

Before emission sampling can start, the engine shabe running until

engine temperatures (cooling water and lube oil) hee been stabilized
(normally at least 10 minutes) on mode 1 (100 peent torque and rated
speed for the 8-mode test cycle and at rated or nonal constant engine
speed and 100 per cent torque for the 5-mode tesydae). Immediately
from this engine conditioning point, the test cycleneasurement starts.

Pre-test procedure according to paragraph 7.3.1.hsll be performed,
including analyser calibration.

7.8.1.2. Performing discrete-mode test cycles

(@)  The test shall be performed in ascending ordesf mode numbers
as set out for the test cycle (see Annex 5);

(b)  Each mode has a mode length of at least 10 mies. In each mode
the engine shall be stabilized for at least 5 mings and emissions
shall be sampled for 1-3 minutes for gaseous emisss at the end
of each mode. Extended time of sampling is permitteto improve
the accuracy of PM sampling;

The mode length shall be recorded and reported.
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7.8.1.3.

7.8.2.
7.8.2.1.

(©

(d)

(e)

)

The particulate sampling may be done either wit the single filter
method or with the multiple filter method. Since tre results of the
methods may differ slightly, the method used shalbe declared
with the results;

For the single filter method the modal weighing fators specified
in the test cycle procedure and the actual exhaudtow shall be
taken into account during sampling by adjusting sarple flow rate
and/or sampling time, accordingly. It is required hat the effective
weighing factor of the PM sampling is within £0.003 of the
weighing factor of the given mode;

Sampling shall be conducted as late as possiblethin each mode.
For the single filter method, the completion of paticulate

sampling shall be coincident within + 5 s with thecompletion of

the gaseous emission measurement. The sampling tipper mode
shall be at least 20 s for the single filter methodnd at least 60 s
for the multifilter method. For systems without bypass capability,
the sampling time per mode shall be at least 60 srfsingle and
multiple filter methods;

The engine speed and load, intake air temperate, fuel flow and
air or exhaust gas flow shall be measured for eactnode at the
same time interval which is used for the measuremérof the
gaseous concentrations;

Any additional data required for calculation shall be recorded.

If the engine stalls or the emission sampling iinterrupted at any
time after emission sampling begins for a discretenode and the
single filter method, the test shall be voided ande repeated
beginning with the engine warm-up procedure. In thecase of PM
measurement utilizing the multifilter method (one smpling filter

for each operating mode), the test shall be contimd by stabilizing
the engine at the previous mode for engine tempenate

conditioning and then initiating measurement with he mode
where the engine stalled;

Post-test procedures according to paragraph 7.3. shall be
performed.

Validation criteria

During each mode of the given steady-state testag after the initial
transition period, the measured speed shall not déete from the
reference speed for more than +1 per cent of ratedpeed or +3 min',
whichever is greater except for idle which shall bevithin the tolerances
declared by the manufacturer. The measured torquehall not deviate
from the reference torque for more than +2 per centof the maximum
torque at the test speed.

Ramped modal test cycles

Engine warming-up

Before starting the steady-state ramped modal testycles (RMC), the
engine shall be warmed-up and running until enginetemperatures
(cooling water and lube oil) have been stabilizedno50 per cent speed
and 50 per cent torque for the RMC test cycle (devied from the 8-mode
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test cycle) and at rated or nominal engine speed drb0 per cent torque
for the RMC test cycle (derived from 5-mode test ayle). Immediately
after this engine conditioning procedure, engine sged and torque shall
be changed in a linear ramp of 20 1 s to the firstmode of the test. In
between 5 to 10 s after the end of the ramp, thediecycle measurement
shall start.

7.8.2.2. Performing a ramped modal test cycle

The ramped modal cycles derived from 8-mode and Bwode test cycle
are shown in Annex 5.

The engine shall be operated for the prescribedrtie in each mode. The
transition from one mode to the next shall be donénearly in 20 s £1 s
following the tolerances prescribed in paragraph B.2.4. (see Annex 5)

For ramped modal cycles, reference speed and torguvalues shall be
generated at a minimum frequency of 1 Hz and thisexjuence of points
shall be used to run the cycle. During the transitin between modes, the
denormalized reference speed and torque values shabe linearly
ramped between modes to generate reference pointShe normalized
reference torque values shall not be linearly ramp between modes and
then denormalized. If the speed and torque ramp rus through a point
above the engine's torque curve, it shall be contired to command the
reference torques and it shall be allowed for theperator demand to go
to maximum.

Over the whole RMC test cycle (during each mode ahincluding the

ramps between the modes), the concentration of eagaseous pollutant
shall be measured and the PM be sampled. The gassopollutants may
be measured raw or diluted and be recorded continussly; if diluted,

they can also be sampled into a sampling bag. Theapiculate sample
shall be diluted with conditioned and clean air. OB sample over the
complete test procedure shall be taken, and colled on a single PM
sampling filter.

For calculation of the brake specific emissions,he actual cycle work
shall be calculated by integrating actual engine poer over the complete
cycle.

7.8.2.3. Emission test sequence:

(@)  Execution of the RMC, sampling exhaust gasesgcording data,
and integrating measured values shall be startedraultaneously;

(b)  Speed and torque shall be controlled to the fat mode in the test
cycle;

(c) If the engine stalls anywhere during the RMC eacution, the test
shall be voided. The engine shall be pre-conditiodeand the test
repeated;

(d) At the end of the RMC, sampling shall be contined, except for
PM sampling, operating all systems to allow systemesponse time
to elapse. Then all sampling and recording shall bestopped,
including the recording of background samples. Findy, any
integrating devices shall be stopped and the end tifie test cycle
shall be indicated in the recorded data;
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(e) Post-test procedures according to paragraph 7.4 shall be
performed.

7.8.2.4. Validation criteria
RMC tests shall be validated using the regressioanalysis as described
in paragraphs 7.8.3.3. and 7.8.3.5. The allowed RMG@olerances are
given in the following Table 7.1. Note that the RMCtolerances are
different from the NRTC tolerances of Table 7.2.

Table 7.1

RMC Regression line tolerances

Speed Torque| Power
Standard error of estimate max 1 % of max 2 % of maximum engine max 2 % of maximum engine
(SEE) of y onx rated speed torque power
Slope of the regression line,
a 0.99t01.01 0.98 to 1.02 0.98 t0 1.02
Coefficient of determination,
r? min 0.990 min 0.950 min 0.950

+20 Nm or 2 % of maximum
torque, whichever is greater

+1 % of rated
speed

y intercept of the regression
line, ay

+4 kKW or 2 % of maximum
power, whichever is greater

In case of running the RMC test not on a transientest bed, where the
second by second speed and torque values are notagable, the

following validation criteria shall be used.

At each mode the requirements for the speed andrngue tolerances are
given in paragraph 7.8.1.3. For the 20 s linear spé and linear torque
transitions between the RMC steady-state test modegparagraph
7.4.1.2.) the following tolerances for speed anddd shall be applied for
the ramp, the speed shall be held linear within £20er cent of rated
speed. The torque shall be held linear within +5 pecent of the

maximum torque at rated speed.

7.8.3. Transient test cycle (NRTC)

Reference speeds and torques commands shall be wetially executed
to perform the transient test cycle. Speed and totge commands shall be
issued at a frequency of at least 5 Hz. Because treference test cycle is
specified at 1 Hz, the in between speed and torqummands shall be
linearly interpolated from the reference torque vales generated from

cycle generation.

Small denormalized speed values near warm idle spe& may cause low-
speed idle governors to activate and the engine tque to exceed the
reference torque even though the operator demand iat a minimum. In

such cases, it is recommended to control the dynameter so it gives
priority to follow the reference torque instead ofthe reference speed and

let the engine govern the speed.
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7.8.3.1.

7.8.3.2.

Under cold-start conditions engines may use an eahced-idle device to
quickly warm up the engine and aftertreatment devies. Under these
conditions, very low normalized speeds will generat reference speeds
below this higher enhanced idle speed. In this caseis recommended

controlling the dynamometer so it gives priority tofollow the reference

torque and let the engine govern the speed when tloperator demand is

at minimum.

During an emission test, reference speeds and targs and the feedback
speeds and torques shall be recorded with a minimurfirequency of 1 Hz,

but preferably of 5 Hz or even 10 Hz. This larger ecording frequency is
important as it helps to minimize the biasing effet of the time lag

between the reference and the measured feedback sgeand torque

values.

The reference and feedback speeds and torques maytecorded at lower
frequencies (as low as 1 Hz), if the average valueser the time interval
between recorded values are recorded. The averagealues shall be
calculated based on feedback values updated at aefjuency of at
least 5 Hz. These recorded values shall be used talculate cycle-
validation statistics and total work.

Engine preconditioning

To meet stable conditions for the following Emissin test, the sampling
system and the engine shall be preconditioned eithéy driving a full
pre-NRTC cycle or driving the engine and the measung systems under
similar conditions as in the test cycle itself. Ithe test before was also a
NRTC hot test, no additional conditioning is needed

A natural or forced cool-down procedure may be apled. For forced

cool-down, good engineering judgment shall be used set up systems to
send cooling air across the engine, to send cool tirough the engine

lubrication system, to remove heat from the coolanthrough the engine
cooling system, and to remove heat from an exhaustfter-treatment

system. In the case of a forced after-treatment cbaown, cooling air

shall not be applied until the after-treatment sysem has cooled below its
catalytic activation temperature. Any cooling procelure that results in

unrepresentative emissions is not permitted.

Pre-test procedures according to paragraph 7.3.have to be performed,
including analyser calibration.

Performing an NRTC transient cycle test
Testing shall be started as follows:

The test sequence shall commence immediately aftéhe engine has
started from cooled down condition in case of theatd NRTC test or
from hot soak condition in case of the hot NRTC tds The instructions
(Annex 5) shall be followed.

Data logging, sampling of exhaust gases and inteding measured values
shall be initiated simultaneously at the start of lhe engine. The test cycle
shall be initiated when the engine starts and shable executed according
to the schedule of Annex 5.

At the end of the cycle, sampling shall be contirad, operating all
systems to allow system response time to elapse.efhall sampling and
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7.8.3.3.

7.8.3.4.

7.8.3.5.

recording shall be stopped, including the recordingof background
samples. Finally, any integrating devices shall bstopped and the end of
the test cycle shall be indicated in the recordedata.

Post-test procedures according to paragraph 7.3.2have to be
performed.

Cycle validation criteria for transient test cycle

In order to check the validity of a test, the cyd-validation criteria in this
paragraph shall be applied to the reference and feback values of
speed, torque, power and overall work.

Calculation of cycle work

Before calculating the cycle work, any speed anatque values recorded
during engine starting shall be omitted. Points wit negative torque
values have to be accounted for as zero work. Thetaal cycle work W
(kwh) shall be calculated based on engine feedbadpeed and torque
values. The reference cycle workV,e (kWh) shall be calculated based on
engine reference speed and torque values. The actugcle work W, is
used for comparison to the reference cycle world/,s and for calculating
the brake specific emissions (see paragraph 7.2.)

W, shall be between 85 per cent and 105 per cent\..
Validation statistics (see Annex 4B AppendA.2.)

Linear regression between the reference and theddback values shall be
calculated for speed, torque and power.

To minimize the biasing effect of the time lag beteen the reference and
feedback cycle values, the entire engine speed adgue feedback signal
sequence may be advanced or delayed in time with ggect to the
reference speed and torque sequence. If the feedkagsignals are shifted,
both speed and torque shall be shifted by the san@nount in the same
direction.

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

y=aix+a, (7-6)

Where:

y = feedback value of speed (mif), torque (Nm), or power
(kw)

a = slope of the regression line

X = reference value of speed (mi), torque (Nm), or power
(kw)

ay = y intercept of the regression line

The standard error of estimate SEE) of y on x and the coefficient of
determination (r2) shall be calculated for each regression line (Amex 4B
Appendix A.2.).

It is recommended that this analysis be performeadt 1 Hz. For a test to
be considered valid, the criteria of Table 7.2 ofhis paragraph shall be
met.
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Table 7.2
Regression line tolerances
Speed Torque| Powe
< 5.0 per cent of
Standard error of estimate SEE) of y maximum test <10.0 per cent of| < 10.0 per cent of maximum
onx speed| maximum mapped torque mapped power
Slope of the regression lineg, 0.95t0 1.03 0.83t0 1.03 0.89t0 1.03
Coefficient of determination, r2 minimum 0.970 minimum 0.850 minimum 0.910
+20 Nm or £2 per cent of +4 kKW or +2 per cent of
<10 per cent of maximum torque | maximum power whichever
y intercept of the regression linegy idle whichever is greater is greater

For regression purposes only, point deletions aregomitted where noted
in Table 7.3 of this paragraph before doing the regssion calculation.
However, those points shall not be deleted for thealculation of cycle
work and emissions. An idle point is defined as agnt having a
normalised reference torque of O per cent and a namalized reference
speed of 0 per cent. Point deletion may be appli¢d the whole or to any
part of the cycle; points to which the point deletin is applied have to be

specified.

Table 7.3

Permitted point deletions from regression analysis

Event Conditions (n = engine speed, T = torque) Permitted point deletions
Minimum Nref = Nigle speed and power
operator
. and
demand (idle
point) Tt =0
and

and

Tact > (Tref - O-OZTmaxmappedtorqug

Tact < (Tref + 0-02Tmaxmappedtorqu9

Minimum Nact < 1.02Ny¢r and Tyage > Tres
Operator or
demand

or

Nact > Nret and Tact < Tref'

Nact > 1-02nref and Tref < Tact < (Tref + O-OZTmaxmappedtorqug

power and either
torque or speed
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Permitted point deletions

Event Conditions (n = engine speed, T = torque)

Maximum Nact < Nret @NA Tt > Tt power and either

operator torque or speed
or

demand

or

Nact 2 0-98nref and Tact < Tref

Nact < 0-98nref and Tref > Tact 2 (Tref - 0-02Tmaxmappedtorque)

8.1
8.1.1.

8.1.2.

Table 8.1

Measurement procedures
Calibration and performance checks
Introduction

This paragraph describes required calibrations and verifications of
measurement systems. See paragraph 9.4. for spetdfiions that apply to
individual instruments.

Calibrations or verifications shall be generally grformed over the
complete measurement chain.

If a calibration or verification for a portion of a measurement system is
not specified, that portion of the system shall becalibrated and its
performance verified at a frequency consistent with any
recommendations from the measurement system manufacer and
consistent with good engineering judgment.

Internationally recognized-traceable standards shibbe used to meet the
tolerances specified for calibrations and verificabns.

Summary of calibration and verification

The Table 8.1 summarizes the calibrations and veiifations described in
paragraph 8. and indicates when these have to benf@med.

Summary of Calibration and Verifications

Type of calibration or verification Minimum frequency®

8.1.3.: Accuracy,
repeatability and noise

/Accuracy: Not required, but recommended for initial installation.
Repeatability: Not required, but recommended for iritial installation.

Noise: Not required, but recommended for initial irstallation.
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Type of calibration or verification

Minimum frequency®

8.1.4.: Linearity

Speed: Upon initial installation, within 370 days kfore testing and after major maintenance.

Torque: Upon initial installation, within 370 days before testing and after major
maintenance.

Clean gas and diluted exhaust flows: Upon initialnstallation, within 370 days before testing
and after major maintenance, unless flow is verifid by propane check or by carbon or
oxygen balance.

Raw exhaust flow: Upon initial installation, within 185 days before testing and after major
maintenance, unless flow is verified by propane cl& or by carbon or oxygen balance.

Gas analysers: Upon initial installation, within 35days before testing and after major
maintenance.

PM balance: Upon initial installation, within 370 days before testing and after major
maintenance.

Stand-alone pressure and temperature: Upon initiainstallation, within 370 days before
testing and after major maintenance.

8.1.5.: Continuous gas
analyser system response
and updating-recording
\verification — for gas
analysers not continuously
compensated for other gas
species

Upon initial installation or after system modification that would effect response.

8.1.6.: Continuous gas
analyser system response
land updating-recording
\verification — for gas
analysers continuously
compensated for other gas
species

Upon initial installation or after system modification that would effect response.

8.1.7.1.: Torque

Upon initial installation and after major maintenance.

8.1.7.2.: Pressure,
temperature, dew point

Upon initial installation and after major maintenance.

8.1.8.1.: Fuel flow

Upon initial installation and after major maintenance.

8.1.8.2.: Intake flow

Upon initial installation and after major maintenance.

8.1.8.3.: Exhaust flow

Upon initial installation and after major maintenance.

8.1.8.4.: Diluted exhaust flow
(CVS and PFD)

Upon initial installation and after major maintenance.

8.1.8.5.: CVS/PFD and batch
sampler verification®

Upon initial installation, within 35 days before testing, and after major maintenance.
(Propane check)

8.1.8.8.: Vacuum leak

Before each laboratory test according to paragrapf7.1.
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Type of calibration or verification

Minimum frequency®

8.1.9.1.: CQ NDIR H,0
interference

Upon initial installation and after major maintenance.

8.1.9.2.: CO NDIR CG and
H,O interference

Upon initial installation and after major maintenance.

8.1.10.1.: FID calibration

'THC FID optimization and
THC FID verification

Calibrate, optimize, and determine CH, response: upon initial installation and after majo
maintenance.

Verify CH 4 response: upon initial installation, within 185 dgs before testing, and after major
maintenance.

8.1.10.2.: Raw exhaust FID
O, interference

For all FID analysers: upon initial installation, and after major maintenance.
For THC FID analysers: upon initial installation, after major maintenance, and after

FID optimization according to 8.1.10.1.

8.1.10.3.: Non-methane
cutter penetration

Upon initial installation, within 185 days before €sting, and after major maintenance.

8.1.11.1.: CLD CQ and H,O
quench

Upon initial installation and after major maintenance.

8.1.11.3.: NDUV HC and
H,O interference

Upon initial installation and after major maintenance.

8.1.11.4.: Cooling bath NQ
penetration (chiller)

Upon initial installation and after major maintenance.

8.1.11.5.: NQ-to-NO
converter conversion

Upon initial installation, within 35 days before testing, and after major maintenance.

8.1.12.1.: PM balance and
weighing

Independent verification: upon initial installation, within 370 days before testing, and after
major maintenance.

Zero, span, and reference sample verifications: whiin 12 hours of weighing, and after major
maintenance.

& perform calibrations and verifications more frequertly, according to measurement system manufacturemnistructions and

good engineering judgment.

b The CVS verification is not required for systems tat agree within +2 per cent based on a chemical kaice of carbon or

oxygen of the intake air, fuel,

8.1.3.

and diluted exhaust

Verifications for accuracy, repeatability, ad noise

The performance values for individual instrumentsspecified in Table 9.3
are the basis for the determination of the accuracyrepeatability, and
noise of an instrument.

It is not required to verify instrument accuracy, repeatability, or noise.
However, it may be useful to consider these verifitions to define a
specification for a new instrument, to verify the rformance of a new
instrument upon delivery, or to troubleshoot an exgting instrument.

8.1.4.
8.1.4.1.
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8.1.4.2.

8.1.4.3.

A linearity verification shall be performed on eat measurement system
listed in Table 8.2 at least as frequently as indiated in the table,
consistent with measurement system manufacturer reenmendations
and good engineering judgment. The intent of a lirerity verification is
to determine that a measurement system responds portionally over
the measurement range of interest. A linearity vefication shall consist
of introducing a series of at least 10 reference g s to a measurement
system, unless otherwise specified. The measuremeystem quantifies
each reference value. The measured values shall beollectively
compared to the reference values by using a leasguares linear
regression and the linearity criteria specified in Table 8.2 of this
paragraph.

Performance requirements

If a measurement system does not meet the applidabinearity criteria
in Table 8.2, the deficiency shall be corrected byre-calibrating,
servicing, or replacing components as needed. Thiméarity verification
shall be repeated after correcting the deficiency a ensure that the
measurement system meets the linearity criteria.

Procedure
The following linearity verification protocol shall be used:

(& A measurement system shall be operated at itspecified
temperatures, pressures, and flows;

(b)  The instrument shall be zeroed as it would befe an emission test
by introducing a zero signal. For gas analysers, zero gas shall be
used that meets the specifications of paragraph 95 and it shall
be introduced directly at the analyser port;

(c)  The instrument shall be spanned as it would befe an emission
test by introducing a span signal. For gas analyssy a span gas
shall be used that meets the specifications of payeaph 9.5.1. and
it shall be introduced directly at the analyser pot;

(d)  After spanning the instrument, zero shall be cacked with the
same signal which has been used in paragraph (b) dhis
paragraph. Based on the zero reading, good engineeg judgment
shall be used to determine whether or not to re-zerand or re-
span the instrument before proceeding to the nextep;

(e) For all measured quantities manufacturer recomrandations and
good engineering judgment shall be used to selediet reference
values, Vi, that cover the full range of values that are expsed
during emission testing, thus avoiding the need ofxtrapolation
beyond these values. A zero reference signal shak selected as
one of the reference values of the linearity veriation. For stand-
alone pressure and temperature linearity verificatons, at least
three reference values shall be selected. For alther linearity
verifications, at least ten reference values shadke selected;

() Instrument manufacturer recommendations and god engineering
judgment shall be used to select the order in whickhe series of
reference values will be introduced;
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8.1.4.4.

8.1.4.5.

() Reference quantities shall be generated and moduced as
described in paragraph 8.1.4.4. For gas analysersgas
concentrations known to be within the specificatios of paragraph
9.5.1. shall be used and they shall be introducedrectly at the
analyser port;

(h) Time for the instrument to stabilize while it measures the
reference value shall be allowed;

0] At a recording frequency of at least the minimum frequency, as
specified in Table 9.2, the reference value shalelmeasured for 30

s and the arithmetic mean of the recorded vaIuesVi recorded;

) Steps in paragraphs (g) through (i) of this paagraph shall be
repeated until all reference quantities are measui

(k) The arithmetic means Y, , and reference valuesy,, shall be used

to calculate least-squares linear regression parartegs and
statistical values to compare to the minimum perfomance criteria
specified in Table 8.2. The calculations describeth Annex 4B
Appendix A.2 paragraph A.2. shall be used.

Reference signals

This paragraph describes recommended methods for egerating

reference values for the linearity-verification prdocol in paragraph

8.1.4.3. of this section. Reference values shall iged that simulate actual
values, or an actual value shall be introduced andneasured with a
reference-measurement system. In the latter casehe reference value is
the value reported by the reference-measurement dgsn. Reference
values and reference-measurement systems shall baternationally

traceable.

For temperature measurement systems with sensoriké thermocouples,
RTDs, and thermistors, the linearity verification may be performed by
removing the sensor from the system and using a sufator in its place.
A simulator that is independently calibrated and cdd junction
compensated, as necessary shall be used. The intgranally traceable
simulator uncertainty scaled to temperature shall ke less than 0.5 per
cent of maximum operating temperatureT .. If this option is used, it is
necessary to use sensors that the supplier statere accurate to better
than 0.5 per cent ofT,,x compared to their standard calibration curve.

Measurement systems that require linearityerification

Table 8.2 indicates measurement systems that reaqei linearity
verifications. For this table the following provisions apply.

(@) A linearity verification shall be performed more frequently if the
instrument manufacturer recommends it or based on god
engineering judgment;

(b)  "min" refers to the minimum reference value usel during the
linearity verification;

Note that this value may be zero or a negative ua depending on
the signal,
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(e)

®

(9

(h)

"max" generally refers to the maximum reference value used
during the linearity verification. For example for gas dividers,
Xmax 1S the undivided, undiluted, span gas concentratt The
following are special cases where "max" refers to aifferent
value:

0] For PM balance linearity verification, mp,y refers to the
typical mass of a PM filter;

(i)  For torque linearity verification, Tg.x refers to the
manufacturer's specified engine torque peak value fothe
highest torque engine to be tested.

The specified ranges are inclusive. For exampla specified range
of 0.98-1.02 for the slope; means 0.9& a; < 1.02;

These linearity verifications are not requiredfor systems that pass
the flow-rate verification for diluted exhaust as ascribed 8.1.8.5.
for the propane check or for systems that agree wiin +2 per cent
based on a chemical balance of carbon or oxygen thie intake air,
fuel, and exhaust;

a, criteria for these quantities shall be met only ifthe absolute
value of the quantity is required, as opposed to aignal that is
only linearly proportional to the actual value;

Stand-alone temperatures include engine tempetares and
ambient conditions used to set or verify engine calitions;
temperatures used to set or verify critical conditbns in the test
system; and temperatures used in emissions calculans:

0] These temperature linearity checks are required Air
intake; aftertreatment bed(s) (for engines tested ith
aftertreatment devices on cycles with cold start dteria);
dilution air for PM sampling (CVS, double dilution, and
partial flow systems); PM sample; and chiller samp@ (for
gaseous sampling systems that use chillers to drarsples);

(i)  These temperature linearity checks are only rquired if
specified by the engine manufacturer. Fuel inlet; dst cell
charge air cooler air outlet (for engines tested wh a test
cell heat exchanger simulating a vehicle/machine alge air
cooler); test cell charge air cooler coolant inleffor engines
tested with a test cell heat exchanger simulating a
vehicle/machine charge air cooler); and oil in the
sump/pan; coolant before the thermostat (for liquidcooled
engines);

Stand-alone pressures include engine pressuresnd ambient
conditions used to set or verify engine conditiongressures used
to set or verify critical conditions in the test sgtem; and pressures
used in emissions calculations:

0] Required pressure linearity checks are: air intke
restriction; exhaust back pressure; barometer; CVSinlet
gage pressure (if measurement using CVS); chillerample
(for gaseous sampling systems that use chillers tdry
samples);
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Table 8.2
Measurement systems that require linearity verificlions

(i)  Pressure linearity checks that are required oty if specified
by the engine manufacturer: test cell charge air ager and
interconnecting pipe pressure drop (for turbo-chargd
engines tested with a test cell heat exchanger sitating a
vehicle/machine charge air cooler) fuel inlet; andfuel
outlet.

Linearity Criteria

Minimum verification

conversion of
stand-alone
temperature
signals

before testing

Measurement Syste  [Quantity  [frequency |Xrnin Eﬂai —1) + a0| a SEE r2
Engine speed n \Within 370 days  [<0.05 % Npay 0.98-1.02 <2 % Npax >0.990
before testing
Engine torque T \Within 370 days <1 % Tax 0.98-1.02 <2 % Tax >0.990
before testing
Fuel flow rate Qm \Within 370 days <1 % Qm, max 0.98-1.02 2% (Qmmax 20.990
before testing
Intake-air flow Qv Within 370 days <1 % (v, max 0.98-1.02 <2 % (v, 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 % (v, max 0.98-1.02 <2 % (v, max [20.990
flow rate before testing
Raw exhaust Qv Within 185 days <1 % (v, max 0.98-1.02 <2 % Qv.max [20.990
flow rate before testing
Batch sampler  |Qv Within 370 days <1 % (v, max 0.98-1.02 <2 % (v, max [20.990
flow rates before testing
Gas dividers X/Xs 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 % Mpax 0.99-1.01 <1 % Mpax >0.998
before testing
Stand-alone p \Within 370 days <1 % Pmax 0.99-1.01 <1 % Prax >0.998
pressures before testing
Analog-to-digital [T \Within 370 days <1 % Tpax 0.99-1.01 <1 % Tpax >0.998
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8.1.5. Continuous gas analyser system-response angpdating-recording
verification

This section describes a general verification precure for continuous
gas analyser system response and update recordirgge paragraph 8.1.6.
for verification procedures for compensation type aalysers.

8.1.5.1. Scope and frequency

This verification shall be performed after instaling or replacing a gas
analyser that is used for continuous sampling. Alsthis verification shall
be performed if the system is reconfigured in a wayhat would change
system response. This verification is needed for gnuous gas analysers
used for transient or ramped-modal testing but is ot needed for batch
gas analyser systems or for continuous gas analyssystems used only
for discrete-mode testing.

8.1.5.2. Measurement principles

This test verifies that the updating and recordingfrequencies match the
overall system response to a rapid change in the lu@ of concentrations
at the sample probe. Gas analyser systems shall bptimized such that
their overall response to a rapid change in concerdtion is updated and

recorded at an appropriate frequency to prevent los of information.

This test also verifies that continuous gas analysesystems meet a
minimum response time.

The system settings for the response time evaluaii shall be exactly the
same as during measurement of the test run (i.e. @ssure, flow rates,
filter settings on the analysers and all other regpgnse time influences).
The response time determination shall be done witlgas switching
directly at the inlet of the sample probe. The dedes for gas switching
shall have a specification to perform the switchingn less than 0.1 s. The
gases used for the test shall cause a concentratiathange of at
least 60 per cent full scale (FS).

The concentration trace of each single gas companteshall be recorded.
8.1.5.3. System requirements

(&) The system response time shall Be10 s with a rise time oK 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 systemesponse
time may exceed 10 s.

All data (concentration, fuel and air flows) haveto be shifted by
their measured response times before performing the&mission
calculations given in Annexes A.7-A.8.

(b)  To demonstrate acceptable updating and recordip with respect
to the system's overall response, the system shaiket one of the
following criteria:

0] The product of the mean rise time and the fregancy at
which the system records an updated concentratiorhall be
at least 5. In any case the mean rise time shall lm® more
than 10 s;
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(i) The frequency at which the system records the
concentration shall be at least 2 Hz (see also T&®.2).

8.1.5.4. Procedure

The following procedure shall be used to verify th response of each
continuous gas analyser system:

(@ The analyser system manufacturer's start-up andoperating
instructions for the instrument setup shall be folbwed. The
measurement system shall be adjusted as needed tptimize
performance. This verification shall be run with the analyser
operating in the same manner as used for emissiopdting. If the
analyser shares its sampling system with other angers, and if
gas flow to the other analysers will affect the symm response
time, then the other analysers shall be started upnd operated
while running this verification test. This verification test may be
run on multiple analysers sharing the same samplingystem at the
same time. If analogue or real-time digital filtersare used during
emission testing, those filters shall be operatednithe same
manner during this verification;

(b)  For equipment used to validate system responsiene, minimal gas
transfer line lengths between all connections areecommended to
be used, a zero-air source shall be connected toeomlet of a fast-
acting 3-way valve (2 inlets, 1 outlet) in order taontrol the flow
of zero and blended span gases to the sample systeprobe inlet
or a tee near the outlet of the probe. Normally theyas flow rate is
higher than the probe sample flow rate and the exss is
overflowed out the inlet of the probe. If the gasléw rate is lower
than the probe flow rate, the gas concentrations sitl be adjusted
to account for the dilution from ambient air drawn into the probe.
Binary or multi-gas span gases may be used. A gasehding or
mixing device may be used to blend span gases. Asdaending or
mixing device is recommended when blending span gssdiluted
in N, with span gases diluted in air;

Using a gas divider, an NO-CO-C@-C3sHg—CH, (balance N)
span gas shall be equally blended with a span gaENO,, balance
purified synthetic air. Standard binary span gasesnay be also be
used, where applicable, in place of blended NO-CO-@,-C3Hg-
CHy,, balance N span gas; in this case separate response testslisha
be run for each analyser. The gas divider outlet stil be connected
to the other inlet of the 3-way valve. The valve dlet shall be
connected to an overflow at the gas analyser syst&nprobe or to
an overflow fitting between the probe and transferine to all the
analysers being verified. A setup that avoids presse pulsations
due to stopping the flow through the gas blending evice shall be
used. Any of these gas constituents if they are natlevant to the
analysers for this verification shall be omitted. Aternatively the
use of gas bottles with single gases and a separateasurement of
response times is allowed,;

(c) Data collection shall be done as follows:

0] The valve shall be switched to start the flovef zero gas;
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8.1.5.5.

8.1.6.
8.1.6.1.

(i)  Stabiization shall be allowed for, accountingfor transport
delays and the slowest analyser's full response;

(i) Data recording shall be started at the frequecy used
during emission testing. Each recorded value shalbe a
unique updated concentration measured by the analgs;
interpolation or filtering may not be used to alterrecorded
values;

(iv)  The valve shall be switched to allow the bleretl span gases
to flow to the analysers. This time shall be recored ast;

(v)  Transport delays and the slowest analyser's fllresponse
shall be allowed for;

(vi)  The flow shall be switched to allow zero gasotflow to the
analyser. This time shall be recorded aoo;

(vii) Transport delays and the slowest analyser'sull response
shall be allowed for;

(viii) The steps in paragraphs (c) (iv) through (vi) of this
paragraph shall be repeated to record seven full cjes,
ending with zero gas flowing to the analysers;

(ix)  Recording shall be stopped.
Performance evaluation

The data from paragraph 8.1.5.4.(c) of this sectio shall be used to
calculate the mean rise timeTo_gofor each of the analysers.

(a) If it is chosen to demonstrate compliance withparagraph
8.1.5.3.(b)(i) of this section the following procade has to be
applied: The rise times (in s) shall be multiplied by their
respective recording frequencies in Hertz (1/s). Téavalue for each
result shall be at least 5. If the value is less &n 5, the recording
frequency shall be increased or the flows adjustedr the design of
the sampling system shall be changed to increaseethise time as
needed. Also digital filters may be configured toricrease rise
time;

(b) If it is chosen to demonstrate compliance withparagraph
8.1.5.3.(b)(ii) of this section, the demonstrationf compliance with
the requirements of paragraph 8.1.5.3.(b)(ii) is dficient.

Response time verification for compensatidgpe analysers
Scope and frequency

This verification shall be performed to determinea continuous gas
analyser's response, where one analyser's responsecompensated by
another's to quantify a gaseous emission. For thisheck water vapour
shall be considered to be a gaseous constituent. ihverification is

required for continuous gas analysers used for tragsient or ramped-
modal testing. This verification is not needed fobatch gas analysers or
for continuous gas analysers that are used only fatiscrete-mode testing.
This verification does not apply to correction forwater removed from

the sample done in post-processing and it does napply to NMHC

determination from THC and CH,4 quoted in Annexes A.7 and A.8
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8.1.6.2.

8.1.6.3.

8.1.6.4.

8.1.7.

8.1.7.1.
8.1.7.1.1.

concerning the emission calculations. This verifidon shall be
performed after initial installation (i.e. test cel commissioning). After
major maintenance, paragraph 8.1.5. may be used teerify uniform

response provided that any replaced components hawgone through a
humidified uniform response verification at some pont.

Measurement principles

This procedure verifies the time-alignment and urform response of
continuously combined gas measurements. For this pcedure, it is
necessary to ensure that all compensation algorithenand humidity
corrections are turned on.

System requirements

The general response time and rise time requiremémiven in 8.1.5.3.(a)
is also valid for compensation type analysers. Adtonally, if the
recording frequency is different than the update fequency of the
continuously combined/compensated signal, the lowepof these two
frequencies shall be used for the verification reqgued by paragraph
8.1.5.3.(b)(i).

Procedure

All procedures given in paragraph 8.1.5.4. (a) —c] have to be used.
Additionally also the response and rise time of wat vapour has to be
measured, if a compensation algorithm based on meagd water vapour

is used. In this case at least one of the used badition gases (but not
NO,) has to be humidified as follows:

If the system does not use a sample dryer to remewvater from the
sample gas, the span gas shall be humidified by Wing the gas mixture
through a sealed vessel that humidifies the gas te highest sample dew
point that is estimated during emission sampling byoubbling it through
distilled water. If the system uses a sample dryeturing testing that has
passed the sample dryer verification check, the huigified gas mixture
may be introduced downstream of the sample dryer bybubbling it
through distilled water in a sealed vessel at (2518 °C), or a temperature
greater than the dew point. In all cases, downstrea of the vessel, the
humidified gas shall be maintained at a temperatureof at least 5 °C
above its local dew point in the line. Note that its possible to omit any of
these gas constituents if they are not relevant tthe analysers for this
verification. If any of the gas constituents are nbsusceptible to water
compensation, the response check for these analysenay be performed
without humidification.

Measurement of engine parameters and ambieobnditions

The engine manufacturer shall apply internal qually procedures
traceable to recognised national or international ®ndards. Otherwise
the following procedures apply.

Torque calibration
Scope and frequency

All  torque-measurement systems including dynamomet torque
measurement transducers and systems shall be caldied upon initial
installation and after major maintenance using, amag others, reference
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force or lever-arm length coupled with dead weightGood engineering
judgment shall be used to repeat the calibration. fie torque transducer
manufacturer's instructions shall be followed for Inearizing the torque
sensor's output. Other calibration methods are perritted.

8.1.7.1.2. Dead-weight calibration

This technique applies a known force by hanging kmwn weights at a
known distance along a lever arm. It shall be madsure that the weights'
lever arm is perpendicular to gravity (i.e, horizontal) and perpendicular

to the dynamometer's rotational axis. At least sixcalibration-weight

combinations shall be applied for each applicable orque-measuring
range, spacing the weight quantities about equallpver the range. The
dynamometer shall be oscillated or rotated during alibration to reduce

frictional static hysteresis. Each weight's force twll be determined by
multiplying its internationally-traceable mass by te local acceleration of
Earth's gravity.

8.1.7.1.3. Strain gage or proving ring calibration

This technique applies force either by hanging wghts on a lever arm
(these weights and their lever arm length are not sed as part of the
reference torque determination) or by operating thedynamometer at
different torques. At least six force combinationsshall be applied for
each applicable torque-measuring range, spacing th&rce quantities
about equally over the range. The dynamometer shalbe oscillated or
rotated during calibration to reduce frictional static hysteresis. In this
case, the reference torque is determined by multiping the force output
from the reference meter (such as a strain gage qroving ring) by its
effective lever-arm length, which is measured fronthe point where the
force measurement is made to the dynamometer's rdianal axis. It shall
be made sure that this length is measured perpenditar to the reference
meter's measurement axis and perpendicular to the yshamometer's
rotational axis.

8.1.7.2. Pressure, temperature, and dew point caliétion

Instruments shall be calibrated for measuring presure, temperature,
and dew point upon initial installation. The instrument manufacturer's
instructions shall be followed and good engineeringudgment shall be
used to repeat the calibration.

For temperature measurement systems with thermocqle, RTD, or
thermistor sensors, the calibration of the systemhsll be performed as
described in paragraph 8.1.4.4. for linearity verifcation.

8.1.8. Flow-related measurements
8.1.8.1. Fuel flow calibration

Fuel flow-meters shall be calibrated upon initial installation. The
instrument manufacturer's instructions shall be folowed and good
engineering judgment shall be used to repeat the klaration.

8.1.8.2. Intake air flow calibration

Intake air flow-meters shall be calibrated upon iitial installation. The
instrument manufacturer's instructions shall be folowed and good
engineering judgment shall be used to repeat the klaration.
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8.1.8.3.

8.1.8.4.
8.1.8.4.1.

8.1.8.4.2.

Exhaust flow calibration

Exhaust flow-meters shall be calibrated upon ini&l installation. The
instrument manufacturer's instructions shall be folowed and good
engineering judgment shall be used to repeat the klaration.

Diluted exhaust flow (CVS) calibration
Overview

(@ This section describes how to calibrate flow-nters for diluted
exhaust constant-volume sampling (CVS) systems;

(b)  This calibration shall be performed while the fow-meter is
installed in its permanent position. This calibraton shall be
performed after any part of the flow configuration upstream or
downstream of the flow-meter has been changed thaay affect
the flow-meter calibration. This calibration shall be performed
upon initial CVS installation and whenever corrective action does
not resolve a failure to meet the diluted exhaustidw verification
(i.e., propane check) in paragraph 8.1.8.5,;

(c) A CVS flow-meter shall be calibrated using a rerence flow-
meter such as a subsonic venturi flow-meter, a loagadius flow
nozzle, a smooth approach orifice, a laminar flowlement, a set of
critical flow venturis, or an ultrasonic flow-meter. A reference
flow-meter shall be used that reports quantities tht are
internationally-traceable within +1 per cent uncertainty. This
reference flow-meter's response to flow shall be ad as the
reference value for CVS flow-meter calibration;

(d)  An upstream screen or other restriction that cald affect the flow
ahead of the reference flow-meter may not be usednless the
flow-meter has been calibrated with such a restriéon;

(e) The calibration sequence described under thisgpagraph 8.1.8.4.
refers to the molar based approach. For the corresmding
sequence used in the mass based approach, see An@edppendix
1.

PDP calibration

A positive-displacement pump (PDP) shall be calilated to determine a
flow-versus-PDP speed equation that accounts fordiv leakage across
sealing surfaces in the PDP as a function of PDPIl@t pressure. Unique
equation coefficients shall be determined for eackpeed at which the
PDP is operated. A PDP flow-meter shall be calibrad as follows:

(@  The system shall be connected as shown in figuB.1;

(b)  Leaks between the calibration flow-meter and te PDP shall be
less than 0.3 per cent of the total flow at the logst calibrated flow
point; for example, at the highest restriction andlowest PDP-
speed point;

(c)  While the PDP operates, a constant temperaturat the PDP inlet
shall be maintained within £2 per cent of the mearabsolute inlet
temperature, Ti,;
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8.1.8.4.3.

(d) The PDP speed is set to the first speed pointahich it is intended
to calibrate;

(e)  The variable restrictor is set to its wide-ope position;

) The PDP is operated for at least 3 min to stabze the system.
Then by continuously operating the PDP, the mean Waes of at
least 30 s of sampled data of each of the followirguantities are
recorded:

0] The mean flow rate of the reference flow-mete G, .

(i)  The mean temperature at the PDP inletT;,.

(i)  The mean static absolute pressure at the ADinlet, p,.
(iv)  The mean static absolute pressure at the PDéutlet, p,y.
(v)  The mean PDP speedippp;

(g)  The restrictor valve shall be incrementally cleed to decrease the
absolute pressure at the inlet to the PDRy,;

(h)  The steps in paragraphs 8.1.8.4.2.(f) and (g this section shall be
repeated to record data at a minimum of six restritor positions
reflecting the full range of possible in-use pressas at the PDP
inlet;

0] The PDP shall be calibrated by using the colléed data and the
equations in Annexes A.7-A.8;

0] The steps in paragraphs (f) through (i) of thissection shall be
repeated for each speed at which the PDP is operdte

(k)  The equations in Annex 4B Appendix A.7 (molar bsed approach)
or A.8 (mass based approach) shall be used to detgne the PDP
flow equation for emission testing;

0] The calibration shall be verified by performing a CVS verification
(i.e., propane check) as described in paragraph 8.1.8;5.

(m) The PDP may not be used below the lowest inlpressure tested
during calibration.

CFV calibration

A critical-flow venturi (CFV) shall be calibrated to verify its discharge
coefficient, C4, at the lowest expected static differential pressa between
the CFV inlet and outlet. A CFV flow-meter shall be calibrated as
follows:

(@  The system shall be connected as shown in figuB.1;
(b)  The blower shall be started downstream of th€FV;

(c)  While the CFV operates, a constant temperaturat the CFV inlet
shall be maintained within £2 per cent of the mearabsolute inlet
temperature, Ti,;

(d) Leaks between the calibration flow-meter and te CFV shall be
less than 0.3 per cent of the total flow at the higgst restriction;
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(e)

()

(9

(h)

(i)

)

(k)

0

The variable restrictor shall be set to its wid-open position. In
lieu of a variable restrictor the pressure downstram of the CFV
may be varied by varying blower speed or by introdoing a
controlled leak. Note that some blowers have limitéons on non-
loaded conditions;

The CFV shall be operated for at least 3 min tostabilize the
system. The CFV shall continue operating and the na@ values of
at least 30 s of sampled data of each of the followg quantities
shall be recorded:

(i)  The mean flow rate of the reference flow-mete 0, ;

(i)  Optionally, the mean dew point of the calibraton air, Tgey.
See Annexes A.7-A.8 for permissible assumptions dog
emission measurements;

(i)  The mean temperature at the venturi inlet, T;,;
(iv)  The mean static absolute pressure at the veni inlet, pi,;

(v)  The mean static differential pressure betweerhe CFV inlet
and the CFV outlet, Apcry;

The restrictor valve shall be incrementally clsed to decrease the
absolute pressure at the inlet to the CFWpj,;

The steps in paragraphs (f) and (g) of this pagraph shall be
repeated to record mean data at a minimum of ten mrictor

positions, such that the fullest practical range oApcry expected
during testing is tested. It is not required to renove calibration
components or CVS components to calibrate at the ugest possible
restrictions;

Cq and the lowest allowable pressure ratio shall be determined as
described in Annexes A.7-A.8;

Cq4 shall be used to determine CFV flow during an emson test.
The CFV shall not be used below the lowest allowed, as
determined in Annexes A.7-A.8;

The calibration shall be verified by performing a CVS verification
(i.e., propane check) as described in paragraph 8.1.8;5.

If the CVS is configured to operate more than ne CFV at a time
in parallel, the CVS shall be calibrated by one ofhe following:

0] Every combination of CFVs shall be calibrated acording
to this paragraph and Annexes A.7-A.8. See Annexes7-
A.8 for instructions on calculating flow rates for this
option;

(i)  Each CFV shall be calibrated according to thisparagraph
and Annexes A.7-A.8. See Annexes A.7-A.8 for instttions
on calculating flow rates for this option.

8.1.8.4.4. SSV calibration

A subsonic venturi (SSV) shall be calibrated to dermine its calibration
coefficient, Cq , for the expected range of inlet pressures. An $Sflow-
meter shall be calibrated as follows:
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(@)  The system shall be connected as shown in figB.1;
(b)  The blower shall be started downstream of th&SV;

(c) Leaks between the calibration flow-meter and tb SSV shall be
less than 0.3 per cent of the total flow at the higgst restriction;

(d)  While the SSV operates, a constant temperaturat the SSV inlet
shall be maintained within £2 per cent of the mearabsolute inlet
temperature, Ti,;

(e) The variable restrictor or variable-speed blowe shall be set to a
flow rate greater than the greatest flow rate expded during
testing. Flow rates may not be extrapolated beyondalibrated
values, so it is recommended that it is made certithat a
Reynolds number,Re at the SSV throat at the greatest calibrated
flow rate is greater than the maximumRe expected during testing;

) The SSV shall be operated for at least 3 min tetabilize the
system. The SSV shall continue operating and the rae of at least
30 s of sampled data of each of the following quaties shall be
recorded:

(i)  The mean flow rate of the reference flow-mete 0, ;

(i)  Optionally, the mean dew point of the calibraton air, Tgew.
See Annexes A.7-A.8 for permissible assumptions;

(i)  The mean temperature at the venturi inlet, T;,;
(iv)  The mean static absolute pressure at the veni inlet, pi,;

(v)  Static differential pressure between the statiqressure at
the venturiinlet  and the static pressure at the enturi
throat, Apssy;

(@)  The restrictor valve shall be incrementally clsed or the blower
speed decreased to decrease the flow rate;

(h)  The steps in paragraphs (f) and (g) of this pagraph shall be
repeated to record data at a minimum of ten flow rées;

(i) A functional form of Cy4 versusRe shall be determined by using
the collected data and the equations in Annexes AA.8;

() The calibration shall be verified by performing a CVS verification
(i.e., propane check) as described in paragraph 8.1.8.6sing the
new C, versusRe equation;

(k)  The SSV shall be used only between the minimusnd maximum
calibrated flow rates;

0] The equations in Annex 4B Appendix A.7 (molar Bsed approach)
or Annex 4B Appendix A.8 (mass based approach) shdle used to
determine SSV flow during a test.

8.1.8.4.5. Ultrasonic calibration (reserved)
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Figure 8.1
Schematic diagrams for diluted exhaust flow CVS c#@iration
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8.1.8.5.
8.1.8.5.1.

8.1.8.5.2.

CVS and batch sampler verification (propa@ check)
Introduction

(@) A propane check serves as a CVS verification tdetermine if
there is a discrepancy in measured values of diluieexhaust flow.
A propane check also serves as a batch-sampler \ggation to
determine if there is a discrepancy in a batch sanlipg system
that extracts a sample from a CVS, as described iparagraph (f)
of this paragraph. Using good engineering judgmentand safe
practices, this check may be performed using a gasther than
propane, such as CQ@ or CO. A failed propane check might
indicate one or more problems that may require corective action,
as follows:

0] Incorrect analyser calibration. The FID analyse shall be
re-calibrated, repaired, or replaced;

(i) Leak checks shall be performed on CVS tunnel,
connections, fasteners, and HC sampling system acding
to paragraph 8.1.8.7.;

(i)  The verification for poor mixing shall be performed in
accordance with paragraph 9.2.2,;

(iv)  The hydrocarbon contamination verification in the sample

system shall be performed as described in paragraph

7.3.1.2,

(v)  Change in CVS calibration. An in-situ calibration of the

CVS flow-meter shall be performed as described in

paragraph 8.1.8.4.;

(vi)  Other problems with the CVS or sampling verification
hardware or software. The CVS system, CVS verificébn

hardware, and software shall be inspected for

discrepancies;

(b) A propane check uses either a reference mass arreference flow
rate of C;Hg as a tracer gas in a CVS. If a reference flow rates
used, any non-ideal gas behaviour of {lg in the reference flow-
meter shall be accounted for. See Annexes A.7 (mplbased
approach) or A.8 (mass based approach), which desibe how to
calibrate and use certain flow-meters. No ideal gaassumption
may be used in paragraph 8.1.8.5. and Annexes A.T A.8. The
propane check compares the calculated mass of injed C;Hg
using HC measurements and CVS flow rate measurementwith
the reference value.

Method of introducing a known amount opropane into the CVS system

The total accuracy of the CVS sampling system andnalytical system
shall be determined by introducing a known mass ad pollutant gas into
the system while it is being operated in the normalmanner. The
pollutant is analysed, and the mass calculated aaeling to Annexes A.7-
A.8. Either of the following two techniques shall b used.

(a) Metering by means of a gravimetric technique sill be done as
follows: A mass of a small cylinder filled with cabon monoxide or
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propane shall be determined with a precision of +01 g. For
about 5 to 10 minutes, the CVS system shall be oted as in a
normal exhaust emission test, while carbon monoxider propane
is injected into the system. The quantity of pure gs discharged
shall be determined by means of differential weiglng. A gas
sample shall be analysed with the usual equipmensdmpling bag
or integrating method), and the mass of the gas aallated;

(b)  Metering with a critical flow orifice shall be done as follows: A
known quantity of pure gas (carbon monoxide or propne) shall
be fed into the CVS system through a calibrated ctical orifice. If
the inlet pressure is high enough, the flow rate, lich is adjusted
by means of the critical flow orifice, is independet of the orifice
outlet pressure (critical flow). The CVS system sHabe operated
as in a normal exhaust emission test for about 5 th0 minutes. A
gas sample shall be analysed with the usual equipnte(sampling
bag or integrating method), and the mass of the gamlculated.

8.1.8.5.3. Preparation of the propane check
The propane check shall be prepared as follows:

(a) If a reference mass of gHg is used instead of a reference flow
rate, a cylinder charged with GHg shall be obtained. The
reference cylinder's mass of gHg shall be determined within £0.5
per cent of the amount of GHg that is expected to be used;

(b)  Appropriate flow rates shall be selected for te CVS and GHg;

(c) A CgHg injection port shall be selected in the CVS. The qot
location shall be selected to be as close as praetito the location
where engine exhaust is introduced into the CVS. T GHg
cylinder shall be connected to the injection system

(d)  The CVS shall be operated and stabilized,;

(e)  Any heat exchangers in the sampling system shdle pre-heated
or pre-cooled;

) Heated and cooled components such as sample df filters,
chillers, and pumps shall be allowed to stabilize taoperating
temperature;

(9) If applicable, a vacuum side leak verificatiorof the HC sampling
system shall be performed as described in 8.1.8.7.

8.1.8.5.4. Preparation of the HC sampling systemiféhe propane check

Vacuum side leak check verification of the HC sammg system may be
performed according to (g) of this paragraph. If this procedure is used,
the HC contamination procedure in paragraph 7.3.1.2may be used. If
the vacuum side leak check is not performed accondy to (g), then the
HC sampling system shall be zeroed, spanned, and rified for
contamination, as follows:

(@ The lowest HC analyser range that can measurehé C;Hg
concentration expected for the CVS and ¢Hg flow rates shall be
selected;
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(b)

(©

(d)

(e)

V)

(9

The HC analyser shall be zeroed using zero aintroduced at the
analyser port;

The HC analyser shall be spanned usings8s span gas introduced
at the analyser port;

Zero air shall be overflowed at the HC probe orinto a fitting
between the HC probe and the transfer line;

The stable HC concentration of the HC samplingystem shall be
measured as overflow zero air flows. For batch HC easurement,
the batch container (such as a bag) shall be fillednd the HC
overflow concentration measured;

If the overflow HC concentration exceeds 2 pmdinol, the
procedure may not be advanced until contaminationsi eliminated.
The source of the contamination shall be determinedand
corrective action taken, such as cleaning the systeor replacing
contaminated portions;

When the overflow HC concentration does not exed 2 pmol/mol,
this value shall be recorded ag,cint and it shall be used to correct
for HC contamination as described in Annex 4B Appedix A.7

(molar based approach) or Annex 4B Appendix A.8 (mss based
approach).

Propane check performance

@)

The propane check shall be performed as follav

0] For batch HC sampling, clean storage media, shc as
evacuated bags shall be connected;

(i)  HC measurement instruments shall be operated @ording
to the instrument manufacturer's instructions;

(iii)  If correction for dilution air background con centrations of
HC is foreseen, background HC in the dilution air ball be
measured and recorded;

(iv)  Any integrating devices shall be zeroed;

(v)  Sampling shall begin and any flow integrators Isall be
started;

(vi) CzHg shall be released at the rate selected. If a refance
flow rate of CsHg is used, the integration of this flow rate
shall be started;

(vii) C3Hg shall be continued to be released until at leasheugh
C3Hg has been released to ensure accurate quantificatiaf
the reference GHg and the measured GHg;

(viii) The CsHg cylinder shall be shut off and sampling shall
continue until it has been accounted for time delay due to
sample transport and analyser response;

(ix) Sampling shall be stopped and any integratorsshall be
stopped,;
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8.1.8.5.7.

(b)

In case the metering with a critical flow orifice is used, the
following procedure may be used for the propane clok as the
alternative method of paragraph 8.1.8.5.5.(a);

0] For batch HC sampling, clean storage media, sbc as
evacuated bags shall be connected;

(i)  HC measurement instruments shall be operated @ording
to the instrument manufacturer's instructions;

(iii)  If correction for dilution air background con centrations of
HC is foreseen, background HC in the dilution air sall be
measured and recorded,;

(iv)  Any integrating devices shall be zeroed;

(v) The contents of the GHg reference cylinder shall be
released at the rate selected;

(vi)  Sampling shall begin, and any flow integratorsstarted after
confirming that HC concentration is to be stable;

(vii) The cylinder's contents shall be continued tobe released
until at least enough GHg has been released to ensure
accurate quantification of the reference GHg and the
measured GHsg.

(viii) Any integrators shall be stopped;
(ixX) The GsHg reference 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 sampleball be analysed
as soon as practical;

After analysing HC, contamination and backgrourd shall be
corrected for;

Total C3Hg mass based on the CVS and HC data shall be
calculated as described in Annexes A.7-A.8, usinge molar mass
of C3Hg, Mcaps, instead the effective molar mass of HQWc;

If a reference mass (gravimetric technique) isised, the cylinder's
propane mass shall be determined within +0.5 per o¢ and the
C;sHg reference mass shall be determined by subtractiripe empty
cylinder propane mass from the full cylinder propare mass. If a
critical flow orifice (metering with a critical flo w orifice) is used,
the propane mass shall be determined as flow rate uttiplied by

the test time;

The reference GHg mass shall be subtracted from the calculated
mass. If this difference is within + 3.0 per cent fothe reference
mass, the CVS passes this verification.

PM secondary dilution system verificatio

When the propane check is to be repeated to verifthe PM secondary
dilution system, the following procedure from (a) b (d) shall be used for
this verification:
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(a) The HC sampling system shall be configured toxeract a sample
near the location of the batch sampler's storage ndéa (such as a
PM filter). If the absolute pressure at this locaton is too low to
extract an HC sample, HC may be sampled from the heh
sampler pump's exhaust. Caution shall be used whesampling
from pump exhaust because an otherwise acceptableipp leak
downstream of a batch sampler flow-meter will causea false
failure of the propane check;

(b) The propane check shall be repeated as describein this
paragraph, but HC shall be sampled from the batchampler;

(c) C3Hg mass shall be calculated, taking into account angecondary
dilution from the batch sampler;

(d)  The reference GHg mass shall be subtracted from the calculated

mass. If this difference is within +5 per cent oftie reference mass,
the batch sampler passes this verification. If notcorrective action
shall be taken.

Sample dryer verification

If a humidity sensor for continuous monitoring of dew point at the
sample dryer outlet is used this check does not alyp as long as it is
ensured that the dryer outlet humidity is below theminimum values
used for quench, interference, and compensation cbies.

(a) If a sample dryer is used as allowed in paragph 9.3.2.3.1. to
remove water from the sample gas, the performancehall be
verified upon installation, after major maintenance for thermal
chiller. For osmotic membrane dryers, the performare shall be
verified upon installation, after major maintenance and within 35
days of testing;

(b)  Water can inhibit an analyser's ability to properly measure the
exhaust component of interest and thus is sometimegmoved
before the sample gas reaches the analyser. For exale water
can negatively interfere with a CLD's NQ, response through
collisional quenching and can positively interferewith an NDIR
analyser by causing a response similar to CO;

(c) The sample dryer shall meet the specificationas determined in
paragraph 9.3.2.3.1. for dew point,Tgew, and absolute pressure,
Pota, downstream of the osmotic-membrane dryer or therral
chiller;

(d)  The following sample dryer verification procedue method shall
be used to determine sample dryer performance, or opd
engineering judgment shall be used to develop a &&fent
protocol:

0] PTFE or stainless steel tubing shall be used tanake
necessary connections;

(i) N, or purified air shall be humidified by bubbling it
through distilled water in a sealed vessel that huidifies the
gas to the highest sample dew point that is estimed during
emission sampling;
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8.1.8.6.1.

(i) The humidified gas shall be introduced upstram of the
sample dryer;

(iv)  The humidified gas temperature downstream of e vessel
shall be maintained at least 5 °C above its dew pj

(v) The humidified gas dew point, Tgew, and pressure, Piotar,
shall be measured as close as possible to the ingdtthe
sample dryer to verify that the dew point is the hjjhest that
was estimated during emission sampling;

(vi)  The humidified gas dew point, Tgen, and pressure, piotals
shall be measured as close as possible to the outhé the
sample dryer;

(vii) The sample dryer meets the verification if tke result of
paragraph(d)(vi) of this paragraph is less than thedew
point corresponding to the sample dryer specificatins as
determined in paragraph 9.3.2.3.1. plus 2 °C or ithe mol
fraction from (d)(vi) is less than the correspondilg sample
dryer specifications plus 0.002 mol/mol or 0.2 volme per
cent. Note for this verification, sample dew pointis
expressed in absolute temperature, Kelvin.

Periodic calibration of the partial flow MM and associated raw exhaust
gas measurement systems

Specifications for differential flow mesurement

For partial flow dilution systems to extract a prgportional raw exhaust
sample, the accuracy of the sample flow,, is of special concern, if not
measured directly, but determined by differential fow measurement:

Omp = Omdew —Omaw ~ (8-1)

Where:

Omp = sample mass flow rate of exhaust gas into partidlow
dilution system

Omdw = dilution air mass flow rate (on wet basis)

Omdew = diluted exhaust gas mass flow rate on wet basis

In this case, the maximum error of the differenceshall be such that the
accuracy ofqyp is within £5 per cent when the dilution ratio is less than
15. It can be calculated by taking root-mean-squaref the errors of each
instrument.

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

(a) The absolute accuracies Mgew and gmgw are £0.2 per cent which
guarantees an accuracy ofn, of < 5 per cent at a dilution ratio of
15. However, greater errors will occur at higher diution ratios;

(b) Calibration of gmgw relative to gmgew iS carried out such that the
same accuracies forgn, as in (a) are obtained. For details see
paragraph 8.1.8.6.2;
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8.1.8.6.2.

8.1.8.6.3.

(c)  The accuracy ofgy, is determined indirectly from the accuracy of
the dilution ratio as determined by a tracer gas, g. CO.
Accuracies equivalent to method (a) fony,, are required,;

(d) The absolute accuracy ofjngew and gmaw IS Within £2 per cent of
full scale, the maximum error of the difference beteengmgew and
Omaw IS Within 0.2 per cent and the linearity error iswithin 0.2
per cent of the highestey Observed during the test.

Calibration of differential flow measurenent

The partial flow dilution system to extract a proportional raw exhaust
sample shall be periodically calibrated with an acgrate flow-meter
traceable to international and/or national standards. The flow-meter or
the flow measurement instrumentation shall be calitated in one of the
following procedures, such that the probe flowgy, into the tunnel shall
fulfil the accuracy requirements of paragraph 8.1.8.1.

(@)  The flow-meter for gnqw Shall be connected in series to the flow-
meter for gmgews the difference between the two flow-meters shall
be calibrated for at least 5 set points with flow alues equally
spaced between the lowes},q, vValue used during the test and the
value of gmgew USed during the test. The dilution tunnel may be
bypassed,;

(b) A calibrated flow device shall be connected iseries to the flow-
meter for gmeew and the accuracy shall be checked for the value
used for the test. The calibrated flow device shalle connected in
series to the flow-meter for gnqw, and the accuracy shall be
checked for at least 5 settings corresponding to Idtion ratio
between 3 and 15, relative tQ,qew Used during the test;

(c)  The transfer line TL (see figure 9.2) shall belisconnected from
the exhaust and a calibrated flow measuring deviceith a suitable
range to measuregy, shall be connected to the transfer linegmgew
shall be set to the value used during the test, ang.q, shall be
sequentially set to at least 5 values correspondirig dilution ratios
between 3 and 15. Alternatively, a special calibrain flow path
may be provided, in which the tunnel is bypassed,ub the total
and dilution air flow is passed through the correspnding meters
as in the actual test;

(d) A tracer gas, shall be fed into the exhaust tresfer line TL. This
tracer gas may be a component of the exhaust gasgke CO, or
NO,. After dilution in the tunnel the tracer gas compament shall
be measured. This shall be carried out for 5 dilutn ratios
between 3 and 15. The accuracy of the sample flovhal be
determined from the dilution ratio ry:

C1mp = qmdeW/ Fa (8'2)

The accuracies of the gas analysers shall be takento account to
guarantee the accuracy 0fjm,.

Special requirements for differential iw measurement

A carbon flow check using actual exhaust is strorg recommended for
detecting measurement and control problems and vdsiing the proper
operation of the partial flow system. The carbon thw check should be
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8.1.8.6.3.1.

8.1.8.6.3.2.

run at least each time a new engine is installedr something significant
is changed in the test cell configuration.

The engine shall be operated at peak torque loadhd speed or any other
steady state mode that produces 5 per cent or mod CO,. The partial

flow sampling system shall be operated with a dilinn factor of about 15
to 1.

If a carbon flow check is conducted, the procedurgiven in Annex 4B
Appendix A.4 shall be applied. The carbon flow rate shall be calculated
according to equations of Annex 4B Appendix A.4. Alcarbon flow rates
shall agree to within 5 per cent.

Pre-test check

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

The accuracy of the flow-meters shall be checked/lihe same method as
used for calibration (see paragraph 8.1.8.6.2.) fomt least two points,
including flow values ofqmqw that correspond to dilution ratios between 5
and 15 for the gmgew Value used during the test.

If it can be demonstrated by records of the calibation procedure under
paragraph 8.1.8.6.2. that the flow-meter calibratio is stable over a
longer period of time, the pre-test check may be oitted.

Determination of the transformation tne

The system settings for the transformation time ealuation shall be the
same as during measurement of the test run. The trgformation time,
defined in figure 3.1, shall be determined by thedllowing method:

An independent reference flow-meter with a measureent range
appropriate for the probe flow shall be put in seres with and closely
coupled to the probe. This flow-meter shall have &ransformation time

of less than 100 ms for the flow step size used the response time
measurement, with flow restriction sufficiently low as to not affect the
dynamic performance of the partial flow dilution system according to
good engineering judgment. A step change shall batioduced to the
exhaust flow (or air flow if exhaust flow is calcuhted) input of the partial

flow dilution system, from a low flow to at least 9 per cent of full scale.
The trigger for the step change shall be the samene used to start the
look-ahead control in actual testing. The exhaustidw step stimulus and
the flow-meter response shall be recorded at a saneprate of at least 10
Hz.

From this data, the transformation time shall be @termined for the

partial flow dilution system, which is the time from the initiation of the

step stimulus to the 50 per cent point of the flowneter response. In a
similar manner, the transformation times of the ¢, signal (i.e. sample
flow of exhaust gas into partial flow dilution sysem) and of the Gew,

signal (i.e. the exhaust gas mass flow rate on weasis supplied by the
exhaust flow-meter) shall be determined. These sigls are used in the
regression checks performed after each test (seerpgraph 8.2.1.2.).

The calculation shall be repeated for at least Sise and fall stimuli, and
the results shall be averaged. The internal transfonation time (<100
ms) of the reference flow-meter shall be subtracteétom this value. In
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8.1.8.7.
8.1.8.7.1.

8.1.8.7.2.

8.1.8.7.3.

8.1.8.7.4.

the case that the system in accordance with paragsh 8.2.1.2. requires
the "look-ahead" method, this is the "look-ahead" value of the partial
flow dilution system to be applied in accordance wh paragraph 8.2.1.2.

Vacuum-side leak verification
Scope and frequency

Upon initial sampling system installation, after najor maintenance such
as pre-filter changes, and within 8 hours prior to each duty-cycle
sequence, it shall be verified that there are no gmificant vacuum-side
leaks using one of the leak tests described in thisection. This
verification does not apply to any full-flow portion of a CVS dilution
system.

Measurement principles

A leak may be detected either by measuring a smadimount of flow

when there shall be zero flow, by detecting the dition of a known

concentration of span gas when it flows through thevacuum side of a
sampling system or by measuring the pressure increa of an evacuated
system.

Low-flow leak test
A sampling system shall be tested for low-flow l&a as follows:

(@) The probe end of the system shall be sealed taking one of the
following steps:

0) The end of the sample probe shall be capped plugged;

(i)  The transfer line shall be disconnected at th@robe and the
transfer line capped or plugged;

(i) A leak-tight valve in-line between a probe ad transfer line
shall be closed;

(b)  All vacuum pumps shall be operated. After stablizing, it shall be
verified that the flow through the vacuum-side of he sampling
system is less than 0.5 per cent of the system'ssmal in-use flow
rate. Typical analyser and bypass flows may be esiated as an
approximation of the system's normal in-use flow rée.

Dilution-of-span-gas leak test

Any gas analyser may be used for this test. If alb is used for this test,
any HC contamination in the sampling system shall & corrected
according to Annexes A.7 and A.8 on HC and NMHC dermination.
Misleading results shall be avoided by using onlyrealysers that have a
repeatability of 0.5 per cent or better at the spargas concentration used
for this test. The vacuum side leak check shall gerformed as follows:

(@ A gas analyser shall be prepared as it would bér emission
testing;

(b)  Span gas shall be supplied to the analyser podnd it shall be
verified that the span gas concentration is measudewithin its
expected measurement accuracy and repeatability;

(c) Overflow span gas shall be routed to one of tHellowing locations
in the sampling system:
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0] The end of the sample probe;

(i)  The transfer line shall be disconnected at theprobe
connection, and the span gas overflown at the opeand of
the transfer line;

(iii) A three-way valve installed in-line between grobe and its
transfer line;

(d) It shall be verified that the measured overflae span gas
concentration is within +0.5 per cent of the span & concentration. A
measured value lower than expected indicates a leghut a value higher
than expected may indicate a problem with the spagas or the analyser
itself. A measured value higher than expected doest indicate a leak.

Vacuum-decay leak test

To perform this test a vacuum shall be applied tathe vacuum-side
volume of the sampling system and the leak rate @he system shall be
observed as a decay in the applied vacuum. To perfo this test the
vacuum-side volume of the sampling system shall Hdenown to within
+10 per cent of its true volume. For this test measement instruments
that meet the specifications of paragraphs 8.1. an@.4. shall also be used.

A vacuum-decay leak test shall be performed as folvs:

(@ The probe end of the system shall be sealed @ese to the probe
opening as possible by taking one of the followingteps:

0] The end of the sample probe shall be capped plugged,;

(i)  The transfer line at the probe shall be disconected and the
transfer line capped or plugged;

(iii)y A leak-tight valve in-line between a probe ad transfer line
shall be closed;

(b)  All vacuum pumps shall be operated. A vacuum €l be drawn
that is representative of normal operating conditims. In the case
of sample bags, it is recommend that the normal saple bag
pump-down procedure be repeated twice to minimizergy trapped
volumes;

(c) The sample pumps shall be turned off and the sfem sealed. The
absolute pressure of the trapped gas and optionallhe system
absolute temperature shall be measured and recorde&ufficient
time shall be allowed for any transients to settl@nd long enough
for a leak at 0.5 per cent to have caused a presschange of at
least 10 times the resolution of the pressure tradsicer. The
pressure and optionally temperature shall be recordd once again;

(d)  The leak flow rate based on an assumed value péro for pumped-
down bag volumes and based on known values for theample
system volume, the initial and final pressures, opinal
temperatures, and elapsed time shall be calculatedt shall be
verified that the vacuum-decay leak flow rate is Iss than 0.5 per
cent of the system's normal in-use flow rate as folws:
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Qvteak = R ( t, tl) (8-3)
Where:
Aveak = vacuum-decay leak rate [mol/s]
Viae = geometric volume of the vacuum-side of the samipy
system [m]
R = molar gas constant [J/(mol-K)]
= vacuum-side absolute pressure at timg [Pa]
T, = vacuum-side absolute temperature at timé [K]
p1 = vacuum-side absolute pressure at timg [Pa]
T, = vacuum-side absolute temperature at timg [K]
ts = time at completion of vacuum-decay leak verifidéon test
[s]
ty = time at start of vacuum-decay leak verificatiortest [s]
8.1.9. CO and CQ measurements
8.1.9.1. HO interference verification for CO, NDIR analysers

8.1.9.1.1. Scope and frequency

If CO, is measured using an NDIR analyser, the amount oH,O
interference shall be verified after initial analysr installation and after
major maintenance.

8.1.9.1.2. Measurement principles

H,0 can interfere with an NDIR analyser's response t&€O,. If the NDIR
analyser uses compensation algorithms that utilizeneasurements of
other gases to meet this interference verificationsimultaneously these
other measurements shall be conducted to test theorapensation
algorithms during the analyser interference verifiation.

8.1.9.1.3. System requirements

A CO;, NDIR analyser shall have an HO interference that is within
(0.0 £0.4) mmol/mol (of the expected mean G@oncentration).

8.1.9.1.4. Procedure
The interference verification shall be performed a follows:

(@ The CO, NDIR analyser shall be started, operated, zeroedand
spanned as it would be before an emission test;

(b) A humidified test gas shall be created by bubbig zero air that
meets the specifications in paragraph 9.5.1. throdg distilled
water in a sealed vessel. If the sample is not passthrough a
dryer, control the vessel temperature to generateraH,O level at
least as high as the maximum expected during testn If the
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8.1.9.2.
8.1.9.2.1.

8.1.9.2.2.

8.1.9.2.3.

8.1.9.2.4.

sample is passed through a dryer during testing, odrol the vessel
temperature to generate an HO level at least as high as the level
determined in paragraph 9.3.2.3.1;

(c)  The humidified test gas temperature shall be nmatained at least
5 °C above its dew point downstream of the vessel;

(d)  The humidified test gas shall be introduced ird the sampling
system. The humidified test gas may be introducedogvnstream of
any sample dryer, if one is used during testing;

(e) The water mole fraction,xu,0, of the humidified test gas shall be
measured, as close as possible to the inlet of thealyser. For
example, dew point, Tgew, and absolute pressurep, shall be
measured to calculatey,o;

) Good engineering judgment shall be used to prewt condensation
in the transfer lines, fittings, or valves from thepoint where xu20
is measured to the analyser;

(g Time shall be allowed for the analyser respons¢o stabilize.
Stabilization time shall include time to purge thetransfer line and
to account for analyser response;

(h)  While the analyser measures the sample's condegtion, 30 s of
sampled data shall be recorded. The arithmetic meaof this data
shall be calculated. The analyser meets the interience
verification if this value is within (0.0 £0.4) mmd/mol

HO and CO; interference verification for CO NDIR analysers
Scope and frequency

If CO is measured using an NDIR analyser, the amou of H,O and CO,
interference shall be verified after initial analy®r installation and after
major maintenance.

Measurement principles

H,0 and CG, can positively interfere with an NDIR analyser bycausing
a response similar to CO. If the NDIR analyser usesompensation
algorithms that utilize measurements of other gasedo meet this
interference verification, simultaneously these otar measurements shall
be conducted to test the compensation algorithms dag the analyser
interference verification.

System requirements

A CO NDIR analyser shall have combined KO and CO, interference
that is within +2 per cent of the expected mean caentration of CO.

Procedure
The interference verification shall be performed a follows:

(@) The CO NDIR analyser shall be started, operatedzeroed, and
spanned as it would be before an emission test;

(b) A humidified CO, test gas shall be created by bubbling a CO
span gas through distilled water in a sealed vessdf the sample is
not passed through a dryer, the vessel temperaturshall be
controlled to generate an HO level at least as high as the
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8.1.10.1.
8.1.10.1.1.

(©

(d)

(e)

]
(@)

(h)

0

maximum expected during testing. If the sample isgssed through
a dryer during testing, the vessel temperature shhbe controlled
to generate an HO level at least as high as the level determined in
paragraph 8.1.8.5.8. A CQ span gas concentration shall be used
at least as high as the maximum expected during tésg;

The humidified CO, test gas shall be introduced into the sampling
system. The humidified CQ test gas may be introduced
downstream of any sample dryer, if one is used durg testing;

The water mole fraction, xy,0, of the humidified test gas shall be
measured, as close as possible to the inlet of thealyser. For
example, dew point, Tgen, and absolute pressurepyi, shall be
measured to calculatexy,o;

Good engineering judgment shall be used to premt condensation
in the transfer lines, fittings, or valves from thepoint where Xy,0
is measured to the analyser;

Time shall be allowed for the analyser resporsto stabilize;

While the analyser measures the sample's condgation, its
output shall be recorded for 30 s. The arithmetic raan of this data
shall be calculated;

The analyser meets the interference verificatio if the result of
paragraph (g) of this section meets the toleranceniparagraph
8.1.9.2.3;

Interference procedures for CG, and H,O may be also run
separately. If the CQ, and H,O levels used are higher than the
maximum levels expected during testing, each obserd
interference value shall be scaled down by multiping the
observed interference by the ratio of the maximum Xxpected
concentration value to the actual value used duringthis
procedure. Separate interference procedures conceations of
H,0 (down to 0.025 mol/mol HO content) that are lower than the
maximum levels expected during testing may be runbut the
observed HO interference shall be scaled up by multiplying te
observed interference by the ratio of the maximum gected HO
concentration value to the actual value used duringthis
procedure. The sum of the two scaled interferencealues shall
meet the tolerance in paragraph 8.1.9.2.3.

Hydrocarbon measurements

FID optimization and verification

Scope and frequency

For all FID analysers, the FID shall be calibrated upon initial
installation. The calibration shall be repeated asneeded using good
engineering judgment. The following steps shall bperformed for a FID
that measures HC:

(@)

A FID's response to various hydrocarbons shalbe optimized after
initial analyser installation and after major maintenance. FID
response to propylene and toluene shall be betwe®® and 1.1
relative to propane;
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8.1.10.1.2.

8.1.10.1.3.

(b) A FID's methane (CH,) response factor shall be determined after
initial analyser installation and after major maintenance as
described in paragraph 8.1.10.1.4. of this section;

(c) Methane (CH;,) response shall be verified within 185 days before
testing.

Calibration

Good engineering judgment shall be used to develop calibration
procedure, such as one based on the FID-analyser maacturer's
instructions and recommended frequency for calibraing the FID. For a
FID that measures HC, it shall be calibrated usingCsHg calibration
gases that meet the specifications of paragraph 915 For a FID that
measures CH, it shall be calibrated using CH calibration gases that
meet the specifications of paragraph 9.5.1. Regarlis of the calibration
gas composition, it shall be calibrated on a carbonumber basis of one

(Cy).
HC FID response optimization
This procedure is only for FID analysers that mease HC.

(@) Instrument manufacturer requirements and good egineering
judgment shall be used for initial instrument startup and basic
operating adjustment using FID fuel and zero air. Hated FIDs
shall be within their required operating temperature ranges. FID
response shall be optimized to meet the requiremenof the
hydrocarbon response factors and the oxygen interfence check
according to paragraphs 8.1.10.1.1.(a) and 8.1.10.at the most
common analyser range expected during emission tésg. Higher
analyser range may be used according to the instruemt
manufacturer's recommendation and good engineeringudgment
in order to optimize FID accurately, if the commonanalyser range
is lower than the minimum range for the optimizatian specified by
the instrument manufacturer;

(b)  Heated FIDs shall be within their required operting temperature
ranges. FID response shall be optimized at the mostommon
analyser range expected during emission testing. i the fuel
and airflow rates set at the manufacturer's recommedations, a
span gas shall be introduced to the analyser;

(c) The following step from (1) to (4) or the procdure instructed by
the instrument manufacturer shall be taken for optmization. The
procedures outlined in SAE paper No. 770141 may beptionally
used for optimization;

0] The response at a given fuel flow shall be deteined from
the difference between the span gas response anckthero
gas response;

(i)  The fuel flow shall be incrementally adjustedabove and
below the manufacturer's specification. The span ah zero
response at these fuel flows shall be recorded;

(i) The difference between the span and zero respse shall be
plotted and the fuel flow adjusted to the rich sideof the
curve. This is the initial flow rate setting whichmay need
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further optimization depending on the results of tke
hydrocarbon response factors and the oxygen interfence
check according to paragraphs 8.1.10.1.1.(a) and1810.2;

(iv) If the oxygen interference or the hydrocarbonresponse
factors do not meet the following specificationshe airflow
shall be incrementally adjusted above and below the
manufacturer's  specifications, repeating paragraphs
8.1.10.1.1.(a) and 8.1.10.2. for each flow;

(d)  The optimum flow rates and/or pressures for FIDfuel and burner
air shall be determined, and they shall be samplednd recorded
for future reference.

HC FID CH response factor determination

This procedure is only for FID analysers that measre HC. Since FID
analysers generally have a different response to GHersus GHsg, each
THC FID analyser's CH, response factor, RFcharicrpy shall be
determined, after FID optimization. The most recent RFcuaprc-Fip;
measured according to this paragraph shall be useth the calculations
for HC determination described in Annex 4B Appendix A.7 (molar
based approach) or Annex 4B Appendix A.8 (mass badepproach) to
compensate for CH response. RFcuarrc-rpp Shall be determined as
follows, noting that RFcharrherip) is Not determined for FIDs that are
calibrated and spanned using C{with a non-methane cutter:

(& A CzHg span gas concentration shall be selected to spahet
analyser before emission testing. Only span gasdsat meets the
specifications of paragraph 9.5.1. shall be seledteand the GHg
concentration of the gas shall be recorded;

(b) A CH4 span gas that meets the specifications of paragra®.5.1.
shall be selected and the Clconcentration of the gas shall be
recorded,

(c) The FID analyser shall be operated according tothe
manufacturer's instructions;

(d) It shall be confirmed that the FID analyser hasbeen calibrated
using GHg. Calibration shall be performed on a carbon number
basis of one (@);

(e)  The FID shall be zeroed with a zero gas usedrfemission testing;
() The FID shall be spanned with the selected4E 5 span gas;

(g)  The selected CHspan gas shall be introduced at the sample port
of the FID analyser, the CH, span gas that has been selected under
paragraph (b) of this paragraph;

(h)  The analyser response shall be stabilized. Stiibation time may
include time to purge the analyser and to accountf its response;

0] While the analyser measures the Cl concentration, 30 s of
sampled data shall be recorded and the arithmetic gan of these
values shall be calculated,;
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8.1.10.1.5.

8.1.10.2.

8.1.10.2.1.

8.1.10.2.2.

8.1.10.2.3.

8.1.10.2.4.

() The mean measured concentration shall be divide by the
recorded span concentration of the Chlcalibration gas. The result
is the FID analyser's response factor for Cld RFchapmic.rip; -

HC FID methane (Clj response verification

This procedure is only for FID analysers that measre HC. If the value
of RFcarrhc-ripy from paragraph 8.1.10.1.4. is within 5.0 per cenof its
most recent previously determined value, the HC FIDpasses the
methane response verification.

(a) It shall be first verified that the pressures ad / or flow rates of
FID fuel, burner air, and sample are each within +05 per cent of
their most recent previously recorded values, as deribed in
paragraph 8.1.10.1.3. of this section. If these florates have to be
adjusted, a newWRFcuarhcrip) Shall be determined as described in
paragraph 8.1.10.1.4. of this section. It should beerified that the
value of RFcparuc.rip) determined is within the tolerance specified
in this paragraph 8.1.10.1.5;

(b) If RFcrarc-rpp 1S not within the tolerance specified in this
paragraph 8.1.10.1.5., the FID response shall be-pptimized as
described in paragraph 8.1.10.1.3. of this section;

(c) A new RFcpsrrcrp) shall be determined as described in
paragraph 8.1.10.1.4. of this section. This new v of RFcuaprhc-
rp) Shall be used in the calculations for HC determintion, as
described in Annex 4B Appendix A.7 (molar based appach) or
Annex 4B Appendix A.8 (mass based approach).

Non-stoichiometric raw exhaust FID @interference verification
Scope and frequency

If FID analysers are used for raw exhaust measureents, the amount of
FID O, interference shall be verified upon initial instalation and after
major maintenance.

Measurement principles

Changes in Q concentration in raw exhaust can affect FID respose by
changing FID flame temperature. FID fuel, burner ar, and sample flow
shall be optimized to meet this verification. FID grformance shall be
verified with the compensation algorithms for FID O, interference that is
active during an emission test.

System requirements

Any FID analyser used during testing shall meet th FID O, interference
verification according to the procedure in this setion.

Procedure

FID O, interference shall be determined as follows, notmthat one or
more gas dividers may be used to create referencegconcentrations
that are required to perform this verification:

(@ Three span reference gases shall be selectedatthmeet the
specifications in paragraph 9.5.1. and contain §Hg concentration
used to span the analysers before emissions testin@nly span
gases that meet the specifications in paragraph 915 CH, span
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reference gases may be used for FIDs calibrated ddH,4 with a
non-methane cutter. The three balance gas concentrans shall be
selected such that the concentrations of £Qand N, represent the
minimum and maximum and intermediate O, concentrations
expected during testing. The requirement for usinghe average Q
concentration can be removed if the FID is calibragd with span
gas balancedwith the average expected oxygen concentration;

(b) It shall be confirmed that the FID analyser me&s all the
specifications of paragraph 8.1.10.1.;

(c) The FID analyser shall be started and operatea@s it would be
before an emission test. Regardless of the FID buens air source
during testing, zero air shall be used as the FID urner's air
source for this verification;

(d)  The analyser shall be set at zero;

(e)  The analyser shall be spanned using a span ghat is used during
emissions testing;

)] The zero response shall be checked by using tlzero gas used
during emission testing. It shall be proceeded tohe next step if
the mean zero response of 30 s of sampled data ighin £0.5 per
cent of the span reference value used in paragrapte) of this
paragraph, otherwise the procedure shall be restagd at
paragraph (d) of this paragraph;

(g)  The analyser response shall be checked usingethpan gas that has
the minimum concentration of O, expected during testing. The
mean response of 30 s of stabilized sample data 8Hze recorded
aSXo2minHes

(h)  The zero response of the FID analyser shall behecked using the
zero gas used during emission testing. The next pteshall be
performed if the mean zero response of 30 s of stiibed sample
data is within £0.5 per cent of the span referencgalue used in
paragraph (e) of this paragraph, otherwise the proedure shall be
restarted at paragraph (d) of this paragraph;

(i) The analyser response shall be checked usingetlspan gas that has
the average concentration of @ expected during testing. The
mean response of 30 s of stabilized sample data 8Hze recorded
aSXozavgHC

0] The zero response of the FID analyser shall behecked using the
zero gas used during emission testing. The next pteshall be
performed if the mean zero response of 30 s of stiibed sample
data is within £0.5 per cent of the span referencgalue used in
paragraph (e) of this paragraph, otherwise the proedure shall be
restarted at paragraph (d) of this paragraph;

(k)  The analyser response shall be checked usingetlspan gas that has
the maximum concentration of Q expected during testing. The
mean response of 30 s of stabilized sample data 8Hze recorded
AS Xo2maxHc;

0] The zero response of the FID analyser shall behecked using the
zero gas used during emission testing. The next pteshall be
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8.1.10.3.
8.1.10.3.1.

8.1.10.3.2.

performed if the mean zero response of 30 s of stiibed sample
data is within £0.5 per cent of the span referencealue used in
paragraph (e) of this paragraph, otherwise the proedure at
paragraph (d) of this paragraph shall be restarted;

(m) The percent difference betweernxpomaxnc and its reference gas
concentration shall be calculated. The percent diffrence between
XozavgHc and its reference gas concentration shall be calleted.
The percent difference betweenxoominnc and its reference gas
concentration shall be calculated. The maximum peent
difference of the three shall be determined. Thissi the O
interference;

(n)  If the O, interference is within +3 per cent, the FID passethe O,
interference verification; otherwise one or more ofthe following
need to be performed to address the deficiency:

0] The verification shall be repeated to determingf a mistake
was made during the procedure;

(i)  The zero and span gases for emission testindhadl be
selected that contain higher or lower @ concentrations and
the verification shall be repeated,;

(i)  The FID burner air, fuel, and sample flow rates shall be
adjusted. Note that if these flow rates are adjuste on a
THC FID to meet the O, interference verification, the
RFcus shall be reset for the nexRFcy,4 verification. The O,
interference verification shall be repeated after djustment
and RFcn4 shall be determined;

(iv) The FID shall be repaired or replaced and the O,
interference verification shall be repeated.

Non-methane cutter penetration fractions
Scope and frequency

If a FID analyser and a non-methane cutter (NMC) $ used to measure
methane (CH,), the non-methane cutter's conversion efficiencieof

methane,Ecna, and ethane Econg shall be determined. As detailed in this
paragraph, these conversion efficiencies may be dgmined as a
combination of NMC conversion efficiencies and FIDanalyser response
factors, depending on the particular NMC and FID arnalyser

configuration.

This verification shall be performed after instaling the non-methane
cutter. This verification shall be repeated within185 days of testing to
verify that the catalytic activity of the cutter has not deteriorated.

Measurement principles

A non-methane cutter is a heated catalyst that reoves non-methane
hydrocarbons from the exhaust stream before the FIDanalyser
measures the remaining hydrocarbon concentration. A ideal non-
methane cutter would have a methane conversion effency Ecny [-] of O
(that is, a methane penetration fraction, PFch4, of 1.000), and the
conversion efficiency for all other hydrocarbons wald be 1.000, as
represented by an ethane conversion efficiendyicope [-] Of 1 (that is, an
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8.1.10.3.4.

8.1.10.3.4.1.

ethane penetration fractionPFc,ue [-] Of 0). The emission calculations in
Annex 4B Appendix A.7 or Annex 4B Appendix A.8 usghis paragraph's

measured values of conversion efficiencids:ys and Ecopg to account for

less than ideal NMC performance.

System requirements

NMC conversion efficiencies are not limited to aertain range. However,
it is recommended that a non-methane cutter is optiized by adjusting
its temperature to achieve &cps < 0.15 and a&Ecops > 0.98 PFcps > 0.85
and PFcops < 0.02) as determined by paragraph 8.1.10.3.4., applicable.
If adjusting NMC temperature does not result in acheving these
specifications, it is recommended that the catalysnaterial is replaced.
The most recently determined conversion values fronthis section shall
be used to calculate HC emissions according to Anxes A.7-A.8 as
applicable.

Procedure

Any one of the procedures specified in paragraphsg8.1.10.3.4.1.,
8.1.10.3.4.2. and 8.1.10.3.4.3. is recommended. Alternative method
recommended by the instrument manufacturer may be sed.

Procedure for a FID calibrated withite NMC

If a FID is always calibrated to measure CH with the NMC, then the

FID shall be spanned with the NMC using a CH span gas, the product
of that FID's CH, response factor and CH penetration fraction,

RFPFcranvc-ripy » shall be set equal to 1.0 (i.e. efficiendycna [-] is set to
0) for all emission calculations, and the combinedthane (GH;) response
factor and penetration fraction, RFPFconspnmcripy (@nd efficiency Econe

[-]) shall be determined as follows:

(&) Both a CH; gas mixture and a GHg analytical gas mixture shall
be selected meeting the specifications of paragragh5.1. Both a
CH, concentration for spanning the FID during emissiontesting
and a GHg concentration that is typical of the peak NMHC
concentration expected at the hydrocarbon standarar equal to
THC analyser's span value shall be selected;

(b)  The non-methane cutter shall be started, operat, and optimized
according to the manufacturer's instructions, incluing any
temperature optimization;

(c) It shall be confirmed that the FID analyser mets all the
specifications of paragraph 8.1.10.1.;

(d) The FID analyser shall be operated according tothe
manufacturer's instructions;

(e) CH, span gas shall be used to span the FID with the ¢at. The
FID shall be spanned on a ¢basis. For example, if the span gas
has a CH, reference value of 100 pumol/mol, the correct FID
response to that span gas is 100 pmol/mol becaudere is one
carbon atom per CH, molecule;

) The C,Hg analytical gas mixture shall be introduced upstrem of
the non-methane cutter;
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)

(h)

(i)

The analyser response shall be stabilized. Silibation time may
include time to purge the non-methane cutter and t@ccount for
the analyser's response;

While the analyser measures a stable concentiah, 30 s of
sampled data shall be recorded and the arithmetic gan of these
data points shall be calculated;

The mean shall be divided by the reference vaéu of GHs,

converted to a G basis. The result is the gHg combined response
factor and penetration fraction, RFPFcongpmc.ripy, €quivalent to
(1 - Eczme []). This combined response factor and penetration
fraction and the product of the CH, response factor and CH

penetration fraction, RFPFcuapmc-rip , Which is set equal to 1.0, in
emission calculations shall be used according to A.or A.8, as
applicable.

8.1.10.3.4.2. Procedure for a FID calibrated with pane bypassing the NMC

If a FID is used with an NMC that is calibrated wih propane, GHsg, by
bypassing the NMC, penetrations fractions PFcopspmcrp;  and
PFchanmc-rip; shall be determined as follows:

(@)

(b)

(©

(d)

)

(9

(h)

@

A CH, gas mixture and a GHg analytical gas mixture shall be
selected meeting the specifications of paragraph ®1. with the
CH, concentration typical of its peak concentration epected at
the hydrocarbon standard and the GHg concentration typical of
the peak total hydrocarbon (THC) concentration expeted at the
hydrocarbon standard or the THC analyser span valug

The non-methane cutter shall be started and opated according
to the manufacturer's instructions, including any emperature
optimization;

It shall be confirmed that the FID analyser mets all the
specifications of paragraph 8.1.10.1.;

The FID analyser shall be operated according tothe
manufacturer's instructions;

The FID shall be zeroed and spanned as it woulde during

emission testing. The FID shall be spanned by bypsiag the

cutter and by using GHg span gas to span the FID. The FID shall
be spanned on a ¢basis;

The C,Hg analytical gas mixture shall be introduced upstrem of
the non-methane cutter at the same point the zeroag was
introduced;

Time shall be allowed for the analyser responséo stabilize.
Stabilization time may include time to purge the na-methane
cutter and to account for the analyser's response;

While the analyser measures a stable concentiah, 30 s of
sampled data shall be recorded and the arithmetic gan of these
data points shall be calculated;

The flow path shall be rerouted to bypass the an-methane cultter,
the C,Hg analytical gas mixture shall be introduced to theébypass,
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and the steps in paragraphs (g) through (h) of thigparagraph
shall be repeated,;

0] The mean GHg concentration measured through the non-methane

cutter shall be divided by the mean concentration masured after
bypassing the non-methane cutter. The result is theC,Hg
penetration fraction, PFcanspmc-rioy , that is equivalent to (1-Econe
[-]). This penetration fraction shall be used accating to A.7 or
A.8, as applicable;

(k)  The steps in paragraphs (f) through (j) of thisparagraph shall be
repeated, but with the CH, analytical gas mixture instead of GHs.
The result will be the CH, penetration fraction, PFcranmc-rip;
(equivalent to (1-Ecns[-])). This penetration fraction shall be used
according to Annexes A.7-A.8, as applicable.

8.1.10.3.4.3. Procedure for a FID calibrated with mthane, bypassing the NMC

If a FID is used with an NMC that is calibrated wih methane, CH,, by
bypassing the NMC, determine its combined ethane @E¢) response
factor and penetration fraction, RFPFcongnvc-ripy » @s well as its CH
penetration fraction, PFchanmc-rio » as follows:

(@ CH,; and CHg analytical gas mixtures shall be selected that mee

the specifications of paragraph 9.5.1., with the Cldconcentration
typical of its peak concentration expected at the ydrocarbon
standard and the GHg concentration typical of the peak total
hydrocarbon (THC) concentration expected at the hyrbcarbon
standard or the THC analyser span value;

(b)  The non-methane cutter shall be started and opated according
to the manufacturer's instructions, including any emperature
optimization;

(c) It shall be confirmed that the FID analyser mets all the
specifications of paragraph 8.1.10.1.;

(d)  The FID analyser shall be started and operateéccording to the
manufacturer's instructions;

(e)  The FID shall be zeroed and spanned as it woultliring emission
testing. The FID shall be spanned with Chlspan gas by bypassing
the cutter. Note that the FID shall be spanned on &; basis. For
example, if the span gas has a methane referencelua of 100
pmol/mol, the correct FID response to that span gass 100
pmol/mol because there is one carbon atom per GHnolecule;

) The C,Hg analytical gas mixture shall be introduced upstrem of
the non-methane cutter at the same point the zeroag was
introduced;

(g Time shall be allowed for the analyser responséo stabilize.
Stabilization time may include time to purge the na-methane
cutter and to account for the analyser's response;

(h) 30 s of sampled data shall be recorded while ¢h analyser
measures a stable concentration. The arithmetic meaof these
data points shall be calculated;
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8.1.11.1.
8.1.11.1.1.

8.1.11.1.2.

8.1.11.1.3.

8.1.11.1.4.

(i) The flow path to bypass the non-methane cutteshall be rerouted,
the C,Hg analytical gas mixture shall be introduced to theébypass,
and the steps in paragraphs (g) and (h) of this pagraph shall be
repeated;

0] The mean GHg concentration measured through the non-methane
cutter shall be divided by the mean concentration masured after
bypassing the non-methane cutter. The result is theC,Hg
combined response factor and penetration fraction,
RFPFcanspnme-ripy - This combined response factor and penetration
fraction shall be used according to Annexes A.7 and\.8, as
applicable;

(k)  The steps in paragraphs (f) through (j) of thisparagraph shall be
repeated, but with the CH, analytical gas mixture instead of GHe.
The result will be the CH, penetration fraction, PFchanmvc-Fio; -
This penetration fraction shall be used accordingd Annexes A.7
and A.8, as applicable.

NQ measurements
CLD CQ and H,O quench verification
Scope and frequency

If a CLD analyser is used to measure N the amount of HO and CO,
guench shall be verified after installing the CLD aalyser and after
major maintenance.

Measurement principles

H,O and CO, can negatively interfere with a CLD's NQ response by
collisional quenching, which inhibits the chemilummnescent reaction that
a CLD utilizes to detect NQ. This procedure and the calculations in
paragraph 8.1.11.2.3. determine quench and scaleghlquench results to
the maximum mole fraction of H,O and the maximum CG
concentration expected during emission testing. the CLD analyser uses
guench compensation algorithms that utilize HO and/or CO,
measurement instruments, quench shall be evaluatedvith these
instruments active and with the compensation algotihms applied.

System requirements

For dilute measurement a CLD analyser shall not eoeed a combined
H,O and CO, quench of +2 per cent. For raw measurement a CLD
analyser shall not exceed a combined J@ and CO, quench of +2 per

cent. Combined quench is the sum of the COquench 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 notnet, corrective

action shall be taken by repairing or replacing theanalyser. Before

running emission tests, it shall be verified thathe corrective action have
successfully restored the analyser to proper funathing.

CQ quench verification procedure

The following method or the method prescribed by he instrument
manufacturer may be used to determine C@ quench by using a gas
divider that blends binary span gases with zero gaas the diluent and
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meets the specifications in paragraph 9.4.5.6., ogood engineering
judgment shall be used to develop a different protml:

(@ PTFE or stainless steel tubing shall be used tmake necessary
connections;

(b) The gas divider shall be configured such that early equal
amounts of the span and diluent gases are blendeditlv each
other;

(c) If the CLD analyser has an operating mode in wich it detects
NO-only, as opposed to total NQ the CLD analyser shall be
operated in the NO-only operating mode;

(d) A CO, span gas that meets the specifications of paragra®.5.1.
and a concentration that is approximately twice themaximum
CO, concentration expected during emission testing shide used;

(e)  An NO span gas that meets the specifications paragraph 9.5.1.
and a concentration that is approximately twice themaximum NO
concentration expected during emission testing sHabe used.
Higher concentration may be used according to thenstrument
manufacturer's recommendation and good engineeringidgement
in order to obtain accurate verification, if the epected NO
concentration is lower than the minimum range for he
verification specified by the instrument manufactueer;

) The CLD analyser shall be zeroed and spanned. hE CLD

analyser shall be spanned with the NO span gas froparagraph

(e) of this paragraph through the gas divider. TheNO span gas
shall be connected to the span port of the gas diér; a zero gas
shall be connected to the diluent port of the gasidder; the same
nominal blend ratio shall be used as selected in pgraph (b) of

this paragraph; and the gas divider's output concetration of NO

shall be used to span the CLD analyser. Gas propgricorrections
shall be applied as necessary to ensure accuratesgdivision;

(g0 The CO, span gas shall be connected to the span port ofetlgas
divider,;

(h)  The NO span gas shall be connected to the dilis port of the gas
divider;

(i) While flowing NO and CO, through the gas divider, the output of
the gas divider shall be stabilized. The C®concentration from
the gas divider output shall be determined, applyig gas property
correction as necessary to ensure accurate gas diin. This
concentration, Xco2ac Shall be recorded and it shall be used in the
quench verification calculations in paragraph 8.1.1.2.3. As an
alternative to using a gas divider, another simplegas blending
device may be used. In this case an analyser shake used to
determine CO, concentration. If a NDIR is used together with a
simple gas blending device, it shall meet the reqeiments of this
section and it shall be spanned with the COspan gas from
paragraph (d) of this section. The linearity of theNDIR analyser
has to be checked before over the whole range up teice of the
expected maximum CQ concentration expected during testing;
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8.1.11.1.5.

() The NO concentration shall be measured downstam of the gas
divider with the CLD analyser. Time shall be allowel for the
analyser response to stabilize. Stabilization timenay include time
to purge the transfer line and to account for analger response.
While the analyser measures the sample's concentian, the
analyser's output shall be recorded for 30 s. Therghmetic mean
concentration shall be calculated from these data(nomeas XNomeas
shall be recorded and it shall be used in the quehcverification
calculations in paragraph 8.1.11.2.3.;

(k)  The actual NO concentration shall be calculatedat the gas
divider's outlet, Xnoact, based on the span gas concentrations and
Xcozact @ccording to equation (8-5). The calculated valushall be
used in the quench verification calculations in ecgtion (8-4);

0] The values recorded according to this paragrapt 8.1.11.1.4. and
8.1.11.1.5. of this section shall be used to calatd quench as
described in paragraph 8.1.11.2.3.

HO quench verification procedure

The following method or the method prescribed by he instrument
manufacturer may be used to determine KO quench, or good
engineering judgment shall be used to develop a €&fent protocol:

(@) PTFE or stainless steel tubing shall be used tmake necessary
connections;

(b) If the CLD analyser has an operating mode in wich it detects
NO-only, as opposed to total N@Q the CLD analyser shall be
operated in the NO-only operating mode;

(c) A NO span gas shall be used that meets the sppieations of
paragraph 9.5.1. and a concentration that is nearhie maximum
concentration expected during emission testing. Higer
concentration may be used according to the instrurme
manufacturer's recommendation and good engineeringidgement
in order to obtain accurate verification, if the epected NO
concentration is lower than the minimum range for he
verification specified by the instrument manufactueer;

(d) The CLD analyser shall be zeroed and spanned. h& CLD
analyser shall be spanned with the NO span gas froparagraph
(c) of this paragraph, the span gas concentratiorhall be recorded
as Xwoay, and it shall be used in the quench verification
calculations in paragraph 8.1.11.2.3.;

(e) The NO span gas shall be humidified by bubblingt through
distilled water in a sealed vessel. If the humidi&d NO span gas
sample does not pass through a sample dryer for thiverification
test, the vessel temperature shall be controlled enerate an HO
level approximately equal to the maximum mole fradbn of H,O
expected during emission testing. If the humidifiedNO span gas
sample does not pass through a sample dryer, the euch
verification calculations in paragraph 8.1.11.2.3. scale the
measured HO quench to the highest mole fraction of KO
expected during emission testing. If the humidifiedNO span gas
sample passes through a dryer for this verificatiortest, the vessel
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8.1.11.2.

8.1.11.2.1.

8.1.11.2.2.

()

)

(h)

(i)

temperature shall be controlled to generate an kD level at least
as high as the level determined in paragraph 9.321. For this
case, the quench verification calculations in paragph 8.1.11.2.3.
do not scale the measured D quench;

The humidified NO test gas shall be introducednto the sample
system. It may be introduced upstream or downstreamof a
sample dryer that is used during emission testingdepending on
the point of introduction, the respective calculaton method of
paragraph (e) shall be selected. Note that the sahepdryer shall
meet the sample dryer verification check in paragrph 8.1.8.5.8.;

The mole fraction of HO in the humidified NO span gas shall be
measured. In case a sample dryer is used, the mdiaction of
H,O in the humidified NO span gas shall be measured
downstream of the sample dryerXyzomeas It IS recommended to
measure Xpy2omeas @S Close as possible to the CLD analyser inlet.
XHzomeas MAY be calculated from measurements of dew poinTgew,
and absolute pressurepar;

Good engineering judgment shall be used to prewt condensation
in the transfer lines, fittings, or valves from the point where
XH20meas IS Measured to the analyser. It is recommended thahe
system is designed so the wall temperatures in thensfer lines,
fittings, and valves from the point wherexy,omeas IS measured to
the analyser are at least 5 °C above the local satepgas dew
point;

The humidified NO span gas concentration shalbe measured
with the CLD analyser. Time shall be allowed for tle analyser
response to stabilize. Stabilization time may inclde time to purge
the transfer line and to account for analyser respase. While the
analyser measures the sample's concentration, thenayser's
output shall be recorded for 30 seconds. The arithetic mean
shall be calculated of these datayowet. Xnowet Shall be recorded
and used in the quench verification calculations inparagraph
8.1.11.2.3.

CLD quench verification calculations

CLD quench-check calculations shall be performedsadescribed in this
paragraph.

Amount of water expected during testing

The maximum expected mole fraction of water duringemission testing,
Xrooexp Shall be estimated. This estimate shall be made wige the

humidified NO span gas was introduced in paragraph8.1.11.1.5.(f).
When estimating the maximum expected mole fractiorof water, the

maximum expected water content in combustion air, el combustion

products, and dilution air (if applicable) shall be considered. If the
humidified NO span gas is introduced into the sampgl system upstream
of a sample dryer during the verification test, itis not needed to estimate
the maximum expected mole fraction of water antkyoexp Shall be set
equal to XH20meas

Amount of CQ expected during testing
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The maximum expected CQ concentration during emission testing,
Xcozexp Shall be estimated. This estimate shall be made at the sarepl
system location where the blended NO and CQOspan gases are
introduced according to paragraph 8.1.11.1.4.(j). Wen estimating the
maximum expected CQ concentration, the maximum expected C®
content in fuel combustion products and dilution ai shall be considered.

8.1.11.2.3. Combined kD and CGO, quench calculations

Combined H,O and CO, quench shall be calculated as follows:

XNOwet
quench =| | 17 Xzomeas _q | 2000 +(XNOmeas‘ 1} coze| 000 (5-4)
XNodry XHZOmeas NOact X CO2ac

Where:

guench = amount of CLD quench

XNOdry = measured concentration of NO upstream of a bubbl,
according to paragraph 8.1.11.1.5.(d)

XNOwet = measured concentration of NO downstream of a budber,
according to paragraph 8.1.11.1.5.(i)

Xr2oexp = Maximum expected mole fraction of water during mission
testing according to paragraph 8.1.11.2.1.

Xn2omeas = Measured mole fraction of water during the quent
verification according to paragraph 8.1.11.1.5.(g)

Xnomeas = Mmeasured concentration of NO when NO span gas is
blended with CO, span gas, according to
paragraph 8.1.11.1.4.(j)

XNOact = actual concentration of NO when NO span gas islénded
with CO, span gas, according to paragraph 8.1.11.1.4.(k)
and calculated according to equation (8-5)

Xcozexp = Maximum expected concentration of C@during emission
testing, according to paragraph 8.1.11.2.2.

Xcozact = actual concentration of CQ when NO span gas is blended
with CO, span gas, according to paragraph 8.1.11.1.4.(i)

— XCOZ t

XNOact =1- = D(NOSpar (8-5)
XCOZspan

Where:

Xnospan = the NO span gas concentration input to the gasivider,
according to paragraph 8.1.11.1.4.(e)

Xcozspan = the CO, span gas concentration input to the gas divider,

according to paragraph 8.1.11.1.4.(d)

8.1.11.3. NDUV analyser HC and kD interference verification

8.1.11.3.1.  Scope and frequency
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If NO, is measured using an NDUV analyser, the amount d¢f,0 and
hydrocarbon interference shall be verified after intial analyser
installation and after major maintenance.

8.1.11.3.2. Measurement principles

Hydrocarbons and H,O can positively interfere with a NDUV analyser
by causing a response similar to NQ If the NDUV analyser uses
compensation algorithms that utilize measurements foother gases to
meet this interference verification, simultaneouslysuch measurements
shall be conducted to test the algorithms during tl analyser interference
verification.

8.1.11.3.3.  System requirements

A NO, NDUYV analyser shall have combined KD and HC interference
within £2 per cent of the mean concentration of NQ

8.1.11.3.4. Procedure
The interference verification shall be performed a follows:

(@ The NO; NDUV analyser shall be started, operated, zeroe&nd
spanned according to the instrument manufacturer'snstructions;

(b) It is recommended to extract engine exhaust t@erform this
verification. A CLD shall be used that meets the sifications of
paragraph 9.4. to quantify NG, in the exhaust. The CLD response
shall be used as the reference value. Also HC shhk measured in
the exhaust with a FID analyser that meets the spiications of
paragraph 9.4. The FID response shall be used asethreference
hydrocarbon value;

(c) Upstream of any sample dryer, if one is used ding testing, the
engine exhaust shall be introduced into the NDUV alyser;

(d) Time shall be allowed for the analyser responséo stabilize.
Stabilization time may include time to purge the tansfer line and
to account for analyser response;

(e)  While all analysers measure the sample's condestion, 30 s of
sampled data shall be recorded, and the arithmetimeans for the
three analysers calculated;

() The CLD mean shall be subtracted from the NDUMnean;

(@) This difference shall be multiplied by the rato of the expected
mean HC concentration to the HC concentration meased during
the verification. The analyser meets the interferece verification
of this paragraph if this result is within +2 per cent of the NQ,
concentration expected at the standard:

- o Xac, -
XNOx,CLD,meas X NOx,NDUV,meJS[E e Z%EQX NOx,e))p (8-6)

C,meas

Where:

XnoxcCLDmeas = the mean concentration of NQ

measured by CLD [umol/mol] or [ppm]
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8.1.11.3.5.

8.1.11.4.
8.1.11.4.1.

8.1.11.4.2.

8.1.11.4.3.

8.1.11.4.4.

XNOXNDUV,meas = the mean concentration of NQ
measured by NDUV [umol/mol] or
[ppm]

Xhc.meas = the mean concentration of HC
measured [pmol/mol] or [ppm]

Xiic exp = the mean concentration of HC expected
at the standard [umol/mol] or [ppm]

YNOx,exp = the mean concentration of NQ

expected at the standard [pmol/mol] or
[ppm]

Cooling bath (chiller) requirements

It shall be demonstrated that for the highest expeted water vapour
concentration H,,, the water removal technique maintains CLD humidiy
at < 5 g water/kg dry air (or about 0.8 volume per centH,0), which is
100 per cent relative humidity at 3.9 °C and 101.8Pa. This humidity
specification is also equivalent to about 25 per nerelative humidity at
25 °C and 101.3 kPa. This may be demonstrated by asuring the
temperature at the outlet of a thermal dehumidifier, or by measuring
humidity at a point just upstream of the CLD.

Cooling bath (chiller) N@ penetration
Scope and frequency

If a cooling bath (chiller) is used to dry a samm@ upstream of a NQ
measurement instrument, but no N@-to-NO converter is used upstream
of the cooling bath, this verification shall be pefiormed for cooling bath
NO, penetration. This verification shall be performed after initial
installation and after major maintenance.

Measurement principles

A cooling bath (chiller) removes water, which canotherwise interfere
with a NO, measurement. However, liquid water remaining in an
improperly designed cooling bath can remove N©from the sample. If a
cooling bath is used without an N@to-NO converter upstream, it could
therefore remove NG from the sample prior NO, measurement.

System requirements

The chiller shall allow for measuring at least 9%er cent of the total NG
at the maximum expected concentration of N@

Procedure
The following procedure shall be used to verify dier performance:

(@) Instrument setup. The analyser and chiller manfacturers' start-
up and operating instructions shall be followed. Tk analyser and
chiller shall be adjusted as needed to optimize pErmance;

(b)  Equipment setup and data collection.
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8.1.11.5.
8.1.11.5.1.

8.1.11.5.2.

8.1.11.5.3.

0] The total NO, 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 hasan
NO, concentration that is near the maximum expected
during testing shall be selected. Higher concentragn may
be used according to the instrument manufacturer's
recommendation and good engineering judgement in der
to obtain accurate verification, if the expected N@
concentration is lower than the minimum range for he
verification specified by the instrument manufactuer;

(iii)  This calibration gas shall be overflowed at he gas sampling
system's probe or overflow fitting. Time shall be Howed
for stabilization of the total NO, response, accounting only
for transport delays and instrument response;

(iv) The mean of 30 s of recorded total NQ data shall be
calculated and this value recorded aSyoyref;

(v)  The flowing the NG, calibration gas shall be stopped;

(vi)  Next the sampling system shall be saturated bgverflowing
a dew point generator's output, set at a dew poimf 50 °C,
to the gas sampling system's probe or overflow fitig. The
dew point generator's output shall be sampled throgh the
sampling system and chiller for at least 10 minuteantil the
chiller is expected to be removing a constant ratef water;

(vii) It shall be immediately switched back to oveflowing the
NO, calibration gas used to establishxyoxres. It shall be
allowed for stabilization of the total NGO, response,
accounting only for transport delays and instrument
response. The mean of 30 s of recorded total N@ata shall
be calculated and this value recorded asyoyxmeas

(viii)  XnoxmeasShall be corrected toxyoxary based upon the residual
water vapour that passed through the chiller at thechiller's
outlet temperature and pressure;

(c) Performance evaluation. If Xyoxay IS less than 95 per cent of
Xnoxref, the chiller shall be repaired or replaced.

NQ-to-NO converter conversion verification
Scope and frequency

If an analyser is used that measures only NO to tegmine NO,, an NO,-
to-NO converter shall be used upstream of the anadgr. This verification
shall be performed after installing the converter, after major
maintenance and within 35 days before an emissionedt. This
verification shall be repeated at this frequency toerify that the catalytic
activity of the NO,-to-NO converter has not deteriorated.

Measurement principles

An NO,-to-NO converter allows an analyser that measuresnty NO to
determine total NO, by converting the NG, in exhaust to NO.

System requirements
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8.1.11.5.4.

An NO,-to-NO converter shall allow for measuring at leas®5 per cent of
the total NO, at the maximum expected concentration of N®

Procedure

The following procedure shall be used to verify ta performance of a
NO,-to-NO converter:

(@)

(b)

(©

For the instrument setup the analyser and N@to-NO converter

manufacturers' start-up and operating instructions shall be

followed. The analyser and converter shall be adjusd as needed
to optimize performance;

An ozonator's inlet shall be connected to a zerair or oxygen
source and its outlet shall be connected to one pgasf a 3-way tee
fitting. An NO span gas shall be connected to anogh port and the
NO,-to-NO converter inlet shall be connected to the & port;

The following steps shall be taken when perfaning this check:

()

(ii)

(iii)

(iv)

v)

The ozonator air shall be set off and the ozornar power
shall be turned off and the NQ-to-NO converter shall be
set to the bypass mode (i.e., NO mode). Stabilizati shall
be allowed for, accounting only for transport delag and
instrument response;

The NO and zero-gas flows shall be adjusted sthe NO

concentration at the analyser is near the peak totaNO,

concentration expected during testing. The N@content of

the gas mixture shall be less than 5 per cent of ¢hNO

concentration. The concentration of NO shall be rexrded

by calculating the mean of 30 s of sampled data fro the

analyser and this value shall be recorded asyores. Higher

concentration may be used according to the instrunma

manufacturer's recommendation and good engineering
judgement in order to obtain accurate verification, if the

expected NO concentration is lower than the minimum
range for the verification specified by the instrunent

manufacturer;

The ozonator O, supply shall be turned on and the @flow
rate adjusted so that the NO indicated by the anaber is
about 10 percent less thaxyores. The concentration of NO
shall be recorded by calculating the mean of 30 sfo
sampled data from the analyser and this value recded as

XNO+02mix;

The ozonator shall be switched on and the ozergeneration
rate adjusted so that the NO measured by the analgs is
approximately 20 percent of Xyorer, While maintaining at
least 10 per cent unreacted NO. The concentrationf NO
shall be recorded by calculating the mean of 30 sfo
sampled data from the analyser and this value shalbe
recorded asXyomeas

The NO, analyser shall be switched to NQmode and total
NO, measured. The concentration of NQshall be recorded
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8.1.12.
8.1.12.1.
8.1.12.1.1.

8.1.12.1.2.

8.1.12.1.3.

by calculating the mean of 30 s of sampled data fro the
analyser and this value shall be recorded asoxmeas

(vi)  The ozonator shall be switched off but gas fle through the
system shall be maintained. The NQanalyser will indicate
the NO, in the NO + O, mixture. The concentration of NQ,
shall be recorded by calculating the mean of 30 sfo
sampled data from the analyser and this value shalbe
recorded asXnox+o2mix,

(vii) O, supply shall be turned off. The NQ analyser will
indicate the NQ, in the original NO-in-N, mixture. The
concentration of NQ, shall be recorded by calculating the
mean of 30 s of sampled data from the analyser anithis
value shall be recorded as<yoxei. This value shall be no
more than 5 per cent above th&yorr vValue;

(d)  Performance evaluation. The efficiency of the 8, converter shall
be calculated by substituting the concentrations dhined into the
following equation:

NO+O2mix X NOmeas

Efficiency[%] = [1 + Znoxmeas™ X NOX*OZ”“XJ [100 (8-7)

(e) If the result is less than 95 per cent, the NE0-NO converter shall
be repaired or replaced.

PM measurements

PM balance verifications and weighing poess verification
Scope and frequency
This paragraph describes three verifications.

(@ Independent verification of PM balance performace within 370
days prior to weighing any filter;

(b)  Zero and span of the balance within 12 h priorto weighing any
filter;

(c)  Verification that the mass determination of reérence filters before
and after a filter weighing session be less than apecified
tolerance.

Independent verification

The balance manufacturer (or a representative apmved by the balance
manufacturer) shall verify the balance performancewithin 370 days of
testing in accordance with internal audit procedurs.

Zeroing and spanning

Balance performance shall be verified by zeroingrad spanning it with at
least one calibration weight, and any weights thatre used shall meet the
specifications in paragraph 9.5.2. to perform thisverification. A manual
or automated procedure shall be used:

(@) A manual procedure requires that the balance sl be used in
which the balance shall be zeroed and spanned witt least one
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8.1.12.1.4.

calibration weight. If normally mean values are obained by
repeating the weighing process to improve the accacy and
precision of PM measurements, the same process dhia¢ used to
verify balance performance;

(b)  An automated procedure is carried out with intenal calibration
weights that are used automatically to verify balaoe
performance. These internal calibration weights shid meet the
specifications in paragraph 9.5.2. to perform thisverification.

Reference sample weighing

All mass readings during a weighing session shdlk verified by weighing
reference PM sample media (e.g. filters) before andfter a weighing
session. A weighing session may be as short as dai but no longer
than 80 hours, and may include both pre- and postest mass readings.
Successive mass determinations of each reference Pddmple media
shall return the same value within £10 pg or +10 pecent of the expected
total PM mass, whichever is higher. Should successi PM sample filter
weighing events fail this criterion, all individual test filter mass readings
mass readings occurring between the successive mefiece filter mass
determinations shall be invalidated. These filtersnay be re-weighed in
another weighing session. Should a post-test filtdre invalidated then the
test interval is void. This verification shall be grformed as follows:

(a) At least two samples of unused PM sample medshall be kept in
the PM-stabilization environment. These shall be & as
references. Unused filters of the same material angize shall be
selected for use as references;

(b) References shall be stabilized in the PM stalihtion
environment. References shall be considered stalziid if they
have been in the PM-stabilization environment for aninimum of
30 min, and the PM-stabilization environment has ben within the
specifications of paragraph 9.3.4.4. for at leasthe preceding 60
min;

(c) The balance shall be exercised several timestlWwia reference
sample without recording the values;

(d)  The balance shall be zeroed and spanned. A testass shall be
placed on the balance (e.g. calibration weight) anthen removed
ensuring that the balance returns to an acceptableero reading
within the normal stabilization time;

(e) Each of the reference media (e.g. filters) shabe weighed and
their masses recorded. If normally mean values arebtained by
repeating the weighing process to improve the accacy and
precision of reference media (e.g. filters) masse$e same process
shall be used to measure mean values of sample nee¢k.g. filters)
masses;

)] The balance environment dew point, ambient temgrature, and
atmospheric pressure shall be recorded;

()  The recorded ambient conditions shall be usedtcorrect results
for buoyancy as described in paragraph 8.1.12.2. Ehbuoyancy-
corrected mass of each of the references shall becorded;
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(h)  Each of the reference media's (e.g. filter's) umyancy-corrected
reference mass shall be subtracted from its previaly measured
and recorded buoyancy-corrected mass;

(i) If any of the reference filters' observed masshanges by more
than that allowed under this paragraph, all PM mass
determinations made since the last successful retarce media (e.g.
filter) mass validation shall be invalidated. Refeence PM filters
maybe discarded if only one of the filters mass hashanged by
more than the allowable amount and a special causfr that
filter's mass change can be positively identified kich would not
have affected other in-process filters. Thus the Vidation can be
considered a success. In this case, the contamirditeeference
media shall not be included when determining compdince with
paragraph (j) of this paragraph, but the affected eference filter
shall be discarded and replaced;

() If any of the reference masses change by morédn that allowed
under this paragraph 8.1.12.1.4., all PM results tht were
determined between the two times that the referenceasses were
determined shall be invalidated. If reference PM saiple media is
discarded according to paragraph (i) of this paragaph, at least
one reference mass difference that meets the criiar in this
paragraph 8.1.12.1.4. shall be available. Otherwisall PM results
that were determined between the two times that theeference
media (e.qg. filters) masses were determined shak linvalidated.

8.1.12.2. PM sample filter buoyancy correction
8.1.12.2.1. General

PM sample filter shall be corrected for their buoywncy in air. The
buoyancy correction depends on the sample media dsty, the density of
air, and the density of the calibration weight usedto calibrate the
balance. The buoyancy correction does not accountorf the buoyancy of
the PM itself, because the mass of PM typically acants for only (0.01 to
0.10) per cent of the total weight. A correction tahis small fraction of
mass would be at the most 0.010 per cent. The buayy-corrected
values are the tare masses of the PM samples. Théseyancy-corrected
values of the pre-test filter weighing are subsequdly subtracted from
the buoyancy-corrected values of the post-test wdigng of the
corresponding filter to determine the mass of PM eiitted during the
test.

8.1.12.2.2. PM sample filter density

Different PM sample filter have different densities. The known density of
the sample media shall be used, or one of the detiess for some common
sampling media shall be used, as follows:

(a) For PTFE-coated borosilicate glass, a sample mh@ density of
2300 kg/nt shall be used;

(b)  For PTFE membrane (film) media with an integral support ring
of polymethylpentene that accounts for 95 per centf the media
mass, a sample media density of 920 kgirshall be used:;
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8.1.12.2.4.

8.1.12.2.5.

8.2.
8.2.1.

8.2.1.1.
8.2.1.1.1.

(c) For PTFE membrane (film) media with an integral support ring
of PTFE, a sample media density of 2144 kgfshall be used.

Air density

Because a PM balance environment shall be tightlgontrolled to an
ambient temperature of (22 £1) °C and a dew pointfo(9.5 £1) °C, air
density is primarily function of atmospheric pressuwe. Therefore a
buoyancy correction is specified that is only a fuction of atmospheric
pressure.

Calibration weight density

The stated density of the material of the metal dioration weight shall be
used.

Correction calculation

The PM sample filter shall be corrected for buoyany using the following
equations:

1- P
My = M [0 (8-8)
1- Pu
Predia
Where:
Meor = PM sample filter mass corrected for buoyancy
Muncor = PM sample filter mass uncorrected for buoyancy
Pair = density of air in balance environment
Puweight = density of calibration weight used to span balase
Pmedia = density of PM sample filter
Pair = %IMW (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 environent

Instrument validation for test

Validation of proportional flow control for batch sampling and
minimum dilution ratio for PM batch sampling

Proportionality criteria for CVS
Proportional flows

For any pair of flow-meters, the recorded sample red total flow rates or
their 1 Hz means shall be used with the statisticadalculations in Annex
4B Appendix A.2 paragraph A.2.9. The standard errorof the estimate,
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SEE, of the sample flow rate versus the total flow rateshall be
determined. For each test interval, it shall be dewnstrated that SEE
was less than or equal to 3.5 per cent of the meaample flow rate.

8.2.1.1.2. Constant flows

For any pair of flow-meters, the recorded sample red total flow rates or
their 1 Hz means shall be used to demonstrate thatach flow rate was
constant within +2.5 per cent of its respective meaor target flow rate.
The following options may be used instead of recoidlg the respective
flow rate of each type of meter:

(@)  Critical-flow venturi option. For critical-flow venturis, the
recorded venturi-inlet conditions or their 1 Hz meas shall be
used. It shall be demonstrated that the flow densjtat the venturi
inlet was constant within +2.5 per cent of the mearor target
density over each test interval. For a CVS criticaflow venturi,
this may be demonstrated by showing that the absdee
temperature at the venturi inlet was constant withi +4 per cent of
the mean or target absolute temperature over eaclest interval;

(b)  Positive-displacement pump option. The recordedpump-inlet
conditions or their 1 Hz means shall be used. It sil be
demonstrated that the flow density at the pump inlewas constant
within £2.5 per cent of the mean or target densityover each test
interval. For a CVS pump, this may be demonstratedy showing
that the absolute temperature at the pump inlet wasconstant
within £2 per cent of the mean or target absolute @mperature
over each test interval.

8.2.1.1.3. Demonstration of proportional sampling

For any proportional batch sample such as a bag dPM filter, it shall be

demonstrated that proportional sampling was maintaned using one of
the following, noting that up to 5 per cent of thetotal number of data

points may be omitted as outliers.

Using good engineering judgment, it shall be demeitrated with an
engineering analysis that the proportional-flow cotrol system inherently
ensures proportional sampling under all circumstanes expected during
testing. For example, CFVs may be used for both sgte flow and total
flow if it is demonstrated that they always have th same inlet pressures
and temperatures and that they always operate undercritical-flow
conditions.

Measured or calculated flows and/or tracer gas caentrations (e.g. CQ)
shall be used to determine the minimum dilution raio for PM batch
sampling over the test interval.

8.2.1.2. Partial flow dilution system validation

For the control of a partial flow dilution systemto extract a proportional
raw exhaust sample, a fast system response is reqd; this is identified
by the promptness of the partial flow dilution sysem. The
transformation time for the system shall be determied by the procedure
in paragraph 8.1.8.6. and the related figure 3.1. Ae actual control of the
partial flow dilution system shall be based on thecurrent measured
conditions. If the combined transformation time of the exhaust flow
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8.2.2.
8.2.2.1.

8.2.2.1.1.

8.2.2.1.2.

8.2.2.2.

measurement and the partial flow system is 0.3 s, online control shall
be used. If the transformation time exceeds 0.3 $ok-ahead control

based on a pre-recorded test run shall be used. this case, the combined
rise time shall be< 1 s and the combined delay times 10 s. The total
system response shall be designed as to ensure presentative sample of
the particulates, gm,; (sample flow of exhaust gas into partial flow
dilution system), proportional to the exhaust masglow. To determine

the proportionality, a regression analysis OfQyp; VErsus gmew, (€xhaust
gas mass flow rate on wet basis) shall be conducted a minimum 5 Hz

data acquisition rate, and the following criteria $iall be met:

(@) The correlation coefficientr? of the linear regression betwee)y,
and Qew,i Shall not be less than 0.95;

(b)  The standard error of estimate 0fgyp; ON Omew,i Shall not exceed 5
per cent of gy, Maximum;

(c)  amp intercept of the regression line shall not exceetl 2 per cent of
Omp Maximum.

Look-ahead control is required if the combined transformation times of
the particulate systemsop and of the exhaust mass flow signatso r are >
0.3 s. In this case, a pre-test shall be run andeéhtexhaust mass flow signal
of the pre-test be used for controlling the sampl#ow into the particulate
system. A correct control of the partial dilution g/stem is obtained, if the
time trace Of Omew,pre Of the pre-test, which controlsdy,, is shifted by a
"look-ahead" time of tsop + tso r

For establishing the correlation between g,; and Onew,i the data taken
during the actual test shall be used, with g time aligned by &o¢
relative to gnp, (N0 contribution from tsope to the time alignment). The
time shift between g., and dn, is the difference between their
transformation times that were determined in paragaph 8.1.8.6.3.2.

Gas analyser range validation, drift validdbn and drift correction
Range validation

If an analyser operated above 100 per cent of iteange at any time
during the test, the following steps shall be perfoned:

Batch sampling

For batch sampling, the sample shall be re-analydeusing the lowest
analyser range that results in a maximum instrumentresponse below
100 per cent. The result shall be reported from théowest range from
which the analyser operates below 100 per cent @éirange for the entire
test.

Continuous sampling

For continuous sampling, the entire test shall beepeated using the next
higher analyser range. If the analyser again operat above 100 per cent
of its range, the test shall be repeated using theext higher range. The

test shall be continued to be repeated until the afyser always operates
at less than 100 per cent of its range for the emnd test.

Drift validation and drift correction
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If the drift is within £1 per cent, the data can te either accepted without
any correction or accepted after correction. If thedrift is greater than +1

per cent, two sets of brake specific emission ressishall be calculated
for each pollutant, or the test shall be voided. Oa set shall be calculated
using data before drift correction and another setof data calculated

after correcting all the data for drift according to Appendix 2 of Annexes
A.7 or A.8. The comparison shall be made as a pemage of the

uncorrected results. The difference between the uocrected and the

corrected brake-specific emission values shall beithin +4 per cent of

the uncorrected brake-specific emission values. Hot, the entire test is
void.

PM sampling media (e.qg. filters) preconditising and tare weighing

Before an emission test, the following steps shdié taken to prepare PM
sample filter media and equipment for PM measuremets:

Periodic verifications

It shall be made sure that the balance and PM-stdlization
environments meet the periodic verifications in paagraph 8.1.12. The
reference filter shall be weighed just before weighg test filters to
establish an appropriate reference point (see seoti details of the
procedure in paragraph 8.1.12.1.). The verificatiorof the stability of the
reference filters shall occur after the post-test tabilization period,
immediately before the post-test weighing.

Visual Inspection

The unused sample filter media shall be visuallynspected for defects,
defective filters shall be discarded.

Grounding

Electrically grounded tweezers or a grounding strp shall 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 mocentainers that are
open to the PM-stabilization environment. If filters are used, they may
be placed in the bottom half of a filter cassette.

Stabilization

Sample media shall be stabilized in the PM-stab#lation environment.
An unused sample medium can be considered stabild@s long as it has
been in the PM-stabilization environment for a minmum of 30 min,
during which the PM-stabilization environment has keen within the
specifications of paragraph 9.3.4.

Weighing

The sample media shall be weighed automatically omanually, as
follows:

(@) For automatic weighing, the automation system amufacturer's
instructions shall be followed to prepare samplesf weighing;

(b)  For manual weighing, good engineering judgmerghall be used,;
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8.2.3.10.

(c) Optionally, substitution weighing is permitted (see paragraph
8.2.3.10.);

(d)  Once a filter is weighed it shall be returneda the Petri dish and
covered.

Buoyancy correction

The measured weight shall be corrected for buoyagcas described in
paragraph 8.1.12.2.

Repetition

The filter mass measurements may be repeated totdemine the average
mass of the filter using good engineering judgemenénd to exclude
outliers from the calculation of the average.

Tare-weighing

Unused filters that have been tare-weighed shallebloaded into clean
filter cassettes and the loaded cassettes shall piced in a covered or
sealed container before they are taken to the tesell for sampling.

Substitution weighing

Substitution weighing is an option and, if used,nvolves measurement of
a reference weight before and after each weighingf @ PM sampling

medium (e.g. filter). While substitution weighing equires more

measurements, it corrects for a balance's zero-dtifand it relies on

balance linearity only over a small range. This isnost appropriate when

quantifying total PM masses that are less than 0.der cent of the sample
medium's mass. However, it may not be appropriate hien total PM

masses exceed 1 per cent of the sample medium's mal substitution

weighing is used, it shall be used for both pre-teand post-test weighing.
The same substitution weight shall be used for botpre-test and post-test
weighing. The mass of the substitution weight shalbe corrected for

buoyancy if the density of the substitution weighis less than 2.0 g/cth

The following steps are an example of substitutioweighing:

(a) Electrically grounded tweezers or a groundingtsap shall be used,
as described in paragraph 9.3.4.6.;

(b) A static neutralizer shall be used as describedn paragraph
9.3.4.6. to minimize static electric charge on angbject before it is
placed on the balance pan;

(c) A substitution weight shall be selected that nss the
specifications for calibration weights in paragraph 9.5.2. The
substitution weight shall also have the same dengias the weight
that is used to span the microbalance, and shall ksmilar in mass
to an unused sample medium (e.g. filter). If filtes are used, the
weight's mass should be about (80 to 100) mg forpical 47 mm
diameter filters;

(d) The stable balance reading shall be recorded dnthen the
calibration weight shall be removed;

(e) An unused sampling medium (e.g. a new filterhsll be weighed,
the stable balance reading recorded and the balance
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environment's dew point, ambient temperature, and amospheric
pressure recorded;

) The calibration weight shall be reweighed andhe stable balance
reading recorded;

(9)  The arithmetic mean of the two calibration-weifpt readings that
were recorded immediately before and after weighinghe unused
sample shall be calculated. That mean value shallebsubtracted
from the unused sample reading, then the true massf the
calibration weight as stated on the calibration-wajht certificate
shall be added. This result shall be recorded. This the unused
sample's tare weight without correcting for buoyang;

(h)  These substitution-weighing steps shall be repted for the
remainder of the unused sample media;

(i) The instructions given in paragraphs 8.2.3.7.hrough 8.2.3.9. of
this section shall be followed once weighing is cqrieted.

PM sample post-conditioning and total weighg
Periodic verification

It shall be assured that the weighing and PM-stabzation environments
have met the periodic verifications in paragraph 8..12.1. After testing is
complete, the filters shall be returned to the weigng and PM-
stabilization environment. The weighing and PM-stabization
environment shall meet the ambient conditions requements in
paragraph 9.3.4.4., otherwise the test filters shiabe left covered until
proper conditions have been met.

Removal from sealed containers

In the PM-stabilization environment, the PM sample shall be removed
from the sealed containers. Filters may be removefitom their cassettes
before or after stabilization. When a filter is renoved from a cassette,
the top half of the cassette shall be separated frothe bottom half using
a cassette separator designed for this purpose.

Electrical grounding

To handle PM samples, electrically grounded tweere or a grounding
strap shall be used, as described in paragraph 9435.

Visual inspection

The collected PM samples and the associated filtemedia shall be
inspected visually. If the conditions of either théfilter or the collected
PM sample appear to have been compromised, or if ¢hparticulate
matter contacts any surface other than the filterthe sample may not be
used to determine particulate emissions. In the casof contact with
another surface; the affected surface shall be clead before proceeding.

Stabilization of PM samples

To stabilize PM samples, they shall be placed ime or more containers
that are open to the PM-stabilization environmentwhich is described in
paragraph 9.3.4.3. A PM sample is stabilized as Ignas it has been in the
PM-stabilization environment for one of the followng durations, during
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which the stabilization environment has been withirthe specifications of
paragraph 9.3.4.3.:

(a) If it is expected that a filter's total surfaceconcentration of PM
will be greater than 0.353 pg/mrf, assuming a 400 pg loading on a
38 mm diameter filter stain area, the filter shallbe exposed to the
stabilization environment for at least 60 minutes bfore weighing;

(b) If it is expected that a filter's total surface concentration of PM
will be less than 0.353 pg/mf the filter shall be exposed to the
stabilization environment for at least 30 minutes bfore weighing;

(c) If a filter's total surface concentration of PM to be expected
during the test is unknown, the filter shall be expsed to the
stabilization environment for at least 60 minutes bfore weighing.

Determination of post-test filter mass

The procedures in paragraph 8.2.3. shall be repead (paragraphs
8.2.3.6. through 8.2.3.9.) to determine the postsdefilter mass.

Total mass

Each buoyancy-corrected filter tare mass shall beubtracted from its
respective buoyancy-corrected post-test filter mas§he result is the total
mass, Myta, Which shall be used in emission calculations innkexes A.7
and A.8.

Measurement equipment
Engine dynamometer specification
Shaft work

An engine dynamometer shall be used that has adeape characteristics
to perform the applicable duty cycle including the ability to meet
appropriate cycle validation criteria. The following dynamometers may
be used:

(a) Eddy-current or water-brake dynamometers;

(b)  Alternating-current or direct-current motoring dynamometers;
(c) One or more dynamometers.

Transient cycle

Load cell or in-line torque meter may be used fotorque measurements.

When using a load cell, the torque signal shall b&ansferred to the
engine axis and the inertia of the dynamometer shiabe considered. The
actual engine torque is the torque read on the loadell plus the moment
of inertia of the brake multiplied by the angular acceleration. The
control system has to perform such a calculation ineal time.

Engine accessories

The work of engine accessories required to fuelubbricate, or heat the
engine, circulate liquid coolant to the engine, orto operate after-
treatment devices shall be accounted for and theyhall be installed in
accordance with paragraph 6.3.

Dilution procedure (if applicable)
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Diluent conditions and background concentréns

Gaseous constituents may be measured raw or dilutehereas PM
measurement generally requires dilution. Dilution nay be accomplished
by a full flow or partial flow dilution system. When dilution is applied
then the exhaust may be diluted with ambient air, ynthetic air, or
nitrogen. For gaseous emissions measurement thewdht shall be at least
15 °C. For PM sampling the temperature of the diluet is specified in
paragraphs 9.2.2. for CVS and 9.2.3. for PFD witharying dilution ratio.
The flow capacity of the dilution system shall be drge enough to
completely eliminate water condensation in the diliion and sampling
systems. De-humidifying the dilution air before ergring the dilution
system is permitted, if the air humidity is high. The dilution tunnel walls
may be heated or insulated as well as the bulk s@en tubing
downstream of the tunnel to prevent aqueous condeason.

Before a diluent is mixed with exhaust, it may bepreconditioned by
increasing or decreasing its temperature or humidif. Constituents may
be removed from the diluent to reduce their backgrand concentrations.
The following provisions apply to removing constiteénts or accounting
for background concentrations:

(@) Constituent concentrations in the diluent may b measured and
compensated for background effects on test result§ee Annexes
A.7-A.8 for calculations that compensate for backgsund
concentrations;

(b) To account for background PM the following optbns are
available:

0] For removing background PM, the diluent shall te filtered
with high-efficiency particulate air (HEPA) filters that have
an initial minimum collection efficiency specificaton of
99.97 per cent (see 3.1. for procedures related téEPA-
filtration efficiencies);

(i)  For correcting for background PM without HEPA
filtration, the background PM shall not contribute more
than 50 per cent of the net PM collected on the sate
filter;

(i)  Background correction of net PM with HEPA fil tration is
permitted without restriction.

Full flow system

Full-flow dilution; constant-volume sampling (CVS) The full flow of raw
exhaust is diluted in a dilution tunnel. Constant fow may be maintained
by maintaining the temperature and pressure at theflow-meter within
the limits. For non constant flow the flow shall bemeasured directly to
allow for proportional sampling. The system shall le designed as follows
(see figure 9.1):

(& A tunnel with inside surfaces of stainless steshall be used. The
entire dilution tunnel shall be electrically grounded;

(b)  The exhaust system backpressure shall not betdicially lowered
by the dilution air inlet system. The static presste at the location
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(©

(d)

(e)

)

)

(h)

where raw exhaust is introduced into the tunnel sha be
maintained within +1.2 kPa of atmospheric pressure;

To support mixing the raw exhaust shall be intoduced into the
tunnel by directing it downstream along the centrehe of the
tunnel. A fraction of dilution air maybe introduced radially from

the tunnel's inner surface to minimize exhaust inteaction with the

tunnel walls;

Diluent. For PM sampling the temperature of the diluents
(ambient air, synthetic air, or nitrogen as quotedin paragraph
9.2.1.) shall be maintained between 293 and 325 R(Q(to 52°C) in
close proximity to the entrance into the dilution tinnel.

The Reynolds number,Re, shall be at least 4000 for the diluted
exhaust stream, whereRe 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 traversinga sampling
probe across the tunnel's diameter, vertically anchorizontally. If
the analyser response indicates any deviation exckeg +2 per
cent of the mean measured concentration, the CVS ah be
operated at a higher flow rate or a mixing plate ororifice shall be
installed to improve mixing;

Flow measurement preconditioning. The diluted ghaust may be
conditioned before measuring its flow rate, as longas this
conditioning takes place downstream of heated HC oPM sample
probes, as follows:

0] Flow straighteners, pulsation dampeners, or bdt of these
maybe used;

(i) A filter maybe used;

(i) A heat exchanger maybe used to control the teperature
upstream of any flow-meter but steps shall be takero
prevent aqueous condensation;

Aqueous condensation. To ensure that a flow iseasured that
corresponds to a measured concentration, either agous
condensation shall be prevented between the samplerobe
location and the flow-meter inlet in the dilution unnel or aqueous
condensation shall be allowed to occur and humiditat the flow-
meter inlet measured. The dilution tunnel walls orbulk stream
tubing downstream of the tunnel may be heated or sulated to
prevent aqueous condensation. Aqueous condensatiaall be
prevented throughout the dilution tunnel. Certain echaust
components can be diluted or eliminated by the presmce of
moisture;

For PM sampling, the already proportional flow comng from
CVS goes through secondary dilution (one or moreptachieve the
requested overall dilution ratio as shown in figure 9.2 and
mentioned in paragraph 9.2.3.2,;

The minimum overall dilution ratio shall be within the range of
5:1 to 7:1 and at least 2:1 for the primary dilution stage based on
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the maximum engine exhaust flow rate during the téscycle or test
interval;

(i) The overall residence time in the system shalle between 0.5 and
5's, as measured from the point of diluent introduiion to the filter
holder(s);

() The residence time in the secondary dilution stem, if present,
shall be at least 0.5 s, as measured from the poinf secondary
diluent introduction to the filter holder(s).

To determine the mass of the particulates, a padulate sampling system,
a particulate sampling filter, a gravimetric balance, and a temperature
and humidity controlled weighing chamber, are requied.

Figure 9.1
Examples of full-flow dilution sampling configurations

NOTE: SCHEMATIC REPRESENTATION ONLY.

EXACT CONFIRMATION WITH THIS SCHEMATIC
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9.2.3. Partial flow dilution (PFD) system
9.2.3.1. Description of partial flow system

A schematic of a PFD system is shown in figure 9.2t is a general
schematic showing principles of sample extractiondilution and PM

sampling. It is not meant to indicate that all thecomponents described in
the figure are necessary for other possible samplinsystems that satisfy
the intent of sample collection. Other configuratios which do not match
these schematics are allowed under the condition @h they serve the
same purpose of sample collection, dilution, and PMsampling. These
need to satisfy other criteria such as in paragraph8.1.8.6. (periodic
calibration) and 8.2.1.2. (validation) for varying dilution PFD, and
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Figure 9.2

paragraph 8.1.4.5 as well as table 8.2 (linearity evification) and
paragraph 8.1.8.5.7. (verification) for constant dution PFD.

As shown in figure 9.2, the raw exhaust gas or thgrimary diluted flow
is transferred from the exhaust pipe EP or from CVSrespectively to the
dilution tunnel DT through the sampling probe SP aml the transfer line
TL. The total flow through the tunnel is adjusted with a flow controller
and the sampling pump P of the particulate samplingystem (PSS). For
proportional raw exhaust sampling, the dilution air flow is controlled by
the flow controller FC1, which may usegmey (€Xhaust gas mass flow rate
on wet basis) ormaw (intake air mass flow rate on wet basis) and, (fuel
mass flow rate) as command signals, for the desireekhaust split. The
sample flow into the dilution tunnel DT is the difference of the total flow
and the dilution air flow. The dilution air flow ra te is measured with the
flow measurement device FM1, the total flow rate wh the flow
measurement device of the particulate sampling syain. The dilution
ratio is calculated from these two flow rates. Forsampling with a
constant dilution ratio of raw or diluted exhaust \ersus exhaust flow
(e.g.: secondary dilution for PM sampling), the dilition air flow rate is
usually constant and controlled by the flow contrder FC1 or dilution air

pump.

Schematic of partial flow dilution system (total sanpling type)

FC1
b
DAF FM1 T
: g I DT
4 TL

qﬂlew
Tl |P g
: and |
VDt | 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 nt air, synthetic
air, or nitrogen) shall be filtered with a high-efficiency PM
air (HEPA) filter.

DT = Dilution tunnel or secondary dilution system
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EP = Exhaust pipe or primary dilution system

FC1 = Flow controller

FH = Filter holder

FM1 = Flow measurement device measuring the dilutio air 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 proportional mw exhaust sampling
PFD:

Omew = Exhaust gas mass gas flow rate on wet basis
Omaw = Intake air mass flow rate on wet basis
Oni = Fuel mass flow rate

Dilution

The temperature of the diluents (ambient air, syrftetic air, or nitrogen
as quoted in paragraph 9.2.1.) shall be maintainedetween 293 and 325
K (20 to 52°C) in close proximity to the entrancerito the dilution tunnel.

De-humidifying the dilution air before entering the dilution system is
permitted. The partial flow dilution system has tobe designed to extract
a proportional raw exhaust sample from the enginexhaust stream, thus
responding to excursions in the exhaust stream flowate, and introduce
dilution air to this sample to achieve a temperatue at the test filter as
prescribed by paragraph 9.3.3.4.3. For this it isgsential that the dilution
ratio be determined such that the accuracy requirerants of paragraph
8.1.8.6.1. are fulfilled.

To ensure that a flow is measured that correspond$o a measured
concentration, either aqueous condensation shall bgrevented between
the sample probe location and the flow-meter inlein the dilution tunnel

or aqueous condensation shall be allowed to occun@ humidity at the

flow-meter inlet measured. The PFD system may be ated or insulated
to prevent aqueous condensation. Aqueous condensati shall be
prevented throughout the dilution tunnel.

The minimum dilution ratio shall be within the range of 5:1 to 7:1 based
on the maximum engine exhaust flow rate during theest cycle or test
interval.

The residence time in the system shall be betweeh5 and 5 s, as
measured from the point of diluent introduction tothe filter holder(s).

To determine the mass of the particulates, a padulate sampling system,
a particulate sampling filter, a gravimetric balance, and a temperature
and humidity controlled weighing chamber, are requied.

Applicability
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PFD may be used to extract a proportional raw exhast sample for any
batch or continuous PM and gaseous emission sampiinover any
transient duty cycle, any steady-state duty cycleraany ramped-modal
duty cycle.

The system may be used also for a previously diked exhaust where, via
a constant dilution-ratio, an already proportional flow is diluted (see
figure 9.2). This is the way of performing secondar dilution from a CVS
tunnel to achieve the necessary overall dilution té&o for PM sampling.

Calibration

The calibration of the PFD to extract a proportioral raw 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 system.lt protrudes into a raw
or diluted exhaust stream to extract a sample, sucthat it's inside and
outside surfaces are in contact with the exhaust. Aample is transported
out of a probe into a transfer line.

Sample probes shall be made with inside surface$ stainless steel or, for
raw exhaust sampling, with any non-reactive materiba capable of
withstanding raw exhaust temperatures. Sample prokeshall be located
where constituents are mixed to their mean sampleoacentration and
where interference with other probes is minimizedlt is recommended
that all probes remain free from influences of boudary layers, wakes,
and eddies — especially near the outlet of a raw-eaust tailpipe where
unintended dilution might occur. Purging or back-flushing of a probe
shall not influence another probe during testing. Asingle probe to
extract a sample of more than one constituent mayebused as long as the
probe meets all the specifications for each conatiént.

Transfer lines

Transfer lines that transport an extracted samplefrom a probe to an

analyser, storage medium, or dilution system shalbe minimized in

length by locating analysers, storage media, andldiion systems as close
to the probes as practical. The number of bends itransfer lines shall be

minimized and that the radius of any unavoidable bed shall be

maximized.

Sampling methods

For continuous and batch sampling, introduced in pragraph 7.2., the
following conditions apply:

(&  When extracting from a constant flow rate, thesample shall also
be carried out at a constant flow rate;

(b)  When extracting from a varying flow rate, the ample flow rate
shall be varied in proportion to the varying flow rate;

(c) Proportional sampling shall be validated as desibed in
paragraph 8.2.1.
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9.3.2.3.1.
9.3.23.1.1L

Gas sampling
Sampling probes

Either single-port or multi-port probes are used br sampling gaseous
emissions. The probes may be oriented in any dirdon relative to the
raw or diluted exhaust flow. For some probes, theasnple temperatures
shall be controlled, as follows:

(@)  For probes that extract NQ, from diluted exhaust, the probe's
wall temperature shall be controlled to prevent ageous
condensation;

(b)  For probes that extract hydrocarbons from the dluted exhaust, a
probe wall temperature is recommended to be contrédd
approximately 190 °C to minimize contamination.

Transfer lines

Transfer lines with inside surfaces of stainlessteel, PTFE, Viton'™, or
any other material that has better properties for enission sampling shall
be used. A non-reactive material capable of withstaling exhaust
temperatures shall be used. In-line filters may besed if the filter and its
housing meet the same temperature requirements ake transfer lines,
as follows:

(@ For NO, transfer lines upstream of either an NG-to-NO
converter that meets the specifications of paragrap8.1.11.5. or a
chiller that meets the specifications of paragraph8.1.11.4. a
sample temperature that prevents aqueous condensati shall be
maintained;

(b)  For THC transfer lines a wall temperature tolerance throughout
the entire line of (191 +11)°C shall be maintained. If sampled
from raw exhaust, an unheated, insulated transferihe may be
connected directly to a probe. The length and insation of the
transfer line shall be designed to cool the highestxpected raw
exhaust temperature to no lower than 192C, as measured at the
transfer line outlet. For dilute sampling a transiton zone between
the probe and transfer line of up to 0.92 m in lenth is allowed to
transition the wall temperature to (191 +11)°C.

Sample-conditioning components
Sample dryers
Requirements

The instrument that is used for removing moistureshall meet the
minimum requirements in the following paragraph. The moisture
content of 0.8 volume per cent KD is used in equation (A.8-14).

For the highest expected water vapour concentratio H,,, the water
removal technique shall maintain CLD humidity at< 5 g water/kg dry
air (or about 0.8 volume per cent HO), which is 100 per cent relative
humidity at 3.9 °C and 101.3 kPa. This humidity speification is also
equivalent to about 25 per cent relative humidity &25 °C and 101.3 kPa.
This may be demonstrated by measuring the temperate at the outlet of
a thermal dehumidifier, or by measuring humidity at a point just
upstream of the CLD.
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9.3.23.1.2.

9.3.2.3.2.

Type of sample dryers allowed and predure to estimate moisture
content after the dryer

Either type of sample dryer described in this pargraph to decrease the
effects of water on gaseous emission measurementayne used.

(@)

(b)

If an osmotic-membrane dryer upstream of any gseous analyser
or storage medium is used, it shall meet the tempature
specifications in paragraph 9.3.2.2. The dew pointTge, and
absolute pressure,pp, downstream of an osmotic-membrane
dryer shall be monitored. The amount of water shalbe calculated
as specified in Annexes A.7-A.8 by using continuolysrecorded
values of Tgew and pyotar OF their peak values observed during a test
or their alarm set points. Lacking a direct measurenent, the
nominal pew IS given by the dryer's lowest absolute pressure
expected during testing;

A thermal chiller upstream of a THC measurementsystem for
compression-ignition engines may not be used. Iftaermal chiller
upstream of an NQO-to-NO converter or in a sampling system
without an NO,-to-NO converter is used, the chiller shall meet &
NO, loss-performance check specified in paragraph 811.4. The
dew point, Tgew, and absolute pressurepia, downstream of a
thermal chiller shall be monitored. The amount of vater shall be
calculated as specified in Annexes A.7-A.8 by usingpntinuously
recorded values ofTge, and pa OF their peak values observed
during a test or their alarm set points. Lacking a direct
measurement, the nominalp, is given by the thermal chiller's
lowest absolute pressure expected during testingf it is valid to
assume the degree of saturation in the thermal chélr, Tqe, based
on the known chiller efficiency and continuous monboring of
chiller temperature, Tehier may be calculated. If values ofT chjer
are not continuously recorded, its peak value obseed during a
test, or its alarm setpoint, may be used as a coastt value to
determine a constant amount of water according to Anexes A.7-
A.8. If it is valid to assume thatTcer iS equal toTgew, Tehiler May
be used in lieu ofT4e, according to Annexes A.7-A.8. If it is valid
to assume a constant temperature offset betwe@nnier and Tgew,
due to a known and fixed amount of sample reheat bseen the
chiller outlet and the temperature measurement locéon, this
assumed temperature offset value may be factored innto
emission calculations. The validity of any assumpins allowed by
this paragraph shall be shown by engineering analysor by data.

Sample pumps

Sample pumps upstream of an analyser or storage mieim for any gas
shall be used. Sample pumps with inside surfaces atainless steel,
PTFE, or any other material having better properties for emission
sampling shall be used. For some sample pumps, teerptures shall be
controlled, as follows:

(@)

If a NO, sample pump upstream of either an N@to-NO
converter that meets paragraph 8.1.11.5. or a chdl that meets
paragraph 8.1.11.4. is used, it shall be heated pyevent aqueous
condensation;
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(b) If a THC sample pump upstream of a THC analyseror storage
medium is used, its inner surfaces shall be heatéd a tolerance of
(191 +11)°C.

9.3.2.4. Sample storage media

In the case of bag sampling, gas volumes shall Beored in sufficiently
clean containers that minimally off-gas or allow pemeation of gases.
Good engineering judgment shall be used to determén acceptable
thresholds of storage media cleanliness and perméanh. To clean a
container, it may be repeatedly purged and evacuateand may be
heated. A flexible container (such as a bag) withira temperature-
controlled environment, or a temperature controlledrigid container that
is initially evacuated or has a volume that can belisplaced, such as a
piston and cylinder arrangement, shall be used. Cdainers meeting the
specifications in the following table 9.1 shall based.

Table 9.1
Gaseous Batch Sampling Container Materials

CO, CO,, O,, CH,, polyvinyl fluoride (PVF)? for example Tedlar™, polyvinylidene fluoride?
C.Hg, CsHg, NO, NO,'  [for example Kynar™, polytetrafluoroethylene® for example Teflon™, or
stainless steél

THC, NMHC holytetrafluoroethylene * or stainless steél

! As long as aqueous condensation in storage containg prevented.
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 shallebused. PM probes
shall be oriented to face directly upstream.

The PM probe may be shielded with a hat that confons with the
requirements in figure 9.3. In this case the pre-elssifier 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
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9.3.3.2.

9.3.3.3.

9.3.3.4.

9.3.3.4.1.

9.3.3.4.2.

9.3.3.4.3.

Transfer lines

Insulated or heated transfer lines or a heated effmsure are
recommended to minimize temperature differences bwateen transfer
lines and exhaust constituents. Transfer lines thatre inert with respect
to PM and are electrically conductive on the insidesurfaces shall be
used. It is recommended using PM transfer lines madof stainless steel;
any material other than stainless steel will be ragjired to meet the same
sampling performance as stainless steel. The insidsurface of PM
transfer lines shall be electrically grounded.

Pre-classifier

The use of a PM pre-classifier to remove large-dimeter particles is
permitted that is installed in the dilution systemdirectly before the filter
holder. Only one pre-classifier is permitted. If ahat shaped probe is used
(see figure 9.3), the use of a pre-classifier isghibited.

The PM pre-classifier may be either an inertial inpactor or a cyclonic
separator. It shall be constructed of stainless st¢ The pre-classifier
shall be rated to remove at least 50 per cent of PNt an aerodynamic
diameter of 10 um and no more than 1 per cent of PMat an
aerodynamic diameter of 1 um over the range of flowates for which it is
used. The pre-classifier outlet shall be configuredvith a means of
bypassing any PM sample filter so that the pre-clasfier flow can be
stabilized before starting a test. PM sample filtershall be located within
75 cm downstream of the pre-classifier's exit.

Sample filter

The diluted exhaust shall be sampled by a filter Hat meets the
requirements of paragraphs 9.3.3.4.1. to 9.3.3.4.4during the test
sequence.

Filter specification

All filter types shall have a 0.3 um DOP (di-octyphthalate) collection
efficiency of at least 99.7 per cent. The sampleltér manufacturer's

measurements reflected in their product ratings maybe used 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 exceed®)0 ug, a filter with a
minimum initial collection efficiency of 98 per cen may be used.

Filter size
The nominal filter size shall be 46.50 mm +0.6 mmiameter.
Dilution and temperature control of PM amples

PM samples shall be diluted at least once upstreanf transfer lines in
case of a CVS system and downstream in case of PB{istem (see 9.3.3.2.
relating to transfer lines). Sample temperature ito be controlled to a (47
15) °C tolerance, as measured anywhere within 200 mm ugpeam or 200
mm downstream of the PM storage media. The PM samglis intended to
be heated or cooled primarily by dilution conditiors as specified in
paragraph 9.2.1.(a).
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9.3.3.4.4. Filter face velocity

A filter face velocity shall be between 0.90 and.Q0 m/s with less than 5
per cent of the recorded flow values exceeding thiange. If the total PM

mass exceeds 400 pg, the filter face velocity mag beduced. The face
velocity shall be measured as the volumetric flowate of the sample at
the pressure upstream of the filter and temperatureof the filter face,

divided by the filter's exposed area. The exhausttack or CVS tunnel

pressure shall be used for the upstream pressure the pressure drop
through the PM sampler up to the filter is less tha 2 kPa.

9.3.3.4.5 Filter holder

To minimize turbulent deposition and to deposit PMevenly on a filter, a
12.5 (from centre) divergent cone angle to transitionrom the transfer-
line inside diameter to the exposed diameter of thélter face shall be
used. Stainless steel for this transition shall besed.

9.3.4. PM-stabilization and weighing environmentsdr gravimetric analysis
9.3.4.1. Environment for gravimetric analysis

This section describes the two environments requed to stabilize and
weigh PM for gravimetric analysis: the PM stabilizaion environment,
where filters are stored before weighing; and the ®ighing environment,
where the balance is located. The two environmentsnay share a
common space.

Both the stabilization and the weighing environmets shall be kept free
of ambient contaminants, such as dust, aerosols, semi-volatile material
that could contaminate PM samples.

9.3.4.2. Cleanliness

The cleanliness of the PM-stabilization environmenusing reference
filters shall be verified, as described in paragrap 8.1.12.1.4.

9.3.4.3. Temperature of the chamber

The temperature of the chamber (or room) in whichthe particulate
filters are conditioned and weighed shall be mainiaed to within 22 °C
+1 °C during all filter conditioning and weighing. The humidity shall be
maintained to a dew point of 9.5 °C 1 °C and a rative humidity of 45
per cent £8 per cent. If the stabilization and weilging environments are
separate, the stabilization environment shall be matained at a
tolerance of 22 °C £3 °C.

9.3.4.4. Verification of ambient conditions

When using measurement instruments that meet thepscifications in
paragraph 9.4 the following ambient conditions shéalbe verified:

(@) Dew point and ambient temperature shall be readed. These
values shall be used to determine if the stabiliziatn and weighing
environments have remained within the tolerances geified in
paragraph 9.3.4.3. of this section for at least 60nin before
weighing filters;

(b)  Atmospheric pressure shall be continuously reeded within the
weighing environment. An acceptable alternative isto use a
barometer that measures atmospheric pressure outsid the
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weighing environment, as long as it can be ensurethat the

atmospheric pressure at the balance is always at é¢hbalance
within 100 Pa of the shared atmospheric pressuréA means to
record the most recent atmospheric pressure shallebprovided

when each PM sample is weighedThis value shall be used to
calculate the PM buoyancy correction in paragraph 8..12.2.

Installation of balance
The balance shall be installed as follows:

(@) Installed on a vibration-isolation platform to isolate it from
external noise and vibration;

(b)  Shielded from convective airflow with a staticdissipating draft
shield that is electrically grounded.

Static electric charge

Static electric charge shall be minimized in the dance environment, as
follows:

(@  The balance is electrically grounded,;

(b)  Stainless steel tweezers shall be used if PMngales shall be
handled manually;

(c) Tweezers shall be grounded with a grounding stp, or a
grounding strap shall be provided for the operatorsuch that the
grounding strap shares a common ground with the baince;

(d) A static-electricity neutralizer shall be provided that is electrically
grounded in common with the balance to remove stati charge
from PM samples.

Measurement instruments
Introduction
Scope

This paragraph specifies measurement instruments ral associated
system requirements related to emission testing. Thincludes laboratory
instruments for measuring engine parameters, ambigrnconditions, flow-
related parameters, and emission concentrations (vaor diluted).

Instrument types

Any instrument mentioned in this annex shall be usd as described in the
annex itself (see Table 8.2 for measurement quarigs provided by these
instruments). Whenever an instrument mentioned in his annex is used
in a way that is not specified, or another instrumat is used in its place,
the requirements for equivalency provisions shall pply as specified in
paragraph 5.1.3. Where more than one instrument fora particular
measurement is specified, one of them will be iddfied by the type
approval authority upon application as the referene for showing that an
alternative procedure is equivalent to the specifig procedure.

Redundant systems

Data from multiple instruments to calculate test esults for a single test
may be used for all measurement instruments descrd in this



ECE/TRANS/WP.29/GRPE/2011/11

9.4.2.

paragraph, with prior approval of the type approval authority. Results
from all measurements shall be recorded and the rawdata shall be
retained, as described in paragraph 5.3 of this arex. This requirement
applies whether or not the measurements are actugllused in the
calculations.

Data recording and control

The test system shall be able to update data, redodata and control
systems related to operator demand, the dynamometersampling
equipment, and measurement instruments. Data acqutgon and control
systems shall be used that can record at the spded minimum
frequencies, as shown in Table 9.2 (this table doest apply to discrete
mode testing).
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Table 9.2
Data recording and control minimum frequencies

IApplicable Test Protocc

Minimum
Command and
Control

Minimum Recording

Sectior Measured Valies Frequency Frequency

7.6. Speed and torque during an engine step-map zH 1 mean value per
step

7.6. Speed and torque during an engine sweep-map | Hz 1 Hz means

7.8.3. Transient duty cycle reference and feedback 5 Hz 1 Hz means

speeds and torques
7.8.2. Steady-state and ramped-modal duty cycle 1 Hz 1Hz
reference 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 analyser 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 withouta 5 Hz 1 Hz means

521 heat exchanger upstream of the flow measurement

7.6. Intake-air or exhaust flow rate (for raw transient  [N/A 1 Hz means

521 measurement)

7.6. Dilution air if actively controlled b Hz 1 Hz means

8.2.1.

7.6. Sample flow from a CVS with a heat exchanger 1Hz Hz

8.2.1.

7.6. Sample flow from a CVS without a heat exchanger 5H 1 Hz mean

8.2.1.

9.4.3. Performance specifications for measurememstruments
9.4.3.1. Overview

252

The test system as a whole shall meet all the ameble calibrations,
verifications, and test-validation criteria specifed in paragraphs 8.1.,
including the requirements of the linearity check 6 paragraphs 8.1.4.
and 8.2. Instruments shall meet the specificationsy Table 9.2 for all
ranges to be used for testing. Furthermore, any dagnentation received
from instrument manufacturers showing that instruments meet the

specifications in Table 9.2 shall be kept.
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9.4.3.2. Component requirements
Table 9.3 shows the specifications of transducers torque, speed, and
pressure, sensors of temperature and dew point, amather instruments.
The overall system for measuring the given physicahnd/or chemical
quantity shall meet the linearity verification in paragraph 8.1.4. For
gaseous emissions measurements, analysers may bedysthat have
compensation algorithms that are functions of othemeasured gaseous
components, and of the fuel properties for the spéd engine test. Any
compensation algorithm shall only provide offset cmpensation without
affecting any gain (that is no bias).
Table 9.3
Recommended performance specifications for measureant instruments
Measured (Complete
quantity  [Syster Recordin¢ update
Measurement Instrumer symbo  [Rise tim¢  frequency Accuracy® Repeatabilit?
ngine speed transducer n 1ls 1 Hz means 2.0% of pt. or  |1.0 % of pt. or
0.5 % of max 0.25 % of max
Engine torque transducer T 1ls 1 Hz means 2.0 % of pt.or  |1.0 % of pt. or
1.0 % of max 0.5 % of max
Fuel flow-meter 5s 1 Hz 2.0% of pt.or 1.0 % of pt. or
0, 0,
(Fuel totalizer) (NIA)  (NIA) 1.5 % ofmax 075 % of max
Total diluted exhaust meter (CVS) 1ls 1 Hz means 2.0% of pt.or 1.0 % of pt. or
0, 0,
(With heat exchanger before meter) (5s) (1 Hz) 1.5 % of max 0-75 % of max
Dilution air, inlet air, exhaust, and 1ls 1 Hz means of 5 2.5 % of pt. or  |1.25 % of pt. or
sample flow-meters Hz samples 1.5 % of max 0.75 % of max
Continuous gas analyser raw X 25s 2 Hz 2.0 % of pt. or 1.0 % of pt. or
2.0 % of meas. 1.0 % of meas.
Continuous gas analyser dilute X 5s 1 Hz 2.0 % of pt. or 1.0 % of pt. or
2.0 % of meas. [1.0 % of meas.
Continuous gas analyser X 5s 1 Hz 2.0% of pt.or  |1.0 % of pt. or
2.0 % of meas. 1.0 % of meas.
Batch gas analyser X N/A N/A 2.0 % of pt. or 1.0 % of pt. or
2.0 % of meas. 1.0 % of meas.
Gravimetric PM balance Mpy N/A N/A See 9.4.11. 0.5 ug
Inertial PM balance Mpy 5s 1 Hz 2.0 % of pt. or 1.0 % of pt. or

2.0 % of meas.

1.0 % of meas.

& Accuracy and repeatability are all determined withthe same collected data, as described in 9.4.3. dapased on absolute
values. "pt." refers to the overall mean value expeted at the emission limit ; "max." refers to the peak value expected at the
emission limit over the duty cycle , not the maximon of the instrument's range; "meas." refers to theactual mean measured

over the duty cycle.
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9.4.4.
9.4.4.1.
9.4.4.1.1.

9.4.4.1.2.

9.4.4.2.

9.4.5.

9.4.5.1.

9.4.5.2.

9.4.5.3.
9.4.5.3.1.

Measurement of engine parameters & ambienbaditions
Speed and torque sensors
Application

Measurement instruments for work inputs and outpus during engine
operation shall meet the specifications in this pagraph. Sensors,
transducers, and meters meeting the specifications;n Table 9.3 are
recommended. Overall systems for measuring work ingts and outputs
shall meet the linearity verifications in paragraph8.1.4.

Shaft work

Work and power shall be calculated from outputs ofspeed and torque
transducers according to paragraph 9.4.4.1. Overallsystems for
measuring speed and torque shall meet the calibrath and verifications
in paragraphs 8.1.7. and 8.1.4.

Torque induced by the inertia of accelerating and decelerating

components connected to the flywheel, such as theiv# shaft and

dynamometer rotor, shall be compensated for as need, based on good
engineering judgment.

Pressure transducers, temperature sensoes)yd dew point sensors

Overall systems for measuring pressure, temperate; and dew point
shall meet the calibration in paragraph 8.1.7.

Pressure transducers shall be located in a tempetae-controlled
environment, or they shall compensate for temperate changes over
their expected operating range. Transducer materid shall be
compatible with the fluid being measured.

Flow-related measurements

For any type of flow-meter (of fuel, intake-air, aw exhaust, diluted
exhaust, sample), the flow shall be conditioned aseeded to prevent
wakes, eddies, circulating flows, or flow pulsatios from affecting the

accuracy or repeatability of the meter. For some nters, this may be
accomplished by using a sufficient length of stralg tubing (such as a
length equal to at least 10 pipe diameters) or bysing specially designed
tubing bends, straightening fins, orifice plates (opneumatic pulsation

dampeners for the fuel flow-meter) to establish atsady and predictable
velocity profile upstream of the meter.

Fuel flow-meter

Overall system for measuring fuel flow shall meethe calibration in
paragraph 8.1.8.1. In any fuel flow measurement ishall be accounted
for any fuel that bypasses the engine or returns &m the engine to the
fuel storage tank.

Intake-air flow-meter

Overall system for measuring intake-air flow shallmeet the calibration
in paragraph 8.1.8.2.

Raw exhaust flow-meter

Component requirements
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9.4.5.3.2.

9.4.5.3.3.

9.4.5.4.
9.4.5.4.1.

9.4.5.4.2.

The overall system for measuring raw exhaust flowshall meet the
linearity requirements in paragraph 8.1.4. Any raw-exhaust meter shall
be designed to appropriately compensate for changes the raw
exhaust's thermodynamic, fluid, and compositionaltaites.

Flow-meter response time

For the purpose of controlling of a partial flow dlution system to extract
a proportional raw exhaust sample, a flow-meter rgsonse time faster
than indicated in Table 9.3 is required. For partid flow dilution systems
with online control, the flow-meter response time Isall meet the
specifications of paragraph 8.2.1.2.

Exhaust cooling

Exhaust cooling upstream of the flow-meter is peritted with the
following restrictions:

(&  PM shall not be sampled downstream of the cadnb;

(b)  If cooling causes exhaust temperatures above 20C to decrease
to below 180 °C, NMHC shall not be sampled downstesn of the
cooling;

(c) If cooling causes aqueous condensation, N6hall not be sampled
downstream of the cooling unless the cooler meetshet
performance verification in paragraph 8.1.11.4;

(d) If cooling causes aqueous condensation beforeet flow reaches a
flow-meter, Tgew and pressurepy shall be measured at the flow-
meter inlet. These values shall be used in emissiaalculations
according to Annexes A.7-A.8.

Dilution air and diluted exhaust flow-metes
Application

Instantaneous diluted exhaust flow rates or totadiluted exhaust flow
over a test interval shall be determined by using diluted exhaust flow-
meter. Raw exhaust flow rates or total raw exhausflow over a test
interval may be calculated from the difference betwen a diluted exhaust
flow-meter and a dilution air meter.

Component requirements

The overall system for measuring diluted exhaustldw shall meet the
calibration and verifications in paragraphs 8.1.8.4 and 8.1.8.5. The
following meters may be used:

(a) For constant-volume sampling (CVS) of the totaflow of diluted
exhaust, a critical-flow venturi (CFV) or multiple critical-flow
venturis arranged in parallel, a positive-displacerent pump
(PDP), a subsonic venturi (SSV), or an ultrasonic ldw-meter
(UFM) may be used. Combined with an upstream heatxehanger,
either a CFV or a PDP will also function as a pasee flow
controller by keeping the diluted exhaust temperatte constant in
a CVS system;

(b)  For the Partial Flow Dilution (PFD) system thecombination of
any flow-meter with any active flow control systemto maintain
proportional sampling of exhaust constituents may & used. The
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9.4.5.4.3.

9.4.5.5.

9.4.5.6.

total flow of diluted exhaust, or one or more samm@ flows, or a
combination of these flow controls may be controll& to maintain
proportional sampling.

For any other dilution system, a laminar flow elerent, an ultrasonic
flow-meter, a subsonic venturi, a critical-flow veturi or multiple

critical-flow venturis arranged in parallel, a positive-displacement
meter, a thermal-mass meter, an averaging Pitot tudy or a hot-wire
anemometer may be used.

Exhaust cooling

Diluted exhaust upstream of a dilute flow-meter mg be cooled, as long
as all the following provisions are observed:

(a) PM shall not be sampled downstream of the cadnb;

(b)  If cooling causes exhaust temperatures above 20C to decrease
to below 180 °C, NMHC shall not be sampled downstesn of the
cooling;

(c) If cooling causes aqueous condensation, N®hall not be sampled
downstream of the cooling unless the cooler meetshe
performance verification in paragraph 8.1.11.4;

(d)  If cooling causes aqueous condensation beforeet flow reaches a
flow-meter, dew point, Tgew and pressurepy Shall be measured
at the flow-meter inlet. These values shall be useith emission
calculations according Annexes A.7-A.8.

Sample flow-meter for batch sampling

A sample flow-meter shall be used to determine sate flow rates or

total flow sampled into a batch sampling system ove test interval. The

difference between two flow-meters may be used talculate sample flow
into a dilution tunnel e.g. for partial flow diluti on PM measurement and
secondary dilution flow PM measurement. Specificatins for differential

flow measurement to extract a proportional raw exhast sample is given
in paragraph 8.1.8.6.1. and the calibration of diférential flow

measurement is given in paragraph 8.1.8.6.2.

Overall system for the sample flow-meter shall méehe calibration in
paragraph 8.1.8.

Gas divider
A gas divider may be used to blend calibration g&s.

A gas divider shall be used that blends gases tbet specifications of
paragraph 9.5.1. and to the concentrations expecteduring testing.

Critical-flow gas dividers, capillary-tube gas dividers, or thermal-mass-
meter gas dividers may be used. Viscosity correctis shall be applied as
necessary (if not done by gas divider internal softare) to appropriately

ensure correct gas division. The gas-divider systenshall meet the
linearity verification in paragraph 8.1.4.5. Optionally, the blending

device may be checked with an instrument which byature is linear, e.g.
using NO gas with a CLD. The span value of the ingtment shall be

adjusted with the span gas directly connected to ¢hinstrument. The gas
divider shall be checked at the settings used anti¢ nominal value shall
be compared to the measured concentration of the strument.
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9.4.6.

9.4.7.
9.4.7.1.
9.4.7.1.1.

9.4.7.1.2.

9.4.7.1.3.

9.4.7.1.4.

9.4.7.1.5.

9.4.7.2.
9.4.7.2.1.

9.4.7.2.2.

CO and CQ measurements

A Non-dispersive infrared (NDIR) analyser shall beused to measure CO
and CO, concentrations in raw or diluted exhaust for eithe batch or
continuous sampling.

The NDIR-based system shall meet the calibrationra verifications in
paragraph 8.1.8.1.

Hydrocarbon measurements
Flame-ionization detector
Application

A heated flame-ionization detector (FID) analysershall be used to
measure hydrocarbon concentrations in raw or diluté exhaust for
either batch or continuous sampling. Hydrocarbon cacentrations shall
be determined on a carbon number basis of one,;CMethane and non-
methane hydrocarbon values shall be determined asedcribed in
paragraph 9.4.7.1.4. Heated FID analysers shall matain all surfaces
that are exposed to emissions at a temperature 091 +11 °C.

Component requirements

The FID-based system for measuring THC or Cli shall meet all of the
verifications for hydrocarbon measurement in paragaph 8.1.10.

FID fuel and burner air

FID fuel and burner air shall meet the specificatbns of paragraph 9.5.1.
The FID fuel and burner air shall not mix before enering the FID

analyser to ensure that the FID analyser operatesith a diffusion flame

and not a premixed flame.

Methane

FID analysers measure total hydrocarbons (THC). Tadetermine non-

methane hydrocarbons (NMHC), methane, CH, shall be quantified

either with a non-methane cutter and a FID analyseras described in
paragraph 9.4.7.2., or with a gas chromatograph agescribed in

paragraph 9.4.7.3. For a FID analyser used to detaiine NMHC, its

response factor to CH, RFcp4, shall be determined as described in
paragraph 8.1.10.1. NMHC-related calculations are @scribed in

Annexes A.7-A.8.

Assumption on methane

Instead of measuring methane, it is allowed to asme that 2 per cent of
measured total hydrocarbons is methane, as descritbén Annexes A.7-
A.8.

Non-methane cutter
Application

A non-methane cutter may be used to measure GHith a FID analyser.
A non-methane cutter oxidizes all non-methane hydmarbons to CG
and H,O. A non-methane cutter may be used for raw or dilted exhaust
for batch or continuous sampling.

System performance
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9.4.7.2.3.

9.4.7.2.4.

9.4.7.3.

9.4.8.

9.4.8.1.
9.4.8.1.1.

9.4.8.1.2.

9.4.8.1.3.

9.4.8.1.4.

Non-methane-cutter performance shall be determinedchs described in
paragraph 8.1.10.3. and the results shall be usea tcalculate NMHC
emission in A.7 and A.8.

Configuration

The non-methane cutter shall be configured with dypass line for the
verification described in paragraph 8.1.10.3.

Optimization

A non-methane cutter may be optimised to maximizéhe penetration of
CH4 and the oxidation of all other hydrocarbons. A sarple may be
humidified and a sample may be diluted with purifiel air or oxygen (OG,)
upstream of non-methane cutter to optimize its pedrmance. Any
sample humidification and dilution shall be accountd for in emission
calculations.

Gas chromatograph

Application: A gas chromatograph may be used to masure CH,
concentrations of diluted exhaust for batch samplig. While also a non-
methane cutter may be used to measure CHas described in paragraph
9.4.7.2. a reference procedure based on a gas ch@awgraph shall be
used for comparison with any proposed alternate mearrement
procedure under paragraph 5.1.3.

NQ measurements

Two measurement instruments are specified for NOmeasurement and
either instrument may be used provided it meets theriteria specified in
paragraph 9.4.8.1. or 9.4.8.2., respectively. Thehemiluminescent
detector shall be used as the reference procedurerfcomparison with
any proposed alternate measurement procedure undgraragraph 5.1.3.
of this annex.

Chemiluminescent detector
Application

A chemiluminescent detector (CLD) coupled with anNO,-to-NO
converter is used to measure N concentration in raw or diluted
exhaust for batch or continuous sampling.

Component requirements

The CLD-based system shall meet the quench veriéiton in paragraph
8.1.11.1. A heated or unheated CLD may be used, aral CLD that
operates at atmospheric pressure or under a vacuumay be used.

NG-to-NO converter

An internal or external NO,-to-NO converter that meets the verification
in paragraph 8.1.11.5. shall be placed upstream dghe CLD, while the
converter shall be configured with a bypass to fatitate this verification.

Humidity effects

All CLD temperatures shall be maintained to preveh aqueous
condensation. To remove humidity from a sample upstam of a CLD,
one of the following configurations shall be used:
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9.4.8.1.5.

9.4.8.2.
9.4.8.2.1.

9.4.8.2.2.

9.4.8.2.3.

9.4.8.2.4.

9.4.9.

9.4.10.

9.4.11.

(a) A CLD connected downstream of any dryer or chier that is
downstream of an NQ-to-NO converter that meets the
verification in paragraph 8.1.11.5;

(b) A CLD connected downstream of any dryer or themal chiller
that meets the verification in paragraph 8.1.11.4.

Response time

A heated CLD may be used to improve CLD responsénte.
Non-dispersive ultraviolet analyser
Application

A non-dispersive ultraviolet (NDUV) analyser is usd to measure NQ
concentration in raw or diluted exhaust for batch @ continuous
sampling.

Component requirements

The NDUV-based system shall meet the verificationin paragraph
8.1.11.3.

NQG-to-NO converter

If the NDUV analyser measures only NO, an internabr external NO,-to-

NO converter that meets the verification in paragrgh 8.1.11.5. shall be
placed upstream of the NDUV analyser. The convertershall be

configured with a bypass to facilitate this verifiation.

Humidity effects

The NDUV temperature shall be maintained to preven aqueous
condensation, unless one of the following configutians is used:

(@  An NDUV shall be connected downstream of any ger or chiller
that is downstream of an NQG-to-NO converter that meets the
verification in paragraph 8.1.11.5;

(b)  An NDUV shall be connected downstream of any ger or thermal
chiller that meets the verification in paragraph 81.11.4.

Q measurements

A paramagnetic detection (PMD) or magneto pneumati detection
(MPD) analyser shall be used to measure LOconcentration in raw or
diluted exhaust for batch or continuous sampling.

Air-to-fuel ratio measurements

A Zirconia (ZrO ,) analyser may be used to measure air-to-fuel ratiin
raw exhaust for continuous sampling. @ measurements with intake air
or fuel flow measurements may be used to calculatxhaust flow rate
according to Annexes A.7-A.8.

PM measurements with gravimetric balance
A balance shall be used to weigh net PM collectexh sample filter media.

The minimum requirement on the balance resolutiorshall be equal or
lower than the repeatability of 0.5 microgram reconrmended in Table
9.3. If the balance uses internal calibration weigls for routine spanning
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and linearity verifications, the calibration weights shall meet the

specifications in paragraph 9.5.2.

The balance shall be configured for optimum settlig time and stability

at its location.

9.5. Analytical gases and mass standards
9.5.1. Analytical gases
Analytical gases shall meet the accuracy and puyitspecifications of this
section.
9.5.1.1. Gas specifications
The following gas specifications shall be consided:
(@) Purified gases shall be used to zero measuremémstruments and
to blend with calibration gases. Gases with contamation no
higher than the highest of the following values inthe gas cylinder
or at the outlet of a zero-gas generator shall besed:
0] 2 per cent contamination, measured relative tdhe mean
concentration expected at the standard. For exampldf a
CO concentration of 100.0 pumol/mol is expected, theit
would be allowed to use a zero gas with CO contanation
less than or equal to 2.000 pmol/mol;
(i)  Contamination as specified in Table 9.4, apptiable for raw
or dilute measurements:
(iii) Contamination as specified in Table 9.5, applicabldor
raw measurements
Table 9.4
Contamination limits, applicable for raw or dilute measurements [umol/mol = ppm
(3.2)]
Constituent Purified Synthetic Aif Purified N2
THC (C, equivalent) <0.05 pmol/mol <0.05 pmol/mol
CO <1 pmol/mol <1 pmol/mol
CO, <10 pmol/mol <10 pmol/mol
0, 0.205 to 0.215 mol/mol <2 pmol/mol
NO, <0.02 pmol/mol <0.02 pmol/mol

21t is not required that these levels of purity areinternational and/or national recognized standards-

traceable.
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Table 9.5

C?)ntimination limits, applicable for raw measuremeits [umol/mol = ppm (3.2.)]

Constituent Purified Synthetic Aif Purified N2
THC (C, equivalent) <1 pmol/mol <1 pmol/mol
CO <1 pmol/mol <1 pmol/mol
CO, <400 pmol/mol <400 pmol/mol
0O, 0.18 to 0.21 mol/mol -
NO, < 0.1 pmol/mol < 0.1 pmol/mol

21t is not required that these levels of purity areinternational and/or national recognized standards-
traceable.

(b)  The following gases shall be used with a FIDnalyser:

0] FID fuel shall be used with an H concentration of (0.39 to
0.41) mol/mol, balance He. The mixture shall not edain
more than 0.05 pumol/mol THC;

(i)  FID burner air shall be used that meets the secifications of
purified air in paragraph (a) of this paragraph;

(iiiy FID zero gas. Flame-ionization detectors shall be zeroed
with purified gas that meets the specifications iparagraph
(@) of this paragraph, except that the purified gasO,
concentration may be any value;

(iv)  FID propane span gas. The THC FID shall be spaed and
calibrated with span concentrations of propane, gHg. It
shall be calibrated on a carbon number basis of ong,);

(v) FID methane span gas. If a CHFID is always spanned and
calibrated with a non-methane cutter, then the FIDshall be
spanned and calibrated with span concentrations of
methane, CH,. It shall be calibrated on a carbon number
basis of one (@);

(c)  The following gas mixtures shall be used, wittyases traceable
within £1.0 per cent of the international and/or ndional
recognized standards true value or of other gas stdards that are
approved:

0] CH,4, balance purified synthetic air and/or N (as
applicable);

(i) C,He Dbalance purified synthetic air and/or N (as
applicable);

(iiiy CsHg, balance purified synthetic air and/or N (as
applicable);

(iv) CO, balance purified N;
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9.5.1.2.

9.5.1.3.

9.5.2.

(v)  CO,, balance purified N;

(vi)  NO, balance purified N;

(vii)  NO,, balance purified synthetic air;

(viii) Oy, balance purified N;;

(ix) CzHg, CO, CO,, NO, balance purified N;

(x) CsHg, CHy4, CO, CGO,, NO, balance purified N.

(d) Gases for species other than those listed in @a@raph (c) of this
paragraph may be used (such as methanol in air, wtih may be
used to determine response factors), as long as yhare traceable
to within +3.0 per cent of the international and/or national
recognized standards true value, and meet the stdity
requirements of paragraph 9.5.1.2;

(e) Own calibration gases may be generated using precision
blending device, such as a gas divider, to diluteages with purified
N, or purified synthetic air. If the gas dividers me¢ the
specifications in paragraph 9.4.5.6., and the gasé®ing blended
meet the requirements of paragraphs (a) and (c) ofthis
paragraph, the resulting blends are considered to set the
requirements of this paragraph 9.5.1.1.

Concentration and expiration date

The concentration of any calibration gas standardnd its expiration date
specified by the gas supplier shall be recorded.

(a) No calibration gas standard may be used aftetd expiration date,
except as allowed by paragraph (b) of this paragrap

(b)  Calibration gases may be relabelled and used taf their
expiration date if it is approved in advance by tye approval
authority.

Gas transfer

Gases shall be transferred from their source to ailysers using
components that are dedicated to controlling and t&nsferring only those
gases.

The shelf life of all calibration gases shall beespected. The expiration
date of the calibration gases stated by the manufager shall be
recorded.

Mass standards

PM balance calibration weights that are certifiedas international and/or
national recognized standards-traceable within 0.per cent uncertainty
shall be used. Calibration weights may be certifiethy any calibration lab
that maintains international and/or national recogrized standards-
traceability. It shall be made sure that the lowestalibration weight has
no greater than ten times the mass of an unused Psample medium.
The calibration report shall also state the densityf the weights.
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Appendix A.1 (reserved)
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Statistics

A.2.1.

A.2.2.

A.2.3.

A.2.4.

Arithmetic mean
The arithmetic mean, Y, shall be calculated as follows:
N
2
y=-= (A2-1)
N

Standard deviation

The standard deviation for a non-biased €.g, N-1) sample,s, shall be
calculated as follows:

(A.2-2)

Root mean square

The root mean squarerms,, shall be calculated as follows:

1q
rms = |— | A.2-3
y ,/N;y. (A.2-3)

t-test

It shall be determined if the data passes a t-tedly using the following
equations and tables:

(@  For an unpairedt-test, thet statistic and its number of degrees of
freedom, v, shall be calculated as follows:

t:% (A.2-4)
O-ref +7y
Nref N
2 2
a-rzef +_Y
Nref N
= (A.2-5)

N, -1 N-1

(b)  For a paired t-test, thet statistic and its number of degrees of
freedom, v, shall be calculated as follows, noting that the, are the
errors (e.g, differences) between each pair ofe; andy;:
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=N-1 (A.2-6)

 _[EIEN
g,

£

(c) Table A.2.1 of this paragraph shall be used toomparet to the t.g
values tabulated versus the number of degrees ofefedom. If t is
less thant.;, thent passes the-test.

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
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\Y 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 establish iaes not shown here.
A.2.5. F-test

The F statistic shall be calculated as follows:

0.2

F =—r (A.2-7)

y 2

aref

(@ For a 90 per cent confidencé--test, Table 2 of this paragraph is
used to compareF to the F¢90 Values tabulated versusN-1) and
(Nres=2). If F is less thanF 90, then F passes thd--test at 90 per
cent confidence;

(b)  For a 95 per cent confidencd--test, Table 3 of this paragraph is
used to compareF to the F95 values tabulated versus (N-1) and
(Nes=1). If F is less thanF.qs5, then F passes thd--test at 95 per
cent confidence.
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Table A.2.2
Critical F values,F g0, versusN-1 and N, -1 at 90 per cent confidence

N1 1 ‘ 2 \ 3 \ 4 ‘ 5 \ 6 ‘ 7 \ 8 9 10‘12‘15‘20‘24‘30‘40‘60‘120‘100%
Niet-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

© 00 N o o |~ W DN

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

=
~

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

=
[}

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 1.8391.811/1.782 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|1.7811.751 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
[y

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
~

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
~

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
[e<]

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 1.8191.773/1.722 1.667 1.638 1.606| 1.573|1.538 1.499 1.456

IN
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
60 | 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
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Table A.2.3
Critical F values,Fqgs, versusN-1 and N1 at 95 per cent confidence

N1 1 ‘ 2 \ 3 \ 4 ‘ 5 \ 6 \ 7 ‘ 8 \ 9 10‘12‘15‘20‘24‘30‘40‘60‘120‘100%
Niet-1

1 1614 1995 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 2532 254.3
1851 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

© 00 N o o |~ W DN

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

=
[N

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

=
w

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

=
~

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

=
[&)]

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

=
[}

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

[y
~

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

=
[ee]

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

=
(]

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

N
o

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

N
[y

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

N
N

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| 1.938| 1.889| 1.838| 1.783

N
w

4.279| 3.422 3.028 2.796| 2.640 2.528| 2.442) 2.375| 2.320 2.275 2.204 2.128 2.048| 2.005| 1.961| 1.914| 1.865| 1.813| 1.757

N
~

4.260| 3.403) 3.009 2.776| 2.621 2.508| 2.423| 2.355| 2.300 2.255 2.183| 2.108  2.027| 1.984|1.939| 1.892| 1.842 1.790| 1.733

N
)]

4.242| 3.385 2.991 2.759| 2.603| 2.490| 2.405| 2.337| 2.282 2.237 2.165| 2.089 2.008| 1.964| 1.919| 1.872] 1.822| 1.768| 1.711

N
(o]

4.225 3.369 2.975| 2.743| 2.587| 2.474| 2.388 2.321] 2.266 2.220| 2.148) 2.072 1.990 1.946| 1.901| 1.853|1.803 1.749 1.691

N
~

4.210 3.354 2.960] 2.728| 2.572| 2.459 2.373 2.305| 2.250 2.204|2.132| 2.056 1.974 1.930| 1.884|1.836|1.785 1.731 1.672

N
[e<]

4.196 3.340 2.947| 2.714| 2.558| 2.445| 2.359 2.291) 2.236 2.190| 2.118| 2.041 1.959 1.915| 1.869| 1.820| 1.769 1.714 1.654

N
©

4.183 3.328 2.934| 2.701| 2.545| 2.432| 2.346 2.278| 2.223 2.177| 2.105| 2.028 1.945 1.901| 1.854| 1.806| 1.754 1.698 1.638

w
o

4.171 3.316 2.922| 2.690| 2.534| 2.421| 2.334 2.266| 2.211 2.165| 2.092| 2.015 1.932 1.887| 1.841| 1.792| 1.740 1.684 1.622

IN
o

4.085| 3.232| 2.839 2.606| 2.450) 2.336| 2.249 2.180| 2.124 2.077 2.004  1.925 1.839| 1.793| 1.744| 1.693| 1.637| 1.577| 1.509
60 | 4.001 3.150| 2.758| 2.525| 2.368| 2.254| 2.167| 2.097| 2.040 1.993/1.917 1.836| 1.748 1.700| 1.649 1.594| 1.534 1.467| 1.389
120 | 3.920] 3.072 2.680| 2.447| 2.290 2.175/ 2.087 2.016 1.959 1.911] 1.834/1.751 1.659| 1.608| 1.554| 1.495 1.429 1.352| 1.254

1000+ 3.842 2.996| 2.605| 2.372| 2.214 2.099 2.010 1.938| 1.880 1.831| 1.752) 1.666/ 1.571| 1.517| 1.459| 1.394/ 1.318| 1.221 1.000
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A.2.6. Slope

The least-squares regression slopay, shall be calculated as follows:

ZN:(yi = V) U Yier = Veer)

a, =12 (A.2-8)
Z ( Ve = Vet )2
i=1
A.2.7. Intercept
The least-squares regression intercepdyy, shall be calculated as follows:
8, = V(2 Fier) (A2-9)
A.2.8. Standard estimate of error

The standard estimate of error,SEE, shall be calculated as follows:

N

2
ZlI:yl _aOy _(aiy |jlrei ):|
SEE =1{\|-= A.2-10
y N_2 ( )
A.2.9. Coefficient of determination

The coefficient of determination,r?, shall be calculated as follows:

i[yi = a0, ~(ay V)|

=1-12 (A.2-11)

> [y 5T
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Annex 4B
Appendix A.3

1980 international gravity formula

The acceleration of Earth's gravity, a;, varies depending on the location andy is
calculated for a respective latitude, as follows:

a, =9.7803267715 + 5.27904%4 10 ¥+ 2.32718°10°@iA 12262 10°Fsinx 07°sin%g](A3-1)

Where:

@ = Degrees north or south latitude
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Annex 4B

Appendix A.4

Carbon flow check

A.4.1.

Figure A4.1

Introduction

All but a tiny part of the carbon in the exhaust @omes from the fuel, and
all but a minimal part of this is manifest in the exhaust gas as C@ This
is the basis for a system verification check basexh CO, measurements.

The flow of carbon into the exhaust measurement syems is determined
from the fuel flow rate. The flow of carbon at various sampling points in
the emissions and particulate sampling systems istrmined from the
CO, concentrations and gas flow rates at those points.

In this sense, the engine provides a known souraé# carbon flow, and
observing the same carbon flow in the exhaust pipand at the outlet of
the partial flow PM sampling system verifies leak mtegrity and flow
measurement accuracy. This check has the advantagéhat the
components are operating under actual engine testonditions of
temperature and flow.

Figure A.4.1 shows the sampling points at which thcarbon flows shall
be checked. The specific equations for the carborofvs at each of the
sample points are given in the following paragraphs

Measuring points for carbon flow check

A4.2.

Towsatizn 1 wwatey 2

A Fuel L exhienan £

v

EMGIENE

Londtwan b

-
I¥ilurel achiaie L0,

Fartial Ilow Svter

Carbon flow rate into the engine (location 1

The carbon mass flow rate into the enginencs [kg/s] for a fuel CH,O,is
given by:

0. = 12.011
" 12.014 a + 15.999%
Where:

[0 ¢ (A.4-1)

Om¢ = Uel mass flow rate [kg/s]
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A.4.3. Carbon flow rate in the raw exhaust (locatin 2)

The carbon mass flow rate in the exhaust pipe ohé enginegmc. [kg/s]
shall be determined from the raw CQ concentration and the exhaust gas
mass flow rate:

e = (—CCOZ‘ _Ccoz'aj ), B2 (A4-2)
100 M,

Where:

Ccozr = wet CO, concentration in the raw exhaust gas [per cent]

Ccoza = wet CO, concentration in the ambient air [per cent]

Omew = exhaust gas mass flow rate on wet basis [kg/s]

Me = molar mass of exhaust gas [g/mol]

If CO, is measured on a dry basis it shall be converted ta wet basis
according to paragraph A.7.3.2. or A.8.2.2.

A.4.4. Carbon flow rate in the dilution system (loation 3)

For the partial flow dilution system, the splitting ratio also needs to be
taken into account. The carbon flow rate in an equialent dilution system
Omcp [Ko/s] (with equivalent meaning equivalent to a fli flow system
where the total flow is diluted) shall be determind from the dilute CO,
concentration, the exhaust gas mass flow rate anti¢ sample flow rate;
the new equation is identical to equation A.4-2, g only supplemented

by the dilution factor qrrdew/qmp .

Ceozq—C 1
Oy = [—Cozvd Cozvaj (..., Z'Ollg"M (A4-3)

100 M G

Where:

Ccozd = wet CO, concentration in the dilute exhaust gas at the
outlet of the dilution tunnel [per cent]

Ccoza = wet CO, concentration in the ambient air [per cent]

Omdew = diluted sample flow in the partial flow dilution system
[kg/s]

Omew = exhaust gas mass flow rate on wet basis [kg/s]

Omp = sample flow of exhaust gas into partial flow diition system
[kg/s]

Me = molar mass of exhaust gas [g/mol]

If CO, is measured on a dry basis, it shall be convertetd wet basis
according to paragraph A.7.3.2. or A.8.2.2.
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A.4.5.

Calculation of the molar mass of the exhaugfas
The molar mass of the exhaust gas shall be calctéd according to
equation (A.8-15) (see paragraph A.8.2.4.2.)

Alternatively, the following exhaust gas molar mases may be used:

Me (diesel) = 28.9 g/mol
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Annex 4B

Appendix A.5 (reserved)
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Annex 4B

Appendix A.6 (reserved)
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Annex 4B

Appendix A.7

Molar based emission calculations

A.7.0. Symbol conversion

A.7.0.1. General symbols
IAppendix At Appendi> A.8  [Unit Quantity
A m? Area
A m? Venturi throat cross-sectional area
N b, Do t.b.d’ y intercept of the regression line, PDP calibrationintercept
ay m tb.d’ Slope of the regression line
] o m/m Ratio of diameters

- Coefficient

Cy Cy - Discharge coefficient
Cs - Flow coefficient
d d m Diameter
DR rq - Dilution ratio
e e g/kWh Brake specific basis
Byas €gas g/kWh Specific emission of gaseous components
o0 =Y g/kWh Specific emission of particulates
if Hz Frequency
i n min®, s* Rotational frequency (shaft)
Y - Ratio of specific heats
K Correction factor
Ks Xo s/rev PDP slip correction factor
Kor Kor - Downward adjustment factor

kn Humidity correction factor for NO
K, K, - Multiplicative regeneration factor
Kur kur - Upward adjustment factor
M 10 kg/(m-s) Dynamic viscosity
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IAppendix At IAppendi> A.8 Unit Quantity
M M g/mol Molar mass
Mga;‘ Mgas g/mol Molar mass of gaseous components
m m kg Mass
m Om kals Mass rate
v m?/s Kinematic viscosity
N Total number in series
n mol Amount of substance
n mol/s Amount of substance rate
P P kw Power
p p kPa Pressure
Pabs Po kPa Absolute pressure
PH20 pr kPa Water vapour pressure
PF 1-E per cent Penetration fraction (E = conversion efficiency)
\/ Qv mé/s Volume flow rate

0 kg/ms3 Mass density
r - Ratio of pressures
Ra pm Average surface roughness
Re* Re - Reynolds number
RH% RH per cent Relative humidity
g [ - Standard deviation
S K Sutherland constant
T Ta K Absolute temperature
T T °C Temperature
T N-m Engine torque
t t S Time
At At § Time interval

\Y m? Volume
Wi Qv m%/s Volume rate
W W kwh Work
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IAppendix At IAppendi> A.8 Unit Quantity

Wt Wact kWh Actual cycle work of the test cycle

WF WF - Weighing factor

W w a/g Mass fraction

X5 C mol/mol, Amount of substance mole fractiofi/ concentration (also in
per cent vol umol/mol = ppm)

X mol/mol Flow-weighted mean concentration

Y - Generic variable

y - Arithmetic mean

z - Compressibility factor

! See subscripts; e.g.r"nair for mass rate of dry air or r‘i]meI for fuel mass rate.

2 Dilution ratio rqin Appendix A.8 andDR in Appendix A.7: different symbols but same meanig and same equations.
Dilution factor D in Appendix A.8 andXgiexn in Appendix A.7: different symbols but same physial meaning; equation (A.7-
47) shows the relationship betweeRyjex, and DR.

3 See paragraph A.7.1.1. of this section for the ks to use for molar masses. In the cases of N&nd HC, the Regulations
specify effective molar masses based on assumedcsgion rather than actual speciation.

4 See symbols and abbreviations for the chemical mponents.

5 See specific symbols in the table of chemical alke.

5 The mole fractions for THC and NMHC are expressedn a C1 equivalent basis.

7 t.b.d.= to be defined.
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A.7.0.2. Subscripts

Appendix A Appendix A.& Quantity

abs Absolute quantity
act act Actual quantity

air Air, dry

atmos Atmospheric
bkgnd Background

C Carbon

cal Calibration quantity
CFV Critical flow venturi
cor Corrected quantity
dil Dilution air

dexh Diluted exhaust
dry Dry quantity




ECE/TRANS/WP.29/GRPE/2011/11

Appendix A.i IAppendix Ad Quantity
exh Raw exhaust
exp Expected quantity
eq Equivalent quantity
fuel Fuel
i Instantaneous measurement (e.g.: 1 Hz)
i /An individual of a series
idle Condition at idle
in Quantity in
init nitial quantity, typically before an emission test
max Maximum (i.e. peak) value
meas Measured quantity
min Minimum value
mix Molar mass of air
out Quantity out
part Partial quantity
PDP Positive displacement pump
raw Raw exhaust
ref Reference quantity
rev Revolution
sat Saturated condition
slip PDP slip
smpl Sampling
span Span quantity
SSV Subsonic venturi
std Standard quantity
test Test quantity
total Total quantity
uncor Uncorrected quantity
vac Vacuum quantity
weight Calibration weight
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Appendix A.i IAppendix A.& Quantity
wet Wet quantity
zero Zero quantity

1 In Appendix A.8 the meaning of subscript is detenined by the associated quantity; for example, the
subscript "d" can indicate a dry basis as in 'ty = concentration on dry basis", dilution air as in" pg =
saturation vapour pressure of the dilution air" or "k, 4 = dry to wet correction factor for the dilution air",
dilution ratio as in " ry". This is the reason why the column of Appendix A8 is nearly empty.

A.7.0.3. Symbols and abbreviations for the chemicalomponents (used also as a
subscript)
IAppendix A.i IAppendix A.¢ Quantity
IAr Ar Argon
C1l C1 Carbon 1 equivalent hydrocarbon
CH, CH, Methane
CoHe C,Hg Ethane
CsHg CsHg Propane
CO CcO Carbon monoxide
CO, CO, Carbon dioxide
DOP DOP Di-octylphthalate
H IAtomic hydrogen
H, Molecular hydrogen
HC HC Hydrocarbon
H,O H,O Water
He Helium
N Atomic nitrogen
N, Molecular nitrogen
NMHC NMHC INon-methane hydrocarbon
NO, NO, Oxides of nitrogen
NO NO Nitric oxide
NO, NO, Nitrogen dioxide
O Atomic oxygen
PM PM Particulate matter
S Sulphur
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A.7.0.4. Symbols and abbreviations for the fuel coposition
IAppendix At IAppendix A8 Quantity
we* we* Carbon content of fuel, mass fraction [g/g] or [percent mass]
WH WH Hydrogen content of fuel, mass fraction [g/g] or [pr cent mass]
Wi Wi Nitrogen content of fuel, mass fraction [g/g] or [er cent mass]
Wo Wo Oxygen content of fuel, mass fraction [g/g] or [pecent mass]
Ws Ws Sulphur content of fuel, mass fraction [g/g] or [pe cent mass]
a a IAtomic hydrogen-to-carbon ratio (H/C)
B le IAtomic oxygen-to-carbon ratio (O/C¥
y y IAtomic sulphur-to-carbon ratio (S/C)
0 0 IAtomic nitrogen-to-carbon ratio (N/C)

! Referred to a fuel with chemical formula CHO,S,N,

2 Referred to a fuel with chemical formula CHO,NsS,

3 Attention should be paid to the different meaningof symbolp in the two emissions calculation annexes: in Appeiix A.8
it refers to a fuel having the chemical formula CHS,N;O, (i.e. the formula GH,SN;O, whereg = 1, assuming one carbon
atom per molecule), while in Appendix A.7 it referdo the oxygen-to-carbon ratio with CH,OzSN,. Then g of Appendix A.7
corresponds toe of Appendix A.8.

4 Mass fractionw accompanied by the symbol of the chemical componieas a subscript.

A.7.0.5.

Symbols for chemical balance used in Appdix A.7

Xdillexh = Amount of dilution gas or excess air per mole of
exhaust

Xu20exh = Amount of water in exhaust per mole of exhaust

Xccombdry = Amount of carbon from fuel in the exhaust per mée
of dry exhaust

Xp20exhdry = Amount of water in exhaust per dry mole of dry
exhaust

Xprodiintdry = Amount of dry stoichiometric products per dry mole
of intake air

Xdilfexhdry = Amount of dilution gas and/or excess air per molef
dry exhaust

Xinyexhdry = Amount of intake air required to produce actual
combustion products per mole of dry (raw or
diluted) exhaust

Xraw/exhdry = Amount of undiluted exhaust, without excess airper
mole of dry (raw or diluted) exhaust

Xo2zintdry = Amount of intake air O, per mole of dry intake air

Xcozintdry = Amount of intake air CO, per mole of dry intake air

XH20intdry = Amount of intake air H,O per mole of dry intake air

Xco2int = Amount of intake air CO, per mole of intake air
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A.7.1.
A7.1.1.

Xco2dil

Xcozdildry

XH20dildry

XH20dil

X[emission]meas

X[emission]dry

XHZO[emission]meas =

XH20int

Amount of dilution gas CO, per mole of dilution gas

Amount of dilution gas CGO, per mole of dry dilution
gas

Amount of dilution gas H,O per mole of dry dilution
gas

Amount of dilution gas H,O per mole of dilution gas

Amount of measured emission in the sample at the
respective gas analyser

Amount of emission per dry mole of dry sample

Amount of water in sample at emission-detection
location

Amount of water in the intake air, based on a
humidity measurement of intake air

Basic parameters and relationships

Dry air and chemical species

This annex uses the following values for dry air@amposition:
Xo2airary = 0-209445 mol/mol
Xcozairary = 0-000375 mol/mc

This annex uses the following molar masses or eftere molar masses of

chemical species:

Mair =
Mar =
Mc =
Mco =
Mcoz =
My =
M2 =
Mhzo0 =
Mhe =
My =
Mnz =
Mnmrc =
Mnox =
Mo =
Moz =
Mcahs =

MS =

28.96559 g/mol (dry air)

39.948 g/mol (argon)

12.0107 g/mol (carbon)

28.0101 g/mol (carbon monoxide)
44.0095 g/mol (carbon dioxide)
1.00794 g/mol (atomic hydrogen)
2.01588 g/mol (molecular hydrogen)
18.01528 g/mol (water)

4.002602 g/mol (helium)

14.0067 g/mol (atomic nitrogen)
28.0134 g/mol (molecular nitrogen)
13.875389 g/mol (non-methane hydrocarb&)
46.0055 g/mol (oxides of nitrogé)
15.9994 g/mol (atomic oxygen)
31.9988 g/mol (molecular oxygen)
44.09562 g/mol (propane)

32.065 g/mol (sulphur)
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A.7.1.2.

A.7.1.2.1.

09,0 (Phso) = 10.79574]€ t

—8.2969]é J}
+1.50475710°0 £ 10 ‘?**°/|+ 0.42873 T 10

Mrhc = 13.875389 g/mol (total hydrocarbdf)

(@  The effective molar masses of THC and NMHC ardefined by an
atomic hydrogen-to-carbon ratio, a, of 1.85;

(b)  The effective molar mass of NQis defined by the molar mass of
nitrogen dioxide, NO..

This annex uses the following molar gas constai for ideal gases:
R=8.314472 mdl K

This annex wuses the following ratios of specific dats yp

[J/(kgK) ]/[ J( kgOK)] for dilution air and diluted exhaust:

yair = 1.399 (ratio of specific heats for intake air odilution air)
yai = 1.399 (ratio of specific heats for diluted exhasi)

yai = 1.385 (ratio of specific heats for raw exhaust)

Wet air

This section describes how to determine the amouwf water in an ideal
gas:

Vapour pressure of water

The vapour pressure of water pyo [kPa] for a given saturation
temperature condition, Tsy [K], shall be calculated as follows:

(a) For humidity measurements made at ambient tempatures from
0 to 100 °C or for humidity measurements made ovesuper-
cooled water at ambient temperatures from -50 to €C:

27318 5 02800 1od —'= |+
273.16

4.7695% 1—273'16]

sat

Tsat -

Tot 4 0.2138
(A.7-1)
Where:
Pr2o = vapour pressure of water at saturation temperatte
condition [kPa]
Teat = saturation temperature of water at measured

condition [K]

(b)  For humidity measurements made over ice at ambnt
temperatures from (-100 to 0) °C:

73.16
(A.7-2)

Iogm(psa[):—9.096853E2?|_3'16— %— 3.566506 |9g[ 273'1?+ 0.876#2-%&} 0.2003

sat sat
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Where:

Teat = saturation temperature of water at measured
condition [K]

A.7.1.2.2. Dew point

If humidity is measured as a dew point, the amounof water in an ideal
gasXu20 [mol/mol] shall be obtained as follows:

Xino = M (A.7-3)
pabs
Where:
X0 = amount of water in an ideal gas [mol/mol]
Pr2o = vapour pressure of water at the measured dew pdin
Tsa=Taew [KPA]
Pabs = wet static absolute pressure at the location ofedv point

measurement [kPa]
A.7.1.2.3. Relative humidity

If humidity is measured as a relative humidity RH%, the amount of
water of an ideal gasxy20 [mol/mol] is calculated as follows:

_RH% E_EHzo

X0 = (A.7-4)
100 pabs

Where:

RH% = relative humidity [per cent]

PH2o = water vapour pressure at 100 per cent relative hmidity at
the location of relative humidity measurement, Tsa=Tamp
[kPa]

Pabs = wet static absolute pressure at the location of etative
humidity measurement [kPa]

A.7.1.3. Fuel properties

The general chemical formula of fuel is CHOsSN; with a atomic
hydrogen-to-carbon ratio (H/C), g atomic oxygen-to-carbon ratio (O/C),
y atomic sulphur-to-carbon ratio (S/C) andéd atomic nitrogen-to-carbon
ratio (N/C). Based on this formula the carbon maséraction of fuel wc

can be calculated. In case of diesel fuel the singpformula CH o0 g may
be used. Default values for fuel composition may hesed as follows:

Table A.7.1
Default values of atomic hydrogen-to-carbon ratioa, atomic oxygen-to-carbon ratio,
B, and carbon mass fraction of fuelwc for diesel fuels

IAtomic hydrogen and oxyge-to-carbon ratios Carbon mass concentration, o
Fuel CH4Op [9/d]
Diesel CH. 500 0.866
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A.7.1.4.
A.7.1.4.1.

A.7.1.4.2.

Total HC and non-methane HC concentration
THC determination and THC/CH, initial contamination corrections

(a) If THC emissions are required to be determinedXrucpric-rFio;
shall be calculated by using the initial THC contarmation
concentration Xrucprhe-Fiojinic from paragraph 7.3.1.2. as follows:

XrHeTHC-FID]cor = XTHC[THC-FIDJuncorr — X THC[THGFID]init (A.7-5)
Where:
XTHC[THC-FID)or = THC concentration corrected for

contamination [mol/mol]
XrHermHe-Fbuncor = 1THC uncorrected concentration [mol/mol]

Xrhomrhe-Ropnit = dnitial - THC  contamination  concentration
[mol/mol]

(b)  For the NMHC determination described in paragrgph A.7.1.4.2.,
Xruerrhe-ripp Shall be corrected for initial HC contamination usng
equation (A.7-5). The initial contamination of the CH; sample
train may be corrected using equation (A.7-5), sulbisuting in CH 4
concentrations for THC.

NMHC determination

To determine NMHC concentration, Xxyuwnc, one of the following shall be
used:

(a) If CH4; is not measured, NMHC concentrations may be
determined as follows:

The background corrected mass of NMHC shall be congred to
background corrected mass of THC. If the backgroundcorrected
mass of NMHC is greater than 0.98 times the backgumd
corrected mass of THC, the background corrected masof NMHC
shall be taken as 0.98 times the background corresd mass of
THC. If the NMHC calculations are omitted, the baclkground
corrected mass of NMHC shall be taken as 0.98 timethe
background corrected mass of THC;

(b)  For non-methane cutters xyuwnce Shall be calculated using the non-
methane cutter's penetration fractions PF) of CH, and C,Hg from
paragraph 8.1.10.3., and using the HC contaminatioand dry-to-
wet corrected THC concentrationXryciric.riojcor @S determined in
paragraph (a) of A.7.1.4.1.;

0] The following equation for penetration fractions
determined using an NMC configuration as outlined
paragraph 8.1.10.3.4.1. shall be used:

X _ XTHC[THC-FID]cor - XTHC[NMC-FID] DRFCH4[rHc-F|D]
NMHC —
1- RFPFCZHG[NMC-FID] DRFCH4[THC-F|D]

(A.7-6)

Where:

XNMHC = concentration of NMHC
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XTHC[THC-FID]cor

XTHCINMC-FID]

RFchartHe-FiD)

RFPFcansinme-FiD)

concentration of THC, HC

contamination and  dry-to-wet

corrected, as measured by the THC
FID during sampling while

bypassing the NMC

concentration of THC, HC
contamination (optional) and dry-
to-wet corrected, as measured by
the NMC FID during sampling
through the NMC

response factor of THC FID to CH4,
according to paragraph 8.1.10.1.4.

non-methane  cutter  combined
ethane  response factor and
penetration fraction, according to
paragraph 8.1.10.3.4.1.

(i)  For penetration fractions determined using an NMC
configuration as outlined in paragraph 8.1.10.3.4.2 the
following equation shall be used:

X

— ’MTHC[THC-FID]cor [PFCH4[NMC—FID] ~ X1HcINMC-FID]

XNMHC -

(A7-7)

PFCH4[NMC-FID] - PFCZH6[NMC—FID]

Where:

XNMHC

XTHC[THC-FID]cor

PFcramnmc-Fio)

XTHCINMC-FID]

PFcansinme-FiD)

concentration of NMHC

concentration of THC, HC

contamination and  dry-to-wet

corrected, as measured by the THC
FID during sampling while

bypassing the NMC

non-methane cutter CH
penetration fraction, according to
paragraph 8.1.10.3.4.2.

concentration of THC, HC

contamination (optional) and dry-

to-wet corrected, as measured by
the NMC FID during sampling

through the NMC

non-methane cutter ethane
penetration fraction, according to
paragraph 8.1.10.3.4.2.

(i)  For penetration fractions determined using an NMC
configuration as outlined in paragraph 8.1.10.3.4.3 the
following equation shall be used:

286



ECE/TRANS/WP.29/GRPE/2011/11

_ XTHC[THC-FID]cor [PFCH4[NMC-FID] ~ XTHCINMC-FID] DRFCH4[THC—FID]

XNMHC -

Where:

XNMHC

XTHC[THC-FID]cor

PFcramnmc-Fi)

XTHCI[NMC-FID]

PFCHA[NMC—FID] -RF PFCZHB[NMC-FID] [RFCH4[THC—FID]

(A.7-8)

= concentration of NMHC

= concentraton of THC, HC
contamination and  dry-to-wet
corrected, as measured by the THC
FID during sampling while
bypassing the NMC

= non-methane cutter CH
penetration fraction, according to
paragraph 8.1.10.3.4.3.

= concentraton of THC, HC
contamination (optional) and
dry-to-wet corrected, as measured
by the NMC FID during
sampling through the NMC

RFPFconspnmc-ri;p = non-methane cutter CH combined

RFchartHe-FiD)

ethane  response factor and
penetration fraction, according to
paragraph 8.1.10.3.4.3.

= response factor of THC FID to CH,
according to paragraph
8.1.10.1.4.

(c) For a gas chromatograph,xywnc shall be calculated using the
THC analyser's response factor RF) for CH,4, from paragraph
8.1.10.1.4., and the HC contamination and dry-to-wecorrected
initial THC concentration  Xrucrhcribior @S determined in
paragraph (a) above as follows:

Xumc = Xrucrre-rocor ~ REcharrie-rioy Xena (A.7-9)
Where:
XNMHC = concentration of NMHC

XTHC[THC-FID]cor

XcH4

RFchahe-FiD)

concentration of THC, HC contamination
and dry-to-wet corrected, as measured by
the THC FID

concentration of CH,, HC contamination
(optional) and dry-to-wet corrected, as
measured by the gas chromatograph FID

response factor of THC-FID to CH,

A.7.1.4.3.  Approximation of NMHC from THC

NMHC (non-methane hydrocarbon) emissions can be @poximated as
98 percent of THC (total hydrocarbon).
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A.7.1.5.

A7.2.

A7.2.1.

A7.2.2.

A.7.2.3.

Flow-weighted mean concentration

In some paragraphs of this annex, it may be necesy to calculate a
flow-weighted mean concentration to determine the pplicability of
certain provisions. A flow-weighted mean is the meaof a quantity after
it is weighted proportional to a corresponding flowrate. For example, if
a gas concentration is measured continuously fronhe raw exhaust of an
engine, its flow-weighted mean concentration is theum of the products
of each recorded concentration times its respectivexhaust molar flow
rate, divided by the sum of the recorded flow ratevalues. As another
example, the bag concentration from a CVS system ihe same as the
flow-weighted mean concentration because the CVS stgm itself flow-
weights the bag concentration. A certain flow-weigled mean
concentration of an emission at its standard mighbe already expected
based on previous testing with similar engines oresting with similar
equipment and instruments.

Chemical balances of fuel, intake air, andxkaust
General

Chemical balances of fuel, intake air and exhaustnay be used to
calculate flows, the amount of water in their flows and the wet
concentration of constituents in their flows. Withone flow rate of either
fuel, intake air or exhaust, chemical balances mape used to determine
the flows of the other two. For example, chemical dlances along with
either intake air or fuel flow to determine raw exhaust flow may be used.

Procedures that require chemical balances
Chemical balances are required to determine the flowing:

(a) The amount of water in a raw or diluted exhaustflow, Xus0exn
when the amount of water to correct for the amountof water
removed by a sampling system is not measured;

(b)  The flow-weighted mean fraction of dilution air in diluted
exhaust, Xgirexn, When dilution air flow is not measured to correct
for background emissions. It has to be noted thatfichemical
balances are used for this purpose, the exhaust @sumed to be
stoichiometric, even if it is not.

Chemical balance procedure

The calculations for a chemical balance involve aystem of equations
that require iteration. The initial values of up to three quantities shall be
guessed: the amount of water in the measured flow0exn, fraction of
dilution air in diluted exhaust (or excess air in he raw exhaust),Xgiyexn,
and the amount of products on a C1 basis per dry nte of dry measured
flow, Xccombary- Time-weighted mean values of combustion air humity
and dilution air humidity in the chemical balance nay be used; as long
as combustion air and dilution air humidity remain within tolerances of
+ 0.0025 mol/mol of their respective mean values ovéhe test interval.
For each emission concentrationyx, and amount of waterXysoexn, it Shall
be determined their completely dry concentrationsXgy and Xuzoexhary- It
shall also be used fuel's atomic hydrogen-to-carboratio, a, oxygen-to-
carbon ratio, g and carbon mass fraction of fuelwc. For the test fuel,a
and Bor the default values in table 7.1 may be used.
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Use the following steps to complete a chemical laalce:

(a) Measured concentrations such asXcozmeas XNoOmeas aNd Xw20ints
shall be converted to dry concentrations by dividig them by one
minus the amount of water present during their respctive
measurements; for exampleXy2oxcozmeas XHz2oxNOmeas @NA XH20int -
If the amount of water present during a "wet" measuement is the
same as the unknown amount of water in the exhaufiow, Xus0exm
it has to be iteratively solved for that value in he system of
equations. If only total NO, are measured and not NO and N@
separately, good engineering judgement shall be uwbéo estimate a
split in the total NO, concentration between NO and N@for the
chemical balances. The molar concentration of NQ xnox, may be
assumed to be 75 per cent NO and 25 per cent BCFor NO,
storage aftertreatment systemsxyox may be assumed to be 25 per
cent NO and 75 per cent N@ For calculating the mass of NQ
emissions, the molar mass of NOfor the effective molar mass of
all NO, species, regardless of the actual NGraction of NO,, shall
be used;

(b)  Equations (A.7-10 to A.7-26) in paragraph (d) bthis paragraph
A.7.2.3. have to be entered into a computer prograno iteratively
solve for Xp2oexh Xccombdry 8N Xgirexn. GOOd engineering judgment
shall be used to guess initial values fofz0exi Xccombdry, @Nd Xgirexh-
Guessing an initial amount of water that is about wice the
amount of water in the intake or dilution air is recommended.
Guessing an initial value ofXceombay as the sum of the measured
CO,, CO, and THC values is recommended. Guessing anitial

Xq1 between 0.75 and 0.95(.75< X, < 0.9%), such as 0.8 is also
recommended. Values in the system of equations shhk iterated

until the most recently updated guesses are all wiin + 1 per cent
of their respective most recently calculated values

(c)  The following symbols and subscripts are usechithe equation
system of paragraph (c) of this paragraph wherex unit is

mol/mol:
Symbo Descriptior
X dilvexh IAmount of dilution gas or excess air per mole of éxaust
XH20exh IAmount of H,O in exhaust per mole of exhaust
Xccombdry IAmount of carbon from fuel in the exhaust per moleof dry exhaust
XH20exhdry Amount of water in exhaust per dry mole of dry exhast
Xprod/intdry IAmount of dry stoichiometric products per dry mole of intake air
X dil/exhdry IAmount of dilution gas and/or excess air per molefalry exhaust
Xinexhdry IAmount of intake air required to produce actual conbustion products per mole of dry (raw
or diluted) exhaust
Xrawlexhdry Amount of undiluted exhaust, without excess air, pemole of dry (raw or diluted) exhaust
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Symbo Descriptior

Xo2intdry Amount of intake air O, per mole of dry intake air; Xozinary = 0.209445 mol/mol may be
assumed

Xcozintdry Amount of intake air CO, per mole of dry intake air. Xcozinary = 375pmol/mol may be used,
but measuring the actual concentration in the intak air is recommended

XH20intdry Amount of the intake air H,O per mole of dry intake air

Xco2int IAmount of intake air CO, per mole of intake air

Xco2dil IAmount of dilution gas CO, per mole of dilution gas

Xcozdildry Amount of dilution gas CO, per mole of dry dilution gas. If air is used as duent, Xcozdidry =
375umol/mol may be used, but measuring the actual conotation in the intake air is
recommended

X120dildry IAmount of dilution gas H,O per mole of dry dilution gas

XH204dil Amount of dilution gas H,O per mole of dilution gas

X{emissionjmeas IAmount of measured emission in the sample at the spective gas analyser

X[emission]dry IAmount of emission per dry mole of dry sample

Xr2o[emissionjmeas  jAMount of water in sample at emission-detection l@tion. These values shall be measured of
estimated according to paragraph 9.3.2.3.1.

XH20int Amount of water in the intake air, based on a humidy measurement of intake air

a IAtomic hydrogen-to-carbon ratio of the mixture of fuel(s) (CHHO/;) being combusted,
weighted by molar consumption

B Atomic oxygen-to-carbon ratio of the mixture of fud(s) (CH, O,) being combusted,
weighted by molar consumption

(d) The following equations shall be used to iterately solve for
Xdilfexhs XHz0exh @NA Xcoombary:

— Xra /lexhdr
Xiitiexn =1~ — (A.7-10)
1+ XHZOexhdry
_ XHZOexhdry
Xi20exh — — (A.7-11)
1+ XHZOexhdry
XCcombdry = XCOZdry+ X COdry+ X THCdry_ X COZdD( diI/exhdr_ XCOZint D(intlexhdry
(A.7-12)
_a
XHZOexhdry_ Dy XCcombdry_ X THCd X HZOdp( diI/exhdr)-/I- X 20int D(int/exhdry
2
(A.7-13)
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— Xdil/exh
Xdil/exhdry - (A.7-14)
1_ XHZOexh

1 a
)ﬁntlexhdry = M{[E - ﬁ + 2) ( XCcombdry_ XTHCdry) - ( X codry X NOdry 2x NOZdr):|

(A.7-15)

1/(a
Xraw/exhdry - E E + /8 (XCcombdry_ X THCdr) + (2X THCdr)j- X codry X Nozw) + )gmjexhdry

(A.7-16)
_ 0.209820- Xcopintary
Xozint = 1t (A.7-17)
XHZOintdry
_ XCOZintdry
Xeozint = 1+ - (A.7-18)
XH20intdry
__ Xpoi
X i20intdry — 1—- 20— (A.7-19)
XH20int
_ Xcozdidry
Xeoadil = 1+ — (A.7-20)
Xn204dildry
— _ X20di
Xi20didry — 1- = (A.7-21)
Xi20di
Xeody = oy e Xcomeas (A.7-22)
XHZOCOmeas
Xcozdry = 1- Feozmess (A.7-23)
XHZOCOZmeas
X — XNOmeas (A 7_24)
NOdry .
1= Xzonomeas
XNOZdry — = XNOZmeas (A.7-25)
XHZONOZmeas
Xrncary = — XTHomess (A.7-26)

1- Xi120THCmeas

At the end of the chemical balance, the molar flowate N, is calculated
as specified in paragraphs A.7.3.3. and A.7.4.3.
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A.7.2.4.

A.7.3.
A.7.3.1.

NQ, correction for humidity

All the NO, concentrations, including dilution air background
concentrations, shall be corrected for intake-air kimidity using the
following equation:

Xuoxcor = Xnosuncor {9-953X o+ 0.832 (A.7-27)

Where:

XNOxuncor = uncorrected NQ, molar concentration in the exhaust gas
[umol/mol]

XH20 = amount of water in the intake air [mol/mol]

Raw gaseous emissions

Mass of gaseous emissions

To calculate the total mass per test of gaseous iB8ion my, [g/test], its
molar concentration shall be multiplied by its resgctive molar flow and
by exhaust gas molar mass; then integration over $¢ cycle shall be
performed:

Mo =M 00k o Lait (A.7-28)

Where:

Mgas = molar mass of the generic gaseous emission [glino

N, = instantaneous exhaust gas molar flow rate on aew basis
[mol/s]

Xgas = instantaneous generic gas molar concentration oa wet

basis [mol/mol]
t = time [s]

Since equation (A.7-28) has to be solved by numeal integration, it is
transformed in:

I’ngas =M gasq n extD( ga@jt =

N
INngas = % DM gas@ n e>th( ga: (A.7-29)
i=1
Where:
Mgas = generic emission molar mass [g/mol]
Ny = instantaneous exhaust gas molar flow rate on aew basis
[mol/s]
Xgas = instantaneous generic gas molar concentration oa wet
basis [mol/mol]
f = data sampling rate [Hz]
N = number of measurements [-]
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General equation may be modified according to whit measurement
system is used, batch or continuous sampling, and & varying rather
than a constant flow rate is sampled.

(@)  For continuous sampling, in the general case @frying flow rate,
the mass of the gaseous emission,s [g/test] shall be calculated by
means of the following equation:

1 N
I"ngas = T M gas@ n eﬂhD( g (A.7-30)
i=1
Where:
Mgas = generic emission molar mass [g/mol]
Ny = instantaneous exhaust gas molar flow rate on aew

basis [mol/s]

Xgas = instantaneous gaseous emission molar fraction am
wet basis [mol/mol]

f = data sampling rate [Hz]

N = number of measurements [-]

(b)  still for continuous sampling but in the particular case of constant
flow rate the mass of the gaseous emissiang, [g/test] shall be
calculated by means of the following equation:

Myas = M gasm extt X ga@t (A.7-31)

Where:

Mgas = generic emission molar mass [g/mol]

Ny, = exhaust gas molar flow rate on a wet basis [me}/

Xgas = mean gaseous emission molar fraction on a wetdia
[mol/mol]

At = time duration of test interval

(c)  For the batch sampling, regardless the flow ra is varying or
constant, the equation (A.7-30) can be simplifiedsafollows:

N
rngas = % M gasDZ ga@ n ekh (A.7-32)
i=
Where:
Mgas = generic emission molar mass [g/mol]
Nei = instantaneous exhaust gas molar flow rate on aew
basis [mol/s]
)_(gals = mean gaseous emission molar fraction on a wetgia

[mol/mol]
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A.7.3.2.

A.7.3.3.

F = data sampling rate [Hz]
N = number of measurements [-]
Dry-to-wet concentration conversion

Parameters of this paragraph are obtained from theresults of the
chemical balance calculated in paragraph A.7.2. Théollowing relation
exists between gas molar concentrations in the measd flow Xgasqry and
Xgas [Mol/mol] expressed on a dry and wet basis respéatly:

_ Xas
Xpasdy =7 — (A.7-33)
1- Xi20
— Xgasdry
Xyas = 1— (A.7-34)
+ XHZOdry
Where:
Xuzo = molar fraction of water in the measured flow ona wet basis
[mol/mol]

molar fraction of water in the measured flow ona dry basis
[mol/mol]

XH20dry =

For gaseous emissions a removed water correctiohal be performed
for the generic concentrationx [mol/mol] as follows:

X= X[emission]mea{M:l (A7'35)

1_ XHZO[emission]mea

Where:

= molar fraction of emission in the measured flow
at measurement location [mol/mol]

X[emission]meas

amount of water in the measured flow at the
concentration measurement [mol/mol]

XHZO[emission]meas

XH20exh = amount of water at the flow-meter [mol/mol]
Exhaust gas molar flow rate

The flow rate of the raw exhaust gases can be de#ly measured or can
be calculated based on the chemical balance of pamaph A.7.2.3.
Calculation of raw exhaust molar flow rate is perfemed from measured
intake air molar flow rate or fuel mass flow rate.The raw exhaust molar

flow rate can be calculated from the sampled emissis, N, , based on
the measured intake air molar flow rate, 1, , or the measured fuel mass
flow rate, M, and the values calculated using the chemical balee in

paragraph A.7.2.3. It shall be solved for the chemal balance in

paragraph A.7.2.3. at the same frequency that},, or I, is updated

and recorded.
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(@)

(b)

(©

Crankcase flow rate. The raw exhaust flow can é calculated
based onn,, or M, only if at least one of the following is true

about crankcase emission flow rate:

0] The test engine has a production emission-coradl system
with a closed crankcase that routes crankcase flowwack to
the intake air, downstream of intake air flow-meter,

(i)  During emission testing open crankcase flow & routed to
the exhaust according to paragraph 6.10;

(iiiy  Open crankcase emissions and flow are measuteand
added brake-specific emission calculations;

(iv)  Using emission data or an engineering analysist can be
demonstrated that neglecting the flow rate of open
crankcase emissions does not adversely affect compice
with the applicable standards;

Molar flow rate calculation based on intake ai.

Based onn,,

calculated as follows:

exhaust gas molar flow raten_, [mol/s] shall be

exh

Ny = Mo (A.7-36)
1+ ()ﬁnt/exhdry - Xraw/exhdry)
(1+ XHZOexhdry)
Where:
n = raw exhaust molar flow rate from which

emissions are measured [mol/s]

n = intake air molar flow rate including humidity in
intake air [mol/s]
Xingexhdry = amount of intake air required to produce actual

combustion products per mole of dry (raw or
diluted) exhaust [mol/mol]

Xrawlexhdry = amount of undiluted exhaust, without excess air,
per mole of dry (raw or diluted) exhaust
[mol/mol]

XH20exhdry = amount of water in exhaust per mole of dry

exhaust [mol/mol]

Molar flow rate calculation based on fuel masflow rate

Based onfiy,,, N,,,[mol/s] shall be calculated as follows:

_ I"nfuel |INC I:G1+ XHZOexhdry)
exh —
M C D(Ccombdry

Where:

(A.7-37)
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A.7.4.
A7.4.1.

hexh = raw exhaust molar flow rate from which

emissions are measured

My = fuel flow rate including humidity in intake air
[9/s]

We = carbon mass fraction for the given fuel [g/g]

XH20exhdry = amount of HO per dry mole of measured flow
[mol/mol]

Mc = molecular mass of carbon 12.0107 g/mol

Xccombdry = amount of carbon from fuel in the exhaust per

mole of dry exhaust [mol/mol]
Diluted gaseous emissions
Emission mass calculation and backgroundaection

Equations for the calculation of gaseous emissiomsassmg.s [g/test] as a
function of molar emissions flow rates are as folles:

(@) Continuous sampling, varying flow rate

1 S
I"ngas - T M gas@ n exihD( g (see A.7-29)
i=1
Where:
Mgas = generic emission molar mass [g/mol]
Newi instantaneous exhaust gas molar flow rate on aew

basis [mol/s]

Xgasi = instantaneous generic gas molar concentrati on a
wet basis [mol/mol]

f = data sampling rate [Hz]

N = number of measurements [-]

Continuous sampling, constant flow rate

Myas =M o o[ X LA (see A.7-31)

Where:

Mgas = generic emission molar mass [g/mol]

Newn = exhaust gas molar flow rate on a wet basis [msl/

X o . .
gas = mean gaseous emission molar fraction on a wetia

[mol/mol]
At = time duration of test interval

(b)  Batch sampling, regardless varying flow or cortant rate is, the
following equation shall be used:
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(©

1 N
rngas = T M gasDZ ga@ N eir (see A.7-32)
i=1
Where:
Mgas = generic emission molar mass [g/mol]
Newi instantaneous exhaust gas molar flow rate on aew
basis [mol/s]
X - . .
gas = mean gaseous emission molar fraction on a wetgia
[mol/mol]
f = data sampling rate [Hz]
N = number of measurements [-]

In case of diluted exhaust gases calculated vak for mass of the
pollutants shall be corrected by subtracting the mss of
background emissions, due to dilution air:

@)

(ii)

(iii)

(iv)

v)

(vi)

Firstly, the molar flow rate of dilution air N, [mol/s]

shall be determined over the test interval. This ma be a
measured quantity or a quantity calculated from the
diluted exhaust flow and the flow-weighted mean fretion

of dilution air in diluted exhaust, Xeen;

The total flow of dilution air N, [mol] shall be multiplied

by the mean concentration of background emission. His
may be a time-weighted mean or a flow-weighted mean
(e.g., a proportionally sampled background). The poduct
of naqi and the mean concentration of a background
emission is the total amount of a background emissn;

If the result is a molar quantity, it shall be converted to a
mass of the background emissiomygng [g] by multiplying
it by emission molar massMg,s [g/mol];

Total background mass shall be subtracted frormtotal mass
to correct for background emissions;

The total flow of dilution air may be determined by a direct
flow measurement. In this case, the total mass of
background shall be calculated, using the dilutiorair flow,
Naiii - The background mass shall be subtracted from the
total mass. The result shall be used in brake-spéi
emission calculations;

The total flow of dilution air may be determined from the
total flow of diluted exhaust and a chemical balane of the
fuel, intake air, and exhaust as described in paragph
A.7.2. In this case, the total mass of backgroundhall be
calculated, using the total flow of diluted exhaustngexn.
Then this result shall be multiplied by the flow-wéghted

mean fraction of dilution air in diluted exhaust, X, -
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A.7.4.2.

A.7.4.3.

Considering the two cases (v) and (vi), the followg equations
shall be used:

rq)kgnd =M gasD( gasdim1 airdil  OF mokgnd =M gasDZ dil/exhDz bkgnm dex

(A.7-38)
rngascor =m gas_ m bkgni (A-7'39)
Where:
Mgas = total mass of the gaseous emission [g]
Mokgnd = total background masses [g]
Mgascor = mass of gas corrected for background emissiong][
Mgas = molecular mass of generic gaseous emission [g/inol
Xgasdil = gaseous emission concentration in dilution air
[mol/mol]
Mgt = dilution air molar flow [mol]
Xiijexh = flow-weighted mean fraction of dilution air in
diluted exhaust [mol/mol]
Xokgnd = gas fraction of background [mol/mol]
Ngexn = total flow of diluted exhaust [mol]

Dry-to wet concentration conversion

The same relations for raw gases (paragraph A.72) shall be used for
dry-to-wet conversion on diluted samples. For dilibn air a humidity

measurement shall be performed with the aim to caldate its water
vapour fraction Xyqgigy [Mol/mol]:

— XHZOdiI

Xi20diidry = 1-x, (see A.7-21)
20dil

Where:
Xn204i = Water molar fraction in the dilution air flow [m ol/mol]
Exhaust molar flow rate
(a)  Calculation via chemical balance;
The molar flow rate N, [mol/s] can be calculated based on fuel

mass flow rate M,

— I"hfuel |INC I:G1+ XHZOexhdry)

Mo (see A.7-37)
MC D(Ccombdry

Where:

n = raw exhaust molar flow rate from which

exh
emissions are measured
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(b)

My fuel flow rate including humidity in intake air
[9/s]

We = carbon mass fraction for the given fuel [g/g]

XH20exhdry = amount of HO per dry mole of measured flow
[mol/mol]

Mc = molecular mass of carbon 12.0107 g/mol

Xccombdry = amount of carbon from fuel in the exhaust per
mole of dry exhaust [mol/mol]

Measurement

The exhaust gas molar flow rate may be measured byeans of
three systems:

()

(i)

PDP molar flow rate. Based upon the speed at vidh the
Positive Displacement Pump (PDP) operates for a tes
interval, the corresponding slopea;, and intercept, & [-], as
calculated with the calibration procedure of Appendx 1 to
this annex, shall be used to calculate molar flowate N
[mol/s] as follows:

N= 1, oop P v Ve (A.7-40)
- RO,

Where:

V,, = a D/ Pout ~ Pin +a, (A.7-41)
fn,PDP pin

Where:

=Y = calibration coefficient [m?/s]

a = calibration coefficient [m*rev]

Pin: Pout = inlet/outlet pressure [Pa]

R = molar gas constant [J/(mol K)]

Tin = inlet temperature [K]

Vieew = PDP pumped volume [r¥rev]

fn.pop = PDP speed [rev/s]

SSV molar flow rate. Based on theCy versus R equation
determined according to Appendix 1 of this annex,ite Sub-
Sonic Venturi (SSV) molar flow rate during an emisg®n
test n [mol/s] shall be calculated as follows:

n=C, [C, 3 AP, (A.7-42)
V ZIM mix [R |:I-in

Where:

P = inlet pressure [Pa]
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A = Venturi throat cross-sectional area [rf]
R = molar gas constant [J/(mol K)]

Tn = inlet temperature [K]

z = compressibility factor

Mmix = molar mass of diluted exhaust [kg/mol]
G = discharge coefficient of the SSV [-]

G = flow coefficient of the SSV [-]

(i)  CFV molar flow rate. To calculate the molar flow rate
through one venturi or one combination of venturis, its
respective mean Cy; and other constants, determined
according to the Appendix 1 to this annex, shall beised.
The calculation of its molar flow rate N [mol/s] during an
emission test follows:

n=_C, [C, 3 ALD, (A.7-43)
JZM,, R,

Where:

Pn = inlet pressure [Pa]

A = Venturi throat cross-sectional area [rf]

R = molar gas constant [J/(mol K)]

Tn = inlet temperature [K]

z = compressibility factor

Mnix = molar mass of diluted exhaust [kg/mol]

G = discharge coefficient of the CFV [-]

G = flow coefficient of the CFV [-]

A.7.4.4. Determination of particulates
A7.4.4.1. Sampling

@)

Sampling from a varying flow rate:

If a batch sample from a changing exhaust flow ratés collected, a
sample proportional to the changing exhaust flow ree shall be
extracted. The flow rate shall be integrated over aest interval to

determine the total flow. The mean PM concentration M pm

(which is already in units of mass per mole of sani@) shall be
multiplied by the total flow to obtain the total mass of PM mpy

[a]:

N

My, =My, (1 2t (A.7-44)
i=1

Where:

N, = instantaneous exhaust molar flow rate [mol/s]
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MPM

mean PM concentration [g/mol]

At

sampling interval [s]

(b)  Sampling from a constant flow rate
If a batch sample from a constant exhaust flow ratés collected,
the mean molar flow rate from which the sample isxracted shall

be determined. The mean PM concentration shall be witiplied by
the total flow to obtain the total mass of PMmpy[g]:

my,, =M., [hAt (A.7-45)
Where:

n = exhaust molar flow rate [mol/s]

MPM = mean PM concentration [g/mol]

At = time duration of test interval [s]

For sampling with a constant dilution ratio (DR), mpy [g] shall be
calculated using the following equation:

Mgy, = Mey,q (DR (A.7-46)
Where:

Mol = PM mass in dilution air [g]

DR = dilution ratio [-] defined as the ratio betweenthe

mass of the emissionm and the mass of diluted
exhaustMgiexn (DR = MY/ My, )-

The dilution ratio DR can be expressed as a function
Of Xaivexn:

DR=— L (A.7-47)

1= Xgiexn
A.7.4.4.2. Background correction

The same approach as that of paragraph A.7.4.1. al be applied to
correct the mass of PM for the background. Multiplying M pmokgnd by

the total flow of dilution air, the total background mass of PM (Mpupkgng
[g]) is obtained. Subtraction of total background nass from total mass
gives background corrected mass of particulate®ipycor [9]:

rT13Mcor = mPMuncor_ M PMbkgncJ]] airdi (A-7'48)
Where:

Mpmuncor = uncorrected PM mass [g]

MPMbkgnd = mean PM concentration in dilution air [g/mol]

Nairdil dilution air molar flow [mol]

A.7.5. Cycle work and specific emissions
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A.7.5.1.
A.7.5.1.1.

A.7.5.1.2.

Gaseous emissions
Transient and ramped modal cycle

Reference is made to paragraphs A.7.3.1. and A.714 for raw and
diluted exhaust respectively. The resulting valuetr power P; [kW] shall
be integrated over a test interval. The total work W, [kWh] is
calculated as follows:

Y 11 1 2E Y
Waot = le P = 50016 6021:(”‘ T) (@79
Where:
P; = instantaneous engine power [KW]
n; = instantaneous engine speed [mif}
T = instantaneous engine torque [N-m]
Wy = actual cycle work [KWh]
f = data sampling rate [Hz]
N = number of measurements [-]

The specific emissiongy,s [9/kWh] shall be calculated in the following
ways depending on the type of test cycle.

— Myas
€6 W (A.7-50)
Where:
Mgas = total mass of emission [g/test]
Waet = cycle work [kWh]

In case of the transient cycle, the final test regt e, [9/kWh] shall be a
weighted average from cold start test and hot startest by using:

o - (0.10n,,,) +( 0.90, ) (A.7-51)
5 (0.1W,g0) + ( 0.9W, )

actcold
In case of an infrequent (periodic) exhaust regemation (paragraph
6.6.2.), the specific emissions shall be correctedth the multiplicative
adjustment factor k; (equation (6-4)) or with the two separate pairs of
adjustment additive factorsky, (upward factor of equation (6-5)) andkp,
(downward factor of equation (6-6)).

Steady-state discrete-mode cycle

The specific emissionsgy,s [9/kWh] are calculated as follows:

R — (A.7-52)
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A.7.5.2.
A.7.5.2.1.

A.7.5.2.2.

A.7.5.2.2.1.

A.7.5.2.2.2.

Where:

ri‘bas.l = mean emission mass flow rate for the modgg/h]

P, = engine power for the mode [kW] with P =P . +P,
(see paragraphs 7.7.1.2. and 6.3.)

WF = weighing factor for the modei [-]

Particulate emissions
Transient and ramped modal cycles

The particulate specific emissions shall be calatied with equation (A.7-
50) where eg,s [9/kWh] and mg,s [g/test] are substituted byepy [g/kWh]
and mpy [g/test] respectively:

6y = by (A.7-53)
Wact
Where:
Mpy = total mass of particulates emission, calculatedccording to
paragraph A.8.3.4. [g/test]
Wy = cycle work [kwWh]

The emissions on the transient composite cycleg(i.cold phase and hot
phase) shall be calculated as shown in paragraph A5.1.

Steady state discrete-mode cycle

The particulate specific emissioresy [g/kWh] shall be calculated in the
following way:

For the single-filter method

Gy =P (A.7-54)
(P WF)
i=1
Where:
P = engine power for the mode [kW] with P =P . +P,
(see paragraphs 7.7.1.2. and 6.3.)
WF = weighing factor for the modei [-]
m, = particulate mass flow rate [g/h]

For the multiple-filter method

e, =t — (A.7-55)

Where:
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Pi =

WFi =

Moy,

engine power for the mode [kW] with P =P . +P,
(see paragraphs 7.7.1.2. and 6.3.)

weighing factor for the modei [-]

particulate mass flow rate at mode [g/h]

For the single-filter method, the effective weighig factor, WF, for
each mode shall be calculated in the following way:

VVF — rrmeldexlh (i eqdexhwe

effi

Where:

msmpldexh’

msmpldexh

rneqdexhw«-:it

I'.neqdexhwet

(A.7-56)

rrmeldex [0 eqdexhwet

= mass of the diluted exhaust sample passed throughe

particulate sampling filters at modei [kg]

= mass of the diluted exhaust sample passed throughe

particulate sampling filters [kg]
equivalent diluted exhaust gas mass flow rate ahodei

[ka/s]

average equivalent diluted exhaust gas mass florate
[kg/s]

The value of the effective weighing factors shall é within £0.005
(absolute value) of the weighing factors listed idnnex 5.
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Annex 4B
Appendix A.7.1

Diluted exhaust flow (CVS) calibration

This Appendix 1 describes the calculations for cdlrating various flow-meters.

Paragraph A.7.6.1. of this Appendix 1 first descriles how to convert reference flow-
meter outputs for use in the calibration equationswhich are presented on a molar
basis. The remaining paragraphs describe the calilation calculations that are specific
to certain types of flow-meters.

A.7.6.1. Reference meter conversions

The calibration equations in this section use motaflow rate, N ., as a

ref ?
reference quantity. If he adopted reference meterwputs a flow rate in a

different quantity, such as standard volume rate,Vstdref, actual volume

rate, V

curef» OF Mass rate, M., the reference meter output shall be
converted to a molar flow rate using the followingequations, noting that
while values for volume rate, mass rate, pressurgemperature, and
molar mass may change during an emission test, theshould be kept as
constant as practical for each individual set pointduring a flow-meter

calibration:

— Vstdref mstd - \/actrefq3 act— m ref

hef — T R T R M (A.7-57)
std act mix

Where:

N = reference molar flow rate [mol/s]

Vstdref = reference volume flow rate, corrected to a staradd
pressure and a standard temperature [rfs]

Vactref = reference volume flow rate, at the actual presse and
temperature [m%/s]

My = reference mass flow [g/s]

Psta = standard pressure [Pa]

Pact = actual pressure of the gas [Pa]

Tsg = standard temperature [K]

Tat = actual temperature of the gas [K]

R = molar gas constant[J/(mol[K)]

Mmix = molar mass of the gas [g/mol]

A.7.6.2. PDP calibration calculations
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For each restrictor position, the following valuesshall be calculated from
the mean values determined in paragraph 8.1.8.4.sdollows:

(a) PDP volume pumped per revolutionV,e, (m*/rev):

Ne (R,
[ = ——1 (A.7-58)

pm |:an’DP

Where:

ﬁref = mean value of reference molar flow rate [mol/s]

R = molar gas constant[J/(mol[K)]

fn = mean inlet temperature [K]

P, = mean inlet pressure [Pa]

f_nPDP = mean rotational speed [rev/s]

(b)  PDP slip correction factor,K [s/rev]:

K, =t D/ Pout ~ Prn (A.7-59)
fnPDP pout

Where

ﬁref = mean reference molar flow rate [mol/s]
'Fm = mean inlet temperature [K]

P, = mean inlet pressure [Pa]

Pout = mean outlet pressure [Pa]

f_nPDP = mean PDP revolution speed [rev/s]

R = molar gas constant[J/(molEK)]

(c) A least-squares regression of PDP volume pumpeer revolution,
Viev, Versus PDP slip correction factorKs, shall be performed by
calculating slope,a;, and intercept, a;, as described in Annex 4B
Appendix A.2;

(d)  The procedure in paragraphs (a) through (c) ofthis paragraph
shall be repeated for every speed that PDP is opédedl;

(e) The following table illustrates these calculatins for different

values of T ,pp:
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Table A.7.2
Example of PDP calibration data
f_nPDP [rev/min] f_nPDP [rev/s] a1 [m%min] a [m¥s] ao [mrev]
755.0 12.58 50.43 0.8405 0.056
987.6 16.46 49.86 0.831 -0.013
12545 20.9 48.54 0.809 0.028
1401.3 23.355 47.30 0.7883 -0.061

) For each speed at which the PDP is operated, éhcorresponding
slope, &;, and intercept, a;, shall be used to calculate flow rate
during emission testing as described in paragraph X.4.3.(b)

A.7.6.3. Venturi governing equations and permissilel assumptions

This section describes the governing equations angermissible
assumptions for calibrating a venturi and calculathg flow using a
venturi. Because a subsonic venturi (SSV) and a tigal-flow venturi
(CFV) both operate similarly, their governing equatons are nearly the
same, except for the equation describing their presire ratio, r (i.e., rssy
Versus rcpy). These governing equations assume one-dimensional
isentropic inviscid compressible flow of an ideal @s. In paragraph
A.7.6.3.(d), other assumptions that may be made aréescribed. If the
assumption of an ideal gas for the measured flow isot allowed, the
governing equations include a first-order correctim for the behaviour of
a real gas; namely, the compressibility factorZ. If good engineering
judgment dictates using a value other thanZ = 1, an appropriate
equation of state to determine values ofZ as a function of measured
pressures and temperatures may be used, or specificalibration
equations may be developed based on good enginegrijudgment. It
shall be noted that the equation for the flow coeitient, C;, is based on
the ideal gas assumption that the isentropic expong y, is equal to the
ratio of specific heats,c,/cy. If good engineering judgment dictates using
a real gas isentropic exponent, an appropriate eqtian of state to
determine values of y as a function of measured pressures and
temperatures may be used, or specific calibration quations may be
developed. Molar flow rate, N [mol/s], shall be calculated as follows:

n=C,[C, 3 AL, (A.7-60)
\/Z M mix |:IRUm
Where:
Cq = Discharge coefficient, as determined in paragrdp
A.7.6.3.(a) []
G = Flow coefficient, as determined in paragraph A.5.3.(b) [-]
A = Venturi throat cross-sectional area [m]
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Pin
VA

mix

(b)

= Venturi inlet absolute static pressure [Pa]
= Compressibility factor [-]
= Molar mass of gas mixture [kg/mol]

= Molar gas constant[J/(mOIEK)]

= Venturi inlet absolute temperature [K]

Using the data collected in paragraph 8.1.8.4C, is calculated
using the following equation:

) ZIM . [RIT.
C, =Ny o - (A.7-61)
Cf DQ\ Epm
Where:
N, = reference molar flow rate [mol/s]

Other symbols as per equation (A.7-60).
C; shall be determined using one of the following mbbds:

0] For CFV flow-meters only, CfCFV is derived from the
following table based on values forp (ratio of venturi
throat to inlet diameters) and y (ratio of specific heats of
the gas mixture), using linear interpolation to fird
intermediate values:

Table A.7.3
Cicrv VersusgBand yfor CFV flow-meters
Cicrv
B ¥exn=1.385 Yaexh = Jir=1.399
0.000 0.6822 0.6846
0.400 0.6857 0.6881
0.500 0.6910 0.6934
0.550 0.6953 0.6977
0.600 0.7011 0.7036
0.625 0.7047 0.7072
0.650 0.7089 0.7114
0.675 0.7137 0.7163
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Cicrv

B ¥exn=1.385 Yaexh =Yair=1.399
0.700 0.7193 0.7219
0.720 0.7245 0.7271
0.740 0.7303 0.7329
0.760 0.7368 0.7395
0.770 0.7404 0.7431
0.780 0.7442 0.7470
0.790 0.7483 0.7511
0.800 0.7527 0.7555
0.810 0.7573 0.7602
0.820 0.7624 0.7652
0.830 0.7677 0.7707
0.840 0.7735 0.7765
0.850 0.7798 0.7828

(i)  For any CFV or SSV flow-meter, the following ejuation
may be used to calculat€;:

_ 1
y1 2
20vir ¥ 1|0
G = ) (A.7-62)
(-1 -r”
Where:
vy = isentropic exponent [-]. For an ideal gas, this
is the ratio of specific heats of the gas mixture,
c/cy
r = pressure ratio, as determined in paragraph
(c)(3) of this section
p = ratio of venturi throat to inlet diameters
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(©

(d)

The pressure ratior shall be calculated as follows:

0] For SSV systems onlyrssy is calculated using the following

equation:
JAY
legy = 1-2Pssv (A.7-63)
pin
Where:
Apssy = differential static pressure; venturi inlet

minus venturi throat [Pa]

(i)  For CFV systems only,rcey shall be calculated iteratively
using the following equation:

-y

AN IV 2N |
rCFV + 2 m []cpv - 2 (A.7-64)

Any of the following simplifying assumptions ofthe governing
equations may be made, or good engineering judgmembay be
used to develop more appropriate values for testing

0] For emission testing over the full ranges of ra exhaust,
diluted exhaust and dilution air, the gas mixture nay be
assumed to behave as an ideal gag= 1,

(i) For the full range of raw exhaust a constant atio of specific
heats ofy = 1.385 may be assumed;

(i) For the full range of diluted exhaust and air (e.g.,
calibration air or dilution air), a constant ratio of specific
heats of y=1.399 may be assumed,;

(iv)  For the full range of diluted exhaust and air, the molar
mass of the mixture,M;x [g/mol], may be considered as a
function only of the amount of water in the dilution air or
calibration air, xy20, determined as described in paragraph
A.7.1.2., as follows:

Mo =My, Eﬂl‘ XHzo) +M Hzo[qXHzo) (A.7-65)

Where:

My = 28.96559 g/mol

Muyoo = 18.01528 g/mol

Xu2o = amount of water in the dilution or calibration
air [mol/mol]

(v)  For the full range of diluted exhaust and air,a constant
molar mass of the mixture,M;x, may be assumed for all
calibration and all testing as long as assumed malanass
differs no more than +1 per cent from the estimated
minimum and maximum molar mass during calibration
and testing. This assumption may be made if suffient
control of the amount of water in calibration air and in
dilution air is ensured, or if sufficient water is removed
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from both calibration air and dilution air. The fol lowing
table gives examples of permissible ranges of diloh air
dew point versus calibration air dew point:

Table A.7.4
Examples of dilution air and calibration air dew pants at which a constantM,, may
be assumed

the following constant Mix for the following ranges of Tew (C) during
If calibration Tgew (C) is... (g/mol) is assumed emission tesfs
dry 28.96559 dry to 18
0 28.89263 dry to 21
5 28.86148 dry to 22
10 28.81911 dry to 24
15 28.76224 dry to 26
20 28.68685 -81t0 28
25 28.58806 12t0 31
30 28.46005 23t0 34

& Range valid for all calibration and emission teshg over the atmospheric pressure range (80,000 to

103,325) kPa.

A.7.6.4 SSV calibration

(a) Molar based approach. To calibrate an SSV flowneter the
following steps shall be performed:

0

The Reynolds number,R€’, for each reference molar flow
rate, shall be calculated using the throat diameteof the
venturi, d,. Because the dynamic viscosityy, is needed to
compute Re’, a specific viscosity model may be used to
determine p for calibration gas (usually air), using good
engineering judgment. Alternatively, the Sutherlandthree-
coefficient viscosity model may be used to approxiate |.:

Re = AM (g (A.7-66)
nLdl, G

Where:

d = diameter of the SSV throat [m]

Mmix = mixture molar mass [kg/mol]

n

hof reference molar flow rate [mol/s]
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and, using the Sutherland three-coefficient vissity model:

3
MU=l To | To*S (A.7-67)
° TO Tin + S '
Where:
Tl = Dynamic viscosity of calibration gas [kg/(m-s)]
Ho = Sutherland reference viscosity [kg/(m-s)]
S = Sutherland constant [K]
To = Sutherland reference temperature [K]
Tn = Absolute temperature at the venturi inlet [K]
Table A.7.5
Sutherland three-coefficient viscosity model paranters
Temp range within £2
7 To S per cent error Pressure limit
Gad
kg /(m-s) K K K kPa
Air 1.716 x 16 273 111 170 to 1900 <1800
CO, 1.370 x 16 273 222 190 to 1700 <3600
H,0 1.12 x 10° 350 1,064 360 to 1500 < 10000
(O 1.919 x 16 273 139 190 to 2000 <2500
N> 1.663 x 16 273 107 100 to 1500 <1600

@ Tabulated parameters only for the pure gases, disted, shall be used. Parameters to calculate vissities of
gas mixtures shall not be combined.

(i)  An equation for C4 versusR€' shall be created, using paired
values of R€’, Cy). Cq4 is calculated according to equation
(A.7-61), with C; obtained from equation (A.7-62), or any
mathematical expression may be used, including a
polynomial or a power series. The following equatio is an
example of a commonly used mathematical expressidor
relating C4 and Ré’;

Ci=a,—q ﬁ (A.7-68)
Re"

(iii) A least-squares regression analysis shall bperformed to
determine the best-fit coefficients to the equationand
calculate the equation's regression statistics, thstandard
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estimate error SEE and the coefficient of determinationr?,
according to Annex 4B Appendix A.2;
(iv)  If the equation meets the criteria of SEE < 0.5%l[h

ref max
(or Mmax) a@nd r? > 0.995, the equation may be used to
determine Cq4 for emission tests, as described in A.7.4.3.(b);

(v) If the SEE and r? criteria are not met, good engineering
judgment may be used to omit calibration data poing to
meet the regression statistics. At least seven dafition
data points shall be used to meet the criteria;

(vi) If omitting points does not resolve outliers, corrective
action shall be taken. For example, another mathentizal
expression for theCy versusRé’ equation shall be selected,
leaks are to be checked, or the calibration procedss to be
repeated. If the process shall be repeated, tightéolerances
shall be applied to measurements and more time fdtows
to stabilize shall be allowed,;

(vii) Once the equation meets the regression critex, the
equation may be used only to determine flow rateshat are
within the range of the reference flow rates usedtmeet the
C4 versusRe’ equation's regression criteria.

A.7.6.5. CFV calibration

(@)

Molar based approach. Some CFV flow-meters cois$ of a single
venturi and some consist of multiple venturis, whex different

combinations of venturis are used to meter differenflow rates.

For CFV flow-meters that consist of multiple ventuis, either
calibration of each venturi independently to deternme a separate
discharge coefficient,Cq, for each venturi, or calibration of each
combination of venturis as one venture may be perfmed. In the

case where a combination of venturis is calibratedhe sum of the
active venturi throat areas is used ad\, the square root of the
sum of the squares of the active venturi throat dimeters asd,

and the ratio of the venturi throat to inlet diameters as the ratio of
the venturi throat to inlet diameters as the ratioof the square root
of the sum of the active venture throat diameters ) to the

diameter of the common entrance to all of the ventis (D). To

determine the Cy4 for a single venturi or a single combination of
venturis, the following steps shall be performed:

0] With the data collected at each calibration sepoint to an
individual Cy for each point shall be calculated using
equation (A.7-60);

(i)  The mean and standard deviation of all theCy values shall
be calculated according to equations (A.2-1) and (&-2);

(iii)  If the standard deviation of all the Cy values is less than or
equal to 0.3 per cent of the meagy, then the meanC, shall
be used in equation (A.7-43), and the CFV shall based
only down to the lowestr measured during calibration;
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(iv)

v)

(vi)

(vii)

(viii)

r=1-(Ap/p,,) (A.7-69)

If the standard deviation of all the C4 values exceeds 0.3 per
cent of the meanCy, the C4 values corresponding to the
data point collected at the lowestr measured during
calibration shall be omitted,;

If the number of remaining data points is lesghan seven,
corrective action shall be taken by checking calitation
data or repeating the calibration process. If the alibration
process is repeated, checking for leaks, applyingghter
tolerances to measurements and allowing more timeoff
flows to stabilize, is recommended;

If the number of remaining Cy values is seven or greater,
the mean and standard deviation of the remainingCyqy
values shall be recalculated;

If the standard deviation of the remaining Cy values is less
than or equal to 0.3 per cent of the mean of the meaining
Cy, that mean Cy shall be used in equation (A.7-43) and the
CFV values only down to the lowest associated with the
remaining Cq shall be used;

If the standard deviation of the remaining Cy still exceeds
0.3 per cent of the mean of the remainingzy values, the
steps in paragraph (e) (4) through (8) of this seicn shall be
repeated.



ECE/TRANS/WP.29/GRPE/2011/11

Annex 4B
Appendix A.7.2

Drift correction

A.7.7.1. Scope and frequency

The calculations in this Appendix 2 are performedto determine if gas
analyser drift invalidates the results of a test iterval. If drift does not
invalidate the results of a test interval, the tesinterval's gas analyser
responses shall be corrected for drift according tahis Appendix 2. The
drift-corrected gas analyser responses shall be u$én all subsequent
emission calculations. The acceptable threshold fogas analyser drift
over a test interval is specified in paragraph 8.2.2.

A.7.7.2. Correction principles

The calculations in this Appendix 2 utilize a gasnalyser's responses to
reference zero and span concentrations of analytitagases, as
determined sometime before and after a test intervaThe calculations

correct the gas analyser's responses that were reded during a test

interval. The correction is based on an analyser'snean responses to
reference zero and span gases, and it is based ohetreference
concentrations of the zero and span gases themsedve/alidation and

correction for drift shall be performed as follows:

A.7.7.3. Drift validation

After applying all the other corrections—except dift correction—to all the

gas analyser signals, brake-specific emissions shabe calculated
according to A.7.5. Then all gas analyser signaldall be corrected for

drift according to this Appendix 2. Brake-specific emissions shall be
recalculated using all of the drift-corrected gas malyser signals. The
brake-specific emission results shall be validatednd reported before
and after drift correction according to paragraph 8.2.2.2.

A7.7.4. Drift correction
All gas analyser signals shall be corrected as fols:

(a) Each recorded concentrationy;, shall be corrected for continuous
sampling or for batch sampling, X ;

(b)  Correction for drift shall be done using the fdlowing equation:

2& - (Xprezero+ X postzer)

)ﬁdriﬂcor = Xrefzero+ (Xrefspan_ X refzerl + _ + (A'7'70)
(Xprespan X postspa)1 (X prezero X postzlr
Where:
Xidrifcor = concentration corrected for drift [umol/mol]
Xrefzero = reference concentration of the zero gas, whicls i
usually zero unless known to be otherwise
[pmol/mol]
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(©

(d)

(e)

)

)

Xrefspan = reference concentration of the span gas
[pmol/mol]
Xprespan = pre-test interval gas analyser response to thean

gas concentration [umol/mol]

Xpostspan = post-test interval gas analyser response to the
span gas concentration [pmol/mol]

xior X = concentration recorded, i.e. measured, during
test, before drift correction [umol/mol]

Xprezero = pre-test interval gas analyser response to them
gas concentration [umol/mol]

Xpostzero = post-test interval gas analyser response to the
zero gas concentration [umol/mol]

For any pre-test interval concentrations, cona#grations
determined most recently before the test interval leall be used.
For some test intervals, the most recent pre-zerorgpre-span
might have occurred before one or more previous tétervals;

For any post-test interval concentrations, corentrations
determined most recently after the test interval shll be used. For
some test intervals, the most recent post-zero orpt-span might
have occurred after one or more subsequent test iatvals;

If any pre-test interval analyser response to he span gas
concentration, Xprespan, 1S NOt recorded,Xprespan Shall be set equal to
the reference concentration of the span gasrespan = Xrefspan;

If any pre-test interval analyser response to he zero gas
concentration, Xprezero, IS NOt recorded,Xpezero Shall be set equal to
the reference concentration of the zero gasirezero = Xreizero;

Usually the reference concentration of the zergas,Xeizero, IS Z€r0:
Xreizero = O mol/mol. However, in some cases it might ben&wn
that Xerero hAS @ non-zero concentration. For example, if a CO
analyser is zeroed using ambient air, the default rabient air
concentration of CO,, which is 375 pmol/mol, may be used. In this
€ase, Xrerzero = 375 umol/mol. When an analyser is zeroed using a
NON-ZEro Xrefzero, the analyser shall be set to output the actual
Xrefzero CONCENtration. For example, ifXefero = 375 pmol/mol, the
analyser shall be set to output a value of 375 punioiol when the
zero gas is flowing to the analyser.
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Annex 4B

Appendix A.8

Mass based emission calculations

A.8.0. Symbol conversion
A.8.0.1. General symbols
IAppendix A.¢  [Appendix A.i Unit Quantity
b, Do 2o t.b.d.? y intercept of the regression line
m & t.b.d.? Slope of the regression line
AF o - Stoichiometric air to fuel ratio
Cqy Cqy - Discharge coefficient
o X ppm, % vol Concentration (umol/mol = ppm)
Cq ! ppm, % vol Concentration on dry basis
Cw ! ppm, % vol Concentration on wet basis
Co ! ppm, % vol Background concentration
D X il - Dilution factor ?
Do m/rev PDP calibration intercept
d d m Diameter
dy m Throat diameter of venturi
e e g/kWh Brake specific basis
Byas €gas g/kWh Specific emission of gaseous components
€M o o/kWh Specific emission of particulates
E 1-PF per cent Conversion efficiency PF = Penetration fraction)
s - Stoichiometric factor
fe - Carbon factor
H o/kg Absolute humidity
Ky [(\/R in* E'k) /ng CFV calibration function
ks mkg fuel Fuel specific factor
Kn - Humidity correction factor for NO ,, diesel engines
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IAppendix A.¢  [Appendix A.7 Unit Quantity

Kor Kor - Downward adjustment factor

K ki - Multiplicative regeneration factor

Kur Kur - Upward adjustment factor

Ku.a - Dry to wet correction factor for the intake air

Kuw,d - Dry to wet correction factor for the dilution air

Kuw,e - Dry to wet correction factor for the diluted exhaust gas

Ko, r - Dry to wet correction factor for the raw exhaustgas

M M kg/(m-s) Dynamic viscosity

M M g/mol Molar mass

Ma ! g/mol Molar mass of the intake air

Me ! g/mol Molar mass of the exhaust

Mgas Mgas g/mol Molar mass of gaseous components

m m kg Mass

Om m kg/s Mass rate

My ! kg Mass of the dilution air sample passed throughhie
particulate sampling filters

Meg ! kg Total diluted exhaust mass over the cycle

Meat ! kg Mass of equivalent diluted exhaust gas over thest cycle

Mey ! kg Total exhaust mass over the cycle

my ! mg Particulate sample mass collected

Mg ! mg Particulate sample mass of the dilution air coicted

Mgas Mgas g Mass of gaseous emissions over the test cycle

Mpwm Mpwm g Mass of particulate emissions over the test cycle

Mse ! kg Exhaust sample mass over the test cycle

Msed ! kg Mass of diluted exhaust gas passing the dilutictunnel

Msep ! kg Mass of diluted exhaust gas passing the particate
collection filters

Mssg kg Mass of secondary dilution air

n fr min Engine rotational speed

n, r/'s PDP pump speed

P P kw Power
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IAppendix A.¢  [Appendix A.7 Unit Quantity

p p kPa Pressure

Pa kPa Dry atmospheric pressure

Pb kPa Total atmospheric pressure

Pa kPa Saturation vapour pressure of the dilution air

Po Pabs kPa Absolute pressure

Pr PH20 kPa Water vapour pressure

Ps kPa Dry atmospheric pressure

1-E PF per cent Penetration fraction

Omad m? kals Intake air mass flow rate on dry basis

Omaw ! kg/s Intake air mass flow rate on wet basis

Omce ! kals Carbon mass flow rate in the raw exhaust gas

Omct ! kals Carbon mass flow rate into the engine

Omcp ! kg/s Carbon mass flow rate in the partial flow diluion system
Omdew ! kagls Diluted exhaust gas mass flow rate on wet basi

Omdw ! kg/s Dilution air mass flow rate on wet basis

Omedf ! kagls Equivalent diluted exhaust gas mass flow raten wet basis
Omew ! kg/s Exhaust gas mass flow rate on wet basis

(Omex ! kg/s Sample mass flow rate extracted from dilutioiunnel

Ol ! kg/s Fuel mass flow rate

Omp ! kagls Sample flow of exhaust gas into partial flow ittion system
Qv \ m?3/s Volume flow rate

COvcvs ! m3/s CVS volume rate

Ovs ! dm3/min System flow rate of exhaust analyser system

Ovt ! cm3/min Tracer gas flow rate

0 0 kg/m3 Mass density

foX kg/m3 Exhaust gas density

rq DR - Dilution ratio 2

RH per cent Relative humidity

o B m/m Ratio of diameters (CVS systems)
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IAppendix A.¢  [Appendix A.7 Unit Quantity

Mo - Pressure ratio of SSV

Re Re” - Reynolds number

g g - Standard deviation

T T °C Temperature

Ta K Absolute temperature

t t S Time

At At S Time interval

u - Ratio between densities of gas component and exisa gas
\Y m® Volume

v vV m3/s Volume rate

Vo m3/r PDP gas volume pumped per revolution
W W kWh Work

Wit Wt kWh Actual cycle work of the test cycle

WF WF - Weighing factor

W W a/g Mass fraction

Xo Ks s/rev PDP calibration function

Yy Yy Arithmetic mean

! See subscripts; e.g.M,;, for mass rate of dry air, I, for fuel mass rate, etc.

2 Dilution ratio rq in Appendix A.8 and DR in Appendix A.7: different symbols but same meanig and same
equations. Dilution factor D in Appendix A.8 andXg; in Appendix A.7: different symbols but same physial
meaning; equation (A.7-47) shows the relationshipdiweenxy and DR.

% t.b.d. = to be defined

A.8.0.2. Subscripts

IAppendix Ad

IAppendix A.i

Quantity

act

act

Actual quantity

Instantaneous measurement (e.g.: 1 Hz)

An individual of a series

! In Appendix A.8 the meaning of subscript is deternmed by the associated quantity; for example, the
subscript "d" can indicate a dry basis as in 'ty = concentration on dry basis", dilution air as in" pg = saturation
vapour pressure of the dilution air" or " k,, 4 = dry to wet correction factor for the dilution air", dilution ratio as

in" rd"-
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A.8.0.3. Symbols and abbreviations for the chemicalomponents (used also as a
subscript)
IAppendix A.¢ IAppendix A.i Quantity
Ar Ar Argon
C1l C1 Carbon 1 equivalent hydrocarbon
CH, CH, Methane
CoHe C,Hg Ethane
CsHg CsHsg Propane
CO CO Carbon monoxide
CO, CO, Carbon dioxide
DOP DOP Di-octylphthalate
HC HC Hydrocarbon
H-,O H,O \Water
NMHC NMHC Non-methane hydrocarbon
NO, NO, Oxides of nitrogen
NO NO Nitric oxide
NO, NO, Nitrogen dioxide
PM PM Particulate matter
S S Sulphur
A.8.0.4. Symbols and abbreviations for the fuel coposition
IAppendix Ad IAppendix A Quantity
we* we* Carbon content of fuel, mass fraction [g/g] or [percent mass]
WH Wh Hydrogen content of fuel, mass fraction [g/g] or [pr cent mass]
Wi Wi Nitrogen content of fuel, mass fraction [g/g] or [er cent mass]
Wo Wo Oxygen content of fuel, mass fraction [g/g] or [pecent mass]
Ws Ws Sulphur content of fuel, mass fraction [g/g] or [pe cent mass]
7 o IAtomic hydrogen-to-carbon ratio (H/C)
& p IAtomic oxygen-to-carbon ratio (O/C}
Y Y IAtomic sulphur-to-carbon ratio (S/C)
0 0 IAtomic nitrogen-to-carbon ratio (N/C)

! Referred to a fuel with chemical formula CHO,N;S,
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% Referred to a fuel with chemical formula CHO4S,N;

% Attention should be paid to the different meaningof symbolp in the two emissions calculation annexes: in Appelix A.8
it refers to a fuel having the chemical formula CHS,N;O, (i.e. the formula GH,SN;O, whereg = 1, assuming one carbon
atom per molecule), while in Appendix A.7 it referdo the oxygen-to-carbon ratio with CH,O4SN,. Then g of Appendix A.7
corresponds toe of Appendix A.8.

4 Mass fractionw accompanied by the symbol of the chemical componeas a subscript.

A.8.1. Basic Parameters
A.8.1.1. Determination of methane and non-methane €l concentration

The calculation of NMHC and CH, depends on the calibration method
used. The FID for the measurement without NMC, shalbe calibrated
with propane. For the calibration of the FID in seies with NMC, the
following methods are permitted.

(a) calibration gas — propane; propane bypasses NMC
(b) calibration gas — methane; methane passes thugh NMC

The concentration of NMHC (Cnwie [-]) and CHy (cchs [[]) shall be
calculated as follows for (a):

_ Chcwionmo) Eﬂl‘ ECH4) ~ Chcwinvo)
Cambe =

(A.8-1a)
ECZHG - ECH4

_ Cicomme) ~ Crcwionmco) [ﬂl— ECZHG)
Cens = RF E..—E
CHA4[THC-FID] [G C2H6 CH4)

The concentration of NMHC and CH, shall be calculated as follows for (b):

_ Chcwionmo) [Ql‘ ECH4) ~ Chcwinme) DRFCH4[THC-FID]|:G:I'_ E CH4)

(A.8-2a)

C = _
NMHC (A.8-1b)
Ecove ~ Echa
C. = Chicoummc) DRFCH4[THC-FID] [Ql‘ ECH4) - CHC(W/oNMC)[ql_ E csz)
CHa — (A.8-2b)
RFCH4UHC—FID] EGECZHG - ECH4)
Where:
CHCW/NMC) = HC concentration with sample gas flowing through
the NMC [ppm]
CHC(wioNMC) = HC concentration with sample gas bypassing the
NMC [ppm]
RFchariceip) = methane response factor as determined in paragph
8.1.10.1.4. [-]
Echa = methane efficiency, as determined in paragraph
8.1.10.3. []
Econe = ethane efficiency, as determined in paragraph
8.1.10.3. []
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If RFcharhc-ripp < 1.05, it may be omitted in equations A.8-1a, A:8b
and A.8-2b.

NMHC (non-methane hydrocarbon) emissions can be gpoximated as
98 percent of THC (total hydrocarbon).

A.8.2. Raw gaseous emissions
A.8.2.1. Gaseous emissions
A.8.2.1.1. Steady state tests

The emission rate of a gaseous emissi@hgasj for each modei of the
steady state test shall be calculated. The conceation of the gaseous
emission shall be multiplied by its respective flow

Orgasi = KK 00 o, [, L3600 (A.8-3)

Omgas] = emission rate in mode of the steady state test [g/h]

k = 1 for Ggasrw,i in [ppm] and k = 10,000 for gasw, in [per cent
vol]

Kn = NOy correction factor [-], only to be applied for the NOy
emission calculation (see paragraph A.8.2.2.)

Ugas = component specific factor or ratio between dentés of gas
component and exhaust gas [-]; to be calculated hit
equations (A.8-12) or (A.8-13)

Omews = exhaust gas mass flow rate in modeon a wet basis [kg/s]

Cgas| = emission concentration in the raw exhaust gas imodei, on

a wet basis [ppm] or [per cent vol]
A.8.2.1.2.  Transient and ramped modal cycles tests

The total mass per test of a gaseous emissiony,s [g/test] shall be
calculated by multiplication of the time aligned irstantaneous
concentrations and exhaust gas flows and integratioover the test cycle
according to the following equation:

N
rTlgas = % |:kh [k m‘l gas@i (qm e\iu,m gds) (A.8-4)
i=
Where:
f = data sampling rate [Hz]
Kn = NO, correction factor [-], only to be applied for the NOy
emission calculation
k = 1 for Ggasrw,i in [ppm] and k = 10,000 for gasrw; in [per cent
vol]
Ugas = component specific factor [-] (see paragraph A.8.4.)
N = number of measurements [-]
Omewi = instantaneous exhaust gas mass flow rate on a tweasis
(ka/s]
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A.8.2.2.

Cgasi = instantaneous emission concentration in the ravexhaust
gas, on a wet basis [ppm] or [per cent vol]

The following paragraphs show how the needed quaities (Cgasj, Ugas aNd
Omew;) Shall be calculated.

Dry-to wet concentration conversion

If the emissions are measured on a dry basis, theneasured
concentration ¢4 on dry basis shall be converted to the concentrath ¢,
on a wet basis according to the following generabeation:

c, =k, [€, (A.8-5)
Where:
Ky = dry-to-wet conversion factor [-]

emission concentration on a dry basis [ppm] orpler cent
vol]

Cd

For complete combustion, the dry-to-wet conversiorfactor for raw
exhaust gas is written a&,,,[-] and shall be calculated as follows:

1.24427H_+ 111,18, 0
1- qmadi
773.4+ 1.2447H_ + Mk 0100

Kua = ( ] S (A.8-6)

1- P
Py

Where:
Hy = intake air humidity [g H,O/kg dry air]
Oty = instantaneous fuel flow rate [kg/s]
Omad, = instantaneous dry intake air flow rate [kg/s]
Pr = water pressure after cooler [kPa]
Po = total barometric pressure [kPa]
Wy = hydrogen content of the fuel [per cent mass]
ks = combustion additional volume [ri/kg fuel]
with:

k. =0.0555940y, + 0.0080021y, + 0.007004K, (A.8-7)

Where:

Wy = hydrogen content of fuel [per cent mass]
Wy = nitrogen content of fuel [per cent mass]
Wo = oxygen content of fuel [per cent mass]

In the equation (A.8-6), the ratio pr/ p, may be assumed:
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A.8.2.3.

A.8.2.4.
A.8.2.4.1.

1

For incomplete combustion (rich fuel air mixtures)and also for emission
tests without direct air flow measurements, a secahmethod of ky 5
calculation is preferred:

=1.008 (A.8-8)

= -k,
1
_ 1+ [0.005{Ccq, *+Cco)
Kua = (A.8-9)
1P
Py
Where:
Ccor = concentration of CQ, in the raw exhaust gas, on a dry basis
[per cent vol]
Cco = concentration of CO in the raw exhaust gas, on dry basis
[ppm]
Pr = water pressure after cooler [kPa] (see equatiofA.8-9))
Po = total barometric pressure [kPa] (see equation (8-9))
a = molar to carbon hydrogen ratio [-]
kw1 = intake air moisture [-]
1.608H
(A.8-10)

"'~ 1000+ 1.608H

NQ, correction for humidity and temperature

As the NQ, emission depends on ambient air conditions, the NO
concentration shall be corrected for ambient air tenperature and
humidity with the factors k, [-] given in the following equation. This
factor is valid for a humidity range between 0 and25 g H,O/kg dry air.

o - 15.698H,

N 1000 +0.832 (A.8-11)

Where:

H, = humidity of the intake air [g H,O/kg dry air]
Component specific factou

Tabulated values

Applying some simplifications (assumption on thel value and on intake

air conditions as shown in the following table) tothe equations of

paragraph A.8.2.4.2. figures forug,s can be calculated (see paragraph
A.8.2.1.). Theug,svalues are given in Table A.8.1.
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Table A.8.1

Raw exhaust gasi and component densities (the& figures are calculated for emission
concentration expressed in ppm)

Gas

NG

CO HC CO, 0O, CH,4

Duas [kg/M?]

2.053

1.250 0.621 1.9636 1.427y7

Fuel

Pelkg/m’]

Coefficient ugssat 4 = 2, dry air, 273 K, 101.3 kPa

Diesel

1.2939

0.001587

0.000966 0.000479 0.001518001003

A.8.2.4.2.

Calculated values

The component specific factor,ug,s; can be calculated by the density
ratio of the component and the exhaust or alternatiely by the
corresponding ratio of molar masses:

Ugess =M god (M [1000)

or

ugasi = logaJ (10 eEI'OOO)

Where:
Mgas
Me,i =

pgas =
Py =

(A.8-12)

(A.8-13)

molar mass of the gas component [g/mol]

instantaneous molar mass of the wet raw exhaugjas
[g/mol]

density of the gas component [kg/fih

instantaneous density of the wet raw exhaust géisg/m?|

The molar mass of the exhaustiM,; shall be derived for a general fuel
composition CHONS, under the assumption of complete combustion,

as follows:

1+ qu,i

qmawj

ej

qu,i D

a £ O H, 010 1
4+ 4+ =
4 2

qmawj
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12.00+ 1.00794 +

Where:
Onfi =

qmaw,i =

a
o

E =

+

2 , 2x1.00794 15.9994 M,

+ 14.00&7+ 32.0085 +H, 0 210
(A.8-14)

15.9994

instantaneous fuel mass flow rate on wet basikd/s]
instantaneous intake air mass flow rate on wetdsis [kg/s]
molar hydrogen-to-carbon ratio [-]

molar nitrogen-to-carbon ratio [-]

molar oxygen-to-carbon ratio [-]

atomic sulphur-to-carbon ratio [-]

0.716

0.000553
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A.8.2.5.
A.8.2.5.1.

A.8.2.5.2.

Ha intake air humidity [g H,O/kg dry air]
M, = dry intake air molecular mass = 28.965 g/mol

The instantaneous raw exhaust density.; [kg/m°] shall be derived as
follows:

1000+ a + 1000:@qu,i /qmadi )

Pei™ 7734 +1.0438H_ k O 10090l ; / Chra ) (819
Where:

Oty = instantaneous fuel mass flow rate [kg/s]

Omad, = instantaneous dry intake air mass flow rate [kg]

Ha = intake air humidity [g H,O/kg dry air]

ks = combustion additional volume [ri/kg fuel] (see equation

A.8-7)
Mass flow rate of the exhaust gas
Air and fuel measurement method

The method involves measurement of the air flow ahthe fuel flow with
suitable flow-meters. The calculation of the instaraneous exhaust gas
flow Gmew; [ka/s] shall be as follows:

Orewi = Omawi + Ot (A.8-16)
Where:
Omawi = instantaneous intake air mass flow rate [kg/s]

Omfi = instantaneous fuel mass flow rate [kg/s]
Tracer measurement method

This involves measurement of the concentration ch tracer gas in the
exhaust. The calculation of the instantaneous exhati gas flow Qmew,i
[ka/s] shall be as follows:

_ P
Orewi = 75 A L (A.8-17)
10 [qcmix,i _Cb)
Where:
O = tracer gas flow rate [m3/s]
Cmix| = instantaneous concentration of the tracer gas tr mixing
[ppm]
Pe = density of the raw exhaust gas [kg/m?]
Co = background concentration of the tracer gas in th intake
air [ppm]

The background concentration of the tracer gas, may be determined
by averaging the background concentration measuredmmediately
before the test run and after the test run. When th background
concentration is less than 1 per cent of the conceation of the tracer
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A.8.2.5.3.

AlF, =

gas after mixing cmix; at maximum exhaust flow, the background
concentration may be neglected.

Air flow and air to fuel ratio measuremat method

This involves exhaust mass calculation from the aflow and the air to
fuel ratio. The calculation of the instantaneous eéxaust gas mass flow
Omew; [KQ/S] is as follows:

1
qmewj = qmawi [El-i-HJ (A.8-18)
st i

with:
138.(]]€ wr-f +yj
4 2

= (A.8-19)
' 12.011+ 1.0079% + 159994+ 14.006# 32.0p
1- 20, 10"
C..,[10™ a 3.59¢ g 0 _
(100_ COdZ ~Chcw E[L04]+ Zgil Coos Ei(())gi "5 [Qccozd"'ccodDOA)
+
3.5[80pq (A.8-20)
4764[@ 1+% _% + Vj EQCCOZd + CCOdD:I-O4 +C HCWD104)

Where:

Omaw, = wet intake air mass flow rate [kg/s]

AlFg = stoichiometric air-to-fuel ratio [-]

A = instantaneous excess air ratio [-]

Ccod = concentration of CO in the raw exhaust gas on dry basis
[ppm]

Ccozd = concentration of CG, in the raw exhaust gas on a dry basis
[per cent]

Chcw = concentration of HC in the raw exhaust gas on wet basis
[ppm C1]

a = molar hydrogen-to-carbon ratio [-]

o = molar nitrogen-to-carbon ratio [-]

£ = molar oxygen-to-carbon ratio [-]

y = atomic sulphur-to-carbon ratio [-]

A.8.2.5.4.

Carbon balance method, 1 step-procedure

The following 1-step formula can be used for thealculation of the wet
exhaust mass flow rat@me; [Ka/s]:

1.400 H
Orewi = Gmi; 1+—2 |+1[(A.8-21)
' ' (1.0828W, +k, [F,) f.\" 100
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with the carbon factor f; [-] given by:

f, =0.544T(Co0p6—Copa) + 1(;0505 - (1:;—‘;55 (A.8-22)
Where:
i = instantaneous fuel mass flow rate [kg/s]
We = carbon content of fuel [per cent mass]

Hy = intake air humidity [g H,O/kg dry air]

Kiq = combustion additional volume on a dry basis [fiikg fuel]
Ccozd = dry CO, concentration in the raw exhaust [per cent]
Ccozda = dry CO; concentration in the ambient air [per cent]
Ccod = dry CO concentration in the raw exhaust [ppm]
CHow = wet HC concentration in the raw exhaust [ppm]

and factor kiq [m®kg fuel] that is calculated on a dry basis by subacting
the water formed by combustion fromk; :

Kk =k —0.111180W, (A.8-23)
Where:
ks = fuel specific factor of equation (A.8-7) [nYkg fuel]

wy = hydrogen content of fuel [per cent mass]
A.8.3. Diluted gaseous emissions
A.8.3.1. Mass of the gaseous emissions

A.8.3.1.1. Full flow dilution measurement (CVS)

The exhaust mass flow rate shall be measured with constant volume
sampling (CVS) system, which may use a positive giscement pump
(PDP), a critical flow venturi (CFV) or a subsonicventuri (SSV).

For systems with constant mass flow (i.e. with heaxchanger), the mass
of the pollutants mgy, [g/test] shall be determined from the following

equation:

My =K, kD fe [ (A.8-24)

Where:

Ugas = ratio between density of exhaust component andedsity of
air, as given in Table A.8.2 or calculated with egation
(A.8-35) []

Cgas = mean background corrected concentration of the
component on a wet basis [ppm] or [per cent vol]
respectively

K = NOy correction factor [-], only to be applied for the NOy
emission calculation

k = 1 for Cgasrwj in [ppm], k = 10,000 forcyasrw; in [per cent vol]
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A.8.3.2.

A.8.3.2.1.

Meg = total diluted exhaust gas mass over the cycledkest]

For systems with flow compensation (without heat>ehanger), the mass
of the pollutants mgy,s [g/test] shall be determined by calculation of the
instantaneous mass emissions, by integration and byackground
correction according to the following equation:

=Sl J-[m & 3w

(A.8-25)

Where:

Ce = emission concentration in the diluted exhaust ga on a wet
basis [ppm] or [per cent vol]

Cq = emission concentration in the dilution air, on awet basis
[ppm] or [per cent vol]

Megj = mass of the diluted exhaust gas during time inteal i [kg]

Meg = total mass of diluted exhaust gas over the cydkg]

Ugas = tabulated value from Table A.8.2 [-]

D = dilution factor (see equation (A.8-29) of paragiph
A.8.3.2.2) [-]

Kn = NOy correction factor [-], only to be applied for the NOy
emission calculation

k = 1 forcin [ppm], k = 10,000 forc in [per cent vol]

The concentrationscyas Ce and cq can be either values measured in a
batch sample (bag, but not allowed for NQ and HC) or be averaged by

integration from continuous measurements. Alsan.y; has to be averaged

by integration over the test cycle.

The following equations show how the needed quatiis (Ce, Ugas and meg)
shall be calculated.

Dry-to wet concentration conversion

All concentrations in paragraph A.8.3.2. shall beconverted using
equation (A.8-5) (C, =K, [&,).

Diluted exhaust gas

All  concentrations measured dry shall be convertedto wet
concentrations by one of the following two equationapplied to equation:

Ko = { (1—%} - sz} 1.00¢ (A.8-26)

or



ECE/TRANS/WP.29/GRPE/2011/11

(1_kw2)

= 1.008 A.8-27
Kue a[Beopq ( :
1+
200
Where:
Kne = dry-to-wet conversion factor for the diluted exfaust gas [-]
a = molar hydrogen to carbon ratio of the fuel [-]
Ccoow = concentration of CQ in the diluted exhaust gas on a wet
basis [per cent vol]
Ccozd = concentration of CQ in the diluted exhaust gas on a dry

basis [per cent vol]

The dry to wet correction factor k,, takes into consideration the water
content of both intake air and dilution air:

oo o) Eﬁéﬂ

Kuz (A.8-28)
1000+{1 GOQE [é [ﬁlﬂ}
D
Where:
Ho = intake air humidity [g H,O/kg dry air]
Hy = dilution air humidity [g H ,O/kg dry air]
D = dilution factor (see equation (A.8-29) of paragiph

A.8.3.2.2) [-]
A.8.3.2.2. Dilution factor

The dilution factor D [-] (which is necessary for the background
correction and thek,, calculation) shall be calculated as follows:

F
D= S - (A.8-29)
Ccoz,e+ (CHc,e+ c co,; (10

Where:

Fs = stoichiometric factor [-]

Ccoze = concentration of CG in the diluted exhaust gas on a wet
basis [per cent vol]

CHce = concentration of HC in the diluted exhaust gasroa wet
basis [ppm C1]

Ccoe = concentration of CO in the diluted exhaust gasrma wet

basis [ppm]

The stoichiometric factor shall be calculated asoflows:
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A.8.3.2.3.

A.8.3.2.4.

F=1002 ! (A.8-30)
1+9 4 3.761]é T ”j
2 4
Where:
a = molar hydrogen to carbon ratio in the fuel [-]

Alternatively, if the fuel composition is not known, the following
stoichiometric factors may be usedFs (diesel) = 13.4

If a direct measurement is made of the exhaust gdtow, the dilution
factor D [-] may be calculated as follows:

D=Sevs (A.8-31)
Qrew

Where:

Ovevs = volumetric flow rate of diluted exhaust gas [r¥s]

Qvew = volumetric flow rate of raw exhaust gas [Ys]

Dilution air

K,q =(1-k,) [1.00€ (A.8-32)

with
_ 1.608MH,

w3 = (A.8-33)
1000+ 1.608H
Where:
Hy = dilution air humidity [g H ,O/kg dry air]

Determination of the background correcta concentration

The average background concentration of the gasesipollutants in the
dilution air shall be subtracted from measured conentrations to get the
net concentrations of the pollutants. The average alues of the
background concentrations can be determined by thesample bag
method or by continuous measurement with integratin. The following
equation shall be used:

_ 1
Cgas = Cgase € I 1-— (A.8-34)
D
Where:
Cgas = net concentration of the gaseous pollutant [ppmpr [per
cent vol]
Cgase = emission concentration in the diluted exhaust ga on a wet

basis [ppm] or [per cent vol]

Cq = emission concentration in the dilution air, on awet basis
[ppm] or [per cent vol]
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D = dilution factor (see equation (A.8-29) of paragiph
A.8.3.2.2) [-]
A.8.3.3. Component specific factou

The component specific factolug,s of diluted gas can either be calculated
by the following equation or be taken from Table A8.2; in Table A.8.2
the density of the diluted exhaust gas has been assed equal to air

density.
M M

VT AANE (A8:39)

dw {M daw [él_Dj +M EﬁDﬂ (1000
Where:
Mgas = molar mass of the gas component [g/mol]
Maw = molar mass of diluted exhaust gas [g/mol]
Mgaw = molar mass of dilution air [g/mol]
Miw = molar mass of raw exhaust gas [g/mol]
D = dilution factor (see equation (A.8-29) of paragiph

A.8.3.2.2)[-]

Table A.8.2
Diluted exhaust gasu values and component densities (the figures are calculated for
emission concentration expressed in ppm)

Gas NG, CoO HC CO, 0, CH,4

Poas[kg/m?] 2.053 1.250 0.621 1.9636 1.427)7 0.716

Fuel Pe[kg/m?] Coefficient ugasat 2 = 2, dry air, 273 K, 101.3 kPa

Diesel 1.293 0.001588 0.00096[7 0.000480 0.00151900100 | 0.000553
A.8.3.4. Exhaust gas mass flow calculation

A.8.3.4.1. PDP-CVS system

The calculation of the mass of the diluted exhaugkg/test] over the cycle
is as follows, if the temperature of the diluted exaust meq is kept within
+6 K over the cycle by using a heat exchanger:

73.15
m,, =1.293V,[h, 3 Po LZ — (A.8-36)
101.325 T
Where:
Vo = volume of gas pumped per revolution under test
conditions [m3/rev]
Np = total revolutions of pump per test [rev/test]
Po = absolute pressure at pump inlet [kPa]
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A.8.3.4.2.

T = average temperature of the diluted exhaust gast a
pump inlet [K]
1.293 kg/m = air density at 273.15 K and 101.325 kPa

If a system with flow compensation is used (i.e.ithout heat exchanger),
the mass of the diluted exhaust gasgy; [kg] during the time interval
shall be calculated as follows:

73.15
m,, =1.293V, [h,, I £3 (A.8-37)
©101.325 T

Where:

Vo = volume of gas pumped per revolution under test
conditions [m3/rev]

Pp = absolute pressure at pump inlet [kPa]

Np;j = total revolutions of pump per time intervali [rev/At]

T = average temperature of the diluted exhaust gast a
pump inlet [K]

1.293 kg/mi = air density at 273.15 K and 101.325 kPa

CFV-CVS system

The calculation of the mass flow over the cyclaq [g/test] is as follows, if
the temperature of the diluted exhaust is kept witm +11 K over the
cycle by using a heat exchanger:

m, = 1'293];[:,? & (A.8-38)

Where:

t = cycle time [s]

Ky = calibration coefficient of the critical flow verturi for
standard conditions |:(\/R (in* E'k) /kg}

Po = absolute pressure at venturi inlet [kPa]

T = absolute temperature at venturi inlet [K]

1.293 kg/m = air density [] at 273.15 K and 101.325 kPa

If a system with flow compensation is used (i.e.ithout heat exchanger),
the mass of the diluted exhaust gasgy; [kg] during the time interval
shall be calculated as follows:

1.293A¢, (K, [p
My = — (A.8-39)
T
Where:
At = time interval of the test [s]
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Ky = calibration coefficient of the critical flow verturi for
standard conditions [(\/R [’ B) /kg}

Pp = absolute pressure at venturi inlet [kPa]

T

1.293 kg/ni
A.8.3.4.3. SSV-CVS system

absolute temperature at venturi inlet [K]

air density at 273.15 K and 101.325 kPa

The calculation of the diluted exhaust gas mass ew the cycle meg
[kg/test] shall be as follows, if the temperature fothe diluted exhaust is
kept within £11K over the cycle by using a heat exanger:

my = 1.293]}\,88\,%'[ (A.8-40)
Where:

1.293 kg/nt = air density at 273.15 K and 101.325 kPa

At = cycle time [s]

Qvssv = air flow rate at standard conditions (101.325 kR,

273.15 K) [n¥/s]
with

_A o 1 1486, 1714 1
Qssv = g)dv (oF Py _(rp Ty i) 1- rD4rpl.4286 (A.8-41)

Tin
Where:
Ao = collection of constants and units conversions =.@56940
1
3 2
m7_ GK B 1
min kPa mmn
dv = diameter of the SSV throat [mm]
Cq = discharge coefficient of the SSV [-]
Po = absolute pressure at venturi inlet [kPa]
Tn = temperature at the venturi inlet [K]
Mo = ratio of the SSV throat to inlet absolute staticpressure,
Ap
%)
Pa
o = ratio of the SSV throat diameter to the inlet ppe inner

diameterg [
D

If a system with flow compensation is used (i.e.ithout heat exchanger),
the mass of the diluted exhaust gamgy; [kg] during the time interval
shall be calculated as follows:
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My, =1.2934), oo, [AL; (A.8-42)
Where:
1.293 kg/mi = air density at 273.15 K and 101.325 kPa
At = time interval [s]
Ovssv = volumetric flow rate of the SSV [n/s]
A.8.3.5. Calculation of particulates emission

A.8.3.5.1. Transient and ramped modal cycles

The particulate mass shall be calculated after by@ncy correction of the
particulate sample mass according to paragraph 8.12.2.5.

A.8.3.5.1.1. Partial flow dilution system

The calculation for double dilution system is show in paragraph
A.8.3.5.1.2.

A.8.3.5.1.1.1. Calculation based on sample ratio

The particulate emission over the cyclenpy [g] shall be calculated with
the following equation:

Mhu = S}ooo A543

Where:

my = particulate mass sampled over the cycle [mg]

rs = average sample ratio over the test cycle [-]

with:

r,= M E—Inﬁ (A.8-44)
My, Mg

Where

Mse = sample mass of raw exhaust over the cycle [kg]

Meyw = total mass of raw exhaust over the cycle [kg]

Msep = mass of diluted exhaust gas passing the partiaie

collection filters [kg]
Mseq = mass of diluted exhaust gas passing the dilutidnnnel [kg]

In case of the total sampling type systenm., and msqare identical
A.8.3.5.1.1.2. Calculation based on dilution ratio

The particulate emission over the cyclenpy [g] shall be calculated with
the following equation:

My =1 et

m_ 3000 (A.8-45)
ep

Where:
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A.8.3.5.1.2.

my = particulate mass sampled over the cycle [mg]

Msep = mass of diluted exhaust gas passing the partiaié
collection filters [kg]

Megr = mass of equivalent diluted exhaust gas over thoycle [kg]

The total mass of equivalent diluted exhaust gasass over the cycleneg;
[kg] shall be determined as follows:

1 N
My = T @ Omedi (A.8-46)
i=1
Omedij = Gmewi Edi, (A.8-47)
i = — Ooiow (A.8-48)
Orgewi ~ Umawi
Where:
Omedfi = instantaneous equivalent diluted exhaust massofi rate
[kg/s]
Omewj = instantaneous exhaust mass flow rate on a wetdia [Kg/s]
rag = instantaneous dilution ratio [-]
Omdew; = instantaneous diluted exhaust mass flow rate amwet basis
(ka/s]
Omaw,i = instantaneous dilution air mass flow rate [kg/s]
f = data sampling rate [Hz]
N = number of measurements [-]

Full flow dilution system

The mass emission shall be calculated as follows:

m,, = gk (A.8-49)
M, 1000

Where:

my = particulate mass sampled over the cycle [mg]

Msep = mass of diluted exhaust gas passing the partiaié
collection filters [kg]

Meg = mass of diluted exhaust gas over the cycle [kg]

with

Mygp = Mg Mg (A.8-50)

Where:

Mset = mass of double diluted exhaust gas through padilate
filter [kg]

Mssg = mass of secondary dilution air [kg]
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A.8.3.5.1.3.

A.8.3.5.2.
A.8.3.5.2.1.

A.8.3.5.2.2.

Background correction

The particulate massmepy ([g] may be background corrected as follows:

1
M, =1 - M- 2L M (A.8-51)
’ Mg, | My D 1000

Where:

my = particulate mass sampled over the cycle [mg]

Msep = mass of diluted exhaust gas passing the partieie
collection filters [kg]

Mgy = mass of dilution air sampled by background particute
sampler [kg]

mp = mass of collected background particulates of dilugn air
[mg]

Meg = mass of diluted exhaust gas over the cycle [kg]

D = dilution factor (see equation (A.8-29) of paragiph
A.8.3.2.2) [-]

Calculation for steady-state discrete-nale cycles
Dilution system

All calculations shall be based upon the averageales of the individual
modesi during the sampling period.

(a) For partial-flow dilution, the equivalent mass flow of diluted
exhaust gas shall be determined by means of the s with flow
measurement shown in figure 9.2:

Oredt = Omew [ g (A.8-52)

r,= — Ooew (A.8-53)
Ugew ~ Amaw

Where:

Onedt = equivalent diluted exhaust mass flow rate [kg/s]

Onew = exhaust mass flow rate on a wet basis [kg/s]

lg = dilution ratio [-]

Ondew = diluted exhaust mass flow rate on a wet basisgks]

Ondw = dilution air mass flow rate [kg/s]

(b)  For full-flow dilution systems Qmngew IS Us€d amedr-
Calculation of the particulate massdiv rate

The particulate emission flow rate over the cycleypy [g9/h] shall be
calculated as follows:

(a) For the single-filter method
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(b)

_ M =— 3600

Qrem = —— [d) (A.8-54)
me, o 1000
N

Omedf = Z Qmedi (Wi (A.8-55)
i=1
N

Me,= D Mg (A.8-56)
i=1

Where:

Onpm = particulate mass flow rate [g/h]

my = particulate mass sampled over the cycle [mg]

Qmedf = average equivalent diluted exhaust gas mass flow

rate on wet basis [kg/s]

Omedii = equivalent diluted exhaust gas mass flow rate omet
basis at mode [kg/s]

WF;, = weighing factor for the modei [-]

Msep = mass of diluted exhaust gas passing the partiaie

collection filters [kg]

Mser = mass of diluted exhaust sample passed througheth
particulate sampling filter at modei [kg]

N = number of measurements [-]

For the multiple-filter method

m 3600

iy mdf -

Orewmi m., (g ™S 1000 (A.8-57)

Where:

OmpMmi = particulate mass flow rate for the moda [g/h]

mg = particulate sample mass collected at modgmg]

Omedii = equivalent diluted exhaust gas mass flow rate omet
basis at mode [kg/s]

Mseg = mass of diluted exhaust sample passed througheth

particulate sampling filter at modei [kg]

The PM mass is determined over the test cycle byuramation of the
average values of the individual modesduring the sampling period.

The particulate mass flow rate guwem [9/h] OF Omemi [0/h] may be
background corrected as follows:

@)

quM

For the single-filter method

=M Mapyfy 2 3600
i T 2|1 | 3600,
M { my %[ D, j '} (B e 1OOO(A 8-58)
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Where:

Onpm = particulate mass flow rate [g/h]

my = particulate sample mass collected [mg]

Msep = mass of diluted exhaust sample passed througheth
particulate sampling filter [kg]

Mg = particulate sample mass of the dilution air cocted
[mg]

mg = mass of the dilution air sample passed throughhe
particulate sampling filters [kg]

D; = dilution factor at mode i (see equation (A.8-29) of
paragraph A.8.3.2.2.) []

WF;, = weighing factor for the modei [-]

qmedf =

average equivalent diluted exhaust gas mass flow
rate on wet basis [kg/s]

(b)  For the multiple-filter method
| m, m 1 3600
Qomi =1 —— | — 01— = ||t Wheqs - onn (A.8-59)
Mg m, D 1000
Where:
Onpm = particulate mass flow rate [g/h]
m; = particulate sample mass collected at modgmg]
Mg = particulate sample mass of the dilution air cocted
[mg]
Omedt equivalent diluted exhaust gas mass flow rate omet
basis at modd [kg/h]
Msep mass of diluted exhaust sample passed througheth
particulate sampling filter at modei [kg]
mg = mass of the dilution air sample passed throughhe
particulate sampling filters [kg]
D = dilution factor (see equation (A.8-29) of paragaph
A.8.3.2.2.) []
Onear = average equivalent diluted exhaust gas mass flow
rate on wet basis [kg/s]
If more than one measurement is madel,fnf'd/md shall be replaced with
Mg/ My
A.8.4. Cycle work and specific emissions
A.8.4.1. Gaseous emissions
A.8.4.1.1.  Transient and ramped modal cycles
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A.8.4.1.2.

Reference is made to paragraphs A.8.2.1. and A.813 for raw and
diluted exhaust respectively. The resulting value®r power P [kW] shall
be integrated over a test interval. The total work W, [kKWh] is
calculated as follows:

Y11 1 2&
W = 2 PR = B E 5 6o (N ) (o)
Where:
P; = instantaneous engine power [KW]
n; = instantaneous engine speed [mif}
T = instantaneous engine torque [Nm]
Wy = actual cycle work [KWh]
f = data sampling rate [Hz]
N = number of measurements [-]

The specific emissiongy,s [9/kWh] shall be calculated in the following
ways depending on the type of test cycle.

— Myas
€6 W (A.8-61)
Where:
Mgas = total mass of emission [g/test]
Waet = cycle work [kWh]

In case of the transient cycle, the final test rest e, [9/kWh] shall be a
weighted average from cold start test and hot startest by using:

€= (O(E;Vmold; : E g-gnvhot) j (A.8-62)
. . act,ho

act,cold

In case of an infrequent (periodic) exhaust regemation (paragraph
6.6.2.), the specific emissions shall be correctedth the multiplicative
adjustment factor k; (equation (6-4)) or with the two separate pairs of
adjustment additive factorsky, (upward factor of equation (6-5)) andkp,
(downward factor of equation (6-6)).

Steady-state discrete-mode cycle

The specific emissionsgy,s [9/kWh] are calculated as follows:

— _i=1
€as = "N (A.8-63)
(R IVF)
i=1
Where
Omgasi = mean emission mass flow rate for the modgg/h]
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A.8.4.2.
A.8.4.2.1.

A.8.4.2.2.

P; = engine power for the mode [kW] with P =P . +P,
(see paragraphs 7.7.1.2. and 6.3.)
WF, = weighing factor for the modei [-]

Particulate emissions
Transient and ramped modal cycles

The particulate specific emissions shall be calatied with equation (A.8-
61) whereeg,s [9/kWh] and mg,s [g/test] are substituted byepy [g/kWh]
and mpy [g/test] respectively:

€y = Ty (A.8-64)
Wact
Where:
Mpy = total mass of particulates emission, calculatedccording to
paragraph A.8.3.5. [g/test]
Wy = cycle work [kwWh]

The emissions on the transient composite cycleg(i.cold phase and hot
phase) shall be calculated as shown in paragraph &4.1.

Steady state discrete-mode cycle

The particulate specific emissioresy [g/kWh] shall be calculated in the
following way:

(@  For the single-filter method

6, = mem___ (A.8-65)

3 (P WE)

i=1

Where

P = engine power for the mode i [kKW] with
P =P, * P,y (see paragraphs 7.7.1.2. and 6.3.)

WF;, = weighing factor for the modei [-]

Ompm = particulate mass flow rate [g/h]

(b)  For the multiple-filter method

i (quMl i )

oy = (A.8-66)
2. (R TWF)
Where:
P; = engine power for the mode i [kW] with
P =P, T P, (see paragraphs 7.7.1.2. and 6.3.)
WF, = weighing factor for the modei [-]
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Omemi = particulate mass flow rate at mode [g/h]

For the single-filter method, the effective weighig factor, WF4, for each
mode shall be calculated in the following way:

W, = Tbep meat e (A.8-67)
rnsep |]:Imedf

Where:

Mser = mass of the diluted exhaust sample passed thrdughe
particulate sampling filters at modei [kg]

Ot = average equivalent diluted exhaust gas mass floate [kg/s]

Omedii = equivalent diluted exhaust gas mass flow rate anhode i
(ka/s]

Msep = mass of the diluted exhaust sample passed thrdughe

particulate sampling filters [kg]

The value of the effective weighing factors shalbe within £0.005
(absolute value) of the weighing factors listed idnnex 5.
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Annex 4B

Appendix A.8.1

344

Diluted exhaust flow (CVS) calibraion

A.8.5.

A.8.5.1.

Calibration of CVS system

The CVS system shall be calibrated by using an asate flow-meter and

a restricting device. The flow through the systemhall be measured at
different restriction settings, and the control paameters of the system
shall be measured and related to the flow.

Various types of flow-meters may be used, e.g. dadated venturi,
calibrated laminar flow-meter, calibrated turbine meter.

Positive displacement pump (PDP)

All the parameters related to the pump shall be siultaneously
measured along with the parameters related to a dalration venturi
which is connected in series with the pump. The aallated flow rate (in
m%s at pump inlet, absolute pressure and temperatujeshall be plotted
versus a correlation function which is the value o& specific combination
of pump parameters. The linear equation which relaés the pump flow
and the correlation function shall be determined.fia CVS has a multiple
speed drive, the calibration shall be performed foeach range used.

Temperature stability shall be maintained during @libration.

Leaks in all the connections and ducting betweerhé calibration venturi
and the CVS pump shall be maintained lower than 0.®er cent of the
lowest flow point (highest restriction and lowest PP speed point).

The airflow rate (gvcvs) at each restriction setting (minimum 6 settings)
shall be calculated in standard ri¥s from the flow-meter data using the
manufacturer's prescribed method. The airflow rate shall then be
converted to pump flow §) in mrev at absolute pump inlet
temperature and pressure as follows:

v, = Gevspy T 101328

(A.8-68)
n 27315 p,
Where:
Ovevs = airflow rate at standard conditions (101.325 kPa273.15 K)
[m%s]
T = temperature at pump inlet [K]
Po = absolute pressure at pump inlet [kPa]
n = pump speed [rev/s]

To account for the interaction of pressure variatbns at the pump and the
pump slip rate, the correlation function (Xo) [s/rev] between pump speed,
pressure differential from pump inlet to pump outlet and absolute pump
outlet pressure shall be calculated as follows:
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A.8.5.2.

X, = L 0 % (A.8-69)
n pp
Where:
dp, = pressure differential from pump inlet to pump oulet [kPa]
Po = absolute outlet pressure at pump outlet [kPa]
n = pump speed [rev/s]

A linear least-square fit shall be performed to geerate the calibration
equation as follows:

V, =D,-mX, (A.8-70)

with Dy [m¥rev] and m [m¥s], intercept and slope respectively,
describing the regression line.

For a CVS system with multiple speeds, the calibteon curves generated
for the different pump flow ranges shall be approxmately parallel, and
the intercept values Do) shall increase as the pump flow range decreases.

The calculated values from the equation shall beithin 0.5 per cent of
the measured value ofV,. Values of m will vary from one pump to
another. Particulate influx over time will cause tke pump slip to
decrease, as reflected by lower values fan. Therefore, calibration shall
be performed at pump start-up, after major maintenaice, and if the
total system verification indicates a change of thslip rate.

Critical flow venturi (CFV)

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

To determine the range of critical flow,Ky shall be plotted as a function
of venturi inlet pressure. For critical (choked) flow, Ky will have a
relatively constant value. As pressure decreasesaguum increases), the
venturi becomes unchoked andKy decreases, which indicates that the
CFV is operated outside the permissible range.

The airflow rate (qycvs) at each restriction setting (minimum 8 settings)
shall be calculated in standard ri¥s from the flow-meter data using the
manufacturer's prescribed method. The calibration oefficient Ky

[(\/R [’ B) /kg} shall be calculated from the calibration data for

each setting as follows:

Qvevs B/?

Ky =———>—— (A.8-71)
Py
Where:
Ovssv = air flow rate at standard conditions (101.325 kR, 273.15 K)
[m¥s]
T = temperature at the venturi inlet [K]
Pp = absolute pressure at venturi inlet [kPa]
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346

A.8.5.3.

The averageKy and the standard deviation shall be calculated. Té
standard deviation shall not exceed +0.3 per cenf the averageKy.

Subsonic venturi (SSV)

Calibration of the SSV is based upon the flow eaiion for a subsonic
venturi. Gas flow is a function of inlet pressure ad temperature,
pressure drop between the SSV inlet and throat, ashown in equation
(A.8-41).

The airflow rate (qyssy) at each restriction setting (minimum 16 settings)
shall be calculated in standard ri¥s from the flow-meter data using the
manufacturer's prescribed method. The discharge cdécient shall be

calculated from the calibration data for each settig as follows:

q\/S SV

Cy=
ﬁ mvz b, O i(r 14286 _ 1.7147( 1 J
60 P Tov p p 1- rD4 []pl.4286
(A.8-72)
Where:
A0 = collection of constants and units conversions 0.0056940
1
m® K2 1
min kPa ‘mm?
Qussv = air flow rate at standard conditions (101.325 kR, 273.15 K)
[ms]
Ty = temperature at the venturi inlet [K]
dv = diameter of the SSV throat [mm]
o = ratio of the SSV throat to inlet absolute staticpressure =
1-4p/p, [
o = ratio of the SSV throat diameter,dy, to the inlet pipe inner

diameter D [-]

To determine the range of subsonic flowC, shall be plotted as a function
of Reynolds numberRe at the SSV throat. TheRe at the SSV throat
shall be calculated with the following equation:

Re= A @ogc?ﬂ (A8-73)
\%
with
b X T 15
= STT (A.8-74)
Where:
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Ovssv =

dv =
H =
b =
S =

collection of constants and units conversions 27.43831

g grngoe]

air flow rate at standard conditions (101.325 kR, 273.15 K)
[m¥s]

diameter of the SSV throat [mm]

absolute or dynamic viscosity of the gas [kg/(rs)]
1.458 x 10 (empirical constant) [kg/(m-s-K-)]
110.4 (empirical constant) [K]

Becauseqyssy is an input to the Re equation, the calculations shall be
started with an initial guess forqgyssy or Cq4 of the calibration venturi, and
repeated until gyssy converges. The convergence method shall be
accurate to 0.1 per cent of point or better.

For a minimum of sixteen points in the region of gbsonic flow, the
calculated values ofCq from the resulting calibration curve fit equation
shall be within +0.5 per cent of the measured, for each calibration

point.
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Annex 4B

Appendix A.8.2

348

Drift correction

A.8.6. Calculations in this appendix are performedas described in Appendix
A.7.2 to Appendix A.7 to Annex 4B.

C =C +

Where:

Cidriftcor

Crefzero

Crefspan

Cprespan

Cpostspan

corC

Cprezero

Cpostzero

idriftcor refzero (C refspan c refzerl (

2C’I - (Cprezero+ c postzer)

Cprespan+ c postspa)v - (C prezeFIB c postzlv

(A.8-75)

concentration corrected for drift [ppm]

reference concentration of the zero gas, whicts iusually
zero unless known to be otherwise [ppm]

reference concentration of the span gas [ppm]

pre-test interval gas analyser response to thepan gas
concentration [ppm]

post-test interval gas analyser response to thgpan gas
concentration [ppm]

concentration recorded, i.e. measured, during &, before
drift correction [ppm]

pre-test interval gas analyser response to theem gas
concentration [ppm]

post-test interval gas analyser response to theero gas
concentration [ppm]
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Annex 5

1. Test cycles

1.1. Steady-state discrete-mode testing
(a)  For variable-speed engines, the following 8-medcyclé shall be

followed in dynamometer operation on the test enget

Mode Numbe Engine Spee Torque [per cent] Weighing Factor

1 Rated 100 0.15

2 Rated 75 0.15

3 Rated 50 0.15

4 Rated 10 0.10

5 Intermediate 100 0.10

6 Intermediate 75 0.10

7 Intermediate 50 0.10

8 Idle - 0.15
(b)  For constant-speed engines, the following 5-medcyclé shall be

followed in dynamometer operation on the test enget

Mode Numbe Engine Spee Torque [per cent] Weighing Factor

1 Rated 100 0.05

2 Rated 75 0.25

3 Rated 50 0.30

4 Rated 25 0.30

5 Rated 10 0.10
The load figures are percentage values of the torgucorresponding to
the prime power rating defined as the maximum power available durng
a variable power sequence, which may be run for aanlimited number
of hours per year, between stated maintenance inteals and under the
stated ambient conditions, the maintenance being o@éed out as
prescribed by the manufacturer.

1.2. Steady-state ramped-modal testing

! |dentical to C1 cycle as described in paragraph 8.3f ISO 8178-4 : 2008.
2 |dentical to D2 cycle as described in paragraph 8.4f ISO 8178-4 : 2008.
% For a better illustration of the prime power definition, see figure 2 of SO 8528-1:1993(E).
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(a) For variable-speed engines, the following 9-med duty cycle
applies in case of ramped-modal testing:

RMC mode Time in mode [s] Engine spee®* Torque (per cent)®
la Steady-state 126 Warm idle (0]

1b Transition 20 Linear transition @ Linear transition
2a Steady-state 159 Intermediate 100

2b Transition 20 Intermediate Linear transition
3a Steady-state 160 Intermediate 50

3b Transition 20 Intermediate Linear transition
4a Steady-state 162 Intermediate 75

4b Transition 20 Linear transition Linear transition
Ha Steady-state 246 Rated 100

5b Transition 20 Rated Linear transition
6a Steady-state 164 Rated 10

6b Transition 20 Rated Linear transition
7a Steady-state 248 Rated 75

7b Transition 20 Rated Linear transition
8a Steady-state 247 Rated 50

8b Transition 20 Linear transition Linear transition
9 Steady-state 128 Warm idle (0]

& Speed terms as per footnote of the steady-statiscrete mode test.

® The percent torque is relative to the maximum togue at the commanded engine speed.

¢ Advance from one mode to the next within a 20 sansition phase. During the transition phase, commad a
linear progression from the torque setting of the arrent mode to the torque setting of the next modeand
simultaneously command a similar linear progressioffior engine speed if there is a change in speedtiag
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(b)  For constant-speed engines, the following 5-medduty cycle
applies in case of ramped-modal testing:

RMC mode Time in mode [s] Engine spee Torque (per cenf)fb
la Steady-state 53 Engine governed 100

1b Transition 20 Engine governed Linear transition
2a Steady-state 101 Engine governed 10

2b Transition 20 Engine governed Linear transition
3a Steady-state 277 Engine governed 75

3b Transition 20 Engine governed Linear transition
4a Steady-state 339 Engine governed 25

4b Transition 20 Engine governed Linear transition
5 Steady-state 350 Engine governed 50

& The percent torque is relative to maximum test tajue.
b Advance from one mode to the next within a 20 sansition phase. During the transition phase, comnad a

linear progression from the torque setting of the arrent mode to the torque setting of the next mode.

1.3.

Transient cycle

(@)  For variable-speed engines, the following fultransient (variable

speed and variable load) engine dynamometer scheéuhpplies:
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Time
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Torque
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Speed

%

%

%

%

%
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24
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24

75
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39

89
82
47
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34
28
28
19
32

57
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58
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10
11
12
13
14
15
16
17
18
19
20
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64
65

25
38

66

39

67

34
44
38
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56
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25
64
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63
62
64
58
65
65
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26
31

70
71

43

34
41

20
24

72
73
74
75
76
7
78
79
80
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22
23
24
25
26
27
28
29
30
31

44
37

44

27
13
30
19
28
40
32

10
12
23
30
30

68
69
71

15
23
20
21
19
33
34
47

74
71

82

32
33
34
35
36
37
38
39
40

63

73
73
73
70
70
65
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13

18
21

54
52

84
85

51
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20
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17
33

40
34

36
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46

57

47

66
64
65
66
67

89

33

44
31

44
44
33

53
45
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27
43

22

33

41

38
49
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42

27

93

49

80
105

43

26
53

39
39
42

69
69
66
71

94
95

47

44
45

79
51
24
13
19
45

70
36

98
104
104

37

96

46

23
33

29

29

23

22

97

65

47

75
72

98

71

96
101
102

48

55

99

62

49

30

74

100

51

50
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed  Torque Speed  Torque Speed  Torque
S % % S % % S % %
151 34 7 200 3 8 249 54 39
152 14 4 201 3 22 250 60 42
153 8 16 202 12 20 251 48 18
154 15 6 203 14 20 252 54 51
155 39 47 204 16 17 253 88 90
156 39 4 205 20 18 254 103 84
157 35 26 206 27 34 255 103 85
158 27 38 207 32 33 256 102 84
159 43 40 208 41 31 257 58 66
160 14 23 209 43 31 258 64 97
161 10 10 210 37 33 259 56 80
162 15 33 211 26 18 260 51 67
163 35 72 212 18 29 261 52 96
164 60 39 213 14 51 262 63 62
165 55 31 214 13 11 263 71 6
166 47 30 215 12 9 264 33 16
167 16 7 216 15 33 265 a7 45
168 0 6 217 20 25 266 43 56
169 0 8 218 25 17 267 42 27
170 0 8 219 31 29 268 42 64
171 0 2 220 36 66 269 75 74
172 2 17 221 66 40 270 68 96
173 10 28 222 50 13 271 86 61
174 28 31 223 16 24 272 66 0
175 33 30 224 26 50 273 37 0
176 36 0 225 64 23 274 45 37
177 19 10 226 81 20 275 68 96
178 1 18 227 83 11 276 80 97
179 0 16 228 79 23 277 92 96
180 1 3 229 76 31 278 90 97
181 1 4 230 68 24 279 82 96
182 1 5 231 59 33 280 94 81
183 1 6 232 59 3 281 920 85
184 1 5 233 25 7 282 96 65
185 1 3 234 21 10 283 70 96
186 1 4 235 20 19 284 55 95
187 1 4 236 4 10 285 70 96
188 1 6 237 5 7 286 79 96
189 8 18 238 4 5 287 81 71
190 20 51 239 4 6 288 71 60
191 49 19 240 4 6 289 92 65
192 41 13 241 4 5 290 82 63
193 31 16 242 7 5 291 61 47
194 28 21 243 16 28 292 52 37
195 21 17 244 28 25 293 24 0
196 31 21 245 52 53 294 20 7
197 21 8 246 50 8 295 39 48
198 0 14 247 26 40 296 39 54
199 0 12 248 48 29 297 63 58
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Time
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed  Torque Speed  Torque Speed  Torque
S % % S % % S % %
445 83 73 495 51 61 545 24 72
446 77 73 496 68 a7 546 64 70
447 74 73 497 29 42 547 77 62
448 76 72 498 24 73 548 80 68
449 46 77 499 64 71 549 83 53
450 78 62 500 90 71 550 83 50
451 79 35 501 100 61 551 83 50
452 82 38 502 94 73 552 85 43
453 81 41 503 84 73 553 86 45
454 79 37 504 79 73 554 89 35
455 78 35 505 75 72 555 82 61
456 78 38 506 78 73 556 87 50
457 78 46 507 80 73 557 85 55
458 75 49 508 81 73 558 89 49
459 73 50 509 81 73 559 87 70
460 79 58 510 83 73 560 91 39
461 79 71 511 85 73 561 72 3
462 83 44 512 84 73 562 43 25
463 53 48 513 85 73 563 30 60
464 40 48 514 86 73 564 40 45
465 51 75 515 85 73 565 37 32
466 75 72 516 85 73 566 37 32
467 89 67 517 85 72 567 43 70
468 93 60 518 85 73 568 70 54
469 89 73 519 83 73 569 77 47
470 86 73 520 79 73 570 79 66
471 81 73 521 78 73 571 85 53
472 78 73 522 81 73 572 83 57
473 78 73 523 82 72 573 86 52
474 76 73 524 94 56 574 85 51
475 79 73 525 66 48 575 70 39
476 82 73 526 35 71 576 50 5
477 86 73 527 51 44 577 38 36
478 88 72 528 60 23 578 30 71
479 92 71 529 64 10 579 75 53
480 97 54 530 63 14 580 84 40
481 73 43 531 70 37 581 85 42
482 36 64 532 76 45 582 86 49
483 63 31 533 78 18 583 86 57
484 78 1 534 76 51 584 89 68
485 69 27 535 75 33 585 99 61
486 67 28 536 81 17 586 77 29
487 72 9 537 76 45 587 81 72
488 71 9 538 76 30 588 89 69
489 78 36 539 80 14 589 49 56
490 81 56 540 71 18 590 79 70
491 75 53 541 71 14 591 104 59
492 60 45 542 71 11 592 103 54
493 50 37 543 65 2 593 102 56
494 66 41 544 31 26 594 102 56
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Time
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed  Torque Speed  Torque Speed  Torque
S % % S % % S % %
742 103 39 792 52 5 842 81 27
743 102 46 793 48 5 843 80 26
744 104 46 794 48 7 844 80 26
745 103 49 795 48 5 845 81 25
746 102 45 796 48 6 846 80 21
747 103 42 797 48 4 847 81 20
748 103 46 798 52 6 848 83 21
749 103 38 799 51 5 849 83 15
750 102 48 800 51 6 850 83 12
751 103 35 801 51 6 851 83 9
752 102 48 802 52 5 852 83 8
753 103 49 803 52 5 853 83 7
754 102 48 804 57 44 854 83 6
755 102 46 805 98 90 855 83 6
756 103 a7 806 105 94 856 83 6
757 102 49 807 105 100 857 83 6
758 102 42 808 105 98 858 83 6
759 102 52 809 105 95 859 76 5
760 102 57 810 105 96 860 49 8
761 102 55 811 105 92 861 51 7
762 102 61 812 104 97 862 51 20
763 102 61 813 100 85 863 78 52
764 102 58 814 94 74 864 80 38
765 103 58 815 87 62 865 81 33
766 102 59 816 81 50 866 83 29
767 102 54 817 81 46 867 83 22
768 102 63 818 80 39 868 83 16
769 102 61 819 80 32 869 83 12
770 103 55 820 81 28 870 83 9
771 102 60 821 80 26 871 83 8
772 102 72 822 80 23 872 83 7
773 103 56 823 80 23 873 83 6
774 102 55 824 80 20 874 83 6
775 102 67 825 81 19 875 83 6
776 103 56 826 80 18 876 83 6
777 84 42 827 81 17 877 83 6
778 48 7 828 80 20 878 59 4
779 48 6 829 81 24 879 50 5
780 48 6 830 81 21 880 51 5
781 48 7 831 80 26 881 51 5
782 48 6 832 80 24 882 51 5
783 48 7 833 80 23 883 50 5
784 67 21 834 80 22 884 50 5
785 105 59 835 81 21 885 50 5
786 105 96 836 81 24 886 50 5
787 105 74 837 81 24 887 50 5
788 105 66 838 81 22 888 51 5
789 105 62 839 81 22 889 51 5
790 105 66 840 81 21 890 51 5
791 89 41 841 81 31 891 63 50

357



ECE/TRANS/WP.29/GRPE/2011/11

Time
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed  Torque Speed  Torque Speed  Torque
S % % S % % S % %

1039 76 70 1088 100 31 1137 78 2
1040 78 81 1089 100 28 1138 76 34
1041 75 71 1090 98 3 1139 67 80
1042 86 a7 1091 102 26 1140 70 67
1043 83 35 1092 95 64 1141 53 70
1044 81 43 1093 102 23 1142 72 65
1045 81 41 1094 102 25 1143 60 57
1046 79 46 1095 98 42 1144 74 29
1047 80 44 1096 93 68 1145 69 31
1048 84 20 1097 101 25 1146 76 1
1049 79 31 1098 95 64 1147 74 22
1050 87 29 1099 101 35 1148 72 52
1051 82 49 1100 94 59 1149 62 96
1052 84 21 1101 97 37 1150 54 72
1053 82 56 1102 97 60 1151 72 28
1054 81 30 1103 93 98 1152 72 35
1055 85 21 1104 98 53 1153 64 68
1056 86 16 1105 103 13 1154 74 27
1057 79 52 1106 103 11 1155 76 14
1058 78 60 1107 103 11 1156 69 38
1059 74 55 1108 103 13 1157 66 59
1060 78 84 1109 103 10 1158 64 99
1061 80 54 1110 103 10 1159 51 86
1062 80 35 1111 103 11 1160 70 53
1063 82 24 1112 103 10 1161 72 36
1064 83 43 1113 103 10 1162 71 47
1065 79 49 1114 102 18 1163 70 42
1066 83 50 1115 102 31 1164 67 34
1067 86 12 1116 101 24 1165 74 2
1068 64 14 1117 102 19 1166 75 21
1069 24 14 1118 103 10 1167 74 15
1070 49 21 1119 102 12 1168 75 13
1071 77 48 1120 99 56 1169 76 10
1072 103 11 1121 96 59 1170 75 13
1073 98 48 1122 74 28 1171 75 10
1074 101 34 1123 66 62 1172 75 7
1075 99 39 1124 74 29 1173 75 13
1076 103 11 1125 64 74 1174 76 8
1077 103 19 1126 69 40 1175 76 7
1078 103 7 1127 76 2 1176 67 45
1079 103 13 1128 72 29 1177 75 13
1080 103 10 1129 66 65 1178 75 12
1081 102 13 1130 54 69 1179 73 21
1082 101 29 1131 69 56 1180 68 46
1083 102 25 1132 69 40 1181 74 8
1084 102 20 1133 73 54 1182 76 11
1085 96 60 1134 63 92 1183 76 14
1086 99 38 1135 61 67 1184 74 11
1087 102 24 1136 72 42 1185 74 18
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Time
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A graphical display of the NRTC dynamometer schedd is shown below

Speed (%) NRTC dynamometer schedule
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Annex 6
Technical characteristics of reference fuel presibed for
approval tests and to verify conformity of production
Table 1
For power bands D to G
Limits and Units 2 Test Method
Cetane Numbér min. 45 ISO 5165
max. 50
Density at 15 °C min. 835 kg/m ISO 3675, ASTM D4052
max. 845 kg/m°
Distillation® 95 % point Maximum 370 °C ISO 3405
Viscosity at 40 °C Minimum 2.5 mni/s ISO 3104
Maximum 3.5 mrfis
Sulphur content Minimum 0.1 % mass ISO 8754, EN 24260
Maximum 0.2 % mass
Flash Point Minimum 55 °C ISO 2719
CFPP Minimum - EN 116
Maximum +5 °C
Copper corrosion Maximum 1 ISO 2160
Conradson carbon residue (10 per cpfaximum 0.3 % mass ISO 10370
DR)
IAsh content Maximum 0.01 % mass ASTM D482
\Water content Maximum 0.05 % mass ASTM D95, D1744
Neutralization (strong acid) number | Minimum 0.20 mg KOH/g
Oxidation stability Maximum 2.5 mg/100 ml ASTM D2274
Additives

1 If it is required to calculate thermal efficienof/an engine or vehicle, the calorific value o flael can be calculated from:
Specific energy (calorific value) (net) MJ/kg = (483 - 8.792 8+ 3.170 d)< (1 - (x + y + S)) + 9.420 s - 2.499 X
Where:
d is the density at 15 °C
x is the proportion by mass of water (%/100)
y is the proportion by mass of ash (%/100)
s is the proportion by mass of sulphur (%/100)
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2 The values quoted in the specification are “traiees". In establishment of their limit values thems of ASTM D3244
"Defining a basis for petroleum produce qualitypdites" have been applied and in fixing a minimutneaa minimum difference
of 2R above zero has been taken into accountximgfia maximum and minimum value, the minimum difece is 4R (R =
reproducibility).

Notwithstanding this measure, which is necessargtftistical reasons, the manufacturer of fuelighaevertheless aim at a zero
value where the stipulated maximum value is 2Ratrttie mean value in the case of quotations of maxi and minimum limits.
Should it be necessary to clarify the questiorpasttether a fuel meets the requirements of theifspsons, the terms of

ASTM D3244 should be applied.

3 The figures quoted show the evaporated quan(jtieEentage recovered + percentage loss).

4 The range of cetane is not in accordance witheéhairement of a minimum range of 4R. Howeverases of dispute between
fuel supplier and fuel user, the terms in ASTM D824n be used to resolve such disputes providdidagpmeasurements, of
sufficient number to achieve the necessary pretisice made in preference to single determinations.

5 Even though oxidation stability is controlledisitikely that shelf life will be limited. Advicehould be sought from the supplier
as to storage conditions and life.

5 This fuel should be based straight run and crtieirocarbon distillate components only; desuljation is allowed. It shall
not contain any metallic additives or cetane impraadditives.

" Lower values are permitted, in which case the etamber of the reference fuel used is to be regort

8 Higher values are permitted, in which case thetaulpontent of the reference fuel used is to benteg.

° To be kept under constant review in the lightrefds in the markets. For the purpose of theaindpproval of an
engine on request of the applicant, a 0.05 permass nominal sulphur level (minimum 0.03 per ceass) is
permissible, in which case the measured particlégai shall be corrected upward to the averageeviiat is
nominally specified for fuel sulphur content (0fd&r cent mass) per the equation below:

PTa = PT + [SFC x 0.0917 x (NSLF - FSF)]

Where:

PTag = adjusted PT value (g/kWh)

PT = measured weighted specific emissions valupddiculate emission (g/kWh)

SFC = weighted specific fuel consumption (g/kWhyuakated according to the formula as below
NSLF = average of the nominal specification of Bulpcontent mass fraction (i.e. 0.15 %/100)
FSF = fuel sulphur content mass fraction (%/100)

Equation for the calculation of the weighted spedifiel consumption:

Z Gruei X WF
SFC = -zt where @ P = Ppi + Pag;

D PiX WF,

i=1
For the purpose of conformity of production assesgmin accordance with paragraph 7.4.2., the reopgints shall be met using
reference fuel which complies with the minimum/nmaxim level of 0.1/0.2 per cent mass.

19 Higher values are permitted up to 855 k§j/m which case the density of the reference feellis to be reported.
For the purpose of conformity of production assesgmin accordance with paragraph 7.4.2., the reopgnts shall be met using
reference fuel which complies with the minimum/nmamim level of 835/845 kg/fn

1 To be replaced by EN/ISO 6245 with effect of dage of implementation.

12- All fuel characteristics and limit values arebkept under review in light of trends in the neask
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Table 2
For power bands H to K
Limits*

Parameter Unit minimum maxi mum Test Method
Cetane numbér 54.0 EN-1SO 5165
Density at 15°C kg/fh 833 865 EN-ISO 3675
Distillation:
50 per cent point °C 245 - EN-ISO 3405
95 per cent point °C 345 350 EN-ISO 3405
- Final boiling point °C - 370 EN-ISO 3405
Flash point °C 55 - EN 22719
CFPP °C - -5 EN 116
Viscosity at 40°C mits 25 35 EN-ISO 3104
Polycyclic aromatic hydrocarbons per cent m/m 3.0 6.0 IP 391
Sulphur conterit mg/kg - 300 ASTM D 5453
Copper corrosion - class 1 EN-ISO 2160
Conradson carbon residue per cent m/m - 0.2 EN-1SO 10370
(10 per cent DR)
IAsh content per cent m/m - 0.01 EN-1SO 6245
\Water content per cent m/m - 0.05 EN-ISO 12937
Neutralizatin (strong acid) number mg KOH/g - 0.02 ASTM D 974
Oxidation stability mg/ml - 0.025 EN-ISO 12205

! The values quoted in the specifications are "alses". In establishment of their limit values terms of ISO 4259 "Petroleum
products — Determination and application of precisiata in relation to methods of test" have beggtied and in fixing a minimum
value, a minimum difference of 2R above zero hantieken into account; in fixing a maximum and minm value, the minimum
difference is 4R (R = reproducibility).

Notwithstanding this measure, which is necessaryefthnical reasons, the manufacturer of fuelslshoevertheless aim at a zero
value where the stipulated maximum value is 2Ratrttie mean value in the case of quotations of maxi and minimum limits.
Should it be necessary to clarify the question® aghether a fuel meets the requirements of theiipations, the terms of ISO
4259 should be applied.

2 The range for the cetane number is not in accolaith the requirements of a minimum range of 4Bwklver, in the case of a
dispute between fuel supplier and fuel user, thegeof ISO 4259 may be used to resolve such disparevided replicate
measurements, of sufficient number to archive #eeasary precision, are made in preference toestegerminations.

3 The actual sulphur content of the fuel used fortéise shall be reported.

4 Even though oxidation stability is controlled,stlikely that shelf life will be limited. Advice siuld be sought from the supplier
as to storage conditions and life.
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Table 3
For power bands L to P and Q and R
Limits®

Paramete Unit minimum maximum Test Method
Cetane numbef 52.0 54.0 EN-ISO 5165
Density at 15 °C kg/mi 833 837 EN-ISO 3675
Distillation:
50 per cent point °C 245 - EN-ISO 3405
95 per cent point °C 345 350 EN-ISO 3405
- Final boiling point °C - 370 EN-ISO 3405
Flash point °C 55 - EN 22719
CFPP °C - -5 EN 116
\Viscosity at 40 °C mni/s 2.3 2.3 EN-ISO 3104
Polycyclic aromatic hydrocarbons per cent m/m 3.0 6.0 IP 391
Sulphur content® mg/kg - 10 ASTM D 5453
Copper corrosion - class 1 EN-ISO 2160
Conradson carbon residue per cent m/m - 0.2 EN-ISO 10370
(10 per cent DR)
)Ash content per cent m/m - 0.01 EN-ISO 6245
\Water content per cent m/m - 0.02 EN-ISO 12937
Neutralization (strong acid) number mg KOH/g - 0.02 ASTM D 974
Oxidation stability * mg/ml - 0.025 EN-ISO 12205
Lubricity (HFRR wear scar diameter  |jum - 400 CEC F-06-A-96
at 60 °C)
FAME prohibited

! The values quoted in the specifications are "trugalues”. In establishment of their limit values tke terms of ISO 4259
"Petroleum products — Determination and applicationof precision data in relation to methods of testhave been applied and
in fixing a minimum value, a minimum difference of 2R above zero has been taken into account; in fixipa maximum and
minimum value, the minimum difference is 4R (R = r@roducibility).

Notwithstanding this measure, which is necessary féechnical reasons, the manufacturer of fuels shdd nevertheless aim at
a zero value where the stipulated maximum value BR and at the mean value in the case of quotatiol$ maximum and
minimum limits. Should it be necessary to clarify he questions as to whether a fuel meets the requinents of the
specifications, the terms of ISO 4259 should be ajipd.

2 The range for the cetane number is not in accordamcwith the requirements of a minimum range of 4R. ldwever, in the
case of a dispute between fuel supplier and fuel eis the terms of ISO 4259 may be used to resolvectudisputes provided
replicate measurements, of sufficient number to attive the necessary precision, are made in preferemto single
determinations.
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3 The actual sulphur content of the fuel used for th@ype | test shall be reported.
4 Even though oxidation stability is controlled, it & likely that shelf life will be limited. Advice stould be sought from the
supplier as to storage conditions and life.
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Annex 7

Installation requirements for equipment and auxilaries

Number |[Equipment and auxiliarie: Fitted for emission test
1 Inlet system
Inlet manifold Yes
Crankcase emission control system Yes
Air flow-meter Yes
Air filter es?
Inlet silencer Ye$
Induction-heating device of inlet manifold |Yes, sindard production
equipment. If possible to be set
in the most favourable condition
2 Exhaust system
Exhaust aftertreatment Yes
Exhaust manifold Yes
Connecting pipes Yes
Silencer Ye$
Tail pipe Yeg
Exhaust brake NG
Pressure charging device Yes
3 Fuel supply pump Yed
4 Fuel injection equipment
Prefilter Yes
Filter Yes
Pump Yes
High-pressure pipe Yes
Injector Yes
Electronic control unit, sensors, etc. Yes
Governor/control system Yes
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Number [Equipment and auxiliarie: Fitted for emission test
Automatic full-load stop for the control Yes
rack depending on atmospheric conditions
5 Liquid-cooling equipment
Radiator No
Fan No
Fan cowl No
Water pump Yes
Thermostat Yes
6 Air cooling
Cowl No®
Fan or Blower N&
Temperature-regulating device No
7 Electrical equipment
Generator Yed'
te] Pressure charging equipment
Compressor driven either directly by the |Yes
engine and/or by the exhaust gases
Charge air cooler Yeé'
Coolant pump or fan (engine-driven) Né&
Coolant flow control device Yes
9 Auxiliary test-bed fan Yes, if necessary
10 Anti-pollution device Yes
11 Starting equipment Yes or test bed equipmeht
12 Lubricating oil pump Yes
13 Certain auxiliaries whose definition is No

linked with the operation of the machine
and which may be mounted on the engine
shall be removed for the test.

'The following non-exhaustive list is given
as an example:

(i) air compressor for brakes
(ii) power steering compressor

(iif) suspension compressor
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Number [Equipment and auxiliarie: Fitted for emission test

(iv) air-conditioning system.

& The complete inlet system shall be fitted as praded for the intended application:
0] where there is a risk of an appreciable effeabn the engine power;
(ii) when the manufacturer requests that this show be done.
In other cases, an equivalent system may be useddaa check should be made to ascertain that the irka
pressure does not differ by more than 100 Pa fromhe upper limit specified by the manufacturer for aclean
air filter.

® The complete exhaust system shall be fitted asquided for the intended application:

(i) where there is a risk of an appreciable effeabn the engine power;

(i) when the manufacturer requests that this show be done.

In other cases, an equivalent system may be instadl provided the pressure measured does not differybmore
than 1,000 Pa from the upper limit specified by thenanufacturer.

¢ If an exhaust brake is incorporated in the engingthe throttle valve shall be fixed in the fully ogn position.

4 The fuel feed pressure may be adjusted, if necesyg, to reproduce the pressure existing in the paitular
engine application (particularly when a "fuel return” system is used).

¢ The cooling-liquid circulation shall be operatedoy the engine water pump only. Cooling of the liqu may
be produced by an external circuit, such that the gssure loss of this circuit and the pressure at thpump inlet
remain substantially the same as those of the engirtooling system.

' The thermostat may be fixed in the fully open pdson.

9 When the cooling fan or blower is fitted for thetest, the power absorbed shall be added to the res)
except for cooling fans of air cooled engines dirdy fitted on the crankshaft. The fan or blower power shall be
determined at the speeds used for the test eitheylzalculation from standard characteristics or by pactical
tests.

R Minimum power of the generator: the electrical paver of the generator shall be limited to that necesary
for operation of accessories which are indispensabfor engine operation. If the connection of a battry is
necessary, a fully charged battery in good conditioshall be used.

" Charge air-cooled engines shall be tested with atge air cooling, whether liquid - or air-cooled, hut if the
manufacturer prefers, a test bench system may rept@ the air cooler. In either case, the measuremeat
power at each speed shall be made with the maximupnessure drop and the minimum temperature drop of
the engine air across the charge air cooler on thest bench system as those specified by the manufaer.

I The power for electrical or other starting systers shall be provided from the test bed.
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Annex 8

370

Durability requirements

This Annex shall apply to Cl engines from power bads H upwards only.

1.

1.1.

1.1.1.
1.1.1.1.

Verifying the durability of engines for power bands H to P
This section shall apply to CI engines for powerdnds H to P only.

Manufacturers shall determine a DeteriorationFactor (DF) value for
each regulated pollutant. SuchDFs shall be used for type approval and
production line testing, by either:

(a) adding the DF to the emission test result, if paragraph 1.2.1.
applies, or

(b)  multiplying the emission test result with the -, if paragraph
1.2.2. applies.

Test to establisiDFs shall be conducted as follows:

The manufacturer shall conduct durabilitytests to accumulate engine
operating hours according to a test schedule thasiselected on the basis
of good engineering judgement to be representativef in-use engine
operation in respect to characterising emission péormance
deterioration. The durability test period should typically represent the
equivalent of at least one quarter of the emissiomurability period
(EDP).

Service accumulation operating hours may be acquéd through running
engines on a dynamometer test bed or from actual field machine
operation. Accelerated durability tests can be appd whereby the
service accumulation test schedule is performed at higher load factor
than typically experienced in the field. The accelation factor relating
the number of engine durability test hours to the quivalent number of
EDP hours shall be determined by the engine manufarer based on
good engineering judgement.

During the period of the durability test, no emisgn sensitive
components can be serviced or replaced other thaio the routine service
schedule recommended by the manufacturer.

The test engine, subsystems, or components to beed to determine
exhaust emission DFs for an engine family, or forrgine families of
equivalent emission control system technology, shdle selected by the
engine manufacturer on the basis of good engineegnjudgement. The
criterion is that the test engine should representthe emission
deterioration characteristic of the engine familiesthat will apply the

resulting DF values for certification approval. Engnes of different bore

and stroke, different configuration, different air management systems,
different fuel systems can be considered as equieat in respect to
emissions deterioration characteristics if there isa reasonable technical
basis for such determination.
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DF values from another manufacturer can be appliedif there is a
reasonable basis for considering technology equivaice with respect to
emissions deterioration, and evidence that the testhave been carried
according to the specified requirements.

Emissions testing will be performed according tohte procedures defined
in this Regulation for the test engine after initid run-in but before any

service accumulation, and at the completion of thdurability. Emission

tests can also be performed at intervals during theervice accumulation
test period, and applied in determining the deterication trend.

1.1.1.2. The service accumulation tests or the emsiens tests performed to
determine deterioration shall not be witnessed byhe approval authority.

1.1.1.3. Determination of DF values from durabilitytests

An additive DF is defined as the value obtained bygubtraction of the
emission value determine at the beginning of the BB from the
emissions value determined to represent the emissiperformance at the
end of the EDP.

A multiplicative DF is defined as the emission leal determined for the
end of the EDP divided by the emission value recoedl at the beginning
of the EDP.

Separate DF values shall be established for eacH the pollutants
covered by the legislation. In the case of estalflimg a DF value relative
to the NO, + HC standard, for an additive DF, this is determmned based
on the sum of the pollutants notwithstanding that a negative
deterioration for one pollutant may not offset deteioration for the other.
For a multiplicative NO, + HC DF, separate HC and NQ DFs shall be
determined and applied separately when calculatinghe deteriorated
emission levels from an emissions test result befrcombining the
resultant deteriorated NO, and HC values to establish compliance with
the standard.

In cases where the testing is not conducted for ¢hfull EDP, the emission
values at the end of the EDP is determined by extpmlation of the
emission deterioration trend established for the t& period, to the full
EDP.

When emissions test results have been recorded pmtically during the

service accumulation durability testing, standard atistical processing
techniques based on good practice shall be appligd determine the
emission levels at the end of the EDP; statisticalgnificance testing can
be applied in the determination of the final emissins values.

If the calculation results in a value of less thari.00 for a multiplicative
DF, or less than 0.00 for an additivdDF, then theDF shall be 1.0 or 0.00,
respectively.

1.1.1.4. A manufacturer may, with the approval of he type approval authority,
use DF values established from results of durabilit tests conducted to
obtain DF values for certification of on-road HD Cl engines. This will be
allowed if there is technological equivalency betven the test on-road
engine and the non-road engine families applying thDF values for
certification. The DF values derived from on-road engine emission

371



ECE/TRANS/WP.29/GRPE/2011/11

372

durability test results shall be calculated on thebasis of EDP values
defined in paragraph 2.

1.1.1.5. In the case where an engine family usestadsdished technology, an
analysis based on good engineering practices may hbesed in lieu of
testing to determine a deterioration factor for tha engine family subject
to approval of the type approval authority.

1.2 DF information in approval applications

1.2.1. Additive DFs shall be specified for each pollutant in an engenfamily
certification application for Cl engines not usingany after-treatment
device.

1.2.2. Multiplicative DFs shall be specified for each pollutant in an engin
family certification application for Cl engines using an after-treatment
device.

1.2.3. The manufacture shall furnish the type-appreal agency on request with

information to support the DF values. This would typically include
emission test results, service accumulation testtedule, maintenance
procedures together with information to support engneering
judgements of technological equivalency, if applidale.

2. Verifying the durability of engines for power bands Q and R
(reserved)

3. Emission durability periods
3.1. Manufacturers shall use the EDP in Table 1 dhis paragraph.
Table 1
EDP categories for Cl Engines from power bands fronH upwards (hours)

Useful life (hours)
Category (power band) (PDE)
<37 kw
(constant speed engines) 3000
<37 kw
(variable speed engines) 5000
> 37 kW 8000
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Justification

1. This proposal aims at amending Regulation N8 that:

(@  The provisions of the Regulation are alignethwhose of the Stages IlIB
and IV of the corresponding European Directive and,

(b)  The Regulation reflects the technical harmdivsaof test specifications
adopted under gtr No. 11 (Transposition).

2. This proposal is presented as a consolidatesioreof the text of the Regulation.
The document is based on: E/ECE/324, E/ECE/TRANS/5Rev.1/Add.95/Rev.1,
incorporating all valid text up to and including:

(@  Supplement 1 to the original version of the lation — Date of entry into
force: 5 March 1997,

(b)  Supplement 2 to the original version of the Hation — Date of entry into
force: 5 February 2000;

(c) 01 series of amendments — Date of entry intoefol6 September 2001;

(d)  Supplement 1 to the 01 series of amendmentate Bf entry into force: 31
January 2003

(e)  Supplement 2 to the 01 series of amendmentate &f entry into force: 12
August 2004,

) 02 series of amendments: Date of entry intadoB February 2008.

3. This proposal has taken into account the camdgen to gtr No. 11
ECE/TRANS/WP.29/GRPE/2011/2, which was adopted P& at its January 2011
session.
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