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I STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON
A. TECHNICAL AND ECONOMIC FEASIBILITY

1. The objective of this proposal is to establish @bgl technical regulation (gtr) for non-
road mobile machinery (NRMM) compression-ignitidD.l() engine emissions under the 1998
Global Agreement. The basis is the harmonizedmad-test protocol, including test cycles, as
developed by the NRMM informal group of the GRPH aiso using the non-road transient test
cycle (NRTC) developed between 2000 and 2002 bptemational task force.

2. Some countries have already introduced regulatggmeerning exhaust-emissions from
non-road mobile machinery engines but the testquores vary. To ensure the maximum
benefit to the environment as well as the efficiegé of energy, it is desirable that as many
countries as possible use the same test protocenficssion control. Society will benefit from
this harmonization of requirements through a gdngl@bal reduction of the emission levels.
Manufacturers of non-road mobile machinery areaalyeoperating in a world market and it is
economically more efficient for them to develop imeg models to meet internationally
consistent emissions regulations. The harmonizatghieved through this gtr enables
manufacturers to develop new models most effegtivélinally, the consumer would benefit by
having a choice of low emitting engines built tglabally recognized standard at a lower price.

3. New research into the world-wide pattern of realNN\R use was fed into the transient
cycle development work which had been initiatedh®/ United States Environmental Protection
Agency (US-EPA) and developed in cooperation wite Joint Research Centre (JRC) of the
European Commission and an international task fofé@m the collected data a transient test
cycle with both cold and hot start requirements wWageloped. For hot start steady state test
cycle the basis was offered by an expert commitkehe International Organization for
Standardization (ISO). The test cycles have bedsighed in standard series ISO 8178. The
procedure reflects exhaust emissions measurememdiogy with the potential to accurately
measure the pollutant emissions from future lowssion engines. The NRTC test cycle has
been adopted in the European Union (EU), CanaddJ&emission legislation and it is the basis
for the special vehicle legislation under developtne Japan. This gtr intends to achieve a high
level of harmonization of the complementary testiomnditions among these existing or
progressing legislations.

4, The test procedure reflects world-wide NRMM engaperation, as closely as possible,
and provides a marked improvement in the realisnthef test procedure for measuring the
emission performance of existing and future NRMMjiaes. In summary, the test procedure
was developed so that it would be:
(a) representative of world-wide non-road mobilechaery engine operations,
(b) able to provide the highest possible level fiiciency in controlling non-road
mobile machinery engine emissions,
(c) corresponding to state-of-the-art testing, dalg@nd measurement technology,
(d) applicable in practice to existing and foreseafuture exhaust emissions
abatement technologies, and
(e) capable of providing a reliable ranking of exstaemission levels from different
engine types.
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5. At this stage, the gtr is being presented withamitlvalues and the NRMM engines'
applicable power range. In this way, the test @doce can be given a legal status, based on
which the Contracting Parties are required to dfaet process of implementing it into their
national law. The gtr contains one option, theptidm of which is left to the discretion of the
Contracting Parties. This option is related todahewed dilution air temperature range.

6. When implementing the test procedure containedhis gtr as part of their national
legislation or regulation, Contracting Parties amgted to use limit values which represent at
least the same level of severity as their existiagulations, pending the development of
harmonized limit values by the Executive Committe&C.3) of the 1998 Agreement
administered by the World Forum for Harmonizatidn\Mghicle Regulations (WP.29). The
performance levels (emissions test results) todbéesed in the gtr will, therefore, be discussed
on the basis of the most recently agreed legisidtiche Contracting Parties, as required by the
1998 Agreement.

7. In order to facilitate the regulatory activities adrtain countries, in particular those that

have not yet enforced legislation in this fieldwanose legislation is not yet as rigorous as the
ones mentioned above, a guidance document is aisalsle. The format is based on the one

used in the EU for New and Global Approach Diressivit is important to note that only the text

of the gtr is legally binding. The guidance docuirfeas no legal status and it does not introduce
any additional requirements but aims at faciligtine use of the gtr and to help in applying the
gtr. The guidance document is placed side bywitlethe gtr at the UNECE WP.29 website as

already agreed by AC.3.

B. ANTICIPATED BENEFITS

8. NRMM and the relative engines are developed andymed for the world market. It is
economically inefficient for manufacturers to haweprepare substantially different models in
order to meet different emission regulations andhods of measuring emissions, which, in
principle, aim at achieving the same objective. ehable manufacturers to develop new models
more effectively and within a shorter time, it issttable that a gtr should be developed. These
savings will accrue not only to the manufactureit, inore importantly, to the consumer as well.

9. However, developing a test procedure just to addtke economic question does not
completely address the mandate given when work hi; dtr was first started. The test

procedure shall also improve the state of testiRiMM engines, and better reflect how NRMM

engines are used today. As mentioned above sortfeedfontracting Parties already adopted
legislation which includes the test cycles foresbgrthis gtr. For Contracting Parties to the
1998 Agreement that have not yet enforced the damed of legislation, the testing methods
defined in this gtr are much more representativim-afse operating behaviour of NRMM world-

wide compared to the measurement methods definexisting legislation.

10. As a consequence, it can be expected that the pvigls application of this gtr for
emissions legislation within the Contracting Partie the 1998 Agreement will result in a tighter
control of in-use emissions due to the improvedredation of the test methods with in-use
operating behaviour of NRMM.
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C. POTENTIAL COST EFFECTIVENESS

11.  Specific cost effectiveness values for this gtrenawt been calculated. The decision by
AC.3 to move forward with the emission gtr withdumit values is the key reason why this
analysis has not been completed. However, tha@nmdtion will be available when in the later
phase of this gtr development, harmonized limitrealwill be developed. Special attention will
be given to the ongoing process to develop sucloymeance requirements for the insertion into
gtr No. 2 on Worldwide harmonized Motorcycle ermissirest Cycle (WMTC). Experience will
be also gained by the NRMM engines industry as h@hvcost and cost saving are associated
with using this test procedure. The cost and eonissperformance data can then be analyzed as
part of the next step in this gtr development teedwrine the cost effectiveness values of the test
procedure in this gtr. While there are no valuesalculated costs per ton, experts believe there
are clear benefits associated with this gtr.
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TEXT OF REGULATION

This regulation aims at providing a world-wide manized method for the
determination of the levels of pollutant emissidram compression-ignition (C.1.)
engines used in vehicles of category T and non-roabile machinery in a manner
which is representative of real world vehicle opiera The results can be the basis
for the regulation of pollutant emissions withingi@nal type-approval and

This regulation applies to the determination oé temissions of pollutants of
compression-ignition (C.l.) engines with a maximpower not smaller that 19 kW
and not larger than 560 kW to be used:

(@) in category T vehicled,1

(b) in non-road mobile machinery.

DEFINITIONS, SYMBOLS AND ABBREVIATIONS

"Adjustment factotsmean additive (upward adjustment factor and doanaw
adjustment factor) or multiplicative factors to bensidered during the periodic

"Applicable emission limlitmeans an emission limit to which an engine igesttb

"Agqueous condensatifomeans the precipitation of water-containing citnsnts
from a gas phase to a liquid phase. Aqueous caadien is a function of humidity,
pressure, temperature, and concentrations of atbestituents such as sulphuric
acid. These parameters vary as a function of enigitake-air humidity, dilution-air
humidity, engine air-to-fuel ratio, and fuel comjims - including the amount of
hydrogen and sulphur in the fuel,

"Atmospheric pressureneans the wet, absolute, atmospheric static pressNote
that if the atmospheric pressure is measured uch degligible pressure losses shall
be ensured between the atmosphere and the measure@cetion, and changes in
the duct's static pressure resulting from the fbnwall be accounted for;

"Calibratioh means the process of setting a measurement sgstesponse so that
its output agrees with a range of reference signatmtrast with "verification";

1. PURPOSE
certification procedures.
2. SCOPE
3.
3.1. Definitions
3.1.1.
(infrequent) regeneration;
3.1.2.
3.1.3.
3.1.4.
3.1.5.
i

As described in Annex 7 to the Consolidated Regml on the Construction of
Vehicles (R.E.3) (TRANS/WP.29/78/Rev.1/Amend. 2).
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3.1.6.

3.1.7.

3.1.8.

3.1.9.

3.1.10.

3.1.11.

3.1.12.

3.1.13.

3.1.14.

"Calibration gdsmeans a purified gas mixture used to calibrate gaalyzers.
Calibration gases shall meet the specification8.6f1. Note that calibration gases
and span gases are qualitatively the same, bugrdiff terms of their primary
function. Various performance verification checks fjas analyzers and sample
handling components might refer to either caliloaiyases or span gases;

"Certificatiofi means relating to the process of obtaining afeete of conformity;
"Constant-speed endlmaeans an engine whose certification is limite¢dostant-

speed operation. Engines whose constant-speednguoviinction is removed or
disabled are no longer constant-speed engines;

"Constant-speed operatiormeans engine operation with a governor that
automatically controls the operator demand to na&inengine speed, even under
changing load. Governors do not always maintagedexactly constant. Typically,
speed can decrease (0.1 to 10) per cent belowptexdsat zero load, such that the
minimum speed occurs near the engine's point ofrmax power;

"Continuous regeneratiomeans the regeneration process of an exhaust- afte
treatment system that occurs either in a sustamaadner or at least once over the
applicable transient test cycle or ramped-modallegyin contrast to periodic
(infrequent) regeneration;

"Conversion efficiency of non-methane quiidMC) E" means the efficiency of the
conversion of a NMC that is used for the removalhef non-methane hydrocarbons
from the sample gas by oxidizing all hydrocarborsept methane. Ideally, the
conversion for methane is 0 per ceBty{s = 0) and for the other hydrocarbons
represented by ethane is 100 per céb{s = 100 per cent). For the accurate
measurement of NMHC, the two efficiencies shallde¢ermined and used for the
calculation of the NMHC emission mass flow rate riegthane and ethane. Contrast
with "penetration fraction";

"Delay timemeans the difference in time between the charigheocomponent to
be measured at the reference point and a systgronss of 10 per cent of the final
reading {10) with the sampling probe being defined as theresfee point. For the
gaseous components, this is the transport timaéeofrieasured component from the
sampling probe to the detector (see figure 3.1);

"deNOx systemmeans an exhaust after-treatment system desigmeceduce
emissions of oxides of nitrogen (NO(e.g. passive and active lean NEatalysts,
NOy adsorbers and selective catalytic reduction (S§Rjems);

"Dew poinit means a measure of humidity stated as the equilibtemperature at

which water condenses under a given pressure fromtrair with a given absolute
humidity. Dew point is specified as a temperaiaréC or K, and is valid only for
the pressure at which it is measured;



3.1.15.

3.1.16.

3.1.17.

3.1.18.

3.1.19.

3.1.20.

3.1.21.

3.1.22.

3.1.23.

3.1.24.

3.1.25.
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"Discrete-modé means relating to a discrete-mode type of steddie test, as
described in paragraph 7.4.1.1. and Annex A.1,;

"Drift' means the difference between a zero or calimagignal and the respective
value reported by a measurement instrument immedgliaifter it was used in an
emission test, as long as the instrument was zemedpanned just before the test;

"Electronic control ufiitmeans an engine's electronic device that uses fiam
engine sensors to control engine parameters;

"Emission-control systémmeans any device, system, or element of desigh th
controls or reduces the emissions of regulatedifaoits from an engine;

"Engine family means a manufacturers grouping of engines whiatough their
design as defined in paragraph 5.2. of this regulahave similar exhaust emission
characteristics; all members of the family shalinpdy with the applicable emission
limit values;

"Engine governed spéadeans the engine operating speed when it is aledr by
the installed governor;

"Engine systém means the engine, the emission control system #rel
communication interface (hardware and messagesyebet the engine system
electronic control unit(s) (ECU) and any other paven or vehicle control unit;

"Engine tygemeans a category of engines which do not diffeessential engine
characteristics;

"Exhaust after-treatment systemeans a catalyst, particulate filter, deNOx syste
combined deNOx particulate filter or any other ews-reducing device that is
installed downstream of the engine. This definiti@xcludes exhaust gas
recirculation (EGR) and turbochargers, which armesttered an integral part of the
engine;

"Exhaust-gas recirculatiomeans a technology that reduces emissions byngut
exhaust gases that had been exhausted from theustiotbchamber(s) back into the
engine to be mixed with incoming air before or dgrcombustion. The use of valve
timing to increase the amount of residual exhaastig the combustion chamber(s)
that is mixed with incoming air before or duringnaoustion is not considered
exhaust-gas recirculation for the purposes ofrégsilation;

"Full flow dilution methdtdmeans the process of mixing the total exhaust fhath
dilution air prior to separating a fraction of ttiduted exhaust stream for analysis;
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3.1.26.

3.1.27.

3.1.28.

3.1.29.

3.1.30.

3.1.31.

3.1.32.

3.1.33.

3.1.34.

3.1.35.

3.1.36.

"Gaseous pollutafitsneans carbon monoxide, hydrocarbons and/or nahane
hydrocarbons (assuming a ratio of {gifor diesel), methane and oxides of nitrogen
(expressed as nitrogen dioxide (j@quivalent);

"Good engineering judgménneans judgments made consistent with generally
accepted scientific and engineering principles arallable relevant information;

"HEPA filtet means high-efficiency particulate air filters tlzae rated to achieve a
minimum initial particle-removal efficiency of 9% er cent using ASTM F 1471—
93 or equivalent standard;

"Hydrocarbon (HC)tmeans THC, NMHC as applicable. Hydrocarbon gdlyera
means the hydrocarbon group on which the emisdmmdards are based for each
type of fuel and engine;

"High speednf)" means the highest engine speed where 70 per afetie
maximum power occurs;

"Idle_speedimeans the lowest engine speed with minimum loadafgr than or
equal to zero load), where an engine governor fonatontrols engine speed. For
engines without a governor function that contrale ispeed, idle speed means the
manufacturer-declared value for lowest engine speess$ible with minimum load.
Note that warm idle speed is the idle speed of mned-up engine;

"Intermediate test speadéans that engine speed which meets one of tlueving

requirements:

(@) for engines which are designed to operate avspeed range on a full load
torque curve, the intermediate speed shall be #dwarkd maximum torque
speed if it occurs between 60 per cent and 75qeraf rated speed,

(b) if the declared maximum torque speed is laas 60 per cent of rated speed,
then the intermediate speed shall be 60 per cahtafated speed,

(c) if the declared maximum torque speed is greaten 75 per cent of the rated
speed then the intermediate speed shall be 7%epép€rated speed;

"Linearity" means the degree to which measured values agite respective
reference values. Linearity is quantified usindireear regression of pairs of
measured values and reference values over a rdngdues expected or observed
during testing;

"Low speednfy)" means the lowest engine speed where 50 per €éme onaximum
power occurs;

"Maximum powerRpnay)" means the maximum power in kW as designed by the
manufacturer;

"Maximum torque speetheans the engine speed at which the maximum ¢oigju
obtained from the engine, as designed by the maturé;




3.1.37.

3.1.38.

3.1.39.

3.1.40.

3.1.41.

3.1.42.

3.1.43.

3.1.44.

3.1.45.

3.1.46.

3.1.47.
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"Means of a quantityyased upon flow-weighted mean values means thae tegal
of a quantity after it is weighted proportionaltythe corresponding flow rate;

"Non-methane hydrocarbons (NMM@)eans the sum of all hydrocarbon species
except methane;

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

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

"Oxides of nitrogénmeans compounds containing only nitrogen and emrygs
measured by the procedures specified in this réganlaOxides of nitrogen are
expressed quantitatively as if the NO is in therfaf NO,, such that an effective
molar mass is used for all oxides of nitrogen egjeint to that of NQ

"Parent engifieneans an engine selected from an engine famisuch a way that
its emissions characteristics are representative tfmt engine family, see
paragraph 5.2.4.;

"Partial pressuretieans the pressune, attributable to a single gas in a gas mixture.
For an ideal gas, the partial pressure dividedhgytbtal pressure is equal to the
constituent's molar concentratios,

"Particulate after-treatment deViceneans an exhaust after-treatment system
designed to reduce emissions of particulate paitstéPM) through a mechanical,
aerodynamic, diffusional or inertial separation;

"Partial flow dilution methddneans the process of separating a part fromatad t
exhaust flow, then mixing it with an appropriate@amt of dilution air prior to the
particulate sampling filter;

"Particulate matter (PM)means any material collected on a specifiedrfithedium
after diluting exhaust with clean filtered air tdemnperature and a point as specified
in paragraph 9.3.3.4.; this is primarily carbon,n@densed hydrocarbons, and
sulphates with associated water;

"Penetration fractioRF' means the deviation from ideal functioning of ann
methane cutter (see Conversion efficiency of nothamee cutter (NMCE). An
ideal non-methane cutter would have a methane paiwet factor,PFcps, of 1.000
(that is, a methane conversion efficierigyy, of 0), and the penetration fraction for
all other hydrocarbons would be 0.000, as represebyPFcons (that is, an ethane
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3.1.48.

3.1.49.

3.1.50.

3.1.51.

3.1.52.

3.1.53.

3.1.54.

3.1.55.

3.1.56.

3.1.57.

3.1.58.

conversion efficiencyEcane Of 1). The relationship iSPFcha = 1 — Ecna and
PFcons = 1 —Eg;

"Per _cent loddmeans the fraction of the maximum available tergt an engine
speed;

"Periodic (or infrequent) regeneratiomeans the regeneration process of an exhaust
after-treatment system that occurs periodicallytyjpically less than 100 hours of
normal engine operation. During cycles where regeion occurs, emission
standards may be exceeded;

"Probeémeans the first section of the transfer line whi@nsfers the sample to next
component in the sampling system;

"PTFE'means polytetrafluoroethylene, commonly known efioh ™:;
"Ramped modal steady state test yokeans a test cycle with a sequence of steady

state engine test modes with defined speed andidocqteria at each mode and
defined speed and torque ramps between these modes;

"Rated speédneans the maximum full load speed allowed by gogernor, as
designed by the manufacturer, or, if such a gowersioot present, the speed at
which the maximum power is obtained from the engiase designed by the
manufacturer;

"Regeneratidnmeans an event during which emissions levels gdanhile the
aftertreatment performance is being restored bygdesTwo types of regeneration
can occur: continuous regeneration (see paragrd&ph. 6and infrequent (periodic)
regeneration (see paragraph 6.6.2.);

"Response tirfieneans the difference in time between the chafdkeocomponent
to be measured at the reference point and a syssponse of 90 per cent of the
final reading {gg) with the sampling probe being defined as theresfee point,
whereby the change of the measured componentaastt60 per cent full scale (FS)
and takes place in less than 0.1 second. Themsyssponse time consists of the
delay time to the system and of the rise time efsystem;

"Rise timeémeans the difference in time the 10 per cent@hger cent response of
the final readingtgo — t10);

"Shared atmospheric pressure matezans an atmospheric pressure meter whose
output is used as the atmospheric pressure fomtre g@est facility that has more
than one dynamometer test cell;

"Shared humidity measureniemeans a humidity measurement that is used as the
humidity for an entire test facility that has mehen one dynamometer test cell;




3.1.59.

3.1.60.

3.1.61.

3.1.62.

3.1.63.

3.1.64.

3.1.65.

3.1.66.

3.1.67.

3.1.68.

3.1.69.

3.1.70.
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"Spah means to adjust an instrument so that it givepr@per response to a
calibration standard that represents between 75ceetr and 100 per cent of the
maximum value in the instrument range or expeciede of use;

"Span gdsmeans a purified gas mixture used to span galyzera. Span gases
shall meet the specifications of paragraph 9.B5late that calibration gases and span
gases are qualitatively the same, but differ irmserof their primary function.
Various performance verification checks for gaslymeas and sample handling
components might refer to either calibration gagespan gases;

"Specific emissiohsneans the mass emissions expressed in g/kWh,;

"Standalorianeans something that has no dependencies; listamd alone™;

"Steady-stdtaneans relating to emission tests in which engipeed and load are
held at a finite set of nominally constant valuSseady-state tests are either discrete-
mode tests or ramped-modal tests;

"Stoichiometricmeans relating to the particular ratio of air dadl such that if the
fuel were fully oxidized, there would be no remampiuel or oxygen;

"Storage medidhmeans a particulate filter, sample bag, or aimgostorage device
used for batch sampling;

"Test (or duty) cycleneans a sequence of test points each with aetepeed and

torque to be followed by the engine under steadyesbr transient operating
conditions. Duty cycles are specified in the Anes. A single duty cycle may
consist of one or more test intervals;

"Test intervdlmeans a duration of time over which brake-speatinissions are
determined. In cases where multiple test interwalsur over a duty cycle, the
regulation may specify additional calculations thaigh and combine results to
arrive at composite values for comparison agahestipplicable emission limits;

"Tolerancemeans the interval in which 95 per cent of addakcorded values of a
certain quantity shall lie, with the remaining 5r pent of the recorded values
deviating from the tolerance interval only due t@asurement variability. The
specified recording frequencies and time intensdlall be used to determine if a
quantity is within the applicable tolerance. Foargmeters not subject to
measurement variability, tolerance means an alesalidwable range;

"Total hydrocarbon (THC)means the combined mass of organic compounds
measured by the specified procedure for measuotad lhydrocarbon, expressed as a
hydrocarbon with a hydrogen-to-carbon mass ratib.85:1;

"Transformation tinflemeans the difference in time between the changéh®
component to be measured at the reference poinaaystem response of 50 per
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3.1.71.

3.1.72.

3.1.73.

3.1.74.

3.1.75.

3.1.76.

3.1.77.

3.1.78.

cent of the final readingsg) with the sampling probe being defined as theresfee
point. The transformation time is used for thenaigalignment of different
measurement instruments. See figure 3.1;

"Transient test cy¢leneans a test cycle with a sequence of normakpesd and
torque values that vary relatively quickly with 8niNRTC);

"Type approvalmeans the approval of an engine type with regariis emissions
measured in accordance with the procedures spe:aifithis regulation;

"Updating-recordifigmeans the frequency at which the analyser pravidew,
current, values;

"Useful lif¢ means the relevant period of distance and/or tiover which
compliance with the relevant gaseous and partieunhission limits has to be
assured,;

"Variable-speed englhmeans an engine that is not a constant-speed&ngi

"Verificatiol means to evaluate whether or not a measuremestérsis outputs
agree with a range of applied reference signaigitttin one or more predetermined
thresholds for acceptance. Contrast with "calibrét

"To zerb means to adjust an instrument so it gives a Zesponse to a zero
calibration standard, such as purified nitrogen porified air for measuring
concentrations of emission constituents;

"Zero gdsmeans a gas that yields a zero response in dyzana This may either be
purified nitrogen, purified air, a combination afrdied air and purified nitrogen.

step input time

Response

response time P
.
.

delay time rise time Time

Figure 3.1: Definitions of system response: defiaye (3.1.12.), response time
(3.1.55.), rise time (3.1.56.) and transformatiamet(3.1.70.)
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3.2. General symbol®
Symbol Unit Term
& - y intercept of the regression line
a - Slope of the regression line
asp rad/$ Derivative of the engine speed at the set point
AlFg - Stoichiometric air to fuel ratio
c ppm, per cent volConcentration (also in pmol/mol = ppm)
D - Dilution factor
d m Diameter
E per cent Conversion efficiency
e g/kWh Brake specific basis
€gas g/kWh Specific emission of gaseous components
€pm g/kWh Specific emission of particulates
e g/kWh Weighted specific emission
F F-test statistics
F - Frequency of the regeneration event in termsaaftion of

tests during which the regeneration occurs

fa - Laboratory atmospheric factor
6p kg-mnf Rotational inertia of the eddy current dynamome&ter
K - Multiplicative regeneration factor
Kor - downward adjustment factor
kur upward adjustment factor
A - Excess air ratio
L - Per cent torque
Ma g/mol Molar mass of the intake air
Me g/mol Molar mass of the exhaust
Mgas g/mol Molar mass of gaseous components
m kg Mass
Myas g Mass of gaseous emissions over the test cycle
Mpwm g Mass of particulate emissions over the test cycle
n min* Engine rotational speed
Nhi min* High engine speed
Nio min? Low engine speed
P kw Power
Pmax kw Maximum observed or declared power at the feséd under
the test conditions (specified by the manufacturer)
Paux kW Declared total power absorbed by auxiliarietditfor the test
p kPa Pressure
Pa kPa Dry atmospheric pressure
PF per cent Penetration fraction

2/ Specific symbols are found in Annexes
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Symbol
Omaw
CIn‘dw
deew
Omew

O
Omp
Qv
RF
Iy

tso

<< =<§&

3.3.

abs
act
air
amb
atm
cor
CFV
denorm
dry
exp
filter
i

Unit
kg/s
kg/s
kg/s
kg/s
kg/s
kg/s
m3/s

kg/m3
kw
°C
K
N-m
N-m

nu n nu non

3(»

kWh

Subscripts

Term

Intake air mass flow rate on wet basis

Dilution air mass flow rate on wet basis

Diluted exhaust gas mass flow rate on wetbasi
Exhaust gas mass flow rate on wet basis

Fuel mass flow rate

Sample flow of exhaust gas into partial flolutibn system
Volume flow rate

Response factor

Dilution ratio

Coefficient of determination

Density

Standard deviation

Dynamometer setting

Standard error of estimate ypbnx

Temperature

Absolute temperature

Engine torque

Demanded torque with "sp" set point

Ratio between densities of gas component anduskigas
Time

Time interval

Time between step input and 10 per cent of fisadliing
Time between step input and 50 per cent of fieadling
Time between step input and 90 per cent of fieadling
Volume

Work

Generic variable

Arithmetic mean

Absolute quantity

Actual quantity

Air quantity

Ambient quantity
Atmospheric quantity
Corrected quantity

Critical flow venturi
Denormalised engine speed
Dry quantity

Expected quantity

PM sample filter
Instantaneous measurement (e.g. 1 Hz)
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An individual of a series

idle Condition at idle
in Quantity in

leak Leak quantity
max Maximum (peak) value
meas Measured quantity
min Minimum value
mix Molar mass of air
out Quantity out
PDP Positive displacement pump
ref Reference quantity
SSV Subsonic venturi
total Total quantity

uncor Uncorrected quantity
vac Vacuum quantity

weight Calibration weight
wet Wet quantity

3.4. Symbols and abbreviations for the chemicalmmments (used also as a subscript)

Ar Argon
Ci Carbon 1 equivalent hydrocarbon
CHy Methane
CoHe Ethane
CsHsg Propane
(6{0) Carbon monoxide
CO, Carbon dioxide
DOP Di-octylphthalate
H Atomic hydrogen
H> Molecular hydrogen
HC Hydrocarbon
H>O Water
He Helium
N> Molecular nitrogen
NMHC Non-methane hydrocarbon
NOy Oxides of nitrogen
NO Nitric oxide
NO, Nitrogen dioxide
PM Particulate matter
S Sulphur
THC Total hydrocarbon
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3.5.

Abbreviations

ASTM
BMD
BSFC
CRV
Cl
CLD
CVS
deNOx
DF
ECM
EFC
EGR
FID
GC
HCLD
HFID
IBP
ISO
LPG
NDIR
NDUV
NIST

NMC
PDP
Per cent FS
PFD
PFS
PTFE

RMC
RMS
RTD
SAE
SSV
UCL
UFM

American Society for Testing and Materials
Bag mini-diluter
Brake-specific fuel consumption
Critical Flow Venturi
Compression-ignition
Chemiluminescent Detector
Constant Volume Sampler
NQ 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 (Analyzer)
Nondispersive ultraviolet (Analyzer)
US National Institute for Standards and
Technology
Non-Methane Cutter
Positive Displacement Pump

Per cent of full scale
Partial Flow Dilution
Partial Flow System
Polytetrafluoroethylene (commonly known as
Teflon™)
Ramped-modal cycle
Root-mean square
Resistive temperature detector
Society of Automotive Engineers
Subsonic Venturi
Upper confidence limit
Ultrasonic flow meter
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GENERAL REQUIREMENTS

The engine system shall be designed, constructgééssembled so as to enable it to
comply with the provisions of this gtr. The teatali measures taken by the

manufacturer shall be such as to ensure that titioned emissions are effectively

limited, pursuant to this gtr, throughout the usdife of the engine, as defined by

the Contracting Party, and under normal conditiohsise. For this, engines shall

meet the performance requirements of paragrapiten tested in accordance with

the test conditions of paragraph 6. and the testguiure of paragraph 7.

PERFORMANCE REQUIREMENTS

General requirements

Implementation of test procedure

When implementing the test procedure containeithisngtr as part of their national
legislation, Contracting Parties to the 1998 Agreetare invited to use limit values
which represent at least the same level of severstytheir existing regulations;
pending the development of harmonized limit valu®ssthe Executive Committee
(AC.3) of the 1998 Agreement, for inclusion in dte at a later date.

Emissions of gaseous and particulate poitsita

The pollutants are represented by:

(&) Oxides of nitrogen, NO

(b) Hydrocarbons, which may be expressed in thevitng ways:
(i) Total hydrocarbons, HC or THC,
(i)  Non-methane hydrocarbons, NMHC.

(c) Particulate matter , PM.

(d) Carbon monoxide, CO.

The measured values of gaseous and particulakatqoits exhausted by the engine
refer to the brake-specific emissions in grams kilwatt-hour (g/kwh). Other
system of units may be used with appropriate cawer

The emissions shall be determined on the dutyesy(dteady-state and/or transient),
as described in paragraph 7. The measurementrsystkall meet the calibration
and performance checks of paragraph 8. with meamme equipment of
paragraph 9.

Other systems or analyzers may be approved byyflee approval or certification
authority if it is found that they yield equivalemesults in accordance with
paragraph 5.1.3.
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5.1.3.

5.2.

5.2.1.

5.2.2.

5.2.2.1.

5.2.2.2.

Equivalency

The determination of system equivalency shall &sed on a seven-sample pair (or
larger) correlation study between the system urersideration and one of the
systems of this gtr.

"Results" refer to the specific cycle weighted ssions value. The correlation

testing is to be performed at the same laboratest, cell, and on the same engine,
and is preferred to be run concurrently. The esjeincy of the sample pair averages
shall be determined Hy-test and-test statistics as described in Annex A.2. obtine
under the laboratory test cell and the engine ¢mmdi described above. Outliers

shall be determined in accordance with 1ISO 5725 exaiuded from the database.

The systems to be used for correlation testing sleasubject to the approval by the
type approval or certification authority.

Engine family

General

An engine family is characterized by design patanse These shall be common to
all engines within the family. The engine manufiaet may decide, which engines
belong to an engine family, as long as the memigershiteria listed in
paragraph 5.2.3. are respected. The engine feshiéyl be approved by the type
approval or certification authority. The manufaetushall provide to the type
approval or certification authority the appropriat@ormation relating to the
emission levels of the members of the engine fanflgr purposes of certification or
type approval, the Contracting Party may have auidit requirements for engine
family definition based upon engine power, fueleygnd emission limits.

Special cases
Interactions between parameters

In some cases there may be interaction betweeameders, which may cause

emissions to change. This shall be taken into iderstion to ensure that only

engines with similar exhaust emission charactedséire included within the same

engine family. These cases shall be identifiedhgy manufacturer and notified to

the type approval or certification authority. kadl then be taken into account as a
criterion for creating a new engine family.

Devices or features having a strong imib@eon emissions

In case of devices or features, which are noedigh paragraph 5.2.3. and which
have a strong influence on the level of emissidims, equipment shall be identified

by the manufacturer using good engineering judgmemd shall be notified to the

type approval or certification authority. It shalien be taken into account as a
criterion for creating a new engine family.
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Additional criteria

In addition to the parameters listed in paragr&ph.3., the manufacturer may
introduce additional criteria allowing the defioiti of families of more restricted

size. These parameters are not necessarily paenthat have an influence on the
level of emissions.

Parameters defining the engine family
Combustion cycle

(@) 2-stroke cycle

(b) 4-stroke cycle

(c) Rotary engine

(d) Others

Configuration of the cylinders

Position of the cylinders in the block

(@ Vv
(b) In-line
(c) Radial

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

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

Main cooling medium

(@ air
(b) water
(c) il

Individual cylinder displacement

Within 85 per cent and 100 per cent for engineth \&i unit cylinder displacement
> 0.75 dni of the largest displacement within the engine fami

Within 70 per cent and 100 per cent for engineth wi unit cylinder displacement
< 0.75 dni of the largest displacement within the engine fami

Method of air aspiration

(&) naturally aspirated

(b) pressure charged

(c) pressure charged with charge cooler
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5.2.3.6.  Combustion chamber type/design

(@) Open chamber
(b) Divided chamber
(c) Other types

5.2.3.7.  Valves and porting

(@)
(b)

Configuration
Number of valves per cylinder

5.2.3.8. Fuel supply type

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

(c) Unitinjector

(d) Common rall

5.2.3.9. Miscellaneous devices

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

(c) Airinjection

(d) Others

5.2.3.10. Electronic control strategy

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

In the case of electronically controlled enginth&® manufacturer shall present the
technical elements explaining the grouping of thexsgines in the same family, i.e.
the reasons why these engines can be expectedtigdy sdne same emission

requirements.

The electronic governing of speed does not needetin a different family from
those with mechanical governing. The need to st¢paglectronic engines from
mechanical engines should only apply to the fugdcition characteristics, such as
timing, pressure, rate shape, etc.

5.2.3.11. Exhaust after-treatment systems

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

(@) Oxidation catalyst

(b) DeNOx system with selective reduction of N@ddition of reducing agent)

(c) Other DeNOx systems

(d) Particulate trap with passive regeneration

(e) Particulate trap with active regeneration

()  Other particulate traps

(g) Other devices
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When an engine has been certified without afeattnent system, whether as parent
engine or as member of the family, then this engimben equipped with an
oxidation catalyst (not with particulate trap), miag included in the same engine
family, if it does not require different fuel chataristics.

If it requires specific fuel characteristics (eparticulate traps requiring special
additives in the fuel to ensure the regeneratiatgss), the decision to include it in
the same family shall be based on technical elesnamatvided by the manufacturer.
These elements shall indicate that the expectedsamni level of the equipped engine
complies with the same limit value as the non-epgipengine.

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

system, shall not be added to the same engineyfamil

Choice of the parent engine

Once the engine family has been agreed by the &mmoval or certification
authority, the parent engine of the family shalskbéected using the primary criterion
of the highest fuel delivery per stroke at the desdl maximum torque speed. In the
event that two or more engines share this primatgron, the parent engine shall be
selected using the secondary criterion of highast tlelivery per stroke at rated
speed.

The type approval or certification authority magnclude that the worst-case
emission rate of the family can best be charaadrizy testing additional engines.
In this case, the parties involved shall have @r@priate information to determine
the engines within the family likely to have thglinest emissions level.

If engines within the family incorporate other iedole features which may be
considered to affect exhaust emissions, these resatshall also be identified and
taken into account in the selection of the paregire.

If engines within the family meet the same emissialues over different useful life
periods, this shall be taken into account in tHect®n of the parent engine.

Record keeping

Record keeping requirements to be decided by tbetr@cting Parties. The
procedures in this gtr include various requiremetdsrecord data or other
information.
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6.
6.1.

6.2.

TEST CONDITIONS
Laboratory test conditions

The absolute temperaturg,) of the engine air at the inlet to the engine egped in
Kelvin, and the dry atmospheric pressupg, (expressed in kPa shall be measured
and the parametdy shall be determined according to the followingvsmns. In
multi-cylinder engines having distinct groups ofaike manifolds, such as in a "V"
engine configuration, the average temperature efdistinct groups shall be taken.
The parametef, shall be reported with the test results. Fordvatpeatability and
reproducibility of the test results, it is recomrded that the parametéy be such
that: 0.9 f,< 1.07. Contracting Parties can make the paramgtempulsory.

Naturally aspirated and mechanically superchaegegines:

f ) 9_9 x(hjoj
a | p,) (298 (6-1)
Turbocharged engines with or without cooling af thtake air:
0.7 15
_1 99 [ Ta ]
. [ pj [Z%J o

The temperature of intake air shall be maintaibed25 + 5) °C, as measured
upstream of any engine component.

It is allowed to use:

(@) a shared atmospheric pressure meter as lonlgeasquipment for handling
intake air maintains ambient pressure, where tigeeris tested, within +1 kPa
of the shared atmospheric pressure;

(b) a shared humidity measurement for intake ailomg as the equipment for
handling intake air maintains dew point, where thegine is tested,
within £0.5°C of the shared humidity measurement.

Engines with charge air cooling

(@) A charge-air cooling system with a total irgeddr capacity that represents
production engines' in-use installation shall bedusAny laboratory charge-air
cooling system to minimize accumulation of condémsshall be designed.
Any accumulated condensate shall be drained anddmins shall be
completely closed before emission testing. Thendrahall be kept closed
during the emission test. Coolant conditions dhalinaintained as follows:

(i) A coolant temperature of at least 20 °C sballmaintained at the inlet to
the charge-air cooler throughout testing.

(i) At the engine conditions specified by thematacturer, the coolant flow
rate shall be set to achieve an air temperatuteiwi5 °C of the value
designed by the manufacturer after the chargeeailec's outlet. The air-
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outlet temperature shall be measured at the lotaecified by the
manufacturer. This coolant flow rate set pointlisha used throughout
testing. If the engine manufacturer does not $perigine conditions or
the corresponding charge-air cooler air outlet terafpre, the coolant
flow rate shall be set at maximum engine powerdaieve a charge-air
cooler air outlet temperature that represents eneyseration.

(i) If the engine manufacturer specifies prassdrop limits across the
charge-air cooling system, it shall be ensured that pressure drop
across the charge-air cooling system at engineitions specified by the
manufacturer is within the manufacturer's specifigdit(s). The
pressure drop shall be measured at the manufdestspercified locations.

(b) The objective is to produce emission resuitt @are representative of in-use
operation. If good engineering judgment indicatest the specifications in
this section would result in unrepresentative mgsfsuch as overcooling of the
intake air), more sophisticated set points androtstof charge-air pressure
drop, coolant temperature, and flow rate may beduse achieve more
representative results.

Engine power

Basis for emission measurement

The basis of specific emissions measurement isriected power.
Auxiliaries to be fitted

During the test, the auxiliaries necessary forehgine operation shall be installed
on the test bench according to the requiremenégioex A.5.

Auxiliaries to be removed

Certain auxiliaries whose definition is linked withe operation of the machine and
which may be mounted on the engine shall be reméwetthe test.

Where auxiliaries cannot be removed, the powey tabsorb in the unloaded
condition may be determined and added to the medsmgine power (see note h in
the table of Annex A.5). If this value is greatban 3 per cent of the maximum
power at the test speed it may be verified by és¢ authority. The power absorbed
by auxiliaries shall be used to adjust the set emland to calculate the work
produced by the engine over the test cycle.

Engine intake air

Introduction
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6.4.2.

6.5.

6.6.

The intake-air system installed on the enginer® that represents a typical in-use
configuration shall be used. This includes thergdair cooling and exhaust gas
recirculation systems.

Intake air restriction

An engine air intake system or a test laboratgstesn shall be used presenting an
air intake restriction within+t300 Pa of the maximum value specified by the
manufacturer for a clean air cleaner at the raf@ekd and full load. The static

differential pressure of the restriction shall beasured at the location and at the
speed and torque set points specified by the matwré. If the manufacturer does

not specify a location, this pressure shall be mremsupstream of any turbocharger
or exhaust gas recirculation system connectionhto intake air system. If the

manufacturer does not specify speed and torquetspothis pressure shall be

measured while the engine outputs maximum power.

Engine exhaust system

The exhaust system installed with the engine er thiat represents a typical in-use
configuration shall be used. For aftertreatmemiaies the exhaust restriction shall
be defined by the manufacturer according to ther@@atment condition (e.g.
degreening/aging and regeneration/loading levEhe exhaust system shall conform
to the requirements for exhaust gas sampling, tasusen paragraph 9.3. An engine
exhaust system or a test laboratory system shalisbd presenting a static exhaust
backpressure within 80 to 100 per cent of the marinmexhaust restriction at the
engine speed and torque specified by the manuctuf the maximum restriction
is 5 kPa or less, the set point shall be no lems thO kPa from the maximum. If the
manufacturer does not specify speed and torquetspothis pressure shall be
measured while the engine produces maximum power.

Engine with exhaust after-treatment system

If the engine is equipped with an exhaust afteattnent system, the exhaust pipe
shall have the same diameter as found in-use foleadt four pipe diameters
upstream of the expansion section containing ther-afeatment device. The
distance from the exhaust manifold flange or tuhawger outlet to the exhaust after-
treatment system shall be the same as in the eebmhfiguration or within the
distance specifications of the manufacturer. Tteaast backpressure or restriction
shall follow the same criteria as above, and maydtewith a valve. The after-
treatment container may be removed during dummys tesid during engine
mapping, and replaced with an equivalent contaimering an inactive catalyst
support.

The emissions measured on the test cycle shabpresentative of the emissions in
the field. In the case of an engine equipped waithrexhaust after-treatment system
that requires the consumption of a reagent, thgemtaused for all tests shall be
declared by the manufacturer.
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For engines equipped with exhaust after-treatregstems that are regenerated on an
infrequent (periodic) basis, as described in paaly6.6.2, emission results shall be
adjusted to account for regeneration events. is thse, the average emission
depends on the frequency of the regeneration ewvetgrms of fraction of tests
during which the regeneration occurs. After-treatinsystems with continuous
regeneration according to paragraph 6.6.1. doawptire a special test procedure.

Continuous regeneration

For an exhaust aftertreatment system based ontagous regeneration process the
emissions shall be measured on an aftertreatmstearaythat has been stabilized so
as to result in repeatable emissions behavioue régeneration process shall occur
at least once during the NRTC test and the manufacshall declare the normal
conditions under which regeneration occurs (soat|demperature, exhaust back-
pressure, etc). In order to demonstrate thateaberreration process is continuous, at
least 3NRTC hot start tests shall be conducted.uring the tests, exhaust
temperatures and pressures shall be recorded (tetape before and after the
aftertreatment system, exhaust back pressure, €ltle aftertreatment system is
considered to be satisfactory if the conditionslaled by the manufacturer occur
during the test during a sufficient time and theissmon results do not scatter by
more than £15 per cent. If the exhaust aftertreatrhas a security mode that shifts
to an infrequent (periodic) regeneration mode, hialls be checked according to
paragraph 6.6.2. For that specific case, the egipe emission limits could be
exceeded and would not be weighted.

Infrequent (periodic) regeneration

This provision only applies for engines equippeidhvemission controls that are
regenerated on a periodic basis. For engines wdniehrun on the discrete mode
cycle this procedure cannot be applied.

The emissions shall be measured on at least MIRIEC hot start tests or ramped-
modal cycle (RMC) tests, one during and two outsidesgeneration event on a
stabilized aftertreatment system. The regenerairogess shall occur at least once
during the NRTC or RMC test. If regeneration takegyer than one NRTC or RMC
test, consecutive NRTC or RMC tests shall be rutil vegeneration is completed.
The engine may be equipped with a switch capablgr@fenting or permitting the
regeneration process provided this operation haeffect on the original engine
calibration.

The manufacturer shall declare the normal paranwaditions under which the

regeneration process occurs (soot load, temperagutgaust back-pressure, etc.).
The manufacturer shall also provide the frequeridh® regeneration event in terms
of fraction of tests during which the regeneraagurs F). The exact procedure to
determine this fraction shall be agreed by the gmgroval or certification authority

based upon good engineering judgement.
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Emissions [g/kWh]

For a regeneration test, the manufacturer shallige an aftertreatment system that
has been loaded. Regeneration shall not occungltitis engine conditioning phase.
As an option, the manufacturer may run consecWiRg C hot start or RMC tests
until the aftertreatment system is loaded. Emissimeasurement is not required on
all tests.

Average emissions between regeneration phase$ lshatletermined from the
arithmetic mean of several approximately equidisfiRTC hot start or RMC tests.
As a minimum, at least one NRTC or RMC as closepassible prior to a

regeneration test and one NRTC or RMC immediatéir @ regeneration test shall
be conducted.

During the regeneration test, all the data neededetect regeneration shall be
recorded (CO or NQemissions, temperature before and after the aftatment
system, exhaust back pressure, etc.). Duringefeneration process, the applicable
emission limits may be exceeded. The test proeedischematically shown in
figure 6.1.

Emissions during
regeneration e,

Mean emissions
during
sampling e .

Weighted emissions
of sampling

and regeneration e
w

C/g"ﬁ’—‘ﬁ"'m'

I ‘ f } 7 (\ 1 1 T 1 T 1 T
\/
€ s < n T Number of cycles
Figure 6.1 - Scheme of infrequent (periodic) regation with n number of
measurements amg number of measurements during regeneration.

The average specific emission rate related tcstaot g, [g/kWh] shall be weighted
as follows (see figure 6.1):

g, =elF+(1- e (6-3)
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Where:

F = frequency of the regeneration event in term&andtion of tests during which
the regeneration occurs [-]

€ = average specific emission from a test in whiwh regeneration does not occur

[a/kWh]
€ = average specific emission from a test in whighregeneration occurs [g/kWh]

At the choice of the manufacturer and based om @awd engineering analysis, the
regeneration adjustment fact&y, expressing the average emission rate, may be
calculated either multiplicative or additive addals:

K = @ (multiplicative adjustment factor) (6-4)
€

or

k, =€, —¢© (upward adjustment factor) (6-5)

k,, =€, - € (downward adjustment factor) (6-6)

Upward adjustment factors are added to measuradsiom rates for all tests in

which the regeneration does not occur. Downwajdsament factors are added to
measured emission rates for all tests in which risgeneration occurs. The
occurrence of the regeneration shall be identiiie@l manner that is readily apparent
during all testing. Where no regeneration is idieat, the upward adjustment factor
shall be applied.

With reference to Annexes A.7.-8. on brake specémission calculations, the

regeneration adjustment factor:

(@) shall be applied to the results of the weidMHRTC test and discrete mode
cycle,

(b) may be applied to the ramped modal cyclescmd NRTC, if a regeneration
occurs during the cycle,

(c) may be extended to other members of the sagiaefamily,

(d) may be extended to other engine families uiiegsame aftertreatment system
with the prior approval of the type approval ortideation authority based on
technical evidence to be supplied by the manufecttirat the emissions are
similar.

The following options shall be considered:

(&) A manufacturer may elect to omit adjustmerntdes for one or more of its
engine families (or configurations) because theaff the regeneration is
small, or because it is not practical to identifgem regenerations occur. In
these cases, no adjustment factor shall be usddthanmanufacturer is liable
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6.7.

6.8.

6.9.

6.10.

for compliance with the emission limits for all t&swithout regard to whether
a regeneration occurs.

(b) Upon request by the manufacturer, the typeaab or certification authority
may account for regeneration events differently nthes provided in
paragraph (a). However, this option only applies &vents that occur
extremely infrequently, and which cannot be pradfycaddressed using the
adjustment factors described in paragraph (a).

Cooling system

An engine cooling system with sufficient capaditymaintain the engine, with its
intake-air, oil, coolant, block and head tempeedurat normal operating
temperatures prescribed by the manufacturer stalided. Laboratory auxiliary
coolers and fans may be used.

Lubricating oil

The lubricating oil shall be specified by the miamturer and be representative of
lubricating oil available in the market; the spewtions of the lubricating oil used
for the test shall be recorded and presented Wwéhesults of the test.

Specification of the reference fuel

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

The reference fuels for compression ignition eeginf the European Union, the
United States of America and Japan are listed imeAnA.6. Since fuel
characteristics influence the engine exhaust gasseam, the characteristics of the
fuel used for the test shall be determined, reabated declared with the results of
the test.

The fuel temperature shall be in accordance withe tmanufacturer's

recommendations. The fuel temperature shall besared at the inlet to the fuel

injection pump or as specified by the manufactuaad the location of measurement
recorded.

Crankcase emissions

No crankcase emissions shall be discharged diredty the ambient atmosphere,
with the following exception: engines equipped withrbochargers, pumps,
blowers, or superchargers for air induction maychkgge crankcase emissions to
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the ambient atmosphere if the emissions are add#tetexhaust emissions (either
physically or mathematically) during all emissioesting. Manufacturers taking
advantage of this exception shall install the eegiso that all crankcase emission
can be routed into the emissions sampling systeRor the purpose of this
paragraph, crankcase emissions that are routedh@texhaust upstream of exhaust
aftertreatment during all operation are not congidedo be discharged directly into
the ambient atmosphere.

Open crankcase emissions shall be routed intoeimaust system for emission

measurement, as follows:

(@) The tubing materials shall be smooth-wallddcteically conductive, and not
reactive with crankcase emissions. Tube lengtha#l b minimized as far as
possible.

(b) The number of bends in the laboratory crankdabing shall be minimized,
and the radius of any unavoidable bend shall bamiaed.

(c) The laboratory crankcase exhaust tubing ghakt the engine manufacturer's
specifications for crankcase back pressure.

(d) The crankcase exhaust tubing shall conneottim raw exhaust downstream
of any aftertreatment system, downstream of antallesl exhaust restriction,
and sufficiently upstream of any sample probes8uge complete mixing with
the engine's exhaust before sampling. The craekedsaust tube shall extend
into the free stream of exhaust to avoid boundayei effects and to promote
mixing. The crankcase exhaust tube's outlet magnbrin any direction
relative to the raw exhaust flow.

TEST PROCEDURES
Introduction

This chapter describes the determination of begexific emissions of gaseous and
particulate pollutants on engines to be testede fHst engine shall be the parent
engine configuration for the engine family as sfiediin paragraph 5.2.

A laboratory emission test consists of measurimgggsions and other parameters for

the test cycles specified in this gtr. The follog/iaspects are treated:

(@) the laboratory configurations for measuring thrake specific emissions
(para. 7.2.);

(b) the pre-test and post-test verification praced (para. 7.3.);

(c) the testcycles (para. 7.4.);

(d) the general test sequence (para. 7.5.);

(e) the engine mapping (para. 7.6.);

() the test cycle generation (para. 7.7.);

(g) the specific test cycle running procedure §par8.).
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7.2.

7.2.1.

7.2.1.1.

7.2.1.2.

7.2.1.3.

Principle of emission measurement

To measure the brake-specific emissions the ergiaél be operated over the test
cycles defined in paragraph 7.4., as applicablee measurement of brake-specific
emissions requires the determination of the masgadlutants in the exhaust
(i.,e. HC, NMHC, CO, NQand PM) and the corresponding engine work.

Mass of constituent

The total mass of each constituent shall be détednover the applicable test cycle
by using the following methods:

Continuous sampling

In continuous sampling, the constituent's conegioin is measured continuously
from raw or dilute exhaust. This concentratiomisltiplied by the continuous (raw
or dilute) exhaust flow rate at the emission sampliocation to determine the
constituent's flow rate. The constituent's emisssocontinuously summed over the
test interval. This sum is the total mass of timifted constituent.

Batch sampling

In batch sampling, a sample of raw or dilute estas continuously extracted and
stored for later measurement. The extracted sasfak be proportional to the raw
or dilute exhaust flow rate. Examples of batch glemg are collecting diluted

gaseous emissions in a bag and collecting PM dltea fIn principal the method of

emission calculation is done as follows: the basampled concentrations are
multiplied by the total mass or mass flow (raw tuaté) from which it was extracted

during the test cycle. This product is the totalssror mass flow of the emitted
constituent. To calculate the PM concentration, BVl deposited onto a filter from
proportionally extracted exhaust shall be dividgdhe amount of filtered exhaust.

Combined sampling

Any combination of continuous and batch samplsmgermitted (e.g. PM with batch
sampling and gaseous emissions with continuous Igzgihp

The following figure 7.1 illustrates the two asgeof the test procedures for
measuring emissions: the equipments with the sagpgdines in raw and diluted
exhaust gas and the operations requested to dalctila pollutant emissions in
steady-state and transient test cycles (figure 7.1)
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Raw gaseous sampling

N

Partial flow PM sampling

| | Full flow dilution for gaseous and PM

Transient ("

Steady-state @

| Transient | | Steady-state © ||

For whole test:

For each mode:

Transient and steady-state
I

| Varying dilution ratio

. Average gas Varying dilution | | Constant dilution
Continuous gas f ratio ratio -
analysis analysis gas ' | Batch sampling |
concentration | | Continuous gas
analysis Seconda
+ continuous Single filter Multiple filter | Bag | dl oy 2
flow Average flow method method | (Option)
measurement | Calculation of
average Ga.se.ous
Calculation of ! Calculation of concentration emissions
. Calculation of o CO, CO2
instantaneous . emission for each )
emission [g/h]

emission [g/h]

mode [g/h]

| PM

Integration of
instantaneous
emissions

Calculation of
emission for
whole test [g/h]

Multiplying modal
emissions with
weighting factors

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

Figure 7.1 — Requested operations to calculatestiggne emissions in steady-state
and transient test cycles (see Annexes A.7. ang A.8

Note on figure 7.1: The term "Partial flow PM sdmg" includes the partial flow
dilution to extract only raw exhaust with constanvarying dilution ratio.

7.2.2. Work determination
The work shall be determined over the test cyglsymchronously multiplying speed
and brake torque to calculate instantaneous vdbresngine brake power. Engine
brake power shall be integrated over the test dgctietermine total work.

7.3. Verification and calibration

7.3.1. Pre-test procedures

7.3.1.1. Preconditioning
To achieve stable conditions, the sampling systmi the engine shall be
preconditioned before starting a test sequencpexsfied in paragraphs 7.3. and 7.4.
The preconditioning for cooling down the engineview of a cold start transient test
is specially indicated in paragraph 7.4.2.

7.3.1.2.  Verification of HC contamination

If there is any presumption of an essential HCtammnation of the exhaust gas
measuring system, the contamination with HC maghexked with zero gas and the
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7.3.1.3.

7.3.1.4.

7.3.1.5.

hang-up may then be corrected. If the amount otasuination of the measuring
system and the background HC system has to be etiedkshall be conducted
within 8 hours of starting each test-cycle. Théuga shall be recorded for later
correction. Before this check, the leak check tmbe performed and the FID
analyzer has to be calibrated.

Preparation of measurement equipmen&iopsng

The following steps shall be taken before emissempling begins:

(@) Leak checks shall be performed within 8 hopigr to emission sampling
according to paragraph 8.1.8.7.

(b) For batch sampling, clean storage media &leationnected, such as evacuated
bags or tare-weighed filters.

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

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

(e) The sample flow rates shall be adjusted taregevels, using bypass flow, if
desired.

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

(g) Heated or cooled components such as samgs, lfilters, chillers, and pumps
shall be allowed to stabilize at their operatingperatures.

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

(i) Calibration of gas analyzers and zeroing ohtowious analyzers shall be
carried out according to the procedure of the paxagraph 7.3.1.4.

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

Calibration of gas analyzers

Appropriate gas analyzer ranges shall be seleEtméssion analyzers with automatic
or manual range switching are allowed. Duringraped modal or a NRTC test and
during a sampling period of a gaseous emissioheaehd of each mode for discrete
mode testing, the range of the emission analyzerg mot be switched. Also the
gains of an analyzer's analogue operational arefi may not be switched during a
test cycle.

All continuous analyzers shall be zeroed and spdmsing internationally-traceable
gases that meet the specifications of paragraph.9FHD analyzers shall be spanned
on a carbon number basis of ong)(C

PM filter preconditioning and tare weighin

The procedures for PM filter preconditioning amdet weighing shall be followed
according to paragraph 8.2.3.
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Post-test procedures
The following steps shall be taken after emissiampling is complete:
Verification of proportional sampling

For any proportional batch sample, such as a hagpke or PM sample, it shall be
verified that proportional sampling was maintaingctording to paragraph 8.2.1.
For the single filter method and the discrete stesidte test cycle, effective PM
weighting factor shall be calculated. Any samplaatt does not fulfil the

requirements of paragraph 8.2.1. shall be voided.

Post-test PM conditioning and weighing

Used PM sample filters shall be placed into codenesealed containers or the filter
holders shall be closed, in order to protect thmpma filters against ambient

contamination. Thus protected, the loaded filterge to be returned to the PM-filter
conditioning chamber or room. Then the PM samitiier$ shall be conditioned and
weighted accordingly to paragraph 8.2.4. (PM fil@ost-conditioning and total

weighing procedures).

Analysis of gaseous batch sampling

As soon as practical, the following shall be parfed:

(&) All batch gas analyzers shall be zeroed amairspd no later than 30 minutes
after the test cycle is complete or during the soetkod if practical to check if
gaseous analyzers are still stable.

(b) Any conventional gaseous batch samples shalhrimlyzed no later than 30
minutes after the hot-start test cycle is compbetduring the soak period.

(c) The background samples shall be analyzed teo than 60 minutes after the
hot-start test cycle is complete.

Drift verification

After quantifying exhaust gases, drift shall befied as follows:

(@) For batch and continuous gas analyzers, thennamalyzer value shall be
recorded after stabilizing a zero gas to the amalyStabilization may include
time to purge the analyzer of any sample gas, plus additional time to
account for analyzer response.

(b) The mean analyzer value shall be recorded stfédilizing the span gas to the
analyzer. Stabilization may include time to putige analyzer of any sample
gas, plus any additional time to account for arelyesponse.

(c) These data shall be used to validate and cofoe drift as described in
paragraph 8.2.2.
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7.4.

7.4.1.

7.4.1.1.

7.4.1.2.

Test cycles

The following duty cycles apply:

(@) for variable-speed engines, the 8-mode tedeayr the corresponding ramped
modal cycle, and the transient cycle NRTC as sg@etih Annex A.1.;

(b) for constant-speed engines, the 5-mode te$¢ @r the corresponding ramped
modal cycle as specified in Annex A.1.

Steady-state test cycles

Steady-state test cycles are specified in Annek As a list of discrete modes
(operating points), where each operating pointdresvalue of speed and one value
of torque. A steady-state test cycle shall be omeaswith a warmed up and running
engine according to manufacturer's specificatidnsteady-state test cycle may be
run as a discrete-mode cycle or a ramped-modaécgsl explained in the following
paragraphs.

Steady-state discrete mode test cycles

The steady-state discrete 8-mode test cycle dsnsiseight speed and load modes
(with the respective weighing factor for each mode)ich cover the typical
operating range of variable speed engines. Thie cyshown in Annex A.1.

The steady-state discrete 5-mode constant-spestdcyele consists of five load
modes (with the respective weighing factor for eaxdde) all at rated speed which
cover the typical operating range of constant speegines. The cycle is shown in
Annex A.1.

Steady-state ramped test cycles

The ramped modal test cycles (RMC) are hot runcyaes where emissions shall
be started to be measured after the engine igdfavarmed up and running as
specified in paragraph 7.8.2.1. The engine shaltdntinuously controlled by the

test bed control unit during the RMC test cycle.heTgaseous and particulate
emissions shall be measured and sampled continudushg the RMC test cycle in

the same way as in a transient cycle.

In case of the 5-mode test cycle the RMC consiSthe same modes in the same
order as the corresponding discrete steady-ststt€yele. For the 8-mode test cycle
the RMC has one mode more (split idle mode) andntbee sequence is not the
same as the corresponding steady-state discretee rogale, in order to avoid
extreme changes in the after-treatment temperaitine.length of the modes shall be
selected to be equivalent to the weighting factirshe corresponding discrete
steady-state test cycle. The change in enginedspee load from one mode to the
next one has to be linearly controlled in a tim&0%1 seconds. The mode change
time is part of the new mode (including the firsidae).
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7.4.2. Transient test cycle (NRTC)

The Non-Road Transient Cycle (NRTC) is specifiecAnnex A.1. as a second-by-
second sequence of normalized speed and torquesvaln order to perform the test
in an engine test cell, the normalized values sbalconverted to their equivalent
reference values for the individual engine to lstet@, based on specific speed and
torque values identified in the engine-mapping eurdhe conversion is referred to
as denormalization, and the resulting test cycliésreference NRTC test cycle of
the engine to be tested (see paragraph 7.7.).

A graphical display of the normalized NRTC dynaneden schedule is shown here

below.

Speed [%)] NRTC dynamometer schedule
120
100 A
80 +

60 +
40 +

20 1 -

0 }

0 200 400 600 800 1000 1200

120

100

80

60

40 ~

20 A

time[s]

Figure 7.2 - NRTC normalized dynamometer schedule

The transient test cycle shall be run twice (ssragraph 7.8.3.):

(&) As cold start after the engine and aftertreansystems have cooled down to
room temperature after natural engine cool dowmsocold start after forced
cool down and the engine, coolant and oil tempeeaflaftertreatment systems
and all engine control devices are stabilized betw20 and 30 °C. The
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7.5.

(b)

(c)

measurement of the cold start emissions shall dnest with the start of the
cold engine.

Hot soak period — Immediately upon completainthe cold start phase, the
engine shall be conditioned for the hot start l¥0aminutes + 1 minute hot
soak period.

The hot-start shall be started immediatelyerafthe soak period with the
cranking of the engine. The gaseous analyzers &ealswitched on at

least 10 seconds before the end of the soak pé&si@Void switching signal

peaks. The measurement of emissions shall bedtarparallel with the start
of the hot start phase including the cranking eféhgine.

Brake specific emissions expressed in (g/kwh) Ishaldetermined by using the
procedures of this section for both the cold and dtart test cycles. Composite
weighted emissions shall be computed by weightimgdold start results by 10 per
cent and the hot start results by 90 per cent tsleid in Annexes A.7.-A.8.

General test sequence

To measure engine emissions the following steps habe performed:

(@)

(b)

(c)
(d)

(€)

(f)

(9)
(h)

(i)

The engine test speeds and test loads habve tefined for the engine to be
tested by measuring the max torque (for constaggd@ngines) or max torque
curve (for variable speed engines) as functiomefangine speed .

Normalized test cycles have to be denormalizéll the torque (for constant
speed engines) or speeds and torques (for vaispleled engines) found in the
previous paragraph 7.5. (a).

The engine, equipment, and measurement insttsrshall be prepared for the
following emission test or test series (cold antidyale) in advance.

Pre-test procedures shall be performed tofywemioper operation of certain
equipment and analyzers. All analysers have tcalibrated. All pre-test data
shall be recorded.

The engine shall be started (NRTC) or kephingp (steady-state cycles) at the
beginning of the test cycle and the sampling systshmall be started at the
same time.

Emissions and other required parameters $fgatheasured or recorded during
sampling time (for NRTC and steady-state rampedahogtles throughout the
whole test cycle.

Post-test procedures shall be performed tdyweroper operation of certain
equipment and analyzers.

PM filter(s) shall be pre-conditioned, weighéempty weight), loaded, re-
conditioned, again weighed (loaded weight) and tlsamples shall be
evaluated according to pre- (7.3.1.4.) and post{¥e3.2.2.) procedures.
Emission test results shall be evaluated.
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The following diagram gives an overview about firecedures needed to conduct
NRMM test cycles with measuring exhaust engine sionts.

Engine preparation, g-test measurements and calibrat

Stead-state discrete & ramp Transient NRTC
v v
Max torqu¢ curve neasuremel | | Generation engine map (max torque cL
l : Generate reference test c\

Run one or more practice cycle as necessary tkahegine/test cell/lemissions systems

v

A\ 4
Natural or forced cool dov

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

| :

Warm-up eng. & particulate syste Ready all systems for sampli
(analyzer calibration included) & data

| 7

Exhaust emission te Cold start exhaust emission ph

|

Hot soak

A
Hot start exhaust emission phase

A 4 A 4

1) Data collection 2) Post-test procedures 3) Eatadus

v v

Emissions calculation A.7.-A.8.

Figure 7.3 — Test sequence
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7.5.1.

7.5.1.1.

7.5.1.2.

7.6.

Engine starting, and restarting
Engine start

The engine shall be started:

(@) asrecommended in the owner's manual usingduption starter motor or air-
start system and either an adequately chargedypadtesuitable power supply
or a suitable compressed air source or

(b) by using the dynamometer to crank the engmié i starts. Typically motor
the engine within £ 25 per cent of its typical iseucranking speed or start the
engine by linearly increasing the dynamometer sge@d zero to 100 mih
below low idle speed but only until the engine tstar

Cranking shall be stopped within 1 s of startihg engine. If the engine does not
start after 15 s of cranking, cranking shall bgptal and the reason for the failure to
start determined, unless the owner's manual osd¢hé@ce-repair manual describes a
longer cranking time as normal.

Engine stalling

(@) If the engine stalls anywhere during the csifat test of the NRTC, the test
shall be voided.

(b) If the engine stalls anywhere during the hartstest of the NRTC, the test
shall be voided. The engine shall be soaked anuptd paragraph 7.8.3., and
the hot start test repeated. In this case, the stalrt test does not need to be
repeated.

(c) If the engine stalls anywhere during the syestdte cycle (discrete or ramped),
the test shall be voided and be repeated beginmitigthe engine warm-up
procedure. In the case of PM measurement utilidiveg multi-filter method
(one sampling filter for each operating mode), tihgt shall be continued by
stabilizing the engine at the previous mode fori@gemperature conditioning
and then initiating measurement with the mode wkisgeengine stalled.

Engine mapping

Before starting the engine mapping, the engindl beawarmed up and towards the
end of the warm up it shall be operated for attlé@sminutes at maximum power or
according to the recommendation of the manufactaed good engineering
judgment in order to stabilize the engine coolard &be oil temperatures. When
the engine is stabilized, the engine mapping sfeperformed.

Except constant speed engines, engine mappingtshglerformed with fully open
fuel lever or governor using discrete speeds irrding order. The minimum and
maximum mapping speeds are defined as follows:

Minimum mapping speed = warm idle speed

Maximum mapping speednr X 1.02 or speed where max torque drops off to

zero, whichever is smaller.
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Whereny, is the high speed, defined as the highest engieedswhere 70 per cent of
the rated power is delivered.

If the highest speed is unsafe or unrepresentdéwvg, for ungoverned engines),
good engineering judgment shall be used to mamupe maximum safe speed or
the maximum representative one.

Engine mapping for steady-state 8-mode cycle

In the case of engine mapping for the steady-&atede cycle (only for engines
which have not to run the NRTC cycle), good engimggjudgment shall be used to
select a sufficient number (20 to 30) of evenlycgohset-points. At each setpoint,
speed shall be stabilized and torque allowed toilsta at least for 15 seconds. The
mean speed and torque shall be recorded at eaploisét Linear interpolation shall
be used to determine the 8-mode test speeds aneewif needed. If the derived test
speeds and loads do not deviate for more than per5cent from the speeds and
torques indicated by the manufacturer, the manufactdefined speeds and loads
shall be applied. When engines shall be run onNREC too, then the NRTC
engine mapping curve shall be used to determiraelgtstate test speeds and torques.

Engine mapping for NRTC cycle

The engine mapping shall be performed accordirigedollowing procedure:

(&) The engine shall be unloaded and operatetleaspeed.

(i) For engines with a low-speed governor, therapr demand shall be set
to the minimum, the dynamometer or another loadirgice shall be
used to target a torque of zero on the enginefsguyi output shaft and
the engine shall be allowed to govern the speelis Wwarm idle speed
shall be measured.

(i) For engines without a low-speed governoe ttynamometer shall be set
to target a torque of zero on the engine's prinmarput shaft, and the
operator demand shall be set to control the spedatied manufacturer-
declared lowest engine speed possible with mininasad (also known
as manufacturer-declared warm idle speed).

(i) The manufacturer declared idle torque mayused for all variable-speed
engines (with or without a low-speed governork monzero idle torque
is representative of in-use operation.

(b) Operator demand shall be set to maximum agdherspeed shall be controlled
to between warm idle and 95 per cent of its war® gpeed. For engines with
reference duty cycles, which lowest speed is greaten warm idle speed, the
mapping may be started at between the lowest referspeed and 95 per cent
of the lowest reference speed.

(c) The engine speed shall be increased at amgeente of 8 + 1 mitis or the
engine shall be mapped by using a continuous swekgjpeed at a constant rate
such that it takes 4 to 6 min to sweep from minimionmaximum mapping
speed. The mapping speed range shall be startededre warm idle
and 95 per cent of warm idle and ended at the bighgeed above maximum
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power at which less than 70 per cent of maximumepawecurs. If this highest
speed is unsafe or unrepresentative (e.g., for werged engines), good
engineering judgment shall be used to map up tartheimum safe speed or
the maximum representative speed. Engine speedoagde points shall be
recorded at a sample rate of at least 1 Hz.

(d) If a manufacturer believes that the above rmappechniques are unsafe or
unrepresentative for any given engine, alternatppimg techniques may be
used. These alternate techniques shall satisfyirtent of the specified
mapping procedures to determine the maximum availedoque at all engine
speeds achieved during the test cycles. Deviatiivoen the mapping
techniqgues specified in this paragraph for reasoofs safety or
representativeness shall be approved by the typeoeg or certification
authority along with the justification for their @is In no case, however, the
torque curve shall be run by descending engine dspder governed or
turbocharged engines.

(e) An engine need not be mapped before each weny ¢est cycle. An engine
shall be remapped if:

(i) an unreasonable amount of time has transpsirde the last map, as
determined by good engineering judgement, or

(i) physical changes or recalibrations have beeme to the engine which
potentially affect engine performance, or

(iif) the atmospheric pressure near the engiaie'slet is not within 5 kPa
of the value recorded at the time of the last engmap.

7.6.3. Engine mapping for constant-speed engines

(@) The engine may be operated with a productmwstant-speed governor or a
constant-speed governor maybe simulated by comigoingine speed with an
operator demand control system. Either isochromuuspeed-droop governor
operation shall be used, as appropriate.

(b) With the governor or simulated governor collittig speed using operator
demand, the engine shall be operated at no-loaerged speed (at high speed,
not low idle) for at least 15 seconds.

(c) The dynamometer shall be used to increasei¢oat]a constant rate. The map
shall be conducted such that it takes 2 to 4 mirsieep from no-load
governed speed to the maximum torque. During tigine mapping actual
speed and torque shall be recorded with at lebigt 1

(d) In case of a gen-set engine to be used faib@nd 60 Hz power generation
(1500 and 1800 mif) engine has to be tested in both constant speeds
separately.

For constant speed engines good engineering judgsmall be used to apply other
methods to record max torque and power at the elgfaperating speed(s).
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Test cycle generation

Generation of steady-state test cycles
Rated speed

For engines that are tested with the steady stadealso the transient schedule, the
denormalization speed shall be calculated accordinghe transient procedure
(paragraphs 7.6.2. and 7.7.2.1. and figure 7.3).

If the calculated denormalization speea@eforn) iS within + 2.5 per cent of the
denormalization speed as declared by the manuéactine declared denormalization
speed fgenom) May be used for the emission test. If the tolegais exceeded, the
calculated denormalization speatiefory Shall be used for the emissions test. In
case of the steady state cycle the calculated dexlization speednfenory is tabled

as rated speed.

For engines that are not tested with the transiemédule, the rated speed of tables in
Annex A.1l. for the 8-mode discrete and the deriv@shped mode cycle shall be
calculated according to the procedure (paragraghd.7and 7.7.2.1. and figure 7.3).
The rated speed is defined in paragraph 3.1.53.

Generation of steady-state 8-mode te$¢ ¢glescrete and ramp modal)

The intermediate speed shall be determined froenctiiculations according to its
definition (see paragraph 3.1.32.).

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

L
S = (( Poax Fz\ux) %j_ Rux (7-1)
Where:
= dynamometer setting in kW

Prmax = maximum observed or declared power at the feséd under the test
conditions (specified by the manufacturer) in kW

Paux = declared total power absorbed by auxiliariegeditfor the test (see
paragraph 6.3.) at the test speed in kW

L= per cent torque

During the test cycle, the engine shall be opdratethe engine speeds and torques
that are defined in Annex A.1.

The maximum mapping torque values at the specifistl speeds shall be derived
from the mapping curve (see paragraph 7.6.1. oR)/.6Measured" values are either
directly measured during the engine mapping prooedbey are determined from
the engine map. "Declared" values are specifiedhbymanufacturer. When both
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7.7.1.3.

7.7.2.

7.7.2.1.

measured and declared values are available, ddclataes may be used instead of
torques if they don't deviate more than +2.5 pert.céDtherwise, measured torques
derived from the engine mapping shall be used.

Generation of steady-state 5-mode ted¢ gicscrete and ramp modal)

During the test cycle, the engine shall be opdratethe engine speeds and torques
that are defined in Annex A.1.

The maximum mapping torque value at the specifieded speed (see
paragraph 7.7.1.1.) shall be used to generate thwde test cycle. A warm

minimum torque that is representative of in-userafien may be declared. For
example, if the engine is typically connected tonachine that does not operate
below a certain minimum torque, this torque maydeelared and used for cycle
generation. When both measured and declared vataesvailable for the maximum
test torque for cycle generation, the declared evahay be used instead of the
measured value if it is within 95 to 100 per cefnthe measured value.

The torque figures are percentage values of ttguéocorresponding to the prime
power 3 rating. The prime power is defined as the maxmpower available during

a variable power sequence, which may be run farrdimited number of hours per
year, between stated maintenance intervals andr Wheestated ambient conditions.
The maintenance shall be carried out as preschipelde manufacturer.

Generation of transient test cycle (NRTCaderalization)

Annex A.1. defines applicable test cycles in amadized format. A normalized test
cycle consists of a sequence of paired valuespieed and torque per cent.

Normalized values of speed and torque shall bestoamed using the following

conventions:

(@) The normalized speed shall be transformedargequence of reference speeds,
Nrer, according to paragraph 7.7.2.2.

(b) The normalized torque is expressed as a pegermf the mapped torque at the
corresponding reference speed. These normalideds/ahall be transformed
into a sequence of reference torguks, according to paragraph 7.7.2.3.

(c) The reference speed and reference torque srakpressed in coherent units
are multiplied to calculate the reference poweueal

Denormalization speatdhom)

The denormalization speenyf.om) iS selected to equal the 100 per cent normalized
speed values specified in the engine dynamometedsite of Annex A.1. The

For further understanding of the prime power migbn, see figure 2 of
ISO 8528-1:1993(E) standard.



7.7.2.2.

ECE/TRANS/WP.29/2009/118
page 43

reference engine cycle resulting from denormaloratio the reference speed,
depends on the selection of the proper denormalizegpeed fgenom). FoOr the
calculation of the denormalization speetle{orn), Obtained from the measured
mapping curve, either of the following equivaleotrhulations can be used:

(@) Ndenorm= Nio + 0.95 X Qini —Nip) (7-2)
Where:

Ngenorm=  denormalization speed

Npi = high speed (see paragraph 3.1.30.)

No = low speed (see paragraph 3.1.34.)

(b) NgenormcOrresponding to the longest vector defined as:

Nyenorn = N @t the maximum o( Mo + F,’form) (7-3)
Where:

i= an indexing variable that represents one recbvdéie of an engine map
Nnormi = an engine speed normalized by dividing inByax

Phormi = an engine power normalized by dividing it By

Note that if multiple maximum values are founds tflenormalization speedqdénorm

should be taken as the lowest speed of all poiniis the same maximum sum of
squares. A higher declared speed may be usec ifetigth of the vector at the
declared speed is within 2 per cent of the lendtihe vector at the measured value.

The Contracting Parties can determine which foamsilto be used, in the case that
the results from the calculations in (a) and (lfedifor more than 3 per cent.

If the falling part of the full load curve has &ry steep edge, this may cause
problems to drive the 105 per cent speeds of the @IRst cycle correctly. In this
case it is allowed with previous agreement withetgpproval or certification
authorities, to reduce the denormalization spegghdkn Slightly (maximum 3 per
cent) in order to make correct driving of the NRp@ssible.

If the measured denormalization speedeom) iS within £ 3 per cent of the
denormalization speed as declared by the manuéactine declared denormalization
speed fgenorm) May be used for the emissions test. If the éwlee is exceeded, the
measured denormalization speagk{om shall be used for the emissions test.
Denormalization of engine speed

The engine speed shall be denormalized usingotteing equation:

_ %5peedl fum™ B,
— norm i 7-4
ref 100 r]dle ( )
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7.7.2.3.

7.7.2.4.

7.8.
7.8.1.

7.8.1.1.

Where:

Nret = reference speed
Ngenom=  denormalization speed
Nidle = idle speed

%speed= tabled NRTC normalized speed
Denormalization of engine torque

The torque values in the engine dynamometer sdbedfi Annex A.1.4. are
normalized to the maximum torque at the respedpaed. The torque values of the
reference cycle shall be denormalized, using thepping curve determined
according to paragraph 7.6.2., as follows:

0,
= yotorquellmax.torqu (7-5)
100

for the respective reference speed as determmpdragraph 7.6.3.
Example of denormalization procedure

As an example, the following test point shall leearmalized:
% speed- 43 per cent

% torque= 82 per cent

Given the following values:

Ngenorm= 2200 mirt

Nigle = 600 mir'11

results in

43[Q 2200~ 609) 1
Nre= 100 +600= 1288min

With the maximum torque of 700 Nm observed frome timapping curve
at 1288 mift

Specific test cycle running procedure

Emission test sequence for discrete stetadg-test cycles

Engine warming-up for steady state discnebde test cycles
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For preconditioning the engine shall be warme@egording to the recommendation
of the manufacturer and good engineering judgm@&afore emission sampling can
start, the engine shall be running until engineperatures (cooling water and lube
oil) have been stabilized (normally at least 10 ut#s) on mode 1 (100 per cent
torque and rated speed for the 8-mode test cyaeaamated or nominal constant
engine speed and 100 per cent torque for the 5-rrexdecycle). Immediately from
this engine conditioning point, the test cycle nueasent starts.

Pre-test procedure according to paragraph 7.3all e performed, including
analyzer calibration.

Performing discrete-mode test cycles

(@) The test shall be performed in ascending ooflenode numbers as set out for
the test cycle (see Annex A.1.).

(b) Each mode has a mode length of at least 10tesn In each mode the engine
shall be stabilized for at least 5 minutes and simis shall be sampled
for 1-3 minutes for gaseous emissions at the erehofi mode. Extended time
of sampling is permitted to improve the accuracybf sampling.

The mode length shall be recorded and reported.

(c) The particulate sampling may be done eitheh whe single filter method or
with the multiple filter method. Since the resulisthe methods may differ
slightly, the method used shall be declared withrésults.

For the single filter method the modal weightiiagtors specified in the test
cycle procedure and the actual exhaust flow steliazen into account during
sampling by adjusting sample flow rate and/or samgpiime, accordingly. It
is required that the effective weighing factor diet PM sampling is
within £0.003 of the weighing factor of the giverode.

Sampling shall be conducted as late as possililinneach mode. For the
single filter method, the completion of particulampling shall be coincident
within £ 5 s with the completion of the gaseous ssitin measurement. The
sampling time per mode shall be at least 20 shersingle filter method and at
least 60 s for the multi-filter method. For syssewithout bypass capability,
the sampling time per mode shall be at least GfF sihgle and multiple filter
methods.

(d) The engine speed and load, intake air temperatuel flow and air or exhaust
gas flow shall be measured for each mode at the game interval which is
used for the measurement of the gaseous concensati
Any additional data required for calculation st recorded.

(e) If the engine stalls or the emission samplmanterrupted at any time after
emission sampling begins for a discrete mode aedsitfgle filter method, the
test shall be voided and be repeated beginning wigh engine warm-up
procedure. In the case of PM measurement utilidiveg multi-filter method
(one sampling filter for each operating mode), tist shall be continued by
stabilizing the engine at the previous mode forimmgemperature conditioning
and then initiating measurement with the mode whiggeengine stalled.

() Post-test procedures according to paragrapl2.7shall be performed.
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7.8.1.3.

7.8.2.

7.8.2.1.

7.8.2.2.

Validation criteria

During each mode of the given steady-state testecgfter the initial transition
period, the measured speed shall not deviate fluenréference speed for more
than +1 per cent of rated speed or +3 Tiwhichever is greater except for idle
which shall be within the tolerances declared by tianufacturer. The measured
torque shall not deviate from the reference torfiquemore than £2 per cent of the
maximum torque at the test speed.

Ramped modal test cycles
Engine warming-up

Before starting the steady-state ramped modatieses (RMC), the engine shall be
warmed-up and running until engine temperatureslifwg water and lube oil) have
been stabilized on 50 per cent speed and 50 peértaeue for the RMC test cycle
(derived from the 8-mode test cycle) and at ratedooninal engine speed and 50 per
cent torque for the RMC test cycle (derived frormbee test cycle). Immediately
after this engine conditioning procedure, engireespand torque shall be changed in
a linear ramp of 20 = 1 s to the first mode of tst. In between 5 to 10 s after the
end of the ramp, the test cycle measurement saal! s

Performing a ramped modal test cycle

The ramped modal cycles derived from 8-mode antb8e test cycle are shown in
Annex A.1.

The engine shall be operated for the prescribmé in each mode. The transition
from one mode to the next shall be done linearl®0rs +1 s following the tolerances
prescribed in paragraph 7.8.2.4. (see Annex A.1.)

For ramped modal cycles, reference speed anddorglues shall be generated at a
minimum frequency of 1 Hz and this sequence of tgoghall be used to run the

cycle. During the transition between modes, theodmalized reference speed and
torque values shall be linearly ramped between madeagenerate reference points.
The normalized reference torque values shall ndinearly ramped between modes
and then denormalized. If the speed and torque rams through a point above the
engine's torque curve, it shall be continued toroamd the reference torques and it
shall be allowed for the operator demand to go agimum.

Over the whole RMC test cycle (during each mod# ianluding the ramps between
the modes), the concentration of each gaseoustaotlshall be measured and the
PM be sampled. The gaseous pollutants may be mezhsaw or diluted and be

recorded continuously; if diluted, they can alssshenpled into a sampling bag. The
particulate sample shall be diluted with conditidrand clean air. One sample over
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the complete test procedure shall be taken, arldatetl on a single PM sampling
filter.

For calculation of the brake specific emissiort® tctual cycle work shall be
calculated by integrating actual engine power a@klercomplete cycle.

7.8.2.3. Emission test sequence

(a) Execution of the RMC, sampling exhaust gasxsrding data, and integrating
measured values shall be started simultaneously.

(b) Speed and torque shall be controlled to tts fhode in the test cycle.

(c) If the engine stalls anywhere during the RMxzaition, the test shall be
voided. The engine shall be pre-conditioned apddist repeated.

(d) At the end of the RMC, sampling shall be coméid, except for PM sampling,
operating all systems to allow system response timelapse. Then all
sampling and recording shall be stopped, includihg recording of
background samples. Finally, any integrating devishall be stopped and the
end of the test cycle shall be indicated in th@rmed data.

(e) Post-test procedures according to paragraplsfiall be performed.

7.8.2.4. Validation criteria

RMC tests shall be validated using the regressamalysis as described in
paragraphs 7.8.3.3. and 7.8.3.5. The allowed RMI€rances are given in the
following table 7.1. Note that the RMC toleranc@e different from the NRTC
tolerances of table 7.2.

Speed Torque Power
Standard error of maximum 1 per maximum 2 per cent | maximum 2 per cent
estimate (SEE) of onx | cent of rated speed of maximum engine | of maximum engine
torque power
Slope of the regression | 0.99 to 1.01 0.98 -1.02 0.98 -1.02
line, &
Coefficient of minimum 0.990 minimum 0.950 minimum 0.950
determination, r2
y intercept of the + 1 per cent of + 20 Nm or 2 per cent £ 4 kW or 2 per cent
regression line,a rated speed of maximum torque | of maximum power
whichever is greater | whichever is greater

Table 7.1: RMC Regression line tolerances

In case of running the RMC test not on a transiest bed, where the second by
second speed and torque values are not availdt@defotlowing validation criteria
shall be used.

At each mode the requirements for the speed argli¢otolerances are given in
paragraph 7.8.1.3. For the 20 s linear speediaedrltorque transitions between the
RMC steady-state test modes (paragraph 7.4.12 fotlowing tolerances for speed
and load shall be applied for the ramp, the spéedl be held linear within £2 per
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7.8.3.

7.8.3.1.

cent of rated speed. The torque shall be heldatinveithin £5 per cent of the
maximum torque at rated speed.

Transient test cycle (NRTC)

Reference speeds and torques commands shall bendiadly executed to perform
the transient test cycle. Speed and torque comsnahnall be issued at a frequency
of at least 5 Hz. Because the reference test ¢éydpecified at 1 Hz, the in between
speed and torque commands shall be linearly inkztigu from the reference torque
values generated from cycle generation.

Small normalized speed values near warm idle spead cause low-speed idle
governors to activate and the engine torque to exkdbe reference torque even
though the operator demand is at a minimum. Irh &ses, it is recommended to
control the dynamometer so it gives priority todal the reference torque instead of
the reference speed and let the engine goverrpteds

Under cold-start conditions engines may use aramced-idle device to quickly
warm up the engine and aftertreatment devices. etfiese conditions, very low
normalized speeds will generate reference speeldsvlibis higher enhanced idle
speed. In this case it is recommended controltimy dynamometer so it gives
priority to follow the reference torque and let #mgine govern the speed when the
operator demand is at minimum.

During an emission test, reference speeds andié¢ergnd the feedback speeds and
torques shall be recorded with a minimum frequewicy Hz, but preferably of 5 Hz
or even 10 Hz. This larger recording frequenciriportant as it helps to minimize
the biasing effect of the time lag between thermfee and the measured feedback
speed and torque values.

The reference and feedback speeds and torquesemagtirded at lower frequencies
(as low as 1 Hz), if the average values over tine tinterval between recorded values
are recorded. The average values shall be catclulbhased on feedback values
updated at a frequency of at least 5 Hz. Theserded values shall be used to
calculate cycle-validation statistics and total kvor

Engine preconditioning

To meet stable conditions for the following Emissiest, the sampling system and
the engine shall be preconditioned either by dg\arfull pre-NRTC cycle or driving
the engine and the measuring systems under siovladitions as in the test cycle
itself. If the test before was also a NRTC hot,te® additional conditioning is
needed.

A natural or forced cool-down procedure may beliadp For forced cool-down,
good engineering judgment shall be used to seysigi:is to send cooling air across
the engine, to send cool oil through the engineidation system, to remove heat
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from the coolant through the engine cooling systand to remove heat from an
exhaust after-treatment system. In the case oir@ed after-treatment cool down,
cooling air shall not be applied until the aftezettment system has cooled below its
catalytic activation temperature. Any cooling prdare that results in
unrepresentative emissions is not permitted.

Pre-test procedures according to paragraph 7hawle to be performed, including
analyzer calibration.

Performing an NRTC transient cycle test
Testing shall be started as follows:

The test sequence shall commence immediately #fterengine has started from
cooled down condition in case of the cold NRTC tastrom hot soak condition in
case of the hot NRTC test. The instructions (AnAek) shall be followed.

Data logging, sampling of exhaust gases and iategy measured values shall be
initiated simultaneously at the start of the enginkhe test cycle shall be initiated
when the engine starts and shall be executed dogawthe schedule of Annex A.1.

At the end of the cycle, sampling shall be corgthuoperating all systems to allow
system response time to elapse. Then all samplgrecording shall be stopped,
including the recording of background samples. alyn any integrating devices
shall be stopped and the end of the test cyclé lsbahdicated in the recorded data.

Post-test procedures according to paragraph ha82 to be performed.
Cycle validation criteria for transierdtteycle

In order to check the validity of a test, the eyehlidation criteria in this paragraph
shall be applied to the reference and feedbackesati speed, torque, power and
overall work.

Calculation of cycle work

Before calculating the cycle work, any speed amdjue values recorded during
engine starting shall be omitted. Points with niegatorque values have to be
accounted for as zero work. The actual cycle wakk (kwh) shall be calculated
based on engine feedback speed and torque valltes.reference cycle work/es
(kwh) shall be calculated based on engine referspeed and torque values. The
actual cycle workW,; is used for comparison to the reference cycle Wik and
for calculating the brake specific emissions (sa@agraph 7.2.)

W, shall be between 85 per cent and 105 per ceWpf
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7.8.3.5.

Validation statistics (see Annex A.2.)

Linear regression between the reference and #dbéek values shall be calculated
for speed, torque and power.

To minimize the biasing effect of the time lagveén the reference and feedback

cycle values, the entire engine speed and torgedbsek signal sequence may be

advanced or delayed in time with respect to theregfce speed and torque sequence.
If the feedback signals are shifted, both speedtamplie shall be shifted by the same

amount in the same direction.

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

y= ax+ & (7-6)
Where:

y= feedback value of speed (if)ntorque (Nm), or power (kW)

&= slope of the regression line

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

&= y intercept of the regression line

The standard error of estimate (SEE)yain x and the coefficient of determination
(r?) shall be calculated for each regression linen@nA.2.).

It is recommended that this analysis be performedl Hz. For a test to be
considered valid, the criteria of table 7.2 of gasagraph shall be met.

Speed Torque Power

Standard error of |<5.0 percent of< 10.0 per cent of |<10.0 per cent of
estimate (SEE) of | maximum test | maximum mapped | maximum mapped

onx speed torque power

Slope of the 0.95t01.03 0.83-1.03 0.89-1.03
regression line,;a

Coefficient of minimum 0.970 minimum 0.850 minimum 0.910

determination, r2

y intercept of the |< 10 per cent of+ 20 Nm or+ 2 per |+ 4 kW orz* 2 per cent

regression line,@a |idle cent of maximum of maximum power
torque whichever is |whichever is greater
greater

Table 7.2: Regression line tolerances

For regression purposes only, point deletionsparenitted where noted in table 7.3
of this paragraph before doing the regression tatiom. However, those points
shall not be deleted for the calculation of cyclerkvand emissions. An idle point is
defined as a point having a normalized referenaggu® of O per cent and a
normalized reference speed of O per cent. Poietidea may be applied to the whole
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or to any part of the cycle; points to which thenpaleletion is applied have to be
specified.

Event Conditionsr( = engine speed, = torque) Permitted point
deletions

Minimum |n.s = O per cent speed and
operator |and power
demand |T.s= 0 per cent
(idle and
pOint) Tact> (Tref - 0-02Tmaxmappedtorqt)e

and

Tact < (Tref + O-OZTmaxmappedtorqoe
Minimum [Nyt < 1.02n0er andTagt> Tret power and
operator |or either torque of
demand  |Nact> Nrer aNdTact < Trer speed

or

Nact > 1-02nref ar]dTref < TactS (Tref + 0-02Tmaxmappedt0rql)e
Maximum [Nact < Nref ANATact> Tres power and
operator |or either torque of
demand |Nact> 0.98Nes aNdTact < Tret speed

or

Nact < 0-98nref and-rref > Tactz (Tref - 0-02Tmaxmappedtorqt)e

8.1.

8.1.1.

Table 7.3: Permitted point deletions from regre@ssinalysis

MEASUREMENT PROCEDURES

Calibration and performance checks

Introduction

This paragraph describes required calibrations ewfications of measurement
systems. See paragraph 9.4. for specificatiorisaphyaly to individual instruments.

Calibrations or verifications shall be generallgrjormed over the complete
measurement chain.

If a calibration or verification for a portion afmeasurement system is not specified,
that portion of the system shall be calibrated @sdperformance verified at a
frequency consistent with any recommendations frim@ measurement system
manufacturer and consistent with good engineerdgment.

Internationally recognized-traceable standarddl ffsaused to meet the tolerances
specified for calibrations and verifications.
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8.1.2.

Summary of calibration and verification

The table 8.1 summarizes the calibrations andigations described in paragraph 8.
and indicates when these have to be performed.

Type of calibration or
verification

Minimum frequency?®

8.1.3: accuracy, repeatabilit
and noise

Accuracy: Not required, but recommended for initmesttallation.
Repeatability: Not required, but recommended fafahinstallation.
Noise: Not required, but recommended for initiatadlation.

8.1.4: linearity

Speed: Upon initial installation, within 370 daysfdre testing and after major maintenance
Torque: Upon initial installation, within 370 dalgefore testing and after major maintenanc
Clean gas and diluted exhaust flows: Upon initiatallation, within 370 days before testing
and after major maintenance, unless flow is vetifig propane check or by carbon or oxyge
balance.

Raw exhaust flow: Upon initial installation, withif85 days before testing and after major
maintenance, unless flow is verified by propanekha by carbon or oxygen balance.

Gas analyzers: Upon initial installation, within 88ys before testing and after major
maintenance.

PM balance: Upon initial installation, within 37@ys before testing and after major
maintenance.

Stand-alone pressure and temperature: Upon imigg&llation, within 370 days before testin
and after major maintenance.

N

8.1.5: Continuous gas
analyzer system response &
updating-recording
verification — for gas
analyzers not continuously
compensated for other gas
species

Upon initial installation or after system modificat that would effect response.

8.1.6: Continuous gas
analyzer system response &
updating-recording
verification — for gas
analyzers continuously
compensated for other gas
species

Upon initial installation or after system modificat that would effect response.

8.1.7.1: torque

Upon initial installation and after major maintenan

8.1.7.2: pressure,
temperature, dew point

Upon initial installation and after major maintenan

8.1.8.1: fuel flow

Upon initial installation and after major maintenan

8.1.8.2: intake flow

Upon initial installation and after major maintenan

8.1.8.3: exhaust flow

Upon initial installation and after major maintenan

8.1.8.4: diluted exhaust flow
(CVS and PFD)

Upon initial installation and after major maintenan

8.1.8.5: CVS/PFD and batc!
sampler verificatio”

Upon initial installation, within 35 days beforestiag, and after major maintenance. (Propa3
check)

8.1.8.8: vacuum leak

Before each laboratory test according to paragraph

8.1.9.1: CQNDIR H,0
interference

Upon initial installation and after major maintenan

8.1.9.2: CO NDIR C@and
H,O interference

Upon initial installation and after major maintenan
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Type of calibration or
verification

Minimum frequency®

8.1.10.1: FID calibration
THC FID optimization and
THC FID verification

Calibrate, optimize, and determine £tésponse: upon initial installation and after majo
maintenance.

Verify CH4 response: upon initial installation, within 185/ddefore testing, and after major
maintenance.

8.1.10.2: raw exhaust FID,Q
interference

For all FID analyzers: upon initial installatiomdafter major maintenance.
For THC FID analyzers: upon initial installatioritesx major maintenance, and after
FID optimization according to 8.1.10.1.

8.1.10.3: non-methane cutte
penetration

Upon initial installation, within 185 days befoesting, and after major maintenance.

8.1.11.1: CLD C@and HO
guench

Upon initial installation and after major maintenan

8.1.11.3: NDUV HC and
H,O interference

Upon initial installation and after major maintenan

8.1.11.4: cooling bath NO
penetration (chiller)

Upon initial installation and after major maintenan

8.1.11.5: NG-to-NO
converter conversion

Upon initial installation, within 35 days beforestiag, and after major maintenance.

8.1.12.1: PM balance and
weighing

Independent verification: upon initial installatjomithin 370 days before testing, and after
major maintenance.

Zero, span, and reference sample verificationdiwit2 hours of weighing, and after major
maintenance.

(@)

Perform calibrations and verifications more fredlgraccording to measurement system manufactasgrictions and

good engineering judgment.

The CVS verification is not required for systematthgree within + 2per cent based on a chemicahlal of carbon or
oxygen of the intake air,

fuel, and diluted exhaust

Table 8.1 — Summary of Calibration and Verificago
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8.1.3.

8.1.4.

8.1.4.1.

8.1.4.2.

8.1.4.3.

Verifications for accuracy, repeatabilitpdanoise

The performance values for individual instrumesgscified in table 9.3 are the basis
for the determination of the accuracy, repeatabitind noise of an instrument.

It is not required to verify instrument accuraogpeatability, or noise. However, it
may be useful to consider these verifications tlindea specification for a new
instrument, to verify the performance of a new rimstent upon delivery, or to
troubleshoot an existing instrument.

Linearity check
Scope and frequency

A linearity verification shall be performed on eameasurement system listed in
table 8.2 at least as frequently as indicated éntéiile, consistent with measurement
system manufacturer recommendations and good exrgigejudgment. The intent
of a linearity verification is to determine that measurement system responds
proportionally over the measurement range of isteré\ linearity verification shall
consist of introducing a series of at least 10 rezfee values to a measurement
system, unless otherwise specified. The measuremygstem quantifies each
reference value. The measured values shall bectiokly compared to the reference
values by using a least squares linear regressidrite linearity criteria specified in
table 8.2 of this paragraph.

Performance requirements

If a measurement system does not meet the aplditiabarity criteria in table 8.2,
the deficiency shall be corrected by re-calibratingervicing, or replacing
components as needed. The linearity verificatioallsbe repeated after correcting
the deficiency to ensure that the measurementraysteets the linearity criteria.

Procedure

The following linearity verification protocol shdle used:

(@) A measurement system shall be operated atspexified temperatures,
pressures, and flows.

(b) The instrument shall be zeroed as it wouldol®efan emission test by
introducing a zero signal. For gas analyzers, ra gas shall be used that
meets the specifications of paragraph 9.5.1. astiatl be introduced directly
at the analyzer port.

(c) The instrument shall be spanned as it woultbreean emission test by
introducing a span signal. For gas analyzers,am g&s shall be used that
meets the specifications of paragraph 9.5.1. astiatl be introduced directly
at the analyzer port.

(d) After spanning the instrument, zero shall keaked with the same signal
which has been used in paragraph (b) of this papdgr Based on the zero
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reading, good engineering judgment shall be usetttermine whether or not
to re-zero and or re-span the instrument beforegamding to the next step.

(e) For all measured quantities manufacturer rewendations and good
engineering judgment shall be used to select tferamce valuesyes, that
cover the full range of values that are expectetihduemission testing, thus
avoiding the need of extrapolation beyond theseieml A zero reference
signal shall be selected as one of the referendeevaof the linearity
verification. For stand-alone pressure and tentpezdinearity verifications,
at least three reference values shall be selectédr all other linearity
verifications, at least ten reference values dimblelected.

(f) Instrument manufacturer recommendations anddgengineering judgment
shall be used to select the order in which theesest reference values will be
introduced.

(g) Reference quantities shall be generated aricbdinced as described in
paragraph 8.1.4.4. For gas analyzers, gas coatiems known to be within
the specifications of paragraph 9.5.1. shall bel asal they shall be introduced
directly at the analyzer port.

(h) Time for the instrument to stabilize whilemieasures the reference value shall
be allowed.

(i) At the minimum recording frequency, as spedfiin table 9.2, the reference
value shall be measured for 30 s and the arithmagan of the recorded
values,y, recorded.

(i) Steps in paragraphs (f) through (h) of thisgagmaph shall be repeated until all
reference quantities are measured.
(k) The arithmetic meany,, and reference valueges, shall be used to calculate

least-squares linear regression parameters arististdtvalues to compare to
the minimum performance criteria specified in taBl@. The calculations
described in Annex A.2.2. shall be used.

Reference signals

This paragraph describes recommended methodsfarating reference values for
the linearity-verification protocol in paragraphl&.3. of this section. Reference
values shall be used that simulate actual valuesn actual value shall be introduced
and measured with a reference-measurement sydtethe latter case, the reference
value is the value reported by the reference-measemt system. Reference values
and reference-measurement systems shall be intarally traceable.

For temperature measurement systems with sengerghermocouples, RTDs, and
thermistors, the linearity verification may be mened by removing the sensor from
the system and using a simulator in its place. irAukator that is independently
calibrated and cold junction compensated, as napesshall be used. The
internationally traceable simulator uncertainty lsdato temperature shall be less
than 0.5 per cent of maximum operating temperafyeg If this option is used, it is
necessary to use sensors that the supplier steescaurate to better than 0.5 per
cent of Tmax cOmpared to their standard calibration curve.
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8.1.4.5.

Measurement systems that require lineaeitification

Table 8.2 indicates measurement systems thatreetjuearity verifications. For this
table the following provisions apply.

(@)
(b)

(€)

(d)
()

(f)

(9)

(h)

A linearity verification shall be performed reofrequently if the instrument

manufacturer recommends it or based on good engiggedgment.

"min" refers to the minimum reference valueedisduring the linearity

verification.

Note that this value may be zero or a negatiheevdepending on the signal.

"max" generally refers to the maximum refeengalue used during the

linearity verification. For example for gas dividexmax is the undivided,

undiluted, span gas concentration. The followimg apecial cases where

"max" refers to a different value:

() For PM balance linearity verificatiommax refers to the typical mass of a
PM filter.

(i) For torque linearity verification,Tnax refers to the manufacturer's
specified engine torque peak value of the highesjue engine to be
tested.

The specified ranges are inclusive. For eXdapgspecified range of 0.98-1.02

for the slopea; means 0.98 a; < 1.02.

These linearity verifications are not requifedsystems that pass the flow-rate

verification for diluted exhaust as described 83..8or the propane check or

for systems that agree within 2 per cent basedaarhemical balance of
carbon or oxygen of the intake air, fuel, and exsthau

a; criteria for these quantities shall be met onlyhié absolute value of the

quantity is required, as opposed to a signal thaniy linearly proportional to

the actual value.

Stand-alone temperatures include engine testyres and ambient conditions

used to set or verify engine conditions; tempeegunsed to set or verify

critical conditions in the test system; and tempees used in emissions
calculations:

() These temperature linearity checks are reglir Air intake;
aftertreatment bed(s) (for engines tested withrimélatment devices on
cycles with cold start criteria); dilution air fd?M sampling (CVS,
double dilution, and partial flow systems); PM sdanpand chiller
sample (for gaseous sampling systems that useshith dry samples).

(i) These temperature linearity checks are aelyuired if specified by the
engine manufacturer. Fuel inlet; test cell chayecooler air outlet (for
engines tested with a test cell heat exchanger laimg a
vehicle/machine charge air cooler); test cell chaagr cooler coolant
inlet (for engines tested with a test cell heathexger simulating a
vehicle/machine charge air cooler); and oil in #henp/pan; coolant
before the thermostat (for liquid cooled engines).

Stand-alone pressures include engine presamceambient conditions used to

set or verify engine conditions; pressures usedseb or verify critical

conditions in the test system; and pressures usenhissions calculations:
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() Required pressure linearity checks are: atake restriction; exhaust
back pressure; barometer; CVS inlet gage presgureésurement using
CVS); chiller sample (for gaseous sampling systémas use chillers to
dry samples).

(i) Pressure linearity checks that are requwoaty if specified by the engine
manufacturer: test cell charge air cooler and auenecting pipe
pressure drop (for turbo-charged engines testetd wittest cell heat
exchanger simulating a vehicle/machine chargeamter) fuel inlet; and
fuel outlet.

Minimum Linearity Criteria
Measurement verification
System Quantity frequency || Xy [0 —1)+ & a SEE 2

Within 370 days

Engine speed n before testing <0.05 %nNax 0.98-1.02 <2 % Niax >0.990
Within 370 days

Engine torque T before testing <1 % Trax 0.98-1.02 <2 % Tiax >0.990
Within 370 days

Fuel flow rate Om | before testing <1 % CJm, max 0.98-1.02 | <2 % Qm.max | >0.990

Intake-air Within 370 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990

Dilution air Within 370 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990

Diluted exhaust Within 370 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990

Raw exhaust Within 185 days

flow rate Qv |before testing <1 % Qv, max 0.98-1.02 | <2 % Qv.max | >0.990

Batch sampler Within 370 days

flow rates Qv |before testing <1 % Qv, max 0.98-1.02 | <2% Qv.max | >0.990
Within 370 days

Gas dividers X/ Xpan | before testing <0.5 YbXmax 0.98-1.02 | <2 %Xmna | 20.990
Within 35 days

Gas analyzers X before testing <0.5 %Xmax 0.99-1.01 <1 % Xmax >0.998
Within 370 days

PM balance m before testing <1 % Miax 0.99-1.01 <1 % Miax >0.998

Stand-alone Within 370 days

pressures p before testing <1 % Prax 0.99-1.01 <1 % Pmax >0.998

Analog-to-digital

conversion of

stand-alone

temperature Within 370 days

signals T before testing <1 % Trax 0.99-1.01 <1 % Trax >0.998

Table 8.2. — Measurement systems that requirariityeverifications
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8.1.5.

8.1.5.1.

8.1.5.2.

8.1.5.3.

Continuous gas analyser system-responsagating-recording verification

This section describes a general verification @doce for continuous gas analyzer
system response and update recording. See pahna@dp6. for verification
procedures for compensation type analysers.

Scope and frequency

This verification shall be performed after ingtadl or replacing a gas analyzer that is
used for continuous sampling. Also this verifioatshall be performed if the system
is reconfigured in a way that would change systesponse. This verification is
needed for continuous gas analysers used for &natnsr ramped-modal testing but is
not needed for batch gas analyzer systems or fotintmus gas analyzer systems
used only for discrete-mode testing.

Measurement principles

This test verifies that the updating and recordireguencies match the overall
system response to a rapid change in the valuermfentrations at the sample probe.
Gas analyzer systems shall be optimized such lieéat overall response to a rapid
change in concentration is updated and recordednaappropriate frequency to
prevent loss of information. This test also vesfithat continuous gas analyzer
systems meet a minimum response time.

The system settings for the response time evaluahall be exactly the same as
during measurement of the test run (i.e. presdiow, rates, filter settings on the

analyzers and all other response time influencd@$)e response time determination
shall be done with gas switching directly at théetirof the sample probe. The
devices for gas switching shall have a specificatm perform the switching in less

than 0.1 s. The gases used for the test shallecausoncentration change of at
least 60 per cent full scale (FS).

The concentration trace of each single gas compatall be recorded.

System requirements

(@) The system response time shalkb®0 s with a rise time of 2.5 s or with a
rise and fall time ok 5 s each for all measured components (COy, NEID,
and HC) and all ranges used. When using a NMCtlfermeasurement of
NMHC, the system response time may exceed 10 s.

All data (concentration, fuel and air flows) haeebe shifted by their measured
response times before performing the emission talons given in
Annexes A.7-A.8.

(b) To demonstrate acceptable updating and rexgndith respect to the system's
overall response, the system shall meet one dbtleving criteria:
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(i)  The product of the mean rise time and theuency at which the system
records an updated concentration shall be at %eabt any case the mean
rise time shall be no more than 10 s.

(i) The frequency at which the system records ¢bncentration shall be at
least 2 Hz (see also table 9.2).

8.1.5.4. Procedure

The following procedure shall be used to verifg tesponse of each continuous gas
analyzer system:

(a)

(b)

The analyzer system manufacturer's start-upogerating instructions for the
instrument setup shall be followed. The measurémmgstem shall be adjusted
as needed to optimize performance. This verificathall be run with the
analyzer operating in the same manner as usednfgs®mn testing. If the
analyzer shares its sampling system with otheryarad, and if gas flow to the
other analyzers will affect the system response tithen the other analyzers
shall be started up and operated while running Weidfication test. This
verification test may be run on multiple analyzehsring the same sampling
system at the same time. If analogue or real-tigeal filters are used during
emission testing, those filters shall be operatethé same manner during this
verification.

For equipment used to validate system resptimss minimal gas transfer line
lengths between all connections are recommendbd tesed, a zero-air source
shall be connected to one inlet of a fast-actinga§-valve (2 inlets, 1 outlet)
in order to control the flow of zero and blendedrspgyases to the sample
system's probe inlet or a tee near the outleteptiobe. Normally the gas flow
rate is higher than the probe sample flow ratethecexcess is overflowed out
the inlet of the probe. If the gas flow rate iwéo than the probe flow rate, the
gas concentrations shall be adjusted to accounthtodilution from ambient
air drawn into the probe. Binary or multi-gas sg@ases may be used. A gas
blending or mixing device may be used to blend ggases. A gas blending or
mixing device is recommended when blending sparsgaduted in N with
span gases diluted in air.

Using a gas divider, an NO-CO-&@3Hg—CH, (balance M) span gas shall
be equally blended with a span gas of ;N@alance purified synthetic air.
Standard binary span gases may be also be usetk apglicable, in place of
blended NO-CO-C@C3Hg-CH,, balance M span gas; in this case separate
response tests shall be run for each analyzer. gékedivider outlet shall be
connected to the other inlet of the 3-way valvehe valve outlet shall be
connected to an overflow at the gas analyzer systprobe or to an overflow
fitting between the probe and transfer line talad analyzers being verified. A
setup that avoids pressure pulsations due to stgpgpe flow through the gas
blending device shall be used. Any of these gastdoents if they are not
relevant to the analyzers for this verificationlsha omitted. Alternatively the
use of gas bottles with single gases and a separaésurement of response
times is allowed.
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8.1.5.5.

8.1.6.

8.1.6.1.

(c) Data collection shall be done as follows:

(i) The valve shall be switched to start the floixzero gas.

(i)  Stabilization shall be allowed for, accourgifor transport delays and the
slowest analyzer's full response.

(i) Data recording shall be started at the treigcy used during emission
testing. Each recorded value shall be a uniqueatagdconcentration
measured by the analyzer; interpolation or filtgrmay not be used to
alter recorded values.

(iv) The valve shall be switched to allow therded span gases to flow to
the analyzers. This time shall be recordetd.as

(v) Transport delays and the slowest analyzaltsdsponse shall be allowed
for.

(vi) The flow shall be switched to allow zero gasflow to the analyzer.
This time shall be recorded &5

(vii) Transport delays and the slowest analyZetlsesponse shall be allowed
for.

(viii) The steps in paragraphs (c)(iv) throughi)(ef this paragraph shall be
repeated to record seven full cycles, ending watogas flowing to the
analyzers.

(ix) Recording shall be stopped.

Performance evaluation

The data from paragraph 8.1.5.4.(c) of this secsball be used to calculate the

mean rise timeJ1o_gofor each of the analyzers.

(@) If it is chosen to demonstrate compliance vpilnagraph 8.1.5.3.(b)(i) of this
section the following procedure has to be applide rise times (in s) shall be
multiplied by their respective recording frequescie Hertz (1/s). The value
for each result shall be at least 5. If the vakidess than 5, the recording
frequency shall be increased or the flows adjustdtie design of the sampling
system shall be changed to increase the rise tinmeeded. Also digital filters
may be configured to increase rise time.

(b) Ifitis chosen to demonstrate compliance vp#nagraph 8.1.5.3.(b)(ii) of this
section, the demonstration of compliance with thequirements of
paragraph 8.1.5.3.(b) (ii) is sufficient.

Response time verification for compensatype analysers
Scope and frequency

This verification shall be performed to determiaecontinuous gas analyzer's
response, where one analyzer's response is contpersaanother's to quantify a
gaseous emission. For this check water vapout bhatonsidered to be a gaseous
constituent. This verification is required for ¢omwmous gas analyzers used for
transient or ramped-modal testing. This verifioatis not needed for batch gas
analyzers or for continuous gas analyzers thatused only for discrete-mode
testing. This verification does not apply to catien for water removed from the
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sample done in post-processing and it does noyapaNMHC determination from
THC and CH quoted in Annexes A.7. and A.8. concerning the ssion
calculations. This verification shall be performefter initial installation (i.e. test
cell commissioning). After major maintenance, gaaph 8.1.5. may be used to
verify uniform response provided that any replacethponents have gone through a
humidified uniform response verification at soménpo

Measurement principles

This procedure verifies the time-alignment andfam response of continuously
combined gas measurements. For this proceduig,nécessary to ensure that all
compensation algorithms and humidity correctiorestarned on.

System requirements

The general response time and rise time requiregieen in 8.1.5.3 (a) is also valid
for compensation type analysers. Additionallythi# recording frequency is different
than the update frequency of the continuously coedlicompensated signal, the
lower of these two frequencies shall be used fa werification required by
paragraph 8.1.5.3(b)(i).

Procedure

All procedures given in paragraph 8.1.5.4.(a))-héve to be used. Additionally also
the response and rise time of water vapour haetméasured, if a compensation
algorithm based on measured water vapour is usedhis case at least one of the
used calibration gases (but not j@as to be humidified as follows:

If the system does not use a sample dryer to rem@ter from the sample gas, the
span gas shall be humidified by flowing the gastarix through a sealed vessel that
humidifies the gas to the highest sample dew pbat is estimated during emission
sampling by bubbling it through distilled watert the system uses a sample dryer
during testing that has passed the sample drydication check, the humidified gas
mixture may be introduced downstream of the sandpyer by bubbling it through
distilled water in a sealed vessel at (25 10 W)a temperature greater than the
dew point. In all cases, downstream of the vedba, humidified gas shall be
maintained at a temperature of at least 5 °C alitsviecal dew point in the line.
Note that it is possible to omit any of these gasstituents if they are not relevant to
the analyzers for this verification. If any of thas constituents are not susceptible to
water compensation, the response check for thea®zams may be performed
without humidification.

Measurement of engine parameters and amtnexitions

The engine manufacturer shall apply internal dquaprocedures traceable to
recognised national or international standardshe@tise the following procedures

apply.
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8.1.7.1.

8.1.7.1.1.

8.1.7.1.2.

8.1.7.1.3.

8.1.7.2.

Torque calibration
Scope and frequency

All torque-measurement systems including dynamemebrque measurement
transducers and systems shall be calibrated upbal imstallation and after major
maintenance using, among others, reference fordever-arm length coupled with
dead weight. Good engineering judgment shall e us repeat the calibration.
The torque transducer manufacturer's instructidvadl $e followed for linearizing

the torque sensor's output. Other calibration oudhare permitted.

Dead-weight calibration

This technique applies a known force by hangingvkmweights at a known distance
along a lever arm. It shall be made sure thatambights' lever arm is perpendicular
to gravity (i.e, horizontal) and perpendicular to the dynamometetational axis.
At least six calibration-weight combinations shiaé applied for each applicable
torque-measuring range, spacing the weight questibout equally over the range.
The dynamometer shall be oscillated or rotatednducelibration to reduce frictional
static hysteresis. Each weight's force shall beerdened by multiplying its
internationally-traceable mass by the local acedilen of Earth's gravity.

Strain gage or proving ring calibration

This technique applies force either by hanginggives on a lever arm (these weights
and their lever arm length are not used as pattiefeference torque determination)
or by operating the dynamometer at different tosque At least six force
combinations shall be applied for each applicablgue-measuring range, spacing
the force quantities about equally over the rangéhe dynamometer shall be
oscillated or rotated during calibration to reddigetional static hysteresis. In this
case, the reference torque is determined by myihiglthe force output from the
reference meter (such as a strain gage or proving) by its effective lever-arm
length, which is measured from the point whereftiree measurement is made to
the dynamometer's rotational axis. It shall be ensuke that this length is measured
perpendicular to the reference meter's measuremastand perpendicular to the
dynamometer's rotational axis.

Pressure, temperature, and dew pointrasibin

Instruments shall be calibrated for measuring uness temperature, and dew point
upon initial installation. The instrument manufaetr's instructions shall be
followed and good engineering judgment shall belusaepeat the calibration.

For temperature measurement systems with thernpteolRTD, or thermistor
sensors, the calibration of the system shall befopeed as described in
paragraph 8.1.4.4. for linearity verification.
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Flow-related measurements
Fuel flow calibration

Fuel flow meters shall be calibrated upon initiastallation. The instrument
manufacturer's instructions shall be followed anddyengineering judgment shall be
used to repeat the calibration.

Intake air flow calibration

Intake air flow meters shall be calibrated upoitiahinstallation. The instrument
manufacturer's instructions shall be followed aaddyengineering judgment shall be
used to repeat the calibration.

Exhaust flow calibration

Exhaust flow meters shall be calibrated upon ahitnstallation. The instrument
manufacturer's instructions shall be followed aaddyengineering judgment shall be
used to repeat the calibration.

Diluted exhaust flow (CVS) calibration

Overview

(8) This section describes how to calibrate flovetens for diluted exhaust
constant-volume sampling (CVS) systems.

(b) This calibration shall be performed while thhew meter is installed in its
permanent position. This calibration shall be gerfed after any part of the
flow configuration upstream or downstream of thewfl meter has been
changed that may affect the flow-meter calibratiorhis calibration shall be
performed upon initial CVS installation and whenegerrective action does
not resolve a failure to meet the diluted exhalast fverification {.e., propane
check) in paragraph 8.1.8.5.

(c) A CVS flow meter shall be calibrated usingederence flow meter such as a
subsonic venturi flow meter, a long-radius flow rlez a smooth approach
orifice, a laminar flow element, a set of criti¢lw venturis, or an ultrasonic
flow meter. A reference flow meter shall be uskdt treports quantities that
are internationally-traceable within £1 per cencemainty. This reference
flow meter's response to flow shall be used asréfierence value for CVS
flow-meter calibration.

(d) An upstream screen or other restriction tlwatld affect the flow ahead of the
reference flow meter may not be used, unless the fineter has been
calibrated with such a restriction.

(e) The calibration sequence described underpiagraph 8.1.8.4. refers to the
molar based approach. For the corresponding sequesed in the mass based
approach, see Annex 8 Appendix 1.
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8.1.8.4.2.

8.1.8.4.3.

PDP calibration

A positive-displacement pump (PDP) shall be calibd to determine a flow-versus-
PDP speed equation that accounts for flow leakagesa sealing surfaces in the
PDP as a function of PDP inlet pressure. Uniqueaggn coefficients shall be
determined for each speed at which the PDP is tgubraA PDP flow meter shall be
calibrated as follows:

(@) The system shall be connected as shown inefigLi.

(b) Leaks between the calibration flow meter arfek tPDP shall be less
than 0.3 per cent of the total flow at the loweatitrated flow point; for
example, at the highest restriction and lowest Bp&ed point.

(c) While the PDP operates, a constant temperatirthe PDP inlet shall be
maintained within 2 per cent of the mean absahits temperatureTi,.

(d) The PDP speed is set to the first speed @oiwhich it is intended to calibrate.

(e) The variable restrictor is set to its wide-+opasition.

() The PDP is operated for at least 3 min to ifitzb the system. Then by
continuously operating the PDP, the mean valueat ¢éast 30 s of sampled
data of each of the following quantities are reeard

()  The mean flow rate of the reference flow mete,

(i)  The mean temperature at the PDP irilgt,

(iiiy The mean static absolute pressure at the Rilet,pin
(iv) The mean static absolute pressure at the &IBt, poyt
(v) The mean PDP spea@pp.

() The restrictor valve shall be incrementallypsgld to decrease the absolute
pressure at the inlet to the POR,

(h) The steps in paragraphs (8.1.8.4.2.)(f) and{ghis section shall be repeated
to record data at a minimum of six restrictor posi reflecting the full range
of possible in-use pressures at the PDP inlet.

(i) The PDP shall be calibrated by using the abdld data and the equations in
Annexes A.7-A.8.

() The steps in paragraphs (f) through (i) obtbection shall be repeated for each
speed at which the PDP is operated.

(k) The equations in Annex A.7 (molar based apghpaor A.8 (mass based
approach) shall be used to determine the PDP flquaton for emission
testing.

(D The calibration shall be verified by performgila CVS verification i(e.,
propane check) as described in paragraph 8.1.8.5.

(m) The PDP may not be used below the lowest ipleissure tested during
calibration.

CFV calibration

A critical-flow venturi (CFV) shall be calibrated verify its discharge coefficient,
Cq, at the lowest expected static differential presdoetween the CFV inlet and
outlet. A CFV flow meter shall be calibrated abdws:

(@) The system shall be connected as shown inefigLi.

(b) The blower shall be started downstream ofGR¥ .
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(c) While the CFV operates, a constant temperatréghe CFV inlet shall be
maintained within +2 per cent of the mean absadhits temperatureT;,.

(d) Leaks between the calibration flow meter armet tCFV shall be less
than 0.3 per cent of the total flow at the higlrestriction.

(e) The variable restrictor shall be set to itslavopen position. In lieu of a
variable restrictor the pressure downstream of @&/ may be varied by
varying blower speed or by introducing a controlledk. Note that some
blowers have limitations on non-loaded conditions.

(f) The CFV shall be operated for at least 3 noiistabilize the system. The CFV
shall continue operating and the mean values lefaat 30 s of sampled data of
each of the following quantities shall be recorded:

(i)  The mean flow rate of the reference flow mete, .

(i) Optionally, the mean dew point of the cadibion air, Tgey. See Annexes
A.7-A.8 for permissible assumptions during emissigasurements.

(i) The mean temperature at the venturi inlgt,

(iv) The mean static absolute pressure at théuvieinlet, pi.

(v) The mean static differential pressure betwienCFV inlet and the CFV
outlet, Apcry.
(g) The restrictor valve shall be incrementallpsgdd to decrease the absolute
pressure at the inlet to the CH),.
(h) The steps in paragraphs (f) and (g) of thimgeaph shall be repeated to record
mean data at a minimum of ten restrictor positiosiszh that the fullest
practical range of\pcry expected during testing is tested. It is not meglto
remove calibration components or CVS componentstibrate at the lowest
possible restrictions.
(i) Cyand the lowest allowable pressure ratghall be determined as described in
Annexes A.7-A.8.
() Cgq shall be used to determine CFV flow during an eiois test. The CFV
shall not be used below the Ilowest allowad as determined in
Annexes A.7-A.8.
(k) The calibration shall be verified by perforgira CVS verification i(e.
propane check) as described in paragraph 8.1.8.5.
() If the CVS is configured to operate more thare CFV at a time in parallel,
the CVS shall be calibrated by one of the following
() Every combination of CFVs shall be calibratedcording to this
paragraph and Annexes A.7-A.8. See Annexes A.7fér.8nstructions
on calculating flow rates for this option.

(i) Each CFV shall be calibrated according toisthparagraph and
Annexes A.7-A.8. See Annexes A.7-A.8 for instrant on calculating
flow rates for this option.

8.1.8.4.4. SSV calibration
A subsonic venturi (SSV) shall be calibrated ttedmine its calibration coefficient,

Cq , for the expected range of inlet pressures. 8% 8ow meter shall be calibrated
as follows:
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8.1.8.4.5.

(@)
(b)
(c)
(d)

()

(f)

(9)
(h)
(i)
(),

(k)
()

The system shall be connected as shown inefigLi..

The blower shall be started downstream ofS8¥.

Leaks between the calibration flow meter amel $SV shall be less than 0.3
per cent of the total flow at the highest restoiati

While the SSV operates, a constant temperattirthe SSV inlet shall be
maintained within £2 per cent of the mean absadhitt temperatureT;,.

The variable restrictor or variable-speed ldpwhall be set to a flow rate
greater than the greatest flow rate expected duesing. Flow rates may not
be extrapolated beyond calibrated values, sorgégemmended that it is made
certain that a Reynolds numb&g at the SSV throat at the greatest calibrated
flow rate is greater than the maximurRe expected during testing.

The SSV shall be operated for at least 3 mistabilize the system. The SSV
shall continue operating and the mean of at ledst 8f sampled data of each
of the following quantities shall be recorded:

(i)  The mean flow rate of the reference flow metg,.; .

(i) Optionally, the mean dew point of the calibon air, Tqen. See Annexes
A.7-A.8 for permissible assumptions.

(iiiy The mean temperature at the venturi inlgt,

(iv) The mean static absolute pressure at theuvieinlet, pi.

(v) Static differential pressure between theistatessure at the venturi inlet
and the static pressure at the venturi thropgsy.

The restrictor valve shall be incrementallyosdd or the blower speed

decreased to decrease the flow rate.

The steps in paragraphs (f) and (g) of thimgeaph shall be repeated to record

data at a minimum of ten flow rates.

A functional form ofCy versusRe shall be determined by using the collected

data and the equations in Annexes A.7-A.8.

The calibration shall be verified by perforgirm CVS verification i(e.,

propane check) as described in paragraph 8.1.&§ tise newCqy versusRe

equation.

The SSV shall be used only between the miniramd maximum calibrated

flow rates.

The equations in Annex A.7 (molar based apphd@r Annex A.8 (mass based

approach) shall be used to determine SSV flow duaitest.

Ultrasonic calibration (reserved)
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Figure 8.1 — Schematic diagrams for diluted exh#aw CVS calibration
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8.1.8.5.

8.1.8.5.1.

8.1.8.5.2.

CVS and batch sampler verification (prepelneck)

Introduction

(@)

(b)

A propane check serves as a CVS verificatordeétermine if there is a
discrepancy in measured values of diluted exhdomst f A propane check also
serves as a batch-sampler verification to deterifitihere is a discrepancy in a
batch sampling system that extracts a sample fro@V8&, as described in
paragraph (f) of this paragraph. Using good erging judgment and safe
practices, this check may be performed using sogaer than propane, such as
CO; or CO. A failed propane check might indicate onenore problems that
may require corrective action, as follows:

() Incorrect analyzer calibration. The FID ayrdr shall be re-calibrated,
repaired, or replaced.

(i) Leak checks shall be performed on CVS tungehnections, fasteners,
and HC sampling system according to paragraph.8.1.8

(iiiy The verification for poor mixing shall beepformed in accordance with
paragraph 9.2.2.

(iv) The hydrocarbon contamination verificatiam the sample system shall
be performed as described in paragraph 7.3.1.3.

(v) Change in CVS calibration. An in-situ cabbipn of the CVS flow meter
shall be performed as described in paragraph 8.1.8.

(vi) Other problems with the CVS or sampling fiedtion hardware or
software. The CVS system, CVS verification hardsyaand software
shall be inspected for discrepancies.

A propane check uses either a reference nraggeference flow rate of;8sg

as a tracer gas in a CVS. |If a reference flow imtesed, any non-ideal gas

behaviour of GHg in the reference flow meter shall be accounted f&ee

Annexes A.7. (molar based approach) or A.8. (mased approach), which

describe how to calibrate and use certain flow nset&lo ideal gas assumption

may be used in paragraph 8.1.8.5. and Annexes &.A.8. The propane
check compares the calculated mass of inject¢ts Gsing HC measurements
and CVS flow rate measurements with the refereabaev

Method of introducing a known amounpiapane into the CVS system

The total accuracy of the CVS sampling system andlytical system shall be
determined by introducing a known mass of a pafiugas into the system while it is
being operated in the normal manner. The pollutananalyzed, and the mass
calculated according to Annexes A.7-A.8. Eithertled following two techniques

shall be used.

(@)

Metering by means of a gravimetric technicpgise done as follows: A mass
of a small cylinder filled with carbon monoxide mopane shall be determined
with a precision of £0.01 g. For about 5 to 10 atés, the CVS system shall
be operated as in a normal exhaust emission téske warbon monoxide or

propane is injected into the system. The quawfitgure gas discharged shall
be determined by means of differential weighing. gAs sample shall be



8.1.8.5.3.

8.1.8.5.4.

ECE/TRANS/WP.29/2009/118
page 69

analyzed with the usual equipment (sampling bamtegrating method), and
the mass of the gas calculated.

(b) Metering with a critical flow orifice shall beone as follows: A known
guantity of pure gas (carbon monoxide or propahe])l ©e fed into the CVS
system through a calibrated critical orifice. Hétinlet pressure is high enough,
the flow rate, which is adjusted by means of thiicat flow orifice, is
independent of the orifice outlet pressure (crititmv). The CVS system shall
be operated as in a normal exhaust emission testfmut 5 to 10 minutes. A
gas sample shall be analyzed with the usual equipreampling bag or
integrating method), and the mass of the gas catedl

Preparation of the propane check

The propane check shall be prepared as follows:

(a) If a reference mass of:l is used instead of a reference flow rate, a cglind
charged with gHgshall beobtained. The reference cylinder's mass gig&hall be
determined within £0.5 per cent of the amount gifigthat is expected to be used.
(b) Appropriate flow rates shall be selected fer €VS and ¢Hs.

(c) A GsHg injection port shall be selected in the CVS. Twoet location shall be
selected to be as close as practical to the latatieere engine exhaust is introduced
into the CVS. The ¢Hg cylinder shall be connected to the injection gyste

(d) The CVS shall be operated and stabilized.

(e) Any heat exchangers in the sampling systerih Isbare-heated or pre-cooled.

(f) Heated and cooled components such as sanm@s, lfilters, chillers, and pumps
shall be allowed to stabilize at operating tempeeat

(9) If applicable, a vacuum side leak verificatminthe HC sampling system shall be
performed as described in 8.1.8.7.

Preparation of the HC sampling systemthie propane check

Vacuum side leak check verification of the HC shngpsystem may be performed

according to (g) of this paragraph. If this pragcedis used, the HC contamination

procedure in paragraph 7.3.1.3. may be used. elfvidituum side leak check is not
performed according to (g), then the HC samplingieay shall be zeroed, spanned,
and verified for contamination, as follows:

(@) The lowest HC analyzer range that can measiuee GHg concentration
expected for the CVS andilds flow rates shall be selected.

(b) The HC analyzer shall be zeroed using zermaimduced at the analyzer port.

(c) The HC analyzer shall be spanned usingisCspan gas introduced at the
analyzer port.

(d) Zero air shall be overflowed at the HC proloento a fitting between the HC
probe and the transfer line.

(e) The stable HC concentration of the HC sampliygsfem shall be measured as
overflow zero air flows. For batch HC measurem#rd, batch container (such
as a bag) shall be filled and the HC overflow coiaion measured.

(f) If the overflow HC concentration exceeds 2 [ymol, the procedure may not
be advanced until contamination is eliminated. @ Theurce of the
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(9)

contamination shall be determined and correctivéoactaken, such as
cleaning the system or replacing contaminated qusti

When the overflow HC concentration does nateex 2 pumol/mol, this value
shall be recorded agicinit and it shall be used to correct for HC contamorati
as described in Annex A.7. (molar based approachnoex A.8. (mass based
approach).

8.1.8.5.5. Propane check performance

(&)

(b)

The propane check shall be performed as fallow

(i) For batch HC sampling, clean storage medighsas evacuated bags
shall be connected.

(i) HC measurement instruments shall be operadedording to the
instrument manufacturer's instructions.

(iiiy If correction for dilution air background oocentrations of HC is
foreseen, background HC in the dilution air shadl imeasured and
recorded.

(iv) Any integrating devices shall be zeroed.

(v) Sampling shall begin and any flow integratsigll be started.

(vi) CsHg shall be released at the rate selected. If aaeée flow rate of
CsHg is used, the integration of this flow rate shalldtarted.

(vii) CsHg shall be continued to be released until at leasugh GHg has
been released to ensure accurate quantificatitimeofeference §Hg and
the measured {Eis.

(viii) The GHsg cylinder shall be shut off and sampling shall oo until it
has been accounted for time delays due to sangisgort and analyzer
response.

(ix) Sampling shall be stopped and any integsastiall be stopped.

In case the metering with a critical flow @oé is used, the following procedure

may be used for the propane check as the alteenathethod of

paragraph 8.1.8.5.5.(a)

(i) For batch HC sampling, clean storage medighsas evacuated bags
shall be connected.

(i) HC measurement instruments shall be operadedording to the
instrument manufacturer's instructions.

(iiiy If correction for dilution air background oocentrations of HC is
foreseen, background HC in the dilution air shadl imeasured and
recorded.

(iv) Any integrating devices shall be zeroed.

(v) The contents of thesB8g reference cylinder shall be released at the rate
selected.

(vi) Sampling shall begin, and any flow integratstarted after confirming
that HC concentration is to be stable.

(vii) The cylinder's contents shall be continuedbe released until at least
enough GHg has been released to ensure accurate quantificatithe
reference gHg and the measuredsidg.

(viii) Any integrators shall be stopped.
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(iX) The GHg 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 sanspia be analyzed as soon as
practical.

After analyzing HC, contamination and backgrashall be corrected for.

Total GHs mass based on the CVS and HC data shall be ceddulas
described in Annexes A.7-A.8, using the molar mas€sHg, Mcaps, instead
the effective molar mass of H®lc.

If a reference mass (gravimetric techniquajsed, the cylinder's propane mass
shall be determined within £0.5 per cent and thegCeference mass shall be
determined by subtracting the empty cylinder prepamass from the full
cylinder propane mass. If a critical flow orifigmetering with a critical flow
orifice) is used, the propane mass shall be detexahas flow rate multiplied
by the test time.

The reference £l mass shall be subtracted from the calculated mHidkis
difference is within = 3.0 per cent of the referemoass, the CVS passes this
verification.

PM secondary dilution system verificatio

When the propane check is to be repeated to vénéy PM secondary dilution
system, the following procedure from (a) to (d)Isha used for this verification:

(@)

(b)
(€)
(d)

The HC sampling system shall be configuredextract a sample near the
location of the batch sampler's storage media (agta PM filter). If the
absolute pressure at this location is too low tivaet an HC sample, HC may be
sampled from the batch sampler pump's exhaust.tidbashall be used when
sampling from pump exhaust because an otherwiseptaide pump leak
downstream of a batch sampler flow meter will caas@lse failure of the
propane check.

The propane check shall be repeated as dedadritthis paragraph, but HC shall
be sampled from the batch sampler.

GHg mass shall be calculated, taking into accountsaopndary dilution from
the batch sampler.

The reference 4l mass shall be subtracted from the calculated mésthis
difference is within 5 per cent of the referencass) the batch sampler passes
this verification. If not, corrective action shdle taken as described in
paragraph (a) of this paragraph.

Sample dryer verification

If a humidity sensor for continuous monitoring @éw point at the sample dryer
outlet is used this check does not apply, as leng & ensured that the dryer outlet
humidity is below the minimum values used for quenénterference, and
compensation checks.



ECE/TRANS/WP.29/2009/118

page 72

8.1.8.6.

8.1.8.6.1.

(@) If a sample dryer is used as allowed in paaly©.3.2.3.1.2. to remove water
from the sample gas, the performance shall beigdriipon installation, after
major maintenance, for thermal chiller. For osmatiembrane dryers, the
performance shall be verified upon installatiorteaimajor maintenance, and
within 35 days of testing.

(b) Water can inhibit an analyzer's ability to pedy measure the exhaust
component of interest and thus is sometimes rembeddre the sample gas
reaches the analyzer. For example water can wegatnterfere with a CLD's
NOy response through collisional quenching and cairitipely interfere with
an NDIR analyzer by causing a response similar@o C

(c) The sample dryer shall meet the specificatioas determined in
paragraph 9.3.2.3.1. for dew poinfgw and absolute pressur@otan
downstream of the osmotic-membrane dryer or theohider.

(d) The following sample dryer verification proced method shall be used to
determine sample dryer performance, or good engimgegudgment shall be
used to develop a different protocol:

() PTFE or stainless steel tubing shall be uded make necessary
connections.

(i) Nz or purified air shall be humidified by bubbling through distilled
water in a sealed vessel that humidifies the galsedighest sample dew
point that is estimated during emission sampling.

(i) The humidified gas shall be introduced upaim of the sample dryer.

(iv) The humidified gas temperature downstreamtlod vessel shall be
maintained at least 5 °C above its dew point.

(v) The humidified gas dew poinflgessz and pressurepi, Shall be
measured as close as possible to the inlet ofdhele dryer to verify
that the dew point is the highest that was estichatering emission
sampling.

(vi) The humidified gas dew pointJgews and pressureputa, Shall be
measured as close as possible to the outlet cfaimple dryer.

(vii) The sample dryer meets the verificatioriné result of paragraph (d)(6)
of this paragraph is less than the dew point cpmeding to the sample
dryer specifications as determined in paragrapl2®3. plus 2 °C or if
the mol fraction from (d)(6) is less than the cepending sample dryer
specifications plus 0.002 mol/mol or 0.2 Vol pente Note for this
verification, sample dew point is expressed in &lisotemperature,
Kelvin.

Periodic calibration of the partial floMMPand associated raw exhaust gas
measurement systems

Specifications for differential flow nsemement
For partial flow dilution systems to extract a podional raw exhaust sample, the

accuracy of the sample flogsy, is of special concern, if not measured directiyt b
determined by differential flow measurement:
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Onp = Omdew — Omdw (8'1)
Where:
Omp = sample mass flow rate of exhaust gas into pdidia dilution system
Omdaw =  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 differesball be such that the accuracy of
Omp IS Within+ 5 per cent when the dilution ratio is less than Itscan be calculated
by taking root-mean-square of the errors of eastrument.

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

(@)

(b)
(€)

(d)

The absolute accuraciesfiew andgmaw are+0.2 per cent which guarantees
an accuracy ofjp, of <5 per cent at a dilution ratio of 15. Howeveraer
errors will occur at higher dilution ratios.

Calibration ofgngw relative togmgew is carried out such that the same accuracies
for gmp @s in (&) are obtained. For details see paradgdlpB.6.2.

The accuracy ofjy, is determined indirectly from the accuracy of thleition
ratio as determined by a tracer gas, e.g..C&ccuracies equivalent to method
a) forgmp are required.

The absolute accuracy @fgew andgmaw is Within £2 per cent of full scale, the
maximum error of the difference betweghiew andgmaw is Within 0.2 per cent
and the linearity error is withie0.2 per cent of the highegtyew Observed
during the test.

Calibration of differential flow measoment

The partial flow dilution system to extract a podjional raw exhaust sample shall be
periodically calibrated with an accurate flow meterceable to international and/or
national standards. The flow meter or the flow sueament instrumentation shall be
calibrated in one of the following procedures, stitdt the probe flovg, into the
tunnel shall fulfil the accuracy requirements ofggaaph 8.1.8.6.1.

(@)

(b)

(€)

The flow meter foigmgw shall be connected in series to the flow meter for
Omdew the difference between the two flow meters shallcalibrated for at
least 5 set points with flow values equally spabetiveen the loweSfjmw
value used during the test and the valuegygtw used during the test. The
dilution tunnel may be bypassed.

A calibrated flow device shall be connectedanies to the flowmeter f@few
and the accuracy shall be checked for the valuel dse the test. The
calibrated flow device shall be connected in setiethe flow meter fogmgw,
and the accuracy shall be checked for at leastttinge corresponding to
dilution ratio between 3 and 15, relativegigiew Used during the test.

The transfer line TL (see figure 9.2) shalldigconnected from the exhaust and
a calibrated flow measuring device with a suitatalege to measurgy, shall

be connected to the transfer lingwew Shall be set to the value used during the
test, andgmgw Shall be sequentially set to at least 5 valuesesponding to
dilution ratios between 3 and 15. Alternativelyspgecial calibration flow path
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8.1.8.6.3.

may be provided, in which the tunnel is bypassed tie total and dilution air
flow is passed through the corresponding meters tee actual test.

(d) Atracer gas, shall be fed into the exhaustdfer line TL. This tracer gas may
be a component of the exhaust gas, like; @ONO,. After dilution in the
tunnel the tracer gas component shall be measuféds shall be carried out
for 5 dilution ratios between 3 and 15. The accyraf the sample flow shall
be determined from the dilution ratig

Omp = Omdew Irg (8-2)

The accuracies of the gas analyzers shall be takenaccount to guarantee the
accuracy ofjyp.

Special requirements for differentialflmeasurement

A carbon flow check using actual exhaust is sttpyngcommended for detecting
measurement and control problems and verifyingpttoger operation of the partial
flow system. The carbon flow check shall be ruteast each time a new engine is
installed, or something significant is changedhia test cell configuration.

The engine shall be operated at peak torque Inddspeed or any other steady state
mode that produces 5 per cent or more ob.C@he partial flow sampling system
shall be operated with a dilution factor of abobittd 1.

If a carbon flow check is conducted, the proceduireen in Annex A.4 shall be
applied. The carbon flow rates shall be calculasedording to equations of
Annex A.4. All carbon flow rates shall agree tahin 5 per cent.

8.1.8.6.3.1. Pre-test check

A pre-test check shall be performed within 2 hobefore the test run in the
following way.

The accuracy of the flow meters shall be checkedhle same method as used for
calibration (see paragraph 8.1.8.6.2.) for at laastpoints, including flow values of
Omaw that correspond to dilution ratios between 5 aBdfdr the gngew Value used
during the test.

If it can be demonstrated by records of the catibn procedure under
paragraph 8.1.8.6.2. that the flow meter calibrat®stable over a longer period of
time, the pre-test check may be omitted.

8.1.8.6.3.2. Determination of the transformationeti

The system settings for the transformation timel@ation shall be the same as
during measurement of the test run. The transfbomdime, defined in figure 3.1,
shall be determined by the following method:
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An independent reference flowmeter with a measergmange appropriate for the
probe flow shall be put in series with and closebupled to the probe. This
flowmeter shall have a transformation time of léemn 100 ms for the flow step size
used in the response time measurement, with fl@tricion sufficiently low as to
not affect the dynamic performance of the parfiaifdilution system according to
good engineering judgment. A step change shaihtveduced to the exhaust flow
(or air flow if exhaust flow is calculated) input the partial flow dilution system,
from a low flow to at least 90 per cent of full kca The trigger for the step change
shall be the same one used to start the look-abeattol in actual testing. The
exhaust flow step stimulus and the flowmeter respahall be recorded at a sample
rate of at least 10 Hz.

From this data, the transformation time shall leednined for the partial flow
dilution system, which is the time from the initcat of the step stimulus to
the 50 per cent point of the flowmeter responsen al similar manner, the
transformation times of the,g signal (i.e. sample flow of exhaust gas into @érti
flow dilution system) and of the,gu, signal (i.e. the exhaust gas mass flow rate on
wet basis supplied by the exhaust flow meter) dhailletermined. These signals are
used in the regression checks performed after estlisee paragraph 8.2.1.2.).

The calculation shall be repeated for at leass® and fall stimuli, and the results
shall be averaged. The internal transformatioreti®100 ms) of the reference
flowmeter shall be subtracted from this value. the case that the system in
accordance with paragraph 8.2.1.2. requires thek“&head" method, this is the
"look-ahead" value of the partial flow dilution $gm to be applied in accordance
with paragraph 8.2.1.2.

Vacuume-side leak verification

Scope and frequency

Upon initial sampling system installation, afteajor maintenance such as pre-filter
changes, and 8 hours prior to each duty-cycle sexjet shall be verified that there
are no significant vacuum-side leaks using onehef leak tests described in this
section. This verification does not apply to aol-flow portion of a CVS dilution
system.

Measurement principles
A leak may be detected either by measuring a samadunt of flow when there shall
be zero flow, by detecting the dilution of a knoeancentration of span gas when it
flows through the vacuum side of a sampling systerby measuring the pressure
increase of an evacuated system.

Low-flow leak test

A sampling system shall be tested for low-flowkieas follows:
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8.1.8.7.4.

8.1.8.7.5.

(@) The probe end of the system shall be sealethking one of the following

steps:

(i) The end of the sample probe shall be cappgdugged.

(i) The transfer line shall be disconnectediet probe and the transfer line
capped or plugged.

(i) A leak-tight valve in-line between a protend transfer line shall be
closed.

(b) All vacuum pumps shall be operated. Aftebsizing, it shall be verified that
the flow through the vacuum-side of the samplingtem is less than 0.5 per
cent of the system's normal in-use flow rate. Tgpianalyzer and bypass
flows may be estimated as an approximation of yiséesn's normal in-use flow
rate.

Dilution-of-span-gas leak test

Any gas analyzer may be used for this test. H[@ is used for this test, any HC
contamination in the sampling system shall be obed according to Annexes A.7
and A.8 on HC and NMHC determination. Misleadieguits shall be avoided by
using only analyzers that have a repeatability.6fp@r cent or better at the span gas
concentration used for this test. The vacuum Ed& check shall be performed as
follows:

(@) A gas analyzer shall be prepared as it woaltbbemission testing.

(b) Span gas shall be supplied to the analyzeragmat it shall be verified that the
span gas concentration is measured within its éggdemeasurement accuracy
and repeatability.

(c) Overflow span gas shall be routed to one ef fillowing locations in the
sampling system:

()  The end of the sample probe.

(i) The transfer line shall be disconnectedhs probe connection, and the
span gas overflown at the open end of the trafisier

(iiiy A three-way valve installed in-line betweamrobe and its transfer line.

(d) It shall be verified that the measured ovavflspan gas concentration is
within £0.5 per cent of the span gas concentratiénmeasured value lower
than expected indicates a leak, but a value hititaar expected may indicate a
problem with the span gas or the analyzer itsAlimeasured value higher than
expected does not indicate a leak.

Vacuum-decay leak test

To perform this test a vacuum shall be appliedh® vacuum-side volume of the
sampling system and the leak rate of the systernh Ishabserved as a decay in the
applied vacuum. To perform this test the vacuude-siolume of the sampling

system shall be known to within £10 per cent of titse volume. For this test

measurement instruments that meet the specificatadnparagraphs 8.1. and 9.4.
shall also be used.
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A vacuum-decay leak test shall be performed dsvirst

(@)

(b)

(€)

(d)

The probe end of the system shall be sealesloas to the probe opening as

possible by taking one of the following steps:

(i) The end of the sample probe shall be cappgudugged.

(i) The transfer line at the probe shall be diseected and the transfer line
capped or plugged.

(i) A leak-tight valve in-line between a prokend transfer line shall be
closed.

All vacuum pumps shall be operated. A vacusinall be drawn that is

representative of normal operating conditionsthim case of sample bags, it is

recommend that the normal sample bag pump-downedioe be repeated

twice to minimize any trapped volumes.

The sample pumps shall be turned off and ttstem sealed. The absolute

pressure of the trapped gas and optionally theesysibsolute temperature

shall be measured and recorded. Sufficient timadl 4be allowed for any

transients to settle and long enough for a leak&fper cent to have caused a

pressure change of at least 10 times the resolofidhe pressure transducer.

The pressure and optionally temperature shall berded once again.

The leak flow rate based on an assumed vdleero for pumped-down bag

volumes and based on known values for the sampgkesyvolume, the initial

and final pressures, optional temperatures, amsethtime shall be calculated.

It shall be verified that the vacuum-decay leakvflmte is less than 0.5 per

cent of the system'’s normal in-use flow rate asw:

vV, (T, T
Q) teak = oo 222 (8'3)
R (t-t)
Where:
Oueak =  Vacuum-decay leak rate [mol/s]
V. = geometric volume of the vacuum-side of the samyystem [
R= molar gas constant [J/(mol-K)]
P = vacuum-side absolute pressure at tigrj€a]
T, = vacuum-side absolute temperature at tinj]
pL = vacuum-side absolute pressure at tifrj@a]
T = vacuum-side absolute temperature at tinjk]
t= time at completion of vacuum-decay leak veriiima test [s]

t1 = time at start of vacuum-decay leak verificatiest [s]
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8.1.9.
8.1.9.1.

8.1.9.1.1.

8.1.9.1.2.

8.1.9.1.3.

8.1.9.1.4.

CO and CPmeasurements
HO interference verification for CGONDIR analyzers
Scope and frequency

If CO; is measured using an NDIR analyzer, the amouhk0¥ interference shall be
verified after initial analyzer installation andef major maintenance.

Measurement principles

H,O can interfere with an NDIR analyzer's respons€®@. If the NDIR analyzer
uses compensation algorithms that utilize measunesma other gases to meet this
interference verification, simultaneously these eothmeasurements shall be
conducted to test the compensation algorithms dutire analyzer interference
verification.

System requirements

A CO, NDIR analyzer shall have an 8 interference that is within
(0.0 £ 0.4) mmol/mol (of the expected mean @Oncentration).

Procedure

The interference verification shall be performedalows:

(@) The CQ NDIR analyzer shall be started, operated, zeraad, spanned as it
would be before an emission test.

(b) A humidified test gas shall be created by buigbzero air that meets the
specifications in paragraph 9.5.1 through distiNeater in a sealed vessel. If
the sample is not passed through a dryer, cont®lvessel temperature to
generate an ¥D level at least as high as the maximum expectedgltesting.

If the sample is passed through a dryer duringingstcontrol the vessel
temperature to generate apQHlevel at least as high as the level determined in
paragraph 9.3.2.3.1.

(c) The humidified test gas temperature shall lbéntained at least 5 °C above its
dew point downstream of the vessel.

(d) The humidified test gas shall be introducedmistream of any sample dryer, if
one is used during testing.

(e) The water mole fraction,o, of the humidified test gas shall be measured, as
close as possible to the inlet of the analyzen example, dew poindgen, and
absolute pressug.a, shall be measured to calculaigo.

() Good engineering judgment shall be used tovegmée condensation in the
transfer lines, fittings, or valves from the powlberexy,o is measured to the
analyzer.

(g) Time shall be allowed for the analyzer resjgotuosstabilize. Stabilization time
shall include time to purge the transfer line awdaccount for analyzer
response.
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(h) While the analyzer measures the sample's ctrat®n, 30 s of sampled data
shall be recorded. The arithmetic mean of thisdduall be calculated. The
analyzer meets the interference verification if sthvalue is within
(0.0 £ 0.4) mmol/mol

HO and CQ interference verification for CO NDIR analyzers
Scope and frequency

If CO is measured using an NDIR analyzer, the arhofiH,O and CQ interference
shall be verified after initial analyzer instaltatiand after major maintenance.

Measurement principles

H>O and CQ can positively interfere with an NDIR analyzer ¢gusing a response
similar to CO. If the NDIR analyzer uses compeiasaialgorithms that utilize

measurements of other gases to meet this intederearification, simultaneously
these other measurements shall be conducted tahestompensation algorithms
during the analyzer interference verification.

System requirements

A CO NDIR analyzer shall have combined and CQ interference that is
within +2 per cent of the expected mean concewinati CO.

Procedure

The interference verification shall be performsdalows:

(@) The CO NDIR analyzer shall be started, opédrateroed, and spanned as it
would be before an emission test.

(b) A humidified CQ test gas shall be created by bubbling g €gan gas through
distilled water in a sealed vessel. If the sanpleot passed through a dryer,
the vessel temperature shall be controlled to geaean HO level at least as
high as the maximum expected during testing. éfsample is passed through
a dryer during testing, the vessel temperaturd bleatontrolled to generate an
H,0 level at least as high as the level determinefdaragraph 8.1.8.5.8. A
CO;, span gas concentration shall be used at leastgasals the maximum
expected during testing.

(c) The humidified C@test gas shall be introduced downstream of anypkam
dryer, if one is used during testing.

(d) The water mole fractiomy,o, Of the humidified test gas shall be measured, as
close as possible to the inlet of the analyzen éxample, dew poinfgew, and
absolute pressumg.a, shall be measured to calculatgo.

(e) Good engineering judgment shall be used towemie condensation in the
transfer lines, fittings, or valves from the powlberexy,o is measured to the
analyzer.

() Time shall be allowed for the analyzer resgottsstabilize.
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8.1.10.

8.1.10.1.

() While the analyzer measures the sample's otrat®n, its output shall be

recorded for 30 s. The arithmetic mean of thigddall be calculated.

(h) The analyzer meets the interference verifacaif the result of paragraph (g) of

this section meets the tolerance in paragraph.2.8.9

(i) Interference procedures for g@nd HO may be also run separately. If the

CO, and HO levels used are higher than the maximum levgieeted during
testing, each observed interference value shaficaéed down by multiplying
the observed interference by the ratio of the marmexpected concentration
value to the actual value used during this procedufeparate interference
procedures concentrations op® (down to 0.025 mol/mol $#D content) that
are lower than the maximum levels expected dumsgrig may be run, but the
observed HO interference shall be scaled up by multiplying thbserved
interference by the ratio of the maximum expecte® ldoncentration value to
the actual value used during this procedure. Tim ®f the two scaled
interference values shall meet the tolerance iagraph 8.1.9.2.3.

Hydrocarbon measurements

FID optimization and verification

8.1.10.1.1. Scope and frequency

For all FID analyzers, the FID shall be calibratgabn initial installation. The
calibration shall be repeated as needed using gmgineering judgment. The
following steps shall be performed for a FID thaasures HC:

(@) A FID's response to various hydrocarbons shelloptimized after initial
analyzer installation and after major maintenanE¢D response to propylene
and toluene shall be between 0.9 and 1.1 reladiyedpane.

(b) A FID's methane (CH response factor shall be determined after initial
analyzer installation and after major maintenance described in
paragraph 8.1.10.1.4. of this section.

(c) Methane (Cl) response shall be verified within 185 days befesting.

8.1.10.1.2. Calibration

Good engineering judgment shall be used to devaloglibration procedure, such as
one based on the FID-analyzer manufacturer's ictsons and recommended
frequency for calibrating the FID. For a FID tima¢asures HC, it shall be calibrated
using GHg calibration gases that meet the specificationpawhgraph 9.5.1. For a
FID that measures CHit shall be calibrated using GHalibration gases that meet
the specifications of paragraph 9.5.1. Regarddéske calibration gas composition,
it shall be calibrated on a carbon number basaef(G).
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8.1.10.1.3. HC FID response optimization

This procedure is only for FID analyzers that nueadiC.

(@)

(b)

(€)

(i)
(ii)

(iii)

(iv)

(d)

Instrument manufacturer requirements and gowmineering judgment shall be
used for initial instrument start-up and basic afiag adjustment using FID
fuel and zero air. Heated FIDs shall be withinithequired operating
temperature ranges. FID response shall be optihizeneet the requirement
of the hydrocarbon response factors and the oxygeerference check
according to paragraphs 8.1.10.1.(a) and 8.1.18t2the most common
analyzer range expected during emission testingghéd analyzer range may
be used according to the instrument manufacturece@mmendation and good
engineering judgment in order to optimize FID aetely, if the common
analyzer range is lower than the minimum rangdteroptimization specified
by the instrument manufacturer.

Heated FIDs shall be within their required @bieg temperature ranges. FID
response shall be optimized at the most commonyaeralrange expected
during emission testing. With the fuel and airflokmtes set at the
manufacturer's recommendations, a span gas shalintbeduced to the
analyzer.

The following step from (1) to (4) or the peature instructed by the instrument
manufacturer shall be taken for optimization. Pnecedures outlined in SAE
paper No. 770141 may be optionally used for opttian.

The response at a given fuel flow shall beed®sined from the difference
between the span gas response and the zero gassesp

The fuel flow shall be incrementally adjustedbove and below the
manufacturer's specification. The span and zesparse at these fuel flows
shall be recorded.

The difference between the span and zerpaase shall be plotted and the fuel
flow adjusted to the rich side of the curve. Tisishe initial flow rate setting
which may need further optimization depending ore tresults of the
hydrocarbon response factors and the oxygen im&srée check according to
paragraphs 8.1.10.1.(a) and 8.1.10.2.

If the oxygen interference or the hydrocarbvesponse factors do not meet the
following specifications, the airflow shall be ieenentally adjusted above and
below the manufacturer's specifications, repeatpagagraphs 8.1.10.1.(a)
and 8.1.10.2. for each flow.

The optimum flow rates and/or pressures f@ Flel and burner air shall be
determined, and they shall be sampled and recdaaddture reference.

8.1.10.1.4. HC FID CHiresponse factor determination

This procedure is only for FID analyzers that nueasHC. Since FID analyzers
generally have a different response to,Gidrsus GHg, each THC FID analyzer's
CHj, response factoRFcharrHe-ripy Shall be determined, after FID optimization. The
most recenRFchatHe-rip) Measured according to this paragraph shall be stk
calculations for HC determination described in Aare7. (molar based approach)
or Annex A.8. (mass based approach) to compensate CiH, response.
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RFcharthe-ripp shall be determined as follows, noting tH&FcarrHe-ripy IS not
determined for FIDs that are calibrated and spamws#ay CH with a non-methane

cutter:

(@) A GHg span gas concentration shall be selected to $pamarnalyzer before
emission testing. Only span gases that meets tecifications of
paragraph 9.5.1. shall be selected and tkidg Concentration of the gas shall
be recorded.

(b) A CH, span gas that meets the specifications of parad@apl. shall be
selected and the GHoncentration of the gas shall be recorded.

(c) The FID analyzer shall be operated according the manufacturer's
instructions.

(d) It shall be confirmed that the FID analyzess leeen calibrated usingsids.
Calibration shall be performed on a carbon numlbsisbof one (.

(e) The FID shall be zeroed with a zero gas usedrhission testing.

() The FID shall be spanned with the selectgdg&pan gas.

() The selected Ctbpan gas shall be introduced at the sample pattteofID
analyzer, the Clispan gas that has been selected under paragrpph tfhs
paragraph.

(h) The analyzer response shall be stabilize@bitstation time may include time
to purge the analyzer and to account for its respon

(i)  While the analyzer measures the aidncentration, 30 s of sampled data shall
be recorded and the arithmetic mean of these vahesbe calculated.

() The mean measured concentration shall be edvidy the recorded span

concentration of the CHcalibration gas. The result is the FID analyzer's
response factor for CHRFchafHe-Fip)-

8.1.10.1.5. HC FID methane (GHesponse verification

This procedure is only for FID analyzers that nuieadHC. If the value dRFchajtHc-
rip) from paragraph 8.1.10.1.4. is within + 5.0 pertaehits most recent previously
determined value, the HC FID passes the methapemss verification.

(@)

(b)

(c)

It shall be first verified that the pressuaesl / or flow rates of FID fuel, burner
air, and sample are each within £0.5 per cent eirtmost recent previously
recorded values, as described in paragraph 8.131@flLthis section. If these
flow rates have to be adjusted, a nBWcharHe-Fip; Shall be determined as
described in paragraph 8.1.10.1.4. of this sectibshould be verified that the
value of RFcharrHe-rip) determined is within the tolerance specified iis th
paragraph 8.1.10.1.5.

If RFcHarrie-mpp IS not  within - the tolerance specified in  this
paragraph 8.1.10.1.5., the FID response shall fmptienized as described in
paragraph 8.1.10.1.3. of this section.

A newRFchaHe-Fip) Shall be determined as described in paragraph@114.
of this section. This new value dRFchatHe-ripp Shall be used in the
calculations for HC determination, as describeddimex A.7 (molar based
approach) or Annex A.8 (mass based approach).
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8.1.10.2. Non-stoichiometric raw exhaust FIDiterference verification

8.1.10.2.1. Scope and frequency

If FID analyzers are used for raw exhaust measentsn the amount of FID O
interference shall be verified upon initial inssibn and after major maintenance.

8.1.10.2.2. Measurement principles

Changes in @concentration in raw exhaust can affect FID respoby changing
FID flame temperature. FID fuel, burner air, amtnple flow shall be optimized to
meet this verification. FID performance shall berifred with the compensation
algorithms for FID Q interference that is active during an emissioh tes

8.1.10.2.3. System requirements

Any FID analyzer used during testing shall meetRD G, interference verification
according to the procedure in this section.

8.1.10.2.4. Procedure

FID O, interference shall be determined as follows, mptinat one or more gas
dividers may be used to create reference gas ctatens that are required to
perform this verification:

(@)

(b)
(€)
(d)
(e)
(f)

Three span reference gases shall be seldut¢dneet the specifications in
paragraph 9.5.1. and containHg concentration used to span the analyzers
before emissions testing. Only span gases that mheespecifications in
paragraph 9.5.1. C}span reference gases may be used for FIDs ca&liboat
CH,4 with a non-methane cutter. The three balancecgasentrations shall be
selected such that the concentrations pafd N represent the minimum and
maximum and intermediate ;@xoncentrations expected during testing. The
requirement for using the average €édncentration can be removed if the FID
is calibrated with span gas balancedth the average expected oxygen
concentration.

It shall be confirmed that the FID analyzereatseall the specifications of
paragraph 8.1.10.1.

The FID analyzer shall be started and operagdt would be before an
emission test. Regardless of the FID burner'sairce during testing, zero air
shall be used as the FID burner's air source fenrification.

The analyzer shall be set at zero.

The analyzer shall be spanned using a sparhgass used during emissions
testing.

The zero response shall be checked by usiegéhno gas used during emission
testing. It shall be proceeded to the next stépefmean zero response of 30 s
of sampled data is within £0.5 per cent of the spafierence value used in
paragraph (e) of this paragraph, otherwise theguoe shall be restarted at
paragraph (d) of this paragraph.
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(9)

(h)

(i)

@)

(k)

()

(m)

(n)

The analyzer response shall be checked udiegspan gas that has the
minimum concentration of Dexpected during testing. The mean response
of 30 s of stabilized sample data shall be recoes@;minHc

The zero response of the FID analyzer shaitexked using the zero gas used

during emission testing. The next step shall bdéopmed if the mean zero

response of 30 s of stabilized sample data is wifdi.5 per cent of the span
reference value used in paragraph (e) of this paphg otherwise the
procedure shall be restarted at paragraph (d)i@paragraph.

The analyzer response shall be checked ukiagpan gas that has the average

concentration of @expected during testing. The mean response « 8D

stabilized sample data shall be recordegoaggrc

The zero response of the FID analyzer shalthecked using the zero gas used

during emission testing. The next step shall béopmed if the mean zero

response of 30 s of stabilized sample data is witfdi.5 per cent of the span
reference value used in paragraph (e) of this papdg otherwise the
procedure shall be restarted at paragraph (d)i@paragraph.

The analyzer response shall be checked udiegspan gas that has the

maximum concentration of LOexpected during testing. The mean response

of 30 s of stabilized sample data shall be recoed@;maxHc

The zero response of the FID analyzer shalttiecked using the zero gas used

during emission testing. The next step shall bdéopmed if the mean zero

response of 30 s of stabilized sample data is withD.5 per cent of the span
reference value used in paragraph (e) of this paphg otherwise the
procedure at paragraph (d) of this paragraph blealestarted.

The percent difference betwergmaxtc and its reference gas concentration

shall be calculated. The percent difference betwegagrcand its reference

gas concentration shall be calculated. The perifierence betweeRozminHc
and its reference gas concentration shall be aledd The maximum percent
difference of the three shall be determined. Thike Q interference.

If the Q interference is within 3 per cent, the FID pas$esQ interference

verification; otherwise one or more of the follogimeed to be performed to

address the deficiency:

() The verification shall be repeated to deternif a mistake was made
during the procedure.

(i) The zero and span gases for emission tessingll be selected that
contain higher or lower Oconcentrations and the verification shall be
repeated.

(iif) The FID burner air, fuel, and sample floates shall be adjusted. Note
that if these flow rates are adjusted on a THC EdDmeet the ©
interference verification, th&®Fcns shall be reset for the neRFchs
verification. The Q@ interference verification shall be repeated after
adjustment an&Fcn4 shall be determined.

(iv) The FID shall be repaired or replaced arel @ interference verification
shall be repeated.
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8.1.10.3. Non-methane cutter penetration fractions

8.1.10.3.1. Scope and frequency

If a FID analyzer and a non-methane cutter (NM€used to measure methane
(CHy), the non-methane cutter's conversion efficienamésmethane,Ecng, and
ethane,Ecope Shall be determined. As detailed in this paralgrdpese conversion
efficiencies may be determined as a combinatiotNBIC conversion efficiencies
and FID analyzer response factors, depending onp#récular NMC and FID
analyzer configuration.

This verification shall be performed after indtadl the non-methane cutter. This
verification shall be repeated within 185 days edting to verify that the catalytic
activity of the cutter has not deteriorated.

8.1.10.3.2. Measurement principles

A non-methane cutter is a heated catalyst thabves non-methane hydrocarbons
from the exhaust stream before the FID analyzer sores the remaining
hydrocarbon concentration. An ideal non-methangecwould have a methane
conversion efficiencycns [-] of O (that is, a methane penetration fractiBfcpa,

of 1.000), and the conversion efficiency for alhet hydrocarbons would be 1.000,
as represented by an ethane conversion effici€agys[-] of 1 (that is, an ethane
penetration fractiorPFcong [-] Of 0). The emission calculations in Annex Agr.
Annex A.8. use this paragraph's measured valuesrofersion efficiencieEcqs and
Ec2ne to account for less than ideal NMC performance.

8.1.10.3.3. System requirements

NMC conversion efficiencies are not limited to ertain range. However, it is
recommended that a non-methane cutter is optinbgeaidjusting its temperature to
achieve aEcps < 0.15 and &Ecope > 0.98 PFcpg > 0.85 andPFeons < 0.02) as
determined by paragraph 8.1.10.3.4., as applicabiladjusting NMC temperature
does not result in achieving these specificatidnis, recommended that the catalyst
material is replaced. The most recently determinedversion values from this
section shall be used to calculate HC emissionsrdoty to Annexes A.7-A.8 as
applicable.

8.1.10.3.4. Procedure
Any one of the procedures specified in paragraptts10.3.4.1., 8.1.10.3.4.2.

and 8.1.10.3.4.3. is recommended. An alternativethod recommended by the
instrument manufacturer may be used.
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8.1.10.3.4.1. Procedure for a FID calibrated whith NMC

If a FID is always calibrated to measure Okith the NMC, then the FID shall be
spanned with the NMC using a ¢Bjpan gas, the product of that FID's {3Blsponse
factor and CH penetration fractionRFPFcHanmvc-riog, shall be set equal to 1.0 (i.e.
efficiency Ecus [-] is set to 0) for all emission calculations, ahe combined ethane
(CzHe) response factor and penetration fractiBfPFconsnvc-rioy (and efficiency
Eczns[-]) shall be determined as follows:

(@) Both a CH gas mixture and a8 analytical gas mixture shall be selected
meeting the specifications of paragraph 9.5.1. hBotCH, concentration for
spanning the FID during emission testing and -&l¢Cconcentration that is
typical of the peak NMHC concentration expectethathydrocarbon standard
or equal to THC analyzer's span value shall becsade

(b) The non-methane cutter shall be started, opeérand optimized according to
the manufacturer's instructions, including any terafure optimization.

(c) It shall be confirmed that the FID analyzeretseall the specifications of
paragraph 8.1.10.1.

(d) The FID analyzer shall be operated according the manufacturer's
instructions.

(e) CHspan gas shall be used to span the FID with thercuThe FID shall be
spanned on a{asis. For example, if the span gas has ar€fdrence value
of 100 pmol/mol, the correct FID response to th@nsgas is 100 pmol/mol
because there is one carbon atom pes @blecule.

(H The GHe analytical gas mixture shall be introduced upsireaf the non-
methane cutter.

(g) The analyzer response shall be stabilize@bitstation time may include time
to purge the non-methane cutter and to accourth&analyzer's response.

(h)  While the analyzer measures a stable condenirs880 s of sampled data shall
be recorded and the arithmetic mean of these aatdspshall be calculated.

() The mean shall be divided by the referencai@alf GHg, converted to a £
basis. The result is the, s combined response factor and penetration
fraction, RFPFconsinmc-Fipp, €quivalent to (1 -Ecows [-]).  This combined
response factor and penetration fraction and tbeymt of the CH response
factor and CH penetration fractionRFPFchanmc-rip), Which is set equal
to 1.0, in emission calculations shall be used w@liog to A.7. or A.8., as
applicable.

8.1.10.3.4.2. Procedure for a FID calibrated withpane bypassing the NMC

If a FID is used with an NMC that is calibratediwpropane, €Hs, by bypassing the
NMC, penetrations fractionBFconsmvc-rio; and PFcrapnvc-rip) shall be determined
as follows:

(@) A CHsgas mixture and a#8s analytical gas mixture shall be selected meeting
the specifications of paragraph 9.5.1 with the,@HBncentration typical of its
peak concentration expected at the hydrocarbondatdnand the £He
concentration typical of the peak total hydrocarb@HC) concentration
expected at the hydrocarbon standard or the THEzsTaspan value.
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The non-methane cutter shall be started andrabpd according to the
manufacturer's instructions, including any tempeebptimization.

It shall be confirmed that the FID analyzereatseall the specifications of
paragraph 8.1.10.1.

The FID analyzer shall be operated according the manufacturer's
instructions.

The FID shall be zeroed and spanned as itdvbelduring emission testing.
The FID shall be spanned by bypassing the cuttérbgnusing GHs span gas
to span the FID. The FID shall be spanned on baSis.

The GHg analytical gas mixture shall be introduced upsirea the non-
methane cutter at the same point the zero gasnwrasliiced.

Time shall be allowed for the analyzer resjgotusstabilize. Stabilization time
may include time to purge the non-methane cuttet #naccount for the
analyzer's response.

While the analyzer measures a stable condentre80 s of sampled data shall
be recorded and the arithmetic mean of these aatdspshall be calculated.
The flow path shall be rerouted to bypass tiog-methane cutter, the,lds
analytical gas mixture shall be introduced to thgpass, and the steps in
paragraphs (g) through (h) of this paragraph $fealepeated.

The mean gHg concentration measured through the non-methartercshall
be divided by the mean concentration measured &iypassing the non-
methane cutter. The result is theHg penetration fractionPFcansnme-Fio),
that is equivalent to (1Ecane [-]). This penetration fraction shall be used
according to A.7. or A.8., as applicable.

The steps in paragraphs (f) through (j) obtparagraph shall be repeated, but
with the CH, analytical gas mixture instead ol The result will be the
CH,4 penetration fractionPFcranwc-rip) (€quivalent to (1-Echa [-])).  This
penetration fraction shall be used according toekas A.7-A.8, as applicable.

8.1.10.3.4.3. Procedure for a FID calibrated witttimane, bypassing the NMC

If a FID is used with an NMC that is calibratedlwinethane, Ckl by bypassing the
NMC, determine its combined ethane,ffg) response factor and penetration
fraction, RFPFc2onsinvc-Fip) » @s well as its ClHpenetration fractionPFcpanmc-rio),

as follows:

(a)

(b)
(c)
(d)

CH, and GHe analytical gas mixtures shall be selected that tnibe
specifications of paragraph 9.5.1., with the ;Gt¢bncentration typical of its
peak concentration expected at the hydrocarbondatdnand the s
concentration typical of the peak total hydrocarb@HC) concentration
expected at the hydrocarbon standard or the THE/zaraspan value.

The non-methane cutter shall be started andrabpd according to the
manufacturer's instructions, including any tempeebptimization.

It shall be confirmed that the FID analyzereatseall the specifications of
paragraph 8.1.10.1.

The FID analyzer shall be started and operatedrding to the manufacturer's
instructions.
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(e) The FID shall be zeroed and spanned as itdvduting emission testing. The
FID shall be spanned with Gi¥pan gas by bypassing the cutter. Note that the
FID shall be spanned on a Basis. For example, if the span gas has a methane
reference value of 100 pmol/mol, the correct FIBpanse to that span gas
is 100 pmol/mol because there is one carbon ater@Hg molecule.

() The GHg analytical gas mixture shall be introduced upsireaf the non-
methane cutter at the same point the zero gasnurasluced.

(g) Time shall be allowed for the analyzer respotusstabilize. Stabilization time
may include time to purge the non-methane cuttetr #naccount for the
analyzer's response.

(h) 30 s of sampled data shall be recorded wihideanalyzer measures a stable
concentration. The arithmetic mean of these daitatg shall be calculated.

() The flow path to bypass the non-methane cutell be rerouted, the,Bs
analytical gas mixture shall be introduced to thgass, and the steps in
paragraphs (g) and (h) of this paragraph shalepeated.

() The mean gHgs concentration measured through the non-methariercshall
be divided by the mean concentration measured #fypassing the non-
methane cutter. The result is theHg combined response factor and
penetration fractionRFPFconenme-Fip. This combined response factor and
penetration fraction shall be used according to exes A.7 and A.8., as
applicable.

(k) The steps in paragraphs (f) through (j) ostparagraph shall be repeated, but
with the CH, analytical gas mixture instead ofHs. The result will be the
CH, penetration fractionPFchapnwvc-rip).  This penetration fraction shall be
used according to Annexes A.7 and A.8., as apgécab

8.1.11. NQ measurements
8.1.11.1. CLD C®and HO quench verification
8.1.11.1.1. Scope and frequency

If a CLD analyzer is used to measure ,)Ntbe amount of D and CQ quench shall
be verified after installing the CLD analyzer arfttamajor maintenance.

8.1.11.1.2. Measurement principles

H,O and CQ can negatively interfere with a CLD's N@esponse by collisional
qguenching, which inhibits the chemiluminescent teacthat a CLD utilizes to
detect NQ. This procedure and the calculations in paragaptil1.2.3. determine
guench and scale the quench results to the maximata fraction of HO and the
maximum CQ concentration expected during emission testirighd CLD analyzer
uses quench compensation algorithms that utiliz® ldnd/or CQ measurement
instruments, quench shall be evaluated with thesguments active and with the
compensation algorithms applied.
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8.1.11.1.3. System requirements

For dilute measurement a CLD analyzer shall noee® a combined & and CQ
quench of +2 per cent. For raw measurement a Chélyaer shall not exceed a
combined HO and CQ quench of £2 per cent. Combined quench is the suthe
CO, quench determined as described in paragraph 811415and the KO quench as
determined in paragraph 8.1.11.1.5. If these requénts are not met, corrective
action shall be taken by repairing or replacingdhalyzer. Before running emission
tests, it shall be verified that the correctivei@tthave successfully restored the
analyzer to proper functioning.

8.1.11.1.4. C@quench verification procedure

The following method or the method prescribedtsy instrument manufacturer may
be used to determine GQ@uench by using a gas divider that blends bingans
gases with zero gas as the diluent and meets #uifisptions in paragraph 9.4.5.6.,
or good engineering judgment shall be used to dgvaldifferent protocol:

(8) PTFE or stainless steel tubing shall be ugedake necessary connections.

(b) The gas divider shall be configured such trestrly equal amounts of the span
and diluent gases are blended with each other.

(c) If the CLD analyzer has an operating mode hic it detects NO-only, as
opposed to total NQ the CLD analyzer shall be operated in the NO-only
operating mode.

(d) A CO span gas that meets the specifications of parb@#pl. and a
concentration that is approximately twice the maximCQ concentration
expected during emission testing shall be used.

(e) An NO span gas that meets the specificationgpavagraph 9.5.1. and a
concentration that is approximately twice the maximNO concentration
expected during emission testing shall be usedyhéti concentration may be
used according to the instrument manufacturer'smecendation and good
engineering judgement in order to obtain accuratdfigation, if the expected
NO concentration is lower than the minimum range floe verification
specified by the instrument manufacturer.

(f) The CLD analyzer shall be zeroed and spann€éde CLD analyzer shall be
spanned with the NO span gas from paragraph (@i®paragraph through the
gas divider. The NO span gas shall be connectédetspan port of the gas
divider; a zero gas shall be connected to the dilpert of the gas divider; the
same nominal blend ratio shall be used as seldaotgiragraph (b) of this
paragraph; and the gas divider's output conceatradf NO shall be used to
span the CLD analyzer. Gas property correctioadl ble applied as necessary
to ensure accurate gas division.

() The CQ span gas shall be connected to the span poreafah divider.

(h) The NO span gas shall be connected to themt#uport of the gas divider.

(i)  While flowing NO and CQ® through the gas divider, the output of the gas
divider shall be stabilized. The G@oncentration from the gas divider output
shall be determined, applying gas property coroecds necessary to ensure
accurate gas division. This concentratighoac; Shall be recorded and it shall
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()

(k)

()

be used in the quench verification calculationpanagraph 8.1.11.2.3. As an
alternative to using a gas divider, another singale blending device may be
used. In this case an analyzer shall be usedtérrdme CQ concentration. If
a NDIR is used together with a simple gas blendlagice, it shall meet the
requirements of this section and it shall be spdnvi¢h the CQ span gas from
paragraph (d) of this section. The linearity o tRDIR analyzer has to be
checked before over the whole range up to twic¢hefexpected maximum
CO; concentration expected during testing.

The NO concentration shall be measured dowastr of the gas divider with
the CLD analyzer. Time shall be allowed for thalgimer response to stabilize.
Stabilization time may include time to purge thensfer line and to account for
analyzer response. While the analyzer measuresdimple's concentration,
the analyzer's output shall be recorded for 30 rs#x0 The arithmetic mean
concentration shall be calculated from these d&{@meas XnomeasShall be
recorded and it shall be used in the quench vatifia calculations in
paragraph 8.1.11.2.3.

The actual NO concentration shall be calcudas the gas divider's outlet,
Xnoacs based on the span gas concentrations agshac: according to
equation (8-5). The calculated value shall be usetthe quench verification
calculations in equation (8-4).

The values recorded according to this paradgsep1.11.1.4. and 8.1.11.1.5. of
this section shall be used to -calculate quench a&scribed in
paragraph 8.1.11.2.3.

8.1.11.1.5. HO quench verification procedure

The following method or the method prescribed sy instrument manufacturer may
be used to determine,@ quench, or good engineering judgment shall bel tise
develop a different protocol:

(a)
(b)

(€)

(d)

()

PTFE or stainless steel tubing shall be usedake necessary connections.

If the CLD analyzer has an operating mode Hricl it detects NO-only, as
opposed to total N the CLD analyzer shall be operated in the NO-only
operating mode.

A NO span gas shall be used that meets theifgadions of paragraph 9.5.1.
and a concentration that is near the maximum cdraetéon expected during
emission testing. Higher concentration may be usedording to the
instrument manufacturer's recommendation and gagtheering judgement in
order to obtain accurate verification, if the exeelcNO concentration is lower
than the minimum range for the verification spexdfiby the instrument
manufacturer.

The CLD analyzer shall be zeroed and spanridte CLD analyzer shall be
spanned with the NO span gas from paragraph (thisfparagraph, the span
gas concentration shall be recordedcasiy, and it shall be used in the quench
verification calculations in paragraph 8.1.11.2.3.

The NO span gas shall be humidified by bulgpiirthrough distilled water in a
sealed vessel. If the humidified NO span gas sardpks not pass through a
sample dryer for this verification test, the vedseiperature shall be controlled
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to generate an 40 level approximately equal to the maximum moleticn of
H,O expected during emission testing. If the hunedifNO span gas sample
does not pass through a sample dryer, the querndicagon calculations in
paragraph 8.1.11.2.3. scale the measurg®@ Huench to the highest mole
fraction of HO expected during emission testing. If the humedifNO span
gas sample passes through a dryer for this vetificatest, the vessel
temperature shall be controlled to generate #D ldvel at least as high as the
level determined in paragraph 9.3.2.3.1. For thise, the quench verification
calculations in paragraph 8.1.11.2.3. do not sitedaneasured ¥ quench.

(f)  The humidified NO test gas shall be introdud®id the sample system. It may
be introduced upstream or downstream of a sampler dhat is used during
emission testing. Depending on the point of iniiitbn, the respective
calculation method of paragraph (e) shall be setectNote that the sample
dryer shall meet the sample dryer verification éhiecparagraph 8.1.8.5.8.

(g9) The mole fraction of O in the humidified NO span gas shall be measubhad.
case a sample dryer is used, the mole fraction@f i the humidified NO
span gas shall be measured downstream of the sainy#He, Xy20meas It IS
recommended to measux@omeas@S close as possible to the CLD analyzer
inlet. Xy20measmay be calculated from measurements of dew pdigf, and
absolute pressurpitar

(h) Good engineering judgment shall be used tovgure condensation in the
transfer lines, fittings, or valves from the powlhereXy2omeasiS measured to
the analyzer. It is recommended that the systerdesigned so the wall
temperatures in the transfer lines, fittings, amdves from the point where
XH20measlS Measured to the analyzer are at least 5 °Cesdltv@viocal sample gas
dew point.

(i) The humidified NO span gas concentration shallmeasured with the CLD
analyzer. Time shall be allowed for the analyzesponse to stabilize.
Stabilization time may include time to purge thensfer line and to account for
analyzer response. While the analyzer measuresdahmle's concentration,
the analyzer's output shall be recorded for 30 @0 The arithmetic mean
shall be calculated of these datRowe: Xnowet Shall be recorded and used in
the quench verification calculations in paragragh®L.2.3.

8.1.11.2. CLD quench verification calculations

CLD quench-check calculations shall be performed aescribed in
paragraph 8.1.11.1.

8.1.11.2.1. Amount of water expected during testing

The maximum expected mole fraction of water duengssion testingsH2oexpshall
be estimated. This estimate shall be made wherdntimidified NO span gas was
introduced in paragraph 8.1.11.1.5.(f). When esfing the maximum expected
mole fraction of water, the maximum expected watartent in combustion air, fuel
combustion products, and dilution air (if applicgbkhall be considered. If the
humidified NO span gas is introduced into the sangylstem upstream of a sample
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dryer during the verification test, it is not nedde estimate the maximum expected
mole fraction of water angli2oexpShall be set equal t®20meas

8.1.11.2.2. Amount of C£expected during testing
The maximum expected G@oncentration during emission testingozexpshall be
estimated. This estimate shall be made at the Isasystem location where the
blended NO and C£span gases are introduced according to paragrapti8l.4.()).
When estimating the maximum expected.@0Oncentration, the maximum expected
CO; content in fuel combustion products and dilutionsaall be considered.
8.1.11.2.3. Combined4® and CQ quench calculations

Combined HO and CQ quench shall be calculated as follows:

XNOwet
_ X

quenche || 1= Xomess _y | Xazoers +[XN°meaS— 1JD =222 [100% (8-4)
XNOdry XHZOmeas X NOact X CO2ac

Where:

qguench= amount of CLD quench

XNOdry = measured concentration of NO upstream of a lempldccording to

paragraph 8.1.11.1.5.(d)
Xnowet= ~ Mmeasured concentration of NO downstream of aleupaccording to

paragraph 8.1.11.1.5.(i)

XH20exp= ~Maximum expected mole fraction of water duringission testing
according to paragraph 8.1.11.2.1.

XHzomeas= Measured mole fraction of water during the ghererification according
to paragraph 8.1.11.1.4.(j)

Xnomeas= Measured concentration of NO when NO span gatersdded with CQ
span gas, according to paragraph 8.1.11.1.4.(j)

Xnoact=  actual concentration of NO when NO span gadeisded with CQ span
gas, according to paragraph 8.1.11.1.4.(k) andutzed according to
equation (8-5)

Xcozexp= Maximum expected concentration of L£@uring emission testing,
according to paragraph 8.1.11.1.3.

Xcozact=  actual concentration of G&vhen NO span gas is blended with {Zpan
gas, according to paragraph 8.1.11.1.4.(i)

XNOact = (1_mj D(NOspar (8'5)

XCOZspan
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Where:

Xnospan=  the NO span gas concentration input to the gesled, according to
paragraph 8.1.11.1.4.(e)

Xcozspan= the CQ span gas concentration input to the gas dividecoraing to
paragraph 8.1.11.1.4.(d)

8.1.11.3. NDUV analyzer HC and.@ interference verification
8.1.11.3.1. Scope and frequency

If NOy is measured using an NDUV analyzer, the amouri»f and hydrocarbon
interference shall be verified after initial anayzinstallation and after major
maintenance.

8.1.11.3.2. Measurement principles

Hydrocarbons and 40 can positively interfere with a NDUV analyzer tgusing a
response similar to NO If the NDUV analyzer uses compensation algorghthmat
utilize measurements of other gases to meet thierfamence verification,
simultaneously such measurements shall be condtetebt the algorithms during
the analyzer interference verification.

8.1.11.3.3. System requirements

A NOyx NDUV analyzer shall have combineg®and HC interference within £2 per
cent of the mean concentration of NO

8.1.11.3.4. Procedure

The interference verification shall be performsdalows:

(@ The NQ NDUV analyzer shall be started, operated, zer@ew| spanned
according to the instrument manufacturer's insioost

(b) It is recommended to extract engine exhaugieidorm this verification. A
CLD shall be used that meets the specificationpavhgraph 9.4. to quantify
NO in the exhaust. The CLD response shall be usdtieaseference value.
Also HC shall be measured in the exhaust with a &hlyzer that meets the
specifications of paragraph 9.4. The FID resposBall be used as the
reference hydrocarbon value.

(c) Upstream of any sample dryer, if one is usadhd testing, the engine exhaust
shall be introduced into the NDUV analyzer.

(d) Time shall be allowed for the analyzer resjgotosstabilize. Stabilization time
may include time to purge the transfer line andatxount for analyzer
response.

(e) While all analyzers measure the sample's carat@on, 30 s of sampled data
shall be recorded, and the arithmetic means fottitee® analyzers calculated.

() The CLD mean shall be subtracted from the NDtd¥an.
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(9)

This difference shall be multiplied by theioabf the expected mean HC
concentration to the HC concentration measurechduhe verification. The
analyzer meets the interference verification of tharagraph if this result is
within + 2 per cent of the N(@oncentration expected at the standard:

(XNOX,CLD,meas_ T( NOx,NDUV,meal Eﬁ%j < 2%|:q7( NOx,e>)p (8_6)

C,meas

Where:
X [umol/mol] or [ppm] is the mean concentration of:

(i)  NO« measured by CLDXo, cLomead @Nd By NDUV X0, nouvmeas)
(i) HC measuredX,c cad)

(i) HC expected at the standarg £ ,,)

(iv) NO expected at the standarg, .,,)

(YNOX,CLD,meas_ X NOx,NDUV,meal is the NQ difference

C,meas

= = )_(HC,exp - .
(xNOX’CLD’meaS—xNOX’NDUV,meBlEE— is measured NQ difference

corrected to expected HC

8.1.11.3.5. Cooling bath (chiller) requirements

8.1.11.4.

It shall be demonstrated that for the highest etqubwater vapour concentratibi,
the water removal technique maintains CLD humidity 5 g water/kg dry air (or
about 0.8 volume per cent,@), which is 100 per cent relative humidity at 3®
and 101.3 kPa. This humidity specification is adspivalent to about 25 per cent
relative humidity at 25 °C and 101.3 kPa. This rbaydemonstrated by measuring
the temperature at the outlet of a thermal dehdiardor by measuring humidity at a
point just upstream of the CLD.

Cooling bath (chiller) Nenetration

8.1.11.4.1. Scope and frequency

If a cooling bath (chiller) is used to dry a saemppstream of a NOmeasurement
instrument, but no N&to-NO converter is used upstream of the coolint bthis
verification shall be performed for cooling bath N@enetration. This verification
shall be performed after initial installation arfteeamajor maintenance.

8.1.11.4.2. Measurement principles

A cooling bath (chiller) removes water, which catherwise interfere with a NO
measurement. However, liquid water remaining inmproperly designed cooling
bath can remove NCGrom the sample. If a cooling bath is used withao NGQ-to-
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NO converter upstream, it could therefore remove, IR@m the sample prior NO
measurement.

8.1.11.4.3. System requirements

The chiller shall allow for measuring at least & cent of the total NQat the
maximum expected concentration of NO

8.1.11.4.4. Procedure

The following procedure shall be used to verifilleh performance:

Instrument setup. The analyzer and chillemufecturers' start-up and
operating instructions shall be followed. The smai and chiller shall be
adjusted as needed to optimize performance.

Equipment setup and data collection.

(@)

(b)

(€)

(i)

(ii)

(iif)

(iv)

(V)
(vi)

(vii)

(viii)

The total NQ gas analyzer(s) shall be zeroed and spannedvasliitl be
before emission testing.

NO; calibration gas (balance gas of dry air) that s NG
concentration that is near the maximum expectethguesting shall be
selected. Higher concentration may be used acuptdi the instrument
manufacturer's recommendation and good enginegtdgement in
order to obtain accurate verification, if the expelcNQG concentration is
lower than the minimum range for the verificatiopesified by the
instrument manufacturer.

This calibration gas shall be overflowed tae gas sampling system's
probe or overflow fitting. Time shall be allowearfstabilization of the
total NQ, response, accounting only for transport delaysiasgiument
response.

The mean of 30 s of recorded total Né&ta shall be calculated and this
value recorded asyoxret.

The flowing the N@calibration gas shall be stopped.

Next the sampling system shall be saturdtgaverflowing a dew point
generator's output, set at a dew point of 50 °Cthto gas sampling
system's probe or overflow fitting. The dew pog#nerator's output
shall be sampled through the sampling system ailiércfor at least 10
minutes until the chiller is expected to be remgvan constant rate of
water.

It shall be immediately switched back toesflowing the NQ calibration
gas used to establisfioxer. It shall be allowed for stabilization of the
total NQ, response, accounting only for transport delaysiasgiument
response. The mean of 30 s of recorded total M&a shall be
calculated and this value recordeX@Smeas

XnoxmeasShall be corrected tyoxary based upon the residual water vapour
that passed through the chiller at the chiller'sledbuemperature and
pressure.

Performance evaluation. Xfoxary is less than 95 per cent xyoxrer, the chiller
shall be repaired or replaced .
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8.1.11.5. NG®@to-NO converter conversion verification
8.1.11.5.1. Scope and frequency

If an analyzer is used that measures only NO tergene NQ, an NQ-to-NO
converter shall be used upstream of the analyz&his verification shall be
performed after installing the converter, after onapaintenance and within 35 days
before an emission test. This verification shalkbpeated at this frequency to verify
that the catalytic activity of the NAo-NO converter has not deteriorated.

8.1.11.5.2. Measurement principles

An NO,-to-NO converter allows an analyzer that measurdg NO to determine
total NQ, by converting the N@in exhaust to NO.

8.1.11.5.3. System requirements

An NO,-to-NO converter shall allow for measuring at le@Stper cent of the total
NO, at the maximum expected concentration of,NO

8.1.11.5.4 Procedure

The following procedure shall be used to verife ferformance of a N@o-NO

converter:

(@) For the instrument setup the analyzer and-td¢NO converter manufacturers'
start-up and operating instructions shall be foddw The analyzer and
converter shall be adjusted as needed to optingdenmance.

(b) An ozonator's inlet shall be connected to @-z& or oxygen source and its
outlet shall be connected to one port of a 3-wayfiiting. An NO span gas
shall be connected to another port and the-ldENO converter inlet shall be
connected to the last port.

(c) The following steps shall be taken when periiog this check:

() The ozonator air shall be set off and thena#or power shall be turned
off and the N@Gto-NO converter shall be set to the bypass moge, (i
NO mode). Stabilization shall be allowed for, aguting only for
transport delays and instrument response.

(i) The NO and zero-gas flows shall be adjustedhe NO concentration at
the analyzer is near the peak total Né@ncentration expected during
testing. The N@content of the gas mixture shall be less thanrxest
of the NO concentration. The concentration of Ni@llsbe recorded by
calculating the mean of 30 s of sampled data frieenanalyzer and this
value shall be recorded asorr Higher concentration may be used
according to the instrument manufacturer's reconuatgon and good
engineering judgement in order to obtain accurasfigation, if the
expected NO concentration is lower than the minimmamge for the
verification specified by the instrument manufaetur
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(i) The ozonator @supply shall be turned on and the f@w rate adjusted
so that the NO indicated by the analyzer is abd&upércent less than
Xnoret.  The concentration of NO shall be recorded bywdating the
mean of 30 s of sampled data from the analyzertlisdvalue recorded
ASXNO+02mix-

(iv) The ozonator shall be switched on and thenezgeneration rate adjusted
so that the NO measured by the analyzer is appairign 20 percent of
Xnorehk While maintaining at least 10 per cent unreackd. The
concentration of NO shall be recorded by calcugatiee mean of 30 s of
sampled data from the analyzer and this value dtmllrecorded as
XNOmeas

(v) The NQ analyzer shall be switched to NOnode and total NO
measured. The concentration of N&hall be recorded by calculating the
mean of 30 s of sampled data from the analyzerthisdvalue shall be
recorded agnoxmeas

(vi) The ozonator shall be switched off but glasvfthrough the system shall
be maintained. The NQanalyzer will indicate the NOn the NO + Q
mixture. The concentration of NGhall be recorded by calculating the
mean of 30 s of sampled data from the analyzerthisdvalue shall be
recorded a&nox+02mix

(vii) Oz supply shall be turned off. The N@nalyzer will indicate the NQOn
the original NO-in-N mixture. The concentration of NGshall be
recorded by calculating the mean of 30 s of samplath from the
analyzer and this value shall be recorded\aser. This value shall be
no more than 5 per cent above fgres value.

(d) Performance evaluation. The efficiency of tN&®, converter shall be
calculated by substituting the concentrations oletai into the following
equation:

X

EfﬁCienC){%] = (1.{_ XNOxmeas NOx+02mixJ x100 (8-7)

XNO+02mix - XNOmeas

(e) If the result is less than 95 per cent, the-MENO converter shall be repaired
or replaced.

8.1.12. PM measurements
8.1.12.1. PM balance verifications and weighingcpss verification
8.1.12.1.1. Scope and frequency

This paragraph describes three verifications.

(@) Independent verification of PM balance perfance within 370 days prior to
weighing any filter.

(b) Zero and span of the balance within 12 h piwareighing any filter.

(c) Verification that the mass determination derence filters before and after a
filter weighing session be less than a specifiéeramce.
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8.1.12.1.2. Independent verification

The balance manufacturer (or a representative oapdr by the balance
manufacturer) shall verify the balance performandthin 370 days of testing in
accordance with internal audit procedures.

8.1.12.1.3. Zeroing and spanning

Balance performance shall be verified by zeroind apanning it with at least one
calibration weight, and any weights that are udeall Sneet the specifications in
paragraph 9.5.2. to perform this verification. Amaal or automated procedure shall
be used:

(@) A manual procedure requires that the balamadl e used in which the
balance shall be zeroed and spanned with at lemstalibration weight. If
normally mean values are obtained by repeating wieeghing process to
improve the accuracy and precision of PM measuré&énéhe same process
shall be used to verify balance performance.

(b) An automated procedure is carried out witkrinal calibration weights that are
used automatically to verify balance performandéese internal calibration
weights shall meet the specifications in parag@pt?. to perform this
verification.

8.1.12.1.4. Reference sample weighing

All mass readings during a weighing session dteNerified by weighing reference

PM sample media (e.g. filters) before and aftereaghing session. A weighing

session may be as short as desired, but no lohger&80 hours, and may include

both pre- and post-test mass readings. Successags determinations of each
reference PM sample media shall return the samgewvalthin £10 pug or £10 per
cent of the expected total PM mass, whichever ghdrn. Should successive PM
sample filter weighing events fail this criteriall individual test filter mass readings
mass readings occurring between the successivenetefilter mass determinations
shall be invalidated. These filters may be re-Wwedyin another weighing session.

Should a post-test filter be invalidated then #wst interval is void. This verification

shall be performed as follows:

(@) At least two samples of unused PM sample mela be kept in the PM-
stabilization environment. These shall be usefesences. Unused filters of
the same material and size shall be selected éasiseferences.

(b) References shall be stabilized in the PM &raibion environment. References
shall be considered stabilized if they have beenth@ PM-stabilization
environment for a minimum of 30 min, and the PMbdtaation environment
has been within the specifications of paragrapt¥33 for at least the
preceding 60 min.

(c) The balance shall be exercised several tim#s avreference sample without
recording the values.



(d)

(e)

()
(¢)]

(h)

(i)

1),

ECE/TRANS/WP.29/2009/118
page 99

The balance shall be zeroed and spanned.stArtass shall be placed on the
balance (e.g. calibration weight) and then remosmesuring that the balance
returns to an acceptable zero reading within thenabstabilization time.

Each of the reference media (e.qg. filters)lldb@ weighed and their masses
recorded. If normally mean values are obtainedrdpeating the weighing
process to improve the accuracy and precisionfefeace media (e.g. filters)
masses, the same process shall be used to measare values of sample
media (e.g. filters) masses.

The balance environment dew point, ambientgerature, and atmospheric
pressure shall be recorded.

The recorded ambient conditions shall be usexbrrect results for buoyancy
as described in paragraph 8.1.12.2. The buoyaogated mass of each of
the references shall be recorded.

Each of the reference media's (e.g. filtdrsig)yancy-corrected reference mass
shall be subtracted from its previously measured etorded buoyancy-
corrected mass.

If any of the reference filters' observed massmnges by more than that
allowed under this paragraph, all PM mass deteroing made since the last
successful reference media (e.g. filter) mass atbd shall be invalidated.
Reference PM filters maybe discarded if only onetla# filters mass has
changed by more than the allowable amount and @amause for that filter's
mass change can be positively identified which wWowt have affected other
in-process filters. Thus the validation can besudered a success. In this
case, the contaminated reference media shall nioicheled when determining
compliance with paragraph (j) of this paragrapht the affected reference
filter shall be discarded and replaced.

If any of the reference masses change by ntimme that allowed under this
paragraph 8.1.12.1.4., all PM results that wererddahed between the two
times that the reference masses were determindtl [#hanvalidated. If
reference PM sample media is discarded accordingatagraph (i) of this
paragraph, at least one reference mass differémratarteets the criteria in this
paragraph 8.1.12.1.4. shall be available. Otherwadl PM results that were
determined between the two times that the referemexdia (e.g. filters) masses
were determined shall be invalidated.

8.1.12.2. PM sample filter buoyancy correction

8.1.12.2.1. General

PM sample filter shall be corrected for their baogy in air. The buoyancy
correction depends on the sample media densitydehsity of air, and the density of
the calibration weight used to calibrate the badgand@he buoyancy correction does
not account for the buoyancy of the PM itself, heseathe mass of PM typically
accounts for only (0.01 to 0.10) per cent of thelteveight. A correction to this
small fraction of mass would be at the most 0.040gent. The buoyancy-corrected
values are the tare masses of the PM samples. e Thes/ancy-corrected values of
the pre-test filter weighing are subsequently sudtéd from the buoyancy-corrected
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values of the post-test weighing of the correspogdilter to determine the mass of
PM emitted during the test.

8.1.12.2.2. PM sample filter density

Different PM sample filter have different densstie The known density of the
sample media shall be used, or one of the dendliesome common sampling
media shall be used, as follows:

(@) For PTFE-coated borosilicate glass, a sampdeiandensity of 2300 kgfin
shall be used.

(b) For PTFE membrane (film) media with an intégsupport ring of
polymethylpentene that accounts for 95 per certhefmedia mass, a sample
media density of 920 kgffshall be used.

(c) For PTFE membrane (film) media with an intéggapport ring of PTFE, a
sample media density of 2144 kd/shall be used.

8.1.12.2.3. Air density
Because a PM balance environment shall be tigbtigtrolled to an ambient
temperature of (22 +1) °C and a dew point of (915 %C, air density is primarily
function of atmospheric pressure. Therefore a Anoy correction is specified that
is only a function of atmospheric pressure.

8.1.12.2.4. Calibration weight density
The stated density of the material of the methbition weight shall be used.

8.1.12.2.5. Correction calculation

The PM sampile filter shall be corrected for buayansing the following equations:

1_ pair
Meor = Mincor M (8_8)

1_ loair

lomedia
Where:
Meor = PM mass corrected for buoyancy
Mincor=  PM mass uncorrected for buoyancy
Pair = density of air in balance environment
pweight=  density of calibration weight used to span beg¢an
Pmedia= density of PM sample filter
M

pair = M (8_9)

RO

amb



8.2.

8.2.1.

8.2.1.1.

8.2.1.1.1.

8.2.1.1.2.

8.2.1.1.3.

ECE/TRANS/WP.29/2009/118

page 101
Where:
Pabs = absolute pressure in balance environment
Mmix = molar mass of air in balance environment
R= molar gas constant.
Tamp= absolute ambient temperature of balance envieohm

Instrument validation for test

Validation of proportional flow control fdratch sampling and minimum dilution
ratio for PM batch sampling

Proportionality criteria for CVS
Proportional flows

For any pair of flow meters, the recorded sampie t@®tal flow rates or their 1 Hz
means shall be used with the statistical calculatim Annex A.2.9. The standard
error of the estimate&SEE, of the sample flow rate versus the total flow rsttall be
determined. For each test interval, it shall bealestrated thaSEEwas less than or
equal to 3.5 per cent of the mean sample flow rate.

Constant flows

For any pair of flow meters, the recorded sampie @tal flow rates or their 1 Hz
means shall be used to demonstrate that each #tewras constant within £2.5 per
cent of its respective mean or target flow ratde Tollowing options may be used
instead of recording the respective flow rate ahegpe of meter:

(@) Critical-flow venturi option. For criticaldw venturis, the recorded venturi-
inlet conditions or their 1 Hz means shall be uskdhall be demonstrated that
the flow density at the venturi inlet was constaathin £+2.5 per cent of the
mean or target density over each test intervak. aFGVS critical-flow venturi,
this may be demonstrated by showing that the atessdkmperature at the
venturi inlet was constant within 4 per cent o ttnean or target absolute
temperature over each test interval.

(b) Positive-displacement pump option. The reedrgpump-inlet conditions or
their 1 Hz means shall be used. It shall be detratesl that the flow density
at the pump inlet was constant within 2.5 per ceihthe mean or target
density over each test interval. For a CVS purhnig, may be demonstrated by
showing that the absolute temperature at the pumet iwas constant
within £2 per cent of the mean or target absoletagderature over each test
interval.

Demonstration of proportional sampling

For any proportional batch sample such as a badPMr filter, it shall be
demonstrated that proportional sampling was maiethusing one of the following,
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8.2.1.2.

noting that up to 5 per cent of the total numbedafa points may be omitted as
outliers.

Using good engineering judgment, it shall be destrated with an engineering
analysis that the proportional-flow control syst@mherently ensures proportional
sampling under all circumstances expected durisgng For example, CFVs may
be used for both sample flow and total flow ifstdemonstrated that they always
have the same inlet pressures and temperaturethanthey always operate under
critical-flow conditions.

Measured or calculated flows and/or tracer gaceamations (e.g. CO) shall be
used to determine the minimum dilution ratio for Rigitch sampling over the test
interval.

Partial flow dilution system validation

For the control of a partial flow dilution systeémextract a proportional raw exhaust
sample, a fast system response is required; thdemngified by the promptness of the
partial flow dilution system. The transformatiomé for the system shall be
determined by the procedure in paragraph 8.1.816.the related figure 3.1. The
actual control of the partial flow dilution systesmall be based on the current
measured conditions. If the combined transfornmatione of the exhaust flow
measurement and the partial flow systers 3.3 s, online control shall be used. If
the transformation time exceeds 0.3 s, look-aheedral based on a pre-recorded
test run shall be used. In this case, the combiisedtime shall bec 1 s and the
combined delay time< 10 s. The total system response shall be desigsetb
ensure a representative sample of the particulgtgs(sample flow of exhaust gas
into partial flow dilution system), proportional tthe exhaust mass flow. To
determine the proportionality, a regression analgétiny,i versusmew,i (€xhaust gas
mass flow rate on wet basis) shall be conducted oinimum 5 Hz data acquisition
rate, and the following criteria shall be met:
(@) The correlation coefficient of the linear regression betwegi,,i and gmew,i
shall not be less than 0.95.
(b) The standard error of estimatedafi on drew,i Shall not exceed 5 per cent of
Omp Maximum.
(c) amp intercept of the regression line shall not excee@ per cent ofgm,
maximum.

Look-ahead control is required if the combinednsfarmation times of the
particulate systentsopand of the exhaust mass flow sigrigd,-are > 0.3 s. In this
case, a pre-test shall be run and the exhaust floassignal of the pre-test be used
for controlling the sample flow into the particidagystem. A correct control of the
partial dilution system is obtained, if the timade ofgmew,pre Of the pre-test, which
controlsqny, is shifted by a "look-ahead" time @6 p + tso,~

For establishing the correlation betwegg; and gmew,i the data taken during the
actual test shall be used, withew, time aligned bytsor relative to gmpi (N0
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contribution fromtsg pto the time alignment). The time shift betwepa, andgny is
the difference between their transformation timdsttwere determined in
paragraph 8.1.8.6.3.2.

Gas analyzer range validation, drift vaioaiand drift correction
Range validation

If an analyzer operated above 100 per cent ahitge at any time during the test, the
following steps shall be performed:

Batch sampling

For batch sampling, the sample shall be re-andlysing the lowest analyzer range
that results in a maximum instrument response bdld@per cent. The result shall
be reported from the lowest range from which thalyaer operates below 100 per
cent of its range for the entire test.

Continuous sampling

For continuous sampling, the entire test shallréygeated using the next higher
analyzer range. If the analyzer again operateseah®0 per cent of its range, the
test shall be repeated using the next higher rafde test shall be continued to be
repeated until the analyzer always operates attthess 100 per cent of its range for
the entire test.

Drift validation and drift correction

If the drift is within +1 per cent, the data cae kither accepted without any
correction or accepted after correction. If theftds greater than +1 per cent, two
sets of brake specific emission results shall beutzted for each pollutant, or the
test shall be voided. One set shall be calculasaty data before drift correction and
another set of data calculated after correctingttedl data for drift according to
Appendix 2 of Annexes A.7. or A.8. The comparistiall be made as a percentage
of the uncorrected results. The difference betwberuncorrected and the corrected
brake-specific emission values shall be within £4 gent of the uncorrected brake-
specific emission values. If not, the entire testoid.

PM sampling media (e.qg. filters) precondiitng and tare weighing

Before an emission test, the following steps shalltaken to prepare PM sample
filter media and equipment for PM measurements:

Periodic verifications

It shall be made sure that the balance and PMlgtton environments meet the
periodic verifications in paragraph 8.1.12. Thiemence filter shall be weighed just
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8.2.3.2.

8.2.3.3.

8.2.3.4.

8.2.3.5.

8.2.3.6.

8.2.3.7.

8.2.3.8.

before weighing test filters to establish an appedp reference point (see section
details of the procedure in paragraph 8.1.12.The verification of the stability of
the reference filters shall occur after the post-tgabilisation period, immediately
before the post-test weighing.

Visual Inspection

The unused sample filter media shall be visuatlypected for defects, defective
filters shall be discarded.

Grounding

Electrically grounded tweezers or a grounding stshall 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 cmm&iners that are open to the
PM-stabilization environment. If filters are usédey may be placed in the bottom
half of a filter cassette.

Stabilization

Sample media shall be stabilized in the PM-stzddilon environment. An unused
sample medium can be considered stabilized as &ng has been in the PM-
stabilization environment for a minimum of 30 miduring which the PM-
stabilization environment has been within the dpeations of paragraph 9.3.4.

Weighing

The sample media shall be weighed automaticaltpamually, as follows:

(@) For automatic weighing, the automation systmanufacturer's instructions
shall be followed to prepare samples for weighing.

(b) For manual weighing, good engineering judgnsat| be used.

(c) Optionally, substitution weighing is permittéske paragraph 8.2.3.10).

(d) Once afilter is weighed it shall be returnedhe Petri dish and covered.

Buoyancy correction

The measured weight shall be corrected for buoyams described in
paragraph 8.1.12.2.

Repetition
The filter mass measurements may be repeatedé¢ontiee the average mass of the

filter using good engineering judgement and to deloutliers from the calculation
of the average.
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Tare-weighing

Unused filters that have been tare-weighed slealbbded into clean filter cassettes
and the loaded cassettes shall be placed in aenbwgrsealed container before they
are taken to the test cell for sampling.

Substitution weighing

Substitution weighing is an option and, if uset/olves measurement of a reference
weight before and after each weighing of a PM sargphedium (e.g. filter). While
substitution weighing requires more measuremehtprrects for a balance's zero-
drift and it relies on balance linearity only ovarsmall range. This is most
appropriate when quantifying total PM masses thatless than 0.1 per cent of the
sample medium's mass. However, it may not be apjte when total PM masses
exceed 1 per cent of the sample medium's massubHtitution weighing is used, it
shall be used for both pre-test and post-test vigighThe same substitution weight
shall be used for both pre-test and post-test vimighThe mass of the substitution
weight shall be corrected for buoyancy if the dignsf the substitution weight is less
than 2.0 g/cth  The following steps are an example of substitutieighing:

(a) Electrically grounded tweezers or a grounditigp shall be used, as described
in paragraph 9.3.4.6.

(b) A static neutralizer shall be used as desdribgaragraph 9.3.4.6 to minimize
static electric charge on any object before ilax@d on the balance pan.

(c) A substitution weight shall be selected thatets the specifications for
calibration weights in paragraph 9.5.2. The stlistn weight shall also have
the same density as the weight that is used to ggamicrobalance, and shall
be similar in mass to an unused sample medium fieay). If filters are used,
the weight's mass should be about (80 to 100) mgyfocal 47 mm diameter
filters.

(d) The stable balance reading shall be recoreedtlaen the calibration weight
shall be removed.

(e) An unused sampling medium (e.g. a new fildmll be weighed, the stable
balance reading recorded and the balance envirarsm@ew point, ambient
temperature, and atmospheric pressure recorded.

(f) The calibration weight shall be reweighed ahe stable balance reading
recorded.

(@) The arithmetic mean of the two calibration-gfgireadings that were recorded
immediately before and after weighing the unusedpa shall be calculated.
That mean value shall be subtracted from the unsastple reading, then the
true mass of the calibration weight as stated oa ¢alibration-weight
certificate shall be added. This result shall ®eorded. This is the unused
sample's tare weight without correcting for buoyanc

(h) These substitution-weighing steps shall beeaggd for the remainder of the
unused sample media.

(i) The instructions given in paragraphs 8.2.3tfough 8.2.3.9. of this section
shall be followed once weighing is completed.
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8.2.4.

8.2.4.1.

8.2.4.2.

8.2.4.3.

8.2.4.4.

8.2.4.5.

PM sample post-conditioning and total weighi
Periodic verification

It shall be assured that the weighing and PM-Bzaliion environments have met the
periodic verifications in paragraph 8.1.12.1. Aftesting is complete, the filters
shall be returned to the weighing and PM-stabilisaenvironment. The weighing
and PM-stabilisation environment shall meet the iantbconditions requirements in
paragraph 9.3.4.4., otherwise the test filters Ishal left covered until proper
conditions have been met.

Removal from sealed containers

In the PM-stabilization environment, the PM sarsp#hall be removed from the
sealed containers. Filters may be removed fronir ttessettes before or after
stabilization. When a filter is removed from a sEtte, the top half of the cassette
shall be separated from the bottom half using aettes separator designed for this
purpose.

Electrical grounding

To handle PM samples, electrically grounded tweene a grounding strap shall be
used, as described in paragraph 9.3.4.5.

Visual inspection

The collected PM samples and the associated filttia shall be inspected visually.
If the conditions of either the filter or the calted PM sample appear to have been
compromised, or if the particulate matter contaatg surface other than the filter,
the sample may not be used to determine particdatessions. In the case of
contact with another surface; the affected surfadl be cleaned before proceeding.

Stabilisation of PM samples

To stabilise PM samples, they shall be placechim@r more containers that are open
to the PM-stabilization environment, which is désed in paragraph 9.3.4.4. APM
sample is stabilized as long as it has been inPtlestabilization environment for
one of the following durations, during which thatstization environment has been
within the specifications of paragraph 9.3.4.4.:

(@) Ifitis expected that a filter's total sudaconcentration of PM will be greater
than 0.353 pg/mfa assuming a 400 pg loading on a 38 mm diametier fil
stain area, the filter shall be exposed to theilsgtabon environment for at
least 60 minutes before weighing.

(b) If it is expected that a filter's total surdaconcentration of PM will be less
than 0.353 pg/mfa the filter shall be exposed to the stabilizatgmvironment
for at least 30 minutes before weighing.
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(c) If afilter's total surface concentration d#iIRo be expected during the test is
unknown, the filter shall be exposed to the stahilon environment for at
least 60 minutes before weighing.

Determination of post-test filter mass

The procedures in paragraph 8.2.3. shall be regeafparagraphs 8.2.3.6.
through 8.2.3.9.) to determine the post-test fitbarss.

Total mass

Each buoyancy-corrected filter tare mass shallsbletracted from its respective
buoyancy-corrected post-test filter mass. Thelrasithe total masSnt, Which
shall be used in emission calculations in Annexé&s And A.8.

MEASUREMENT EQUIPMENT

Engine dynamometer specification

Shaft work

An engine dynamometer shall be used that has ateegiaracteristics to perform
the applicable duty cycle including the ability nreeet appropriate cycle validation
criteria. The following dynamometers may be used:

(a) Eddy-current or water-brake dynamometers;

(b) Alternating-current or direct-current motoridgnamometers;

(c) One or more dynamometers.

Transient cycle
Load cell or in-line torque meter may be useddogque measurements.

When using a load cell, the torque signal shaltrbasferred to the engine axis and
the inertia of the dynamometer shall be considerEde actual engine torque is the
torque read on the load cell plus the moment atimef the brake multiplied by the
angular acceleration. The control system has tiope such a calculation in real
time.

Engine accessories
The work of engine accessories required to fudbritate, or heat the engine,

circulate liquid coolant to the engine, or to operafter-treatment devices shall be
accounted for and they shall be installed in acmocd with paragraph 6.3.
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9.2.

9.2.1.

9.2.2.

Dilution procedure (if applicable)

Diluent conditions and background conceiutnat

Gaseous constituents may be measured raw or dilbezeas PM measurement
generally requires dilution. Dilution may be acgwished by a full flow or partial
flow dilution system. When dilution is applied ththe exhaust may be diluted with
ambient air, synthetic air, or nitrogen. For gase@missions measurement the
diluent shall be at least 15 °C. For PM samplimg temperature of the diluent is
specified in paragraphs 9.2.2. for CVS and 9.28PFD with varying dilution ratio.
The flow capacity of the dilution system shall gk enough to completely
eliminate water condensation in the dilution anehgiing systems. De-humidifying
the dilution air before entering the dilution systes permitted, if the air humidity is
high. The dilution tunnel walls may be heatednsuilated as well as the bulk stream
tubing downstream of the tunnel to prevent aqueonsiensation.

Before a diluent is mixed with exhaust, it may fgreconditioned by increasing or
decreasing its temperature or humidity. Constisienay be removed from the
diluent to reduce their background concentratiofise following provisions apply to
removing constituents or accounting for backgrococentrations:

(@) Constituent concentrations in the diluent rhaymeasured and compensated
for background effects on test results. See Amnex&-A.8 for calculations
that compensate for background concentrations.

(b) To account for background PM the followingiops are available:

(i) For removing background PM, the diluent sHadl filtered with high-
efficiency particulate air (HEPA) filters that haws initial minimum
collection efficiency specification of 99.97 pernte(see 3.1. for
procedures related to HEPA-filtration efficiencies)

(i) For correcting for background PM without HEPfiltration, the
background PM shall not contribute more than 50ceet of the net PM
collected on the sample filter.

(i) Background correction of net PM with HEPAltfation is permitted
without restriction.

Full flow system

Full-flow dilution; constant-volume sampling (CV.SThe full flow of raw exhaust is
diluted in a dilution tunnel. Constant flow may b®intained by maintaining the
temperature and pressure at the flow meter withénlimits. For non constant flow
the flow shall be measured directly to allow fooportional sampling. The system
shall be designed as follows (see figure 9.1):

(@) A tunnel with inside surfaces of stainlesselstghall be used. The entire
dilution tunnel shall be electrically grounded.

(b) The exhaust system backpressure shall not rticially lowered by the
dilution air inlet system. The static pressur¢hatlocation where raw exhaust
is introduced into the tunnel shall be maintainedhw +1.2 kPa of
atmospheric pressure.
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To support mixing the raw exhaust shall beoticed into the tunnel by
directing it downstream along the centreline of tbenel. A fraction of
dilution air maybe introduced radially from the hefis inner surface to
minimize exhaust interaction with the tunnel walls.
Diluent. For PM sampling the temperature bé tdiluents (ambient air,
synthetic air, or nitrogen as quoted in paragraghl9 shall be maintained
within one of the following ranges (option):
(i) between 293 and 303 K (20 and 30 °C) or
(i) between 293 and 325 K (20 to 52°C)
in close proximity to the entrance into the ddattunnel. The range shall be
selected by the Contracting Party.
The Reynolds numbdRg shall be at least 4000 for the diluted exhaustst,
whereReis based on the inside diameter of the dilutiomal. Reis defined
in Annexes A.7-A.8. Verification of adequate migishall be performed while
traversing a sampling probe across the tunnel'snetier, vertically and
horizontally. If the analyzer response indicateyg deviation exceeding +2 per
cent of the mean measured concentration, the C¥lbtsdh operated at a higher
flow rate or a mixing plate or orifice shall be tated to improve mixing.
Flow measurement preconditioning. The dilueedhaust may be conditioned
before measuring its flow rate, as long as thisddmning takes place
downstream of heated HC or PM sample probes, ks
(i)  Flow straighteners, pulsation dampeners,ath lof these maybe used.
(i) A filter maybe used.
(iif) A heat exchanger maybe used to controltdmperature upstream of any
flow meter but steps shall be taken to prevent agsieondensation.
Aqueous condensation. To ensure that a fforveasured that corresponds to a
measured concentration, either aqueous condensatiafi be prevented
between the sample probe location and the flow miatet in the dilution
tunnel or aqueous condensation shall be allowesttoir and humidity at the
flow meter inlet measured. The dilution tunnel iwadr bulk stream tubing
downstream of the tunnel may be heated or insulédegrevent aqueous
condensation. Aqueous condensation shall be predethroughout the
dilution tunnel. Certain exhaust components cardihged or eliminated by
the presence of moisture.
For PM sampling, the already proportional flowngéng from CVS goes
through secondary dilution (one or more) to achiéve requested overall
dilution ratio as shown in figure 9.2 and mentiomegaragraph 9.2.3.2.
The minimum overall dilution ratio shall bethin the range of 5:1 to 7:1 and
at least 2:1 for the primary dilution stage basedtlee maximum engine
exhaust flow rate during the test cycle or tesdrivl.
The overall residence time in the system sbalbetween 0.5 and 5 seconds, as
measured from the point of diluent introductiorthe filter holder(s).
The residence time in the secondary dilutigstem, if present, shall be at
least 0.5 seconds, as measured from the pointcohdary diluent introduction
to the filter holder(s).
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To determine the mass of the particulates, a qudatie sampling system, a
particulate sampling filter, a gravimetric balane&d a temperature and humidity
controlled weighing chamber, are required.
NOTE: SCHEMATIC REPRESENTATION ONLY.
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Figure 9.1 — Examples of full-flow dilution samudi configurations.
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. 912 is a general schematic
showing principles of sample extraction, dilutiamdaPM sampling. It is not meant
to indicate that all the components described & figure are necessary for other
possible sampling systems that satisfy the intentsample collection. Other
configurations which do not match these schematiesallowed under the condition
that they serve the same purpose of sample calectilution, and PM sampling.
These need to satisfy other criteria such as inagraphs 8.1.8.6. (periodic
calibration) and 8.2.1.2. (validation) for varyiddution PFD, and paragraph 8.1.4.5
as well as table 8.2 (linearity verification) anar@graph 8.1.8.5.7. (verification) for
constant dilution PFD.

As shown in figure 9.2, the raw exhaust gas omptiraary diluted flow is transferred
from the exhaust pipe EP or from CVS respectivelthe dilution tunnel DT through
the sampling probe SP and the transfer line TLe ftal flow through the tunnel is
adjusted with a flow controller and the samplingnpuP of the particulate sampling
system (PSS). For proportional raw exhaust samplihe dilution air flow is
controlled by the flow controller FC1, which mayeug.w (exhaust gas mass flow
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rate on wet basis) @mw (intake air mass flow rate on wet basis) and(fuel mass
flow rate) as command signals, for the desired eshaplit. The sample flow into
the dilution tunnel DT is the difference of theatioflow and the dilution air flow.
The dilution air flow rate is measured with thewlloneasurement device FM1, the
total flow rate with the flow measurement devicelw# particulate sampling system.
The dilution ratio is calculated from these twowloates. For sampling with a
constant dilution ratio of raw or diluted exhaustsus exhaust flow (e.g.: secondary
dilution for PM sampling), the dilution air flow t& is usually constant and
controlled by the flow controller FC1 or dilutioir @ump.

|
FC1
b
DAF FM1 T
O Iy
4 TL
q”tew
P
: and }
| Dot | EP
I
a
a = engine exhaust or primary diluted flow bptional ¢ =PM sampling

Figure 9.2— Schematic of partial flow dilution system (tasaimpling type).

Components of figure 9.2:

DAF = Dilution air filter — The dilution air (ambnt air, synthetic air, or nitrogen)
shall be filtered with a high-efficiency PM air (IRB) filter.

DT = Dilution tunnel or secondary dilution system

EP = Exhaust pipe or primary dilution system

FC1 = Flow controller

FH = Filter holder

FM1 = Flow measurement device measuring the dituir 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 proportiorealrexhaust sampling PFD:
Omew = Exhaust gas mass gas flow rate on wet basis

Omaw = Intake air mass flow rate on wet basis

O = Fuel mass flow rate
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9.2.3.2.

9.2.3.3.

Dilution

The temperature of the diluents (ambient air, lsgtt air, or nitrogen as quoted in
paragraph 9.2.1.) shall be maintained within ontheffollowing ranges (option):

(@) between 293 and 303 K (20 and 30 °C) or

(b) between 293 and 325 K (20 to 52°C)

in close proximity to the entrance into the dibutitunnel. The range shall be
selected by the Contracting Party.

De-humidifying the dilution air before enteringetHilution system is permitted. The
partial flow dilution system has to be designe@xtract a proportional raw exhaust
sample from the engine exhaust stream, thus resppta excursions in the exhaust
stream flow rate, and introduce dilution air tasteample to achieve a temperature at
the test filter as prescribed by paragraph 9.383.4-or this it is essential that the
dilution ratio be determined such that the accuraoyquirements of
paragraph 8.1.8.6.1. are fulfilled.

To ensure that a flow is measured that correspomds measured concentration,
either agueous condensation shall be preventedebatithe sample probe location
and the flow meter inlet in the dilution tunnel agueous condensation shall be
allowed to occur and humidity at the flow meterinmeasured. The PFD system
may be heated or insulated to prevent aqueous nsatlen. Aqueous condensation
shall be prevented throughout the dilution tunnel.

The minimum dilution ratio shall be within the genof 5:1 to 7:1 based on the
maximum engine exhaust flow rate during the testecyr test interval.

The residence time in the system shall be bet@egiand 5 s, as measured from the
point of diluent introduction to the filter holdsj(

To determine the mass of the particulates, a qudatie sampling system, a
particulate sampling filter, a gravimetric balaneed a temperature and humidity
controlled weighing chamber, are required.

Applicability

PFD may be used to extract a proportional raw eghaample for any batch or
continuous PM and gaseous emission sampling overtransient duty cycle, any
steady-state duty cycle or any ramped-modal dutjecy

The system may be used also for a previouslyatil@xhaust where, via a constant
dilution-ratio, an already proportional flow is uléd (see figure 9.2). This is the
way of performing secondary dilution from a CVSrehto achieve the necessary
overall dilution ratio for PM sampling.
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Calibration

The calibration of the PFD to extract a proporiilormw 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 systent. protrudes into a raw or diluted
exhaust stream to extract a sample, such thah#ide and outside surfaces are in
contact with the exhaust. A sample is transpastddf a probe into a transfer line.

Sample probes shall be made with inside surfadestainless steel or, for raw
exhaust sampling, with any non-reactive materigbatde of withstanding raw

exhaust temperatures. Sample probes shall besthedtere constituents are mixed
to their mean sample concentration and where Brentce with other probes is
minimised. It is recommended that all probes remiaee from influences of

boundary layers, wakes, and eddies — especially theaoutlet of a raw-exhaust
tailpipe where unintended dilution might occur.rdtng or back-flushing of a probe
shall not influence another probe during testidgsingle probe to extract a sample
of more than one constituent may be used as lonthasprobe meets all the
specifications for each constituent.

Transfer lines

Transfer lines that transport an extracted sarinpfe a probe to an analyzer, storage
medium, or dilution system shall be minimized imdéh by locating analyzers,
storage media, and dilution systems as close tprbiges as practical. The number
of bends in transfer lines shall be minimized amat the radius of any unavoidable
bend shall be maximized.

Sampling methods

For continuous and batch sampling, introduced amagraph 7.2., the following

conditions apply:

(&) When extracting from a constant flow rate, shenple shall also be carried out
at a constant flow rate.

(b) When extracting from a varying flow rate, gemple flow rate shall be varied
in proportion to the varying flow rate.

(c) Proportional sampling shall be validated ascdeed in paragraph 8.2.1.
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9.3.2. Gas sampling
9.3.2.1. Sampling probes

Either single-port or multi-port probes are useddampling gaseous emissions. The

probes may be oriented in any direction relativéht raw or diluted exhaust flow.

For some probes, the sample temperatures shadiriieotied, as follows:

(a) For probes that extract N@om diluted exhaust, the probe's wall temperature
shall be controlled to prevent agueous condensation

(b) For probes that extract hydrocarbons from dileted exhaust, a probe wall
temperature is recommended to be controlled apmrabely 190 °C to minimise
contamination.

9.3.2.2. Transfer lines

Transfer lines with inside surfaces of stainles®ls PTFE, VitoR", or any other
material that has better properties for emissiampdmg shall be used. A non-
reactive material capable of withstanding exhassiperatures shall be used. In-line
filters may be used if the filter and its housingeeh the same temperature
requirements as the transfer lines, as follows:

(@) For NQ transfer lines upstream of either an Nl®-NO converter that meets
the specifications of paragraph 8.1.11.5. or a lahilthat meets the
specifications of paragraph 8.1.11.4. a sample éeatpre that prevents
aqueous condensation shall be maintained.

(b) For THC transfer lines a wall temperature tatee throughout the entire line
of (191 #11)°C shall be maintained. If sampled from raw exhaast
unheated, insulated transfer line may be conneditexttly to a probe. The
length and insulation of the transfer line shalldesigned to cool the highest
expected raw exhaust temperature to no lower t8arf@, as measured at the
transfer line outlet. For dilute sampling a tréinsi zone between the probe
and transfer line of up to 0.92 m in length is wkal to transition the wall
temperature to (191 +12L.

9.3.2.3 Sample-conditioning components

9.3.2.3.1. Sample dryers

9.3.2.3.1.1. Requirements
The instrument that is used for removing moiststell meet the minimum
requirements in the following paragraph. The mwistcontent of 0.8 volume per
cent HO is used in equation (A.8-14).
For the highest expected water vapour concentrakig, the water removal
technique shall maintain CLD humidity at5 g water/kg dry air (or about 0.8

volume per cent D), which is 100 per cent relative humidity at 3® and 101.3
kPa. This humidity specification is also equivalém about 25 per cent relative
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humidity at 25 °C and 101.3 kPa. This may be destrated by measuring the
temperature at the outlet of a thermal dehumidifierby measuring humidity at a
point just upstream of the CLD.

9.3.2.3.1.2. Type of sample dryers allowed and gutace to estimate moisture content after the

dryer

Either type of sample dryer described in this geaph to decrease the effects of
water on gaseous emission measurements may be used.

(@)

(b)

If an osmotic-membrane dryer upstream of aagegus analyzer or storage
medium is wused, it shall meet the temperature 8pations in
paragraph 9.3.2.2. The dew poinig, and absolute pressurgyota,
downstream of an osmotic-membrane dryer shall beitored. The amount of
water shall be calculated as specified in Annexe§-M8 by using
continuously recorded values ®fiew and piotar OF their peak values observed
during a test or their alarm set points. Lackingli@ect measurement, the
nominal pyta IS given by the dryer's lowest absolute pressupeeed during
testing. The dew poinflgew, and absolute pressumea, downstream of a
sample dryer shall be monitored.

A thermal chiller upstream of a THC measuretrsgrstem for compression-
ignition engines may not be used. If a thermall@hupstream of an N&to-
NO converter or in a sampling system without an,X8NO converter is
used, the chiller shall meet the PlIbss-performance check specified in
paragraph 8.1.11.4. The dew poiffg, and absolute pressureotan
downstream of an osmotic-membrane dryer shall beitored. The amount of
water shall be calculated as specified in Annexe§.-A.8 by using
continuously recorded values ®fiew and piota OF their peak values observed
during a test or their alarm set points. Lackingli@ect measurement, the
nominal pwtal IS given by the dryer's lowest absolute pressupeeed during
testing. The dew poinfTgew, and absolute pressumgea, downstream of a
sample dryer shall be monitored. If it is valid &assume the degree of
saturation in the thermal chilleFgew based on the known chiller efficiency and
continuous monitoring of chiller temperaturBniier may be calculated. |If
values ofT¢hiler are not continuously recorded, its peak value mieskduring a
test, or its alarm setpoint, may be used as a aohstalue to determine a
constant amount of water according to Annexes AZ-AIf it is valid to
assume thaleier IS equal toTgew, Tchiter May be used in lieu dfye,, according
to Annexes A.7-A.8. If it is valid to assume a stamt temperature offset
betweenTchiler and Tgews due to a known and fixed amount of sample reheat
between the chiller outlet and the temperature oreasent location, this
assumed temperature offset value may be factoredinio emission
calculations. The validity of any assumptionsa#d by this paragraph shall
be shown by engineering analysis or by data.
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9.3.2.3.2.

9.3.2.4.

9.3.3.

9.3.3.1.

Sample pumps

Sample pumps upstream of an analyzer or storageumeor any gas shall be used.

Sample pumps with inside surfaces of stainlesd, S88d-E, or any other material

having better properties for emission sampling Ishal used. For some sample

pumps, temperatures shall be controlled, as follows

(@) If a NQ sample pump upstream of either an N®NO converter that meets
paragraph 8.1.11.5. or a chiller that meets papdg8al.11.4. is used, it shall
be heated to prevent aqueous condensation.

(b) If a THC sample pump upstream of a THC analgzestorage medium is used,
its inner surfaces shall be heated to a tolerah¢d +11)°C.

Sample storage media

In the case of bag sampling, gas volumes shalktbeed in sufficiently clean
containers that minimally off-gas or allow permeatiof gases. Good engineering
judgment shall be used to determine acceptablestiblds of storage media
cleanliness and permeation. To clean a containharay be repeatedly purged and
evacuated and may be heated. A flexible contajsach as a bag) within a
temperature-controlled environment, or a tempeeatwntrolled rigid container that
is initially evacuated or has a volume that candisplaced, such as a piston and
cylinder arrangement, shall be used. Containerstinge the specifications in the
following table 9.1 shall be used.

CO, CQ, O, Tedlaf], 2 Kynard, 2
CH,, CHg, CHa, Teflond, 3 or
NO, NO, ! stainless ste€l
Teflond “or
THC, NMHC stainless steél
! As long as aqueous condensation in storage cemtisiprevented.
% Up to 40°C.
% Up to 202°C.

4 At (191%11)°C.

Table 9.1 — Gaseous Batch Sampling Container hdder
PM sampling
Sampling probes

PM probes with a single opening at the end shallubed. PM probes shall be
oriented to face directly upstream.

The PM probe may be shielded with a hat that aom$owith the requirements in
figure 9.3. In this case the pre-classifier ddsiin paragraph 9.3.3.3. shall not be
used.
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Cross-section

4|«
Figure 9.3 -Scheme of a sampling probe with a hat-shaped pissifier

9.3.3.2. Transfer lines

Insulated or heated transfer lines or a heatetbsme are recommended to minimize
temperature differences between transfer lines extichust constituents. Transfer
lines that are inert with respect to PM and aretatmlly conductive on the inside

surfaces shall be used. It is recommended usindgr@h4fer lines made of stainless
steel; any material other than stainless steel kéll required to meet the same
sampling performance as stainless steel. Thedrsidace of PM transfer lines shall
be electrically grounded.

9.3.3.3. Pre-classifier

The use of a PM pre-classifier to remove largengier particles is permitted that is
installed in the dilution system directly beforeetfilter holder. Only one pre-
classifier is permitted. If a hat shaped probesisd (see figure 9.3), the use of a pre-
classifier is prohibited.

The PM pre-classifier may be either an inertigb&tor or a cyclonic separator. It
shall be constructed of stainless steel. The |assifier shall be rated to remove at
least 50 per cent of PM at an aerodynamic dianoét&® pum and no more than 1 per
cent of PM at an aerodynamic diameter of 1 um okerrange of flow rates for
which it is used. The pre-classifier outlet shadl configured with a means of
bypassing any PM sample filter so that the presdias flow can be stabilized
before starting a test. PM sample filter shalldmated within 75 cm downstream of
the pre-classifier's exit.

9.3.3.4.  Sample filter

The diluted exhaust shall be sampled by a filteat tmeets the requirements of
paragraphs 9.3.3.4.1. to 9.3.3.4.4. during thesegtience.
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9.3.3.4.1.

9.3.3.4.2.

9.3.3.4.3.

9.3.3.4.4.

9.3.3.45

Filter specification

All filter types shall have a 0.3 um DOP (di-ogtythalate) collection efficiency of
at least 99.7 per cent. The sample filter manufacs measurements reflected in
their product ratings may be used to show thisireqment. 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 exceifs g, a filter with a minimum
initial collection efficiency of 98 per cent may beed.

Filter size
The nominal filter size shall be 46.50 mm + 0.6 whismeter.
Dilution and temperature control of Piinples

PM samples shall be diluted at least once upstdanansfer lines in case of a CVS
system and downstream in case of PFD system ($8.2.relating to transfer
lines). Sample temperature is to be controlledat§¢47 + 5)°C tolerance, as
measured anywhere within 200 mm upstream or 200 downstream of the PM
storage media. The PM sample is intended to béetear cooled primarily by
dilution conditions as specified in paragraph 9(2)1

Filter face velocity

A filter face velocity shall be between 0.90 an@0lm/s with less than 5 per cent of
the recorded flow values exceeding this rangehdftotal PM mass exceeds 400 ug,
the filter face velocity may be reduced. The faetocity shall be measured as the
volumetric flow rate of the sample at the pressupstream of the filter and
temperature of the filter face, divided by thesfils exposed area. The exhaust stack
or CVS tunnel pressure shall be used for the ugstrpressure if the pressure drop
through the PM sampler up to the filter is lestB&Pa.

Filter holder

To minimize turbulent deposition and to deposit B¥nly on a filter, a 12°5from
centre) divergent cone angle to transition fromtthasfer-line inside diameter to the
exposed diameter of the filter face shall be us8thinless steel for this transition
shall be used.
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PM-stabilization and weighing environmermtsdravimetric analysis
Environment for gravimetric analysis

This section describes the two environments requio stabilize and weigh PM for
gravimetric analysis: the PM stabilization envire@mty where filters are stored
before weighing; and the weighing environment, whiéie balance is located. The
two environments may share a common space.

Both the stabilization and the weighing environtseshall be kept free of ambient
contaminants, such as dust, aerosols, or semiieofaaterial that could contaminate
PM samples.

Cleanliness

The cleanliness of the PM-stabilization environtnesing reference filters shall be
verified, as described in paragraph 8.1.12.1.4.

Temperature of the chamber

The temperature of the chamber (or room) in whilsd particulate filters are
conditioned and weighed shall be maintained toiwi#2 °C + 1 °C during all filter

conditioning and weighing. The humidity shall beaimained to a dew point
of 9.5°C £ 1 °C and a relative humidity of 45 pment + 8 per cent. If the
stabilization and weighing environments are sepaitiie stabilization environment
shall be maintained at a tolerance of 22 °C + 3 °C.

Verification of ambient conditions

When using measurement instruments that meetpbeifeations in paragraph 9.4

the following ambient conditions shall be verified:

(@) Dew point and ambient temperature shall berdsm. These values shall be
used to determine if the stabilization and weighiegvironments have
remained within the tolerances specified in panalgr.3.4.3. of this section
for at least 60 min before weighing filters.

(b) Atmospheric pressure shall be continuouslyorged within the weighing
environment. An acceptable alternative is to ude@meter that measures
atmospheric pressure outside the weighing enviromnas long as it can be
ensured that the atmospheric pressure at the lealarmways at the balance
within £100 Pa of the shared atmospheric pressukemeans to record the
most recent atmospheric pressure shall be prowdezh each PM sample is
weighed This value shall be used to calculate the PM buoyaorrection in
paragraph 8.1.12.2.
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9.3.4.5.

9.3.4.6.

9.4.
9.4.1.

9.4.1.1.

9.4.1.2.

9.4.1.3.

Installation of balance

The balance shall be installed as follows:

(a) installed on a vibration-isolation platform isolate it from external noise and
vibration,

(b) shielded from convective airflow with a statissipating draft shield that is
electrically grounded.

Static electric charge

Static electric charge shall be minimized in th&hce environment, as follows:

(@) The balance is electrically grounded.

(b) Stainless steel tweezers shall be used if &Wptes shall be handled manually.

(c) Tweezers shall be grounded with a groundingpstor a grounding strap shall
be provided for the operator such that the grounditnap shares a common
ground with the balance.

(d) A static-electricity neutralizer shall be pided that is electrically grounded in
common with the balance to remove static charga fPd samples.

Measurement instruments

Introduction
Scope

This paragraph specifies measurement instrumemtd associated system
requirements related to emission testing. Thisuohes laboratory instruments for
measuring engine parameters, ambient conditiorsy-ifelated parameters, and
emission concentrations (raw or diluted).

Instrument types

Any instrument mentioned in this gtr shall be uasddescribed in the gtr itself (see
Table 8.2 for measurement quantities provided egehnstruments). Whenever an
instrument mentioned in this gtr is used in a wWagt tis not specified, or another
instrument is used in its place, the requiremeotsefquivalency provisions shall
apply as specified in paragraph 5.1.3. Where nibes one instrument for a
particular measurement is specified, one of therh wé identified by the type
approval or certifying authority upon applicationthe reference for showing that an
alternative procedure is equivalent to the spetifiocedure.

Redundant systems

Data from multiple instruments to calculate testults for a single test may be used
for all measurement instruments described in thisgraph, with prior approval of
the type approval or certification authority. Riésdrom all measurements shall be
recorded and the raw data shall be retained, awided in paragraph 5.3. This
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requirement applies whether or not the measuremargsactually used in the
calculations.

Data recording and control

The test system shall be able to update dataydetaia and control systems related
to operator demand, the dynamometer, sampling ewng and measurement
instruments. Data acquisition and control systehadl be used that can record at the
specified minimum frequencies, as shown in tab® (this table does not apply to

discrete mode testing).

Minimum
Command Minimum
Applicable Test and Control Recording
Protocol Section Measured Values Frequency Frequency
1 mean value per
7.6. Speed and torque during an engine step-map 1 HZ step
7.6. Speed and torque during an engine sweep-map 5Hz Hz means
7.8.3. Transient duty cycle reference and feedback spg¢eds
and torques 5 Hz 1 Hz means
7.8.2. Steady-state and ramped-modal duty cycle
reference and feedback speeds and torques 1Hz 1Hz
7.3. Continuous concentrations of raw analyzers N/A 1Hz
7.3. Continuous concentrations of dilute analyzers N/A 1Hz
1 mean value per
7.3. Batch concentrations of raw or dilute analyzers AN/ test interval
7.6. Diluted exhaust flow rate from a CVS with a healt
8.2.1. exchanger upstream of the flow measurement N/A 1Hz
7.6. Diluted exhaust flow rate from a CVS without a
8.2.1. heat exchanger upstream of the flow measurement 5 Hz 1 Hz means
7.6. Intake-air or exhaust flow rate (for raw transient
8.2.1. measurement) N/A 1 Hz means
7.6.
8.2.1. Dilution air if actively controlled 5Hz 1 Hz means
7.6.
8.2.1. Sample flow from a CVS with a heat exchanger 1 Hz 1Hz
7.6.
8.2.1. Sample flow from a CVS without a heat exchanger 5 Hz 1 Hz mean
Table 9.2 — Data recording and control minimungfrencies

9.4.3. Performance specifications for measurenmestitliments
9.4.3.1.  Overview

The test system as a whole shall meet all theiGgipé calibrations, verifications,
and test-validation criteria specified in paragsgli., including the requirements of
the linearity check of paragraphs 8.1.4. and 8.hhstruments shall meet the
specifications in table 9.2 for all ranges to bedusor testing. Furthermore, any
documentation received from instrument manufactudrowing 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 transducértorque, speed, and pressure,
sensors of temperature and dew point, and oth#umsnts. The overall system for
measuring the given physical and/or chemical gtiarghall meet the linearity
verification in paragraph 8.1.4. For gaseous d@nnssmeasurements, analyzers may
be used, that have compensation algorithms thafumeions of other measured
gaseous components, and of the fuel propertieshirspecific engine test. Any
compensation algorithm shall only provide offsetnpensation without affecting
any gain (that is no bias).



Measured

Complete System

Recording

quantity Rise time update frequency
Measurement Instrument symbol Accuracy® Repeatability?
2.0 % of pt. or 1.0 % of pt. or
Engine speed transducer n 1s 1 Hz means 0.5 % of max 0.25 % of max
2.0 % of pt. or 1.0 % of pt. or
Engine torque transducer T 1s 1 Hz means 1.0 % of max 0.5 % of max
Fuel flow meter 5s 1Hz 2.0 % of pt. or 1.0 % of pt. or
(Fuel totalizer) (N/A) (N/A) 1.5 % of max 0.75 % of max
Total diluted exhaust meter (CVS) 1s 1 Hz means 2.0 % of pt. or 1.0 % of pt. or
(With heat exchanger before meter) (5s) (1 Hz) 1.5 % of max 0.75 % of max
Dilution air, inlet air, exhaust, and 1 Hz means of 5 H 2.5 % of pt. or 1.25 % of pt. or
sample flow meters 1ls samples 1.5 % of max 0.75 % of max
2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer raw X 25s 2 Hz 2.0 % of meas. 1.0 % of meas.
2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer dilute X 5s 1Hz 2.0 % of meas. 1.0 % of meas.
2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer X 5s 1Hz 2.0 % of meas. 1.0 % of meas.
2.0 % of pt. or 1.0 % of pt. or
Batch gas analyzer X N/A N/A 2.0 % of meas. 1.0 % of meas.
Gravimetric PM balance Mem N/A N/A See 9.4.11. 0.5 ug
2.0 % of pt. or 1.0 % of pt. or
Inertial PM balance Mpm 5s 1Hz 2.0 % of meas. 1.0 % of meas.

@ Accuracy and repeatability are all determined wite same collected data, as described in §9.48.pased on absolute values. “pt." refers to
overall mean value expected at the emission lifmitgx." refers to the peak value expected at thiesam limit over the duty cycle , not the maxim

of the instrument's range; "meas." refers to thesdeean measured over the duty cycle .

the
um

Table 9.3 — Recommended performance specificaf@mmaeasurement instruments

ez abed

8TT/600¢2//6Z'dM/SNVYHL/303
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9.4.4.
9.4.4.1.

9.44.1.1.

9.4.4.1.2.

9.4.4.2.

9.4.5.

9.45.1

Measurement of engine parameters & amb@rditions
Speed and torque sensors
Application

Measurement instruments for work inputs and ostplutring engine operation shall
meet the specifications in this paragraph. Sens$@ssducers, and meters meeting
the specifications in table 9.3 are recommendedier® systems for measuring
work inputs and outputs shall meet the linearitgifieations in paragraph 8.1.4.

Shaft work

Work and power shall be calculated from outputspéed and torque transducers
according to paragraph 9.4.4.1. Overall systemsnieasuring speed and torque
shall meet the calibration and verifications inggaaphs 8.1.7. and 8.1.4.

Torque induced by the inertia of accelerating dacelerating components connected
to the flywheel, such as the drive shaft and dymaster rotor, shall be compensated
for.

Pressure transducers, temperature seasdrgew point sensors

Overall systems for measuring pressure, temperaturd dew point shall meet the
calibration in paragraph 8.1.7.

Pressure transducers shall be located in a tetopereontrolled environment, or
they shall compensate for temperature changestbeerexpected operating range.
Transducer materials shall be compatible with bhiel fbeing measured.

Flow-related measurements

For any type of flow meter (of fuel, intake-aiaw exhaust, diluted exhaust, sample),
the flow shall be conditioned as needed to prewakes, eddies, circulating flows,
or flow pulsations from affecting the accuracy epeatability of the meter. For
some meters, this may be accomplished by usindfiaient length of straight tubing
(such as a length equal to at least 10 pipe dias)ete by using specially designed
tubing bends, straightening fins, orifice platesgoneumatic pulsation dampeners for
the fuel flow meter) to establish a steady and iptaldle velocity profile upstream of
the meter.

Fuel flow meter
Overall system for measuring fuel flow shall me#te calibration in

paragraph 8.1.8.1. In any fuel flow measuremeshéll be accounted for any fuel
that bypasses the engine or returns from the ertgitiee fuel storage tank.
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Intake-air flow meter

Overall system for measuring intake-air flow shatleet the calibration in
paragraph 8.1.8.2.

Raw exhaust flow meter
Component requirements

The overall system for measuring raw exhaust flskall meet the linearity
requirements in paragraph 8.1.4. Any raw-exhaustemshall be designed to
appropriately compensate for changes in the ravawstts thermodynamic, fluid, and
compositional states.

Flow meter response time

For the purpose of controlling of a partial flowlution system to extract a
proportional raw exhaust sample, a flow meter raspdime faster than indicated in
table 9.2 is required. For partial flow dilutiopssems with online control, the flow
meter response time shall meet the specificatibpai@graph 8.2.1.2.

Exhaust cooling

Exhaust cooling upstream of the flow meter is pt#ed with the following

restrictions:

(@) PM shall not be sampled downstream of theiggol

(b) If cooling causes exhaust temperatures abo®2 2C to decrease to
below 180 °C, NMHC shall not be sampled downstre&the cooling.

(c) If cooling causes agueous condensation, di@ll not be sampled downstream
of the cooling unless the cooler meets the perfaoeaverification in
paragraph 8.1.11.4.

(d) If cooling causes aqueous condensation bef@dlow reaches a flow meter,
Tgew @nd pressurpita Shall be measured at the flow meter inlet. Thedees
shall be used in emission calculations accordingyrinexes A.7-A.8.

Dilution air and diluted exhaust flow nmrste

Application

Instantaneous diluted exhaust flow rates or tdthited exhaust flow over a test
interval shall be determined by using a dilutedaadt flow meter. Raw exhaust

flow rates or total raw exhaust flow over a teseimal may be calculated from the
difference between a diluted exhaust flow meteraddution air meter.
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9.4.5.4.2.

9.4.5.4.3.

9.4.55.

Component requirements

The overall system for measuring diluted exhalest Shall meet the calibration and

verifications in paragraphs 8.1.8.4. and 8.1.8.be following meters may be used:

(@) For constant-volume sampling (CVS) of the ltdaw of diluted exhaust, a
critical-flow venturi (CFV) or multiple critical-bw venturis arranged in
parallel, a positive-displacement pump (PDP), asealz venturi (SSV), or an
ultrasonic flow meter (UFM) may be used. Combimath an upstream heat
exchanger, either a CFV or a PDP will also functasm a passive flow
controller by keeping the diluted exhaust tempegatconstant in a CVS
system.

(b) For the Partial Flow Dilution (PFD) system tt@mbination of any flow meter
with any active flow control system to maintain pootional sampling of
exhaust constituents may be used. The total flodiloted exhaust, or one or
more sample flows, or a combination of these flmmtmls may be controlled
to maintain proportional sampling.

For any other dilution system, a laminar flow edm an ultrasonic flow meter, a
subsonic venturi, a critical-flow venturi or mulepcritical-flow venturis arranged in
parallel, a positive-displacement meter, a themrmass meter, an averaging Pitot
tube, or a hot-wire anemometer may be used.

Exhaust cooling

Diluted exhaust upstream of a dilute flow meteryrba cooled, as long as all the

following provisions are observed:

(@) PM shall not be sampled downstream of theicgol

(b) If cooling causes exhaust temperatures abo®2 2C to decrease to
below 180 °C, NMHC shall not be sampled downstre&the cooling.

(c) If cooling causes aqueous condensation, 8i@ll not be sampled downstream
of the cooling unless the cooler meets the perfao@averification in
paragraph 8.1.11.4.

(d) If cooling causes aqueous condensation befardlow reaches a flow meter,
dew point, Tgew and pressur@a Shall be measured at the flow meter inlet.
These values shall be used in emission calculat@esording Annexes
A.7-A.8.

Sample flow meter for batch sampling

A sample flow meter shall be used to determinepsarflow rates or total flow

sampled into a batch sampling system over a téstved. The difference between
two flow meters may be used to calculate sample ffgo a dilution tunnel e.g. for

partial flow dilution PM measurement and secondhlytion flow PM measurement.
Specifications for differential flow measurement éxtract a proportional raw
exhaust sample is given in paragraph 8.1.8.6.1.thadcalibration of differential

flow measurement is given in paragraph 8.1.8.6.2.
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Overall system for the sample flow meter shall meke calibration in
paragraph 8.1.8.

Gas divider
A gas divider may be used to blend calibratioregas

A gas divider shall be used that blends gasese@pecifications of paragraph 9.5.1.
and to the concentrations expected during testin@ritical-flow gas dividers,
capillary-tube gas dividers, or thermal-mass-meajes dividers may be used.
Viscosity corrections shall be applied as necesgdryot done by gas divider
internal software) to appropriately ensure corrgas division. The gas-divider
system shall meet the linearity verification in gguaph 8.1.4.5. Optionally, the
blending device may be checked with an instrumemthvby nature is linear, e.qg.
using NO gas with a CLD. The span value of thérimsent shall be adjusted with
the span gas directly connected to the instrum&he gas divider shall be checked
at the settings used and the nominal value shaltdrapared to the measured
concentration of the instrument.

CO and COmeasurements

A Non-dispersive infrared (NDIR) analyzer shall iged to measure CO and £0
concentrations in raw or diluted exhaust for eithaich or continuous sampling.

The NDIR-based system shall meet the calibratiomd averifications in
paragraph 8.1.8.1.

Hydrocarbon measurements

Flame-ionization detector

Application

A heated flame-ionization detector (FID) analyzshall be used to measure
hydrocarbon concentrations in raw or diluted exhédmseither batch or continuous
sampling. Hydrocarbon concentrations shall be rdeéteed on a carbon number
basis of one, C Methane and non-methane hydrocarbon values lsbalketermined
as described in paragraph 9.4.7.1.4. Heated Félyzers shall maintain all surfaces
that are exposed to emissions at a temperatur@lot11 °C.

Component requirements

The FID-based system for measuring THC or,GHall meet all of the verifications
for hydrocarbon measurement in paragraph 8.1.10.
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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.

9.4.7.2.3.

9.4.7.2.4.

FID fuel and burner air

FID fuel and burner air shall meet the specifmadi of paragraph 9.5.1. The FID
fuel and burner air shall not mix before enterihg EID analyzer to ensure that the
FID analyzer operates with a diffusion flame andanpremixed flame.

Methane

FID analyzers measure total hydrocarbons (THC)o determine non-methane

hydrocarbons (NMHC), methane, GHhall be quantified either with a non-methane
cutter and a FID analyzer as described in parag®apfi.2., or with a gas

chromatograph as described in paragraph 9.4.7.8r aFFID analyzer used to

determine NMHC, its response factor to £HRFchs, shall be determined as

described in paragraph 8.1.10.1. NMHC-related watmns are described in

Annexes A.7-A.8.

Assumption on methane

Instead of measuring methane, it is allowed twmssthat 2 per cent of measured
total hydrocarbons is methane, as described in Xema.7-A.8.

Non-methane cutter

Application
A non-methane cutter may be used to measurg With a FID analyzer. A non-
methane cutter oxidizes all non-methane hydrocarionCQ and HO. A non-
methane cutter may be used for raw or diluted esthéar batch or continuous
sampling.

System performance

Non-methane-cutter performance shall be determinad described in
paragraph 8.1.10.3. and the results shall be wseal¢ulate NMHC emission in A.7.
and A.8.

Configuration

The non-methane cutter shall be configured withypass line for the verification
described in paragraph 8.1.10.3.

Optimization
A non-methane cutter may be optimised to maxirttizepenetration of CHand the

oxidation of all other hydrocarbons. A sample rbayhumidified and a sample may
be diluted with purified air or oxygen {Dupstream of non-methane cutter to
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optimize its performance. Any sample humidificati@nd dilution shall be
accounted for in emission calculations.

Gas chromatograph

Application: A gas chromatograph may be used é&asare Chl concentrations of
diluted exhaust for batch sampling. While alsama-methane cutter may be used to
measure CkJj as described in paragraph 9.4.7.2. a referemmmegure based on a gas
chromatograph shall be used for comparison with gmgposed alternate
measurement procedure under paragraph 5.3.

NQ measurements

Two measurement instruments are specified for, N@®asurement and either
instrument may be used provided it meets the @itgvecified in paragraph 9.4.8.1.
or 9.4.8.2., respectively. The chemiluminescentecter shall be used as the
reference procedure for comparison with any progoaklernate measurement
procedure under paragraph 5.3.

Chemiluminescent detector
Application

A chemiluminescent detector (CLD) coupled withNfD,-to-NO converter is used to
measure NQ concentration in raw or diluted exhaust for batwh continuous
sampling.

Component requirements

The CLD-based system shall meet the quench vatidic in paragraph 8.1.11.1. A
heated or unheated CLD may be used, and a CLDdpetates at atmospheric
pressure or under a vacuum may be used.

NG-to-NO converter

An internal or external N£to-NO converter that meets the verification in
paragraph 8.1.11.5. shall be placed upstream dEtii while the converter shall be
configured with a bypass to facilitate this vetion.

Humidity effects

All CLD temperatures shall be maintained to prévagueous condensation. To

remove humidity from a sample upstream of a CLDge af the following

configurations shall be used:

(&) A CLD connected downstream of any dryer ollehthat is downstream of an
NO,-to-NO converter that meets the verification inggaaph 8.1.11.5.
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(b) A CLD connected downstream of any dryer onrired chiller that meets the
verification in paragraph 8.1.11.4.

9.4.8.1.5. Response time

A heated CLD may be used to improve CLD respoinse. t
9.4.8.2. Non-dispersive ultraviolet analyzer
9.4.8.2.1. Application

A non-dispersive ultraviolet (NDUV) analyzer isegsto measure NQconcentration
in raw or diluted exhaust for batch or continuoaspling.

9.4.8.2.2. Component requirements
The NDUV-based system shall meet the verificationsaragraph 8.1.11.3.
9.4.8.2.3. NG-to-NO converter

If the NDUV analyzer measures only NO, an interoal external N@to-NO
converter that meets the verification in paragrédhl1.5. shall be placed upstream
of the NDUV analyzer. The converter shall be cgmfed with a bypass to facilitate
this verification.

9.4.8.2.4. Humidity effects

The NDUV temperature shall be maintained to preaguieous condensation, unless

one of the following configurations is used:

(@) An NDUV shall be connected downstream of amyed or chiller that is
downstream of an N&o-NO converter that meets the verification in
paragraph 8.1.11.5.

(b) An NDUV shall be connected downstream of anyedor thermal chiller that
meets the verification in paragraph 8.1.11.4.

9.4.9. Q measurements

A paramagnetic detection (PMD) or magneto pnewdgitection (MPD) analyzer
shall be used to measure €oncentration in raw or diluted exhaust for batch
continuous sampling.

9.4.10. Air-to-fuel ratio measurements

A Zirconia (ZrQ) analyser may be used to measure air-to-fuel ratraw exhaust
for continuous sampling. (O measurements with intake air or fuel flow
measurements may be used to calculate exhaustritevaccording to Annexes
A.7-A.8.
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PM measurements with gravimetric balance
A balance shall be used to weigh net PM colleotedample filter media.
The minimum requirement on the balance resolwliwal be equal or lower than the
repeatability of 0.5 microgram recommended in ta®ld. If the balance uses
internal calibration weights for routine spanningdalinearity verifications, the

calibration weights shall meet the specificatiamparagraph 9.5.2.

The balance shall be configured for optimum swetltime and stability at its
location.

Analytical gases and mass standards

Analytical gases
Analytical gases shall meet the accuracy andypspiécifications of this section.
Gas specifications

The following gas specifications shall be consseder

(@) Purified gases shall be used to zero measmtenstruments and to blend with
calibration gases. Gases with contamination nbdrighan the highest of the
following values in the gas cylinder or at the eutbf a zero-gas generator
shall be used:

(i) 2 per cent contamination, measured relativéhe mean concentration
expected at the standard. For example, if a COceammation
of 100.0 umol/mol is expected, then it would bewkd to use a zero gas
with CO contamination less than or equal to 2.08®{imol.

(i) Contamination as specified in table 9.4, laggble for raw or dilute
measurements

(iif) Contamination as specified in table 9.5pbgable for raw measurements

Constituent Purified Synthetic Aif Purified N, 2

THC

(C, equivalent) < 0.05 pmol/mol < 0.05 pmol/mol
CcO < 1 umol/mol < 1 pmol/mol

CO, < 10 pmol/mol < 10 pmol/mol

O, 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 emternational and/or national
recognized standards-traceable.

Table 9.4. Contamination limits, applicable foawr or dilute measurements
[umol/mol = ppm (3.2.)]
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Constituent Purified Synthetic Aif Purified N, 2

THC

(C, equivalent) <1 pmol/mol <1 pmol/mol

Cco <1 pmol/mol® <1 pmol/mol

CO, <400 pmol/mol <400 pmol/mol

O, 0.18 to 0.21 mol/mol

NOx < 0.1 pmol/mol < 0.1 pmol/mol

2|t is not required that these levels of purity emternational and/or national
recognized standards traceable.

Table 9.5: Contamination limits applicable for raveasurements
[umol/mol = ppm (3.2.)]

(b)

(€)

(d)

The following gases shall be used with a Fialgzer:

() FID fuel shall be used with an,Honcentration of (0.39 to 0.41)
mol/mol, balance He. The mixture shall not contamore
than 0.05 pmol/mol THC.

(i)  FID burner air shall be used that meets specifications of purified air
in paragraph (a) of this paragraph.

(i) FID zero gas. Flame-ionization detectors shall be zeroed withfiear
gas that meets the specifications in paragraphofathis paragraph,
except that the purified gas @oncentration may be any value.

(iv) FID propane span gas. The THC FID shallspanned and calibrated
with span concentrations of propaneHg It shall be calibrated on a
carbon number basis of oneJC

(v) FID methane span gas. If a £HD is always spanned and calibrated
with a non-methane cutter, then the FID shall kenspd and calibrated
with span concentrations of methane, ,CHt shall be calibrated on a
carbon number basis of oneJC

The following gas mixtures shall be used, vg#ses traceable within £1.0 per

cent of the international and/or national recogigeandards true value or of

other gas standards that are approved:

(i) CHy, balance purified synthetic air and/os (ds applicable).

(i) CsHe, balance purified synthetic air and/os (ds applicable).

(iif) CsHs, balance purified synthetic air and/os (ds applicable).

(iv) CO, balance purified N

(v) CQ, balance purified N

(vi) NO, balance purified N

(vii) NOo, balance purified synthetic air.

(viii) O, balance purified b

(ix) CsHs, CO, CQ, NO, balance purified N

(x) GsHg, CH,;, CO, CQ, NO, balance purified N

Gases for species other than those liste@iagvaph (c) of this paragraph may

be used (such as methanol in air, which may be tsatktermine response

factors), as long as they are traceable to withhOtper cent of the
international and/or national recognized standdrde value, and meet the
stability requirements of paragraph 9.5.1.2.
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(e) Own calibration gases may be generated usipgeeision blending device,
such as a gas divider, to dilute gases with puarilg or purified synthetic air.
If the gas dividers meet the specifications in geaph 9.4.5.6, and the gases
being blended meet the requirements of paragraphsaqd (c) of this
paragraph, the resulting blends are consideredett the requirements of this
paragraph 9.5.1.1.

Concentration and expiration date

The concentration of any calibration gas standaudiits expiration date specified by

the gas supplier shall be recorded.

(@) No calibration gas standard may be used #@feexpiration date, except as
allowed by paragraph (b) of this paragraph.

(b) Calibration gases may be relabelled and ufted their expiration date if it is
approved in advance by type approval or certifisatiuthority.

Gas transfer

Gases shall be transferred from their source &byaers using components that are
dedicated to controlling and transferring only #ngsses.

The shelf life of all calibration gases shall lsspected. The expiration date of the
calibration gases stated by the manufacturer bealécorded.

Mass standards

PM balance calibration weights that are certifeesl international and/or national
recognized standards-traceable within 0.1 per asmtertainty shall be used.
Calibration weights may be certified by any calttma lab that maintains
international and/or national recognized stand#matseability. It shall be made sure
that the lowest calibration weight has no gredtantten times the mass of an unused
PM-sample medium. The calibration report shalloastate the density of the
weights.



ECE/TRANS/WP.29/2009/118
page 134
Annex A.1

A.l1.1.

Annex A.1

TEST CYCLES

(@) For variable-speed engines, the following &emoycle 4 shall be followed in

Steady-state discrete-mode testing

dynamometer operation on the test engine:

Mode Number

Engine Speed

Torque [per ce

nt]  Weigtfactor

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 Slenoycle % shall be followed in

dynamometer operation on the test engine:

Mode Number

Engine Speed

Torque [per ce

nt]  Weigtfactor

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 theutomprresponding to the prime
power @ rating defined as the maximum power availableirdua variable power
sequence, which may be run for an unlimited nunmddelours per year, between

stated maintenance intervals and under the stammbieat conditions,

maintenance being carried out as prescribed byntraufacturer.

4/
5/
6/

Identical to C1 cycle as described in paragraBhd the 1SO 8178-4 : 2007 standard.
Identical to D2 cycle as described in paragragh & the ISO 8178-4 : 2007 standard.
For a better illustration of the prime power défam, see figure 2 of ISO 8528-1:1993(E)

standard.
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A.1.2. Steady-state ramped-modal testing
(a) For variable-speed engines, the following @enduty cycle applies in case of
ramped-modal testing:
RMC mode Time in Engine speeff’ © Torque (per centy) ©
mode [s]

la Steady-state 126 Warm idle 0

1b Transition 20 Linear transitiort? 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

5a 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

(a) Speed terms as per footnote of the steady-disteete mode test.

(b) The percent torque is relative to the maximome at the commanded engine speed.

(c) Advance from one mode to the next within a 80emd transition phase. During the transition phas
command a linear progression from the torque gewinthe current mode to the torque setting of rib&t
mode, and simultaneously command a similar lineagnession for engine speed if there is a changpéed
setting

(b) For constant-speed engines, the following Bkenduty cycle applies in case of
ramped-modal testing:
RMC mode Time in Engine speed Torque (per ceft)”
mode [s]

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 tesjue.

(b) Advance from one mode to the next within a 20emd transition phase. During the transition phas
command a linear progression from the torque ggitinthe current mode to the torque setting of ribat
mode.
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A.1.3. Transient cycle

(@) For variable-speed engines, the following tufinsient (variable speed and
variable load) engine dynamometer schedule applies:



ECE/TRANS/WP.29/2009/118

page 137
Annex A.1
Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.

Speed  Torque Speed  Torque Speed  Torque
S % % S % % S % %
1 0 0 52 102 46 103 74 24
2 0 0 53 102 41 104 77 6
3 0 0 54 102 31 105 76 12
4 0 0 55 89 2 106 74 39
5 0 0 56 82 0 107 72 30
6 0 0 57 47 1 108 75 22
7 0 0 58 23 1 109 78 64
8 0 0 59 1 3 110 102 34
9 0 0 60 1 8 111 103 28
10 0 0 61 1 3 112 103 28
11 0 0 62 1 5 113 103 19
12 0 0 63 1 6 114 103 32
13 0 0 64 1 4 115 104 25
14 0 0 65 1 4 116 103 38
15 0 0 66 0 6 117 103 39
16 0 0 67 1 4 118 103 34
17 0 0 68 9 21 119 102 44
18 0 0 69 25 56 120 103 38
19 0 0 70 64 26 121 102 43
20 0 0 71 60 31 122 103 34
21 0 0 72 63 20 123 102 41
22 0 0 73 62 24 124 103 44
23 0 0 74 64 8 125 103 37
24 1 3 75 58 44 126 103 27
25 1 3 76 65 10 127 104 13
26 1 3 77 65 12 128 104 30
27 1 3 78 68 23 129 104 19
28 1 3 79 69 30 130 103 28
29 1 3 80 71 30 131 104 40
30 1 6 81 74 15 132 104 32
31 1 6 82 71 23 133 101 63
32 2 1 83 73 20 134 102 54
33 4 13 84 73 21 135 102 52
34 7 18 85 73 19 136 102 51
35 9 21 86 70 33 137 103 40
36 17 20 87 70 34 138 104 34
37 33 42 88 65 47 139 102 36
38 57 46 89 66 47 140 104 44
39 44 33 90 64 53 141 103 44
40 31 0 91 65 45 142 104 33
41 22 27 92 66 38 143 102 27
42 33 43 93 67 49 144 103 26
43 80 49 94 69 39 145 79 53
44 105 47 95 69 39 146 51 37
45 98 70 96 66 42 147 24 23
46 104 36 97 71 29 148 13 33
47 104 65 98 75 29 149 19 55
48 96 71 99 72 23 150 45 30
49 101 62 100 74 22 151 34 7
50 102 51 101 75 24 152 14 4
51 102 50 102 73 30 153 8 16
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %

154 15 6 205 20 18 256 102 84
155 39 47 206 27 34 257 58 66
156 39 4 207 32 33 258 64 97
157 35 26 208 41 31 259 56 80
158 27 38 209 43 31 260 51 67
159 43 40 210 37 33 261 52 96
160 14 23 211 26 18 262 63 62
161 10 10 212 18 29 263 71 6
162 15 33 213 14 51 264 33 16
163 35 72 214 13 11 265 a7 45
164 60 39 215 12 9 266 43 56
165 55 31 216 15 33 267 42 27
166 a7 30 217 20 25 268 42 64
167 16 7 218 25 17 269 75 74
168 0 6 219 31 29 270 68 96
169 0 8 220 36 66 271 86 61
170 0 8 221 66 40 272 66 0
171 0 2 222 50 13 273 37 0
172 2 17 223 16 24 274 45 37
173 10 28 224 26 50 275 68 96
174 28 31 225 64 23 276 80 97
175 33 30 226 81 20 277 92 96
176 36 0 227 83 11 278 90 97
177 19 10 228 79 23 279 82 96
178 1 18 229 76 31 280 94 81
179 0 16 230 68 24 281 90 85
180 1 3 231 59 33 282 96 65
181 1 4 232 59 3 283 70 96
182 1 5 233 25 7 284 55 95
183 1 6 234 21 10 285 70 96
184 1 5 235 20 19 286 79 96
185 1 3 236 4 10 287 81 71
186 1 4 237 5 7 288 71 60
187 1 4 238 4 5 289 92 65
188 1 6 239 4 6 290 82 63
189 8 18 240 4 6 291 61 a7
190 20 51 241 4 5 292 52 37
191 49 19 242 7 5 293 24 0
192 41 13 243 16 28 294 20 7
193 31 16 244 28 25 295 39 48
194 28 21 245 52 53 296 39 54
195 21 17 246 50 8 297 63 58
196 31 21 247 26 40 298 53 31
197 21 8 248 48 29 299 51 24
198 0 14 249 54 39 300 48 40
199 0 12 250 60 42 301 39 0
200 3 8 251 48 18 302 35 18
201 3 22 252 54 51 303 36 16
202 12 20 253 88 90 304 29 17
203 14 20 254 103 84 305 28 21
204 16 17 255 103 85 306 31 15



Time

307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

Norm.
Speed

%

31
43
49
78
78
66
78
84
57
36
20
19
9
5
7
15
12
13
15
16
16
15
17
20
21
20
23
30
63
83
61
26
29
68
80
88
99
102
100
74
57
76
84
86
81
83
65
93
63
72
56

Norm.
Torque

%

10
19
63
61
46
65
97
63
26
22
34

8
10

5
11
15

9
27
28
28
31
20

0
34
25

0
25
58
96
60

0

0
44
97
97
97
88
86
82
79
79
97
97
97
98
83
96
72
60
49
27

Time

358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408

Norm.
Speed

%

29
18
25
28
34
65
80
77
76
45
61
61
63
32
10
17
16
11

9

9
12
15
26
13
16
24
36
65
78
63
32
46
47
42
27
14
14
24
60
53
70
77
79
46
69
80
74
75
56
42
36

Norm.
Torque

%

0
13
11
24
53
83
44
46
50
52
98
69
49

0

8

7
13

6

5
12
46
30
28

9
21

4
43
85
66
39
34
55
42
39

0

5
14
54
90
66
48
93
67
65
98
97
97
98
61

0
32
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Time

409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459

Norm.
Speed
%
34
68
102
62
41
71
91
89
89
88
78
98
64
90
88
97
100
81
74
76
76
85
84
83
83
86
89
86
87
88
88
87
85
88
88
84
83
77
74
76
46
78
79
82
81
79
78
78
78
75
73

Norm.
Torque

%

43
83
48

0
39
86
52
55
56
58
69
39
61
34
38
62
53
58
51
57
72
72
60
72
72
72
72
72
72
72
71
72
71
72
72
72
73
73
73
72
77
62
35
38
41
37
35
38
46
49
50
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.

Speed Torque Speed Torque Speed Torque
s % % s % % s % %

460 79 58 511 85 73 562 43 25
461 79 71 512 84 73 563 30 60
462 83 44 513 85 73 564 40 45
463 53 48 514 86 73 565 37 32
464 40 48 515 85 73 566 37 32
465 51 75 516 85 73 567 43 70
466 75 72 517 85 72 568 70 54
467 89 67 518 85 73 569 77 47
468 93 60 519 83 73 570 79 66
469 89 73 520 79 73 571 85 53
470 86 73 521 78 73 572 83 57
471 81 73 522 81 73 573 86 52
472 78 73 523 82 72 574 85 51
473 78 73 524 94 56 575 70 39
474 76 73 525 66 48 576 50 5
475 79 73 526 35 71 577 38 36
476 82 73 527 51 44 578 30 71
477 86 73 528 60 23 579 75 53
478 88 72 529 64 10 580 84 40
479 92 71 530 63 14 581 85 42
480 97 54 531 70 37 582 86 49
481 73 43 532 76 45 583 86 57
482 36 64 533 78 18 584 89 68
483 63 31 534 76 51 585 99 61
484 78 1 535 75 33 586 77 29
485 69 27 536 81 17 587 81 72
486 67 28 537 76 45 588 89 69
487 72 9 538 76 30 589 49 56
488 71 9 539 80 14 590 79 70
489 78 36 540 71 18 591 104 59
490 81 56 541 71 14 592 103 54
491 75 53 542 71 11 593 102 56
492 60 45 543 65 2 594 102 56
493 50 37 544 31 26 595 103 61
494 66 41 545 24 72 596 102 64
495 51 61 546 64 70 597 103 60
496 68 47 547 77 62 598 93 72
497 29 42 548 80 68 599 86 73
498 24 73 549 83 53 600 76 73
499 64 71 550 83 50 601 59 49
500 90 71 551 83 50 602 46 22
501 100 61 552 85 43 603 40 65
502 94 73 553 86 45 604 72 31
503 84 73 554 89 35 605 72 27
504 79 73 555 82 61 606 67 44
505 75 72 556 87 50 607 68 37
506 78 73 557 85 55 608 67 42
507 80 73 558 89 49 609 68 50
508 81 73 559 87 70 610 77 43
509 81 73 560 91 39 611 58 4

510 83 73 561 72 3 612 22 37
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %

613 57 69 664 92 72 715 102 64
614 68 38 665 91 72 716 102 69
615 73 2 666 90 71 717 102 68
616 40 14 667 90 71 718 102 70
617 42 38 668 91 71 719 102 69
618 64 69 669 90 70 720 102 70
619 64 74 670 90 72 721 102 70
620 67 73 671 91 71 722 102 62
621 65 73 672 90 71 723 104 38
622 68 73 673 90 71 724 104 15
623 65 49 674 92 72 725 102 24
624 81 0 675 93 69 726 102 45
625 37 25 676 90 70 727 102 47
626 24 69 677 93 72 728 104 40
627 68 71 678 91 70 729 101 52
628 70 71 679 89 71 730 103 32
629 76 70 680 91 71 731 102 50
630 71 72 681 90 71 732 103 30
631 73 69 682 90 71 733 103 44
632 76 70 683 92 71 734 102 40
633 77 72 684 91 71 735 103 43
634 77 72 685 93 71 736 103 41
635 77 72 686 93 68 737 102 46
636 77 70 687 98 68 738 103 39
637 76 71 688 98 67 739 102 41
638 76 71 689 100 69 740 103 41
639 77 71 690 99 68 741 102 38
640 77 71 691 100 71 742 103 39
641 78 70 692 99 68 743 102 46
642 77 70 693 100 69 744 104 46
643 77 71 694 102 72 745 103 49
644 79 72 695 101 69 746 102 45
645 78 70 696 100 69 747 103 42
646 80 70 697 102 71 748 103 46
647 82 71 698 102 71 749 103 38
648 84 71 699 102 69 750 102 48
649 83 71 700 102 71 751 103 35
650 83 73 701 102 68 752 102 48
651 81 70 702 100 69 753 103 49
652 80 71 703 102 70 754 102 48
653 78 71 704 102 68 755 102 46
654 76 70 705 102 70 756 103 47
655 76 70 706 102 72 757 102 49
656 76 71 707 102 68 758 102 42
657 79 71 708 102 69 759 102 52
658 78 71 709 100 68 760 102 57
659 81 70 710 102 71 761 102 55
660 83 72 711 101 64 762 102 61
661 84 71 712 102 69 763 102 61
662 86 71 713 102 69 764 102 58

663 87 71 714 101 69 765 103 58
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s % % s % % s % %

766 102 59 817 81 46 868 83 16
767 102 54 818 80 39 869 83 12
768 102 63 819 80 32 870 83 9
769 102 61 820 81 28 871 83 8
770 103 55 821 80 26 872 83 7
771 102 60 822 80 23 873 83 6
772 102 72 823 80 23 874 83 6
773 103 56 824 80 20 875 83 6
774 102 55 825 81 19 876 83 6
775 102 67 826 80 18 877 83 6
776 103 56 827 81 17 878 59 4
777 84 42 828 80 20 879 50 5
778 48 7 829 81 24 880 51 5
779 48 6 830 81 21 881 51 5
780 48 6 831 80 26 882 51 5
781 48 7 832 80 24 883 50 5
782 48 6 833 80 23 884 50 5
783 48 7 834 80 22 885 50 5
784 67 21 835 81 21 886 50 5
785 105 59 836 81 24 887 50 5
786 105 96 837 81 24 888 51 5
787 105 74 838 81 22 889 51 5
788 105 66 839 81 22 890 51 5
789 105 62 840 81 21 891 63 50
790 105 66 841 81 31 892 81 34
791 89 41 842 81 27 893 81 25
792 52 5 843 80 26 894 81 29
793 48 5 844 80 26 895 81 23
794 48 7 845 81 25 896 80 24
795 48 5 846 80 21 897 81 24
796 48 6 847 81 20 898 81 28
797 48 4 848 83 21 899 81 27
798 52 6 849 83 15 900 81 22
799 51 5 850 83 12 901 81 19
800 51 6 851 83 9 902 81 17
801 51 6 852 83 8 903 81 17
802 52 5 853 83 7 904 81 17
803 52 5 854 83 6 905 81 15
804 57 44 855 83 6 906 80 15
805 98 920 856 83 6 907 80 28
806 105 94 857 83 6 908 81 22
807 105 100 858 83 6 909 81 24
808 105 98 859 76 5 910 81 19
809 105 95 860 49 8 911 81 21
810 105 96 861 51 7 912 81 20
811 105 92 862 51 20 913 83 26
812 104 97 863 78 52 914 80 63
813 100 85 864 80 38 915 80 59
814 94 74 865 81 33 916 83 100
815 87 62 866 83 29 917 81 73
816 81 50 867 83 22 918 83 53



Time

919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969

Norm.
Speed

%

80
81
80
81
82
83
83
83
83
83
83
83
83
83
83
83
71
49
69
81
81
81
81
81
81
81
81
80
81
81
81
81
81
81
81
81
81
81
81
81
81
81
81
80
81
83
81
81
80
81
81

Norm.
Torque

%

76
61
50
37
49
37
25
17

Time

970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020

Norm.
Speed

%

81
81
80
81
81
81
81
81
83
81
81
80
81
81
81
80
81
81
81
81
81
81
81
81
81
81
81
81
83
81
81
81
81
81
81
81
81
81
81
80
83
83
83
83
81
81
81
80
80
81
86

Norm.
Torque

%

39
38
41
30
23
19
25
29
47
90
75
60
48
41
30
24
20
21
29
29
27
23
25
26
22
20
17
23
65
54
50
41
35
37
29
28
24
19
16
16
23
17
13
27
58
60
46
41
36
26
18
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Time

1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071

Norm.
Speed

%

82
79
82
83
83
83
76
79
86
82
84
86
85
83
83
83
84
83
76
78
75
86
83
81
81
79
80
84
79
87
82
84
82
81
85
86
79
78
74
78
80
80
82
83
79
83
86
64
24
49
7

Norm.
Torque

%

35
53
30
29
32
28
60
51
26
34
25
23
22
26
25
37
14
39
70
81
71
47
35
43
41
46
44
20
31
29
49
21
56
30
21
16
52
60
55
84
54
35
24
43
49
50
12
14
14
21
48
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Time  Norm. Norm. Time  Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
S % % S % % S % %
1072 103 11 1123 66 62 1174 76 8
1073 98 48 1124 74 29 1175 76 7
1074 101 34 1125 64 74 1176 67 45
1075 99 39 1126 69 40 1177 75 13
1076 103 11 1127 76 2 1178 75 12
1077 103 19 1128 72 29 1179 73 21
1078 103 7 1129 66 65 1180 68 46
1079 103 13 1130 54 69 1181 74 8
1080 103 10 1131 69 56 1182 76 11
1081 102 13 1132 69 40 1183 76 14
1082 101 29 1133 73 54 1184 74 11
1083 102 25 1134 63 92 1185 74 18
1084 102 20 1135 61 67 1186 73 22
1085 96 60 1136 72 42 1187 74 20
1086 99 38 1137 78 2 1188 74 19
1087 102 24 1138 76 34 1189 70 22
1088 100 31 1139 67 80 1190 71 23
1089 100 28 1140 70 67 1191 73 19
1090 98 3 1141 53 70 1192 73 19
1091 102 26 1142 72 65 1193 72 20
1092 95 64 1143 60 57 1194 64 60
1093 102 23 1144 74 29 1195 70 39
1094 102 25 1145 69 31 1196 66 56
1095 98 42 1146 76 1 1197 68 64
1096 93 68 1147 74 22 1198 30 68
1097 101 25 1148 72 52 1199 70 38
1098 95 64 1149 62 96 1200 66 a7
1099 101 35 1150 54 72 1201 76 14
1100 94 59 1151 72 28 1202 74 18
1101 97 37 1152 72 35 1203 69 46
1102 97 60 1153 64 68 1204 68 62
1103 93 98 1154 74 27 1205 68 62
1104 98 53 1155 76 14 1206 68 62
1105 103 13 1156 69 38 1207 68 62
1106 103 11 1157 66 59 1208 68 62
1107 103 11 1158 64 99 1209 68 62
1108 103 13 1159 51 86 1210 54 50
1109 103 10 1160 70 53 1211 41 37
1110 103 10 1161 72 36 1212 27 25
1111 103 11 1162 71 47 1213 14 12
1112 103 10 1163 70 42 1214 0 0
1113 103 10 1164 67 34 1215 0 0
1114 102 18 1165 74 2 1216 0 0
1115 102 31 1166 75 21 1217 0 0
1116 101 24 1167 74 15 1218 0 0
1117 102 19 1168 75 13 1219 0 0
1118 103 10 1169 76 10 1220 0 0
1119 102 12 1170 75 13 1221 0 0
1120 99 56 1171 75 10 1222 0 0
1121 96 59 1172 75 7 1223 0 0
1122 74 28 1173 75 13 1224 0 0



Time
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226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
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Time  Norm. Norm. Time Norm. Narm
Speed Torque Speed Torque
S % % S % %
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A.2.1.

A.2.2.

A.2.3.

A.2.4.

Annex A.2
STATISTICS
Arithmetic mean

The arithmetic meary, shall be calculated as follows:

y=12 (A.2-1)

Standard deviation

The standard deviation for a non-biasedy( N-1) sampleg, shall be calculated as
follows:

g, (A.2-2)
Root mean square
The root mean squarens,, shall be calculated as follows:
1 N
rms, = NZ ¥ (A.2-3)
i=1

t-test

It shall be determined if the data passes a thysising the following equations and

tables:

(@) For an unpairetitest, thet statistic and its number of degrees of freedem,
shall be calculated as follows:

t= Ve =] (A.2-4)
Tt 9y
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N N
Ve (A.2-5)
(Jref/Nref) + (Jy/N)
N, -1 N-1

(b) For a paired-test, thet statistic and its number of degrees of freedenshall
be calculated as follows, noting that theare the errorse(g, differences)
between each pair gfe; andy;:

 _[EIEN
g,

£

v=N-1 (A.2-6)

(c) Table A.2.1 of this paragraph shall be useccdmparet to thetyi values
tabulated versus the number of degrees of freedéris less thart, thent
passes thetest.

v | Confidenc:
| 90 per cer | 95 per cer

1 | 6.3L 12.70¢
2 | 2.9 4.30:
3 | 2.35: 3.18:
4 | 213 2.77¢
5 | 2.01¢ 2571
6 | 1.94: 2.447
7 | 189 2.36¢
8 | 1.86( 2.30¢
9 | 1.83: 2.26:
10 | 181 222¢
1 | 179 2.201
12 | 178 2.17¢
13 | 1771 2.16(
14 | 1761 2.14¢
15 | 1758 2.131
16 | 1.74¢ 2.12(
18 | 173¢ 2.101
200 | 172 2.08¢
22 | 171 2.07¢
24 | 1711 2.06¢
26 | 1.70¢ 2.05¢
28 | 1701 2.04¢
30 | 169 2.04:
35 | 169 2.03(
40 | 1.68¢ 2.021
50 | 1.67¢ 2.00¢
70 | 1661 1.99¢
100 | 1.66C 1.98¢
10001 |  1.64¢ 1.96(

Table A.2.1: Criticat values versus number of degrees of freedom,
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A.2.5.

Linear interpolation shall be used to establislues not shown here.

F-test

TheF statistic shall be calculated as follows:

— y

F 2, (A.2-7)

(@) For a 90 per cent confiden€etest, Table 2 of this paragraph is used to
compareF to theF o values tabulated versul<1) and Nier—1). If F is less
thanF w0, thenF passes the-test at 90 per cent confidence.

(b) For a 95 per cent confidenéetest, Table 3 of this paragraph is used to
compareF to theFigs values tabulated versus (N-1) ankf1). If Fis less
thanFig5 thenF passes the-test at 95 per cent confidence.



N-1 1 2 3 4 5 6 7 8 9 10 12 15 20 | 24 | 30 | 40 | 60 | 120 1000+
Nref‘l

1 39.86 | 49.50 | 5359 55.83 | 57.24 | 58.20 | 58.90 | 59.43  59.85 | 60.19 | 60.70 6122 6174 62.00 6226 6252 62.79 63.06  63.32
2 8526 | 9.000 | 9.162 9.243 | 9.293 | 9.326 | 9.349 | 9.367 9.381 9.392 | 9.408 9425 9441 9450 9.458 9.466 9.475 90483 9.491
3 5538 | 5462 | 5391 5343 | 5309 | 5285 | 5266 5252 5240 5230 | 5216 5.200 | 5184 5176 5168 5160 5.151 5143 5.134
4 4545 | 4325 | 4191 4.107 | 4.051 | 4010  3.979 3955 3.936 3.920 3.896 3.870 3.844 3.831 3.817 3.804 3.790 3.775 3.761
5 4.060 | 3.780 | 3.619 3.520 | 3.453 | 3.405  3.368 @ 3.339 3.316 3.297 3268 3.238 3207 3.191 3.174 3157 3.140 3.123  3.105
6 3.776 | 3.463 | 3.289 3.181 | 3.108 | 3.055 | 3.014 2983 2958 2.937 | 2905 2.871 2836 2.818 2.800 278l 2762 2742 | 2722
7 3589 | 3.257 | 3.074 2961  2.883 | 2.827 | 2.785 2752 2725 2703 | 2.668 2.632 2595 2575 2555 2535 2514 2493 | 2471
8 3.458 | 3113 | 2.924 2.806 | 2.726 | 2.668 | 2.624 2589 2561 2538 | 2502 2464 2425 2404 2383 2361 2.339 2316 2.293
9 3.360 | 3.006 | 2.813 2.693 | 2.611 | 2551 | 2505 | 2.469 2440 2416 | 2379 2340 2298 2277 2255 2232 2208 2184 2.159
10 | 3285 2924 2728 2605 2522 2461 2414 2377 2347 2323 2284 2244 2201 2178 2155 2132 2107 2.082 | 2.055
11 3225 2860 2660 2536 2451 2.389 2342 2304 2274 2248 2209 2167 2123 2100 2076 2052 2026 2.000 1.972
12 3177 2807 2606 2480 2394 2331 2283 | 2245 | 2214 | 2188 | 2147 2.105| 2.060 | 2.036 | 2.011 1.986 1.960 | 1.932 1.904
13 | 3136 2763 2560 2434 2347 2283 2234 2195 2164 2138 2097 2053 2007 1.983 1958 1.931 1904 1.876 1.846
14 3102 2726 2522 2395 2307 2243 2193 2154 2122 2095 2054 2010 1962 1938 1912 1.885 1857 1.828 1.797
15 3073 2695 2490 2361 2273 2208 2158 2119 208 2059 2017 1972 1924 1.899 1873 1.845 1817 1787  1.755
16  3.048 2668 2462 2.333 2244 2178 2128 2088 2055 2028 1.98 1940 1891 1.866 1839 1811 1782 1751 1.718
17 | 3026 2645 2437 2308 2218 2152 2102 2061 2028 2001 1958 1912 1862 1.836 1809 1781 1751 1719 | 1.686
18  3.007 2.624 2416 2286 2196 2130 2.079 2038 2005 1977 1.933 1887 1837 1.810 1783 1754 1723 1.691 | 1.657
19 2990 2.606 2397 2266 2176 2.109 2.058 2017 1.984 1956 1.912 1.865 1814 1.787 1759 1730 1.699 1.666 1.631
20 | 2975 2589 | 2380 2.249 | 2.158 | 2,091 | 2.040 | 1.999 | 1.965 | 1937 | 1.892 1.845 1794 1.767 1738 1708 1677 1.643 1.607
21 | 2961 2575 | 2365 2233 | 2142 | 2075 | 2.023 | 1982 | 1.948 | 1920 | 1.875 1.827 1776 1.748 1719 1.689 1657 1.623 1.586
20 | 2949 2561 | 2351 2219 | 2128 | 2,061 | 2.008 | 1967 | 1.933 | 1904 | 1.859 1811 1759 1.731 1702 1.671 1639 1.604  1.567
23 | 2937 2549 | 2339 2207 | 2115 | 2.047 | 1.995 1953 | 1.919 | 1.890 | 1.845 1796 1744 1716 1686 1.655 1622 1587 1.549
24 | 2927 2538 | 2327 2195| 2103 | 2.035 | 1983 | 1941 | 1.906 | 1.877 | 1.832 1783 1730 1.702 1672 1641 1607 1571 1533
25 | 2918 2528 2317 2184 | 2092 | 2024 | 1971 | 1929 | 1.895 | 1.866 | 1.820 1771 1718 1.689 1659 1.627 1593 1557 1518
26 | 2909 2519 2307 2174 | 2082 | 2014 1961 | 1919 | 1.884 | 1.855 | 1.809 1.760 | 1.706 | 1.677 | 1.647 1.615 1581 1544 1504
27 | 2901 2511 | 2299 2.165 | 2.073 | 2.005 | 1.952 | 1.909 | 1.874 | 1.845 | 1799 1749 1695 1.666 1.636 1.603 1569 1531  1.491
28 | 2.894 2503 | 2291 2157 | 2.064 | 1.996 | 1.943 | 1.900 | 1.865 | 1.836 | 1.790 1740 1.685 1.656 1.625 1593 1558 1520  1.478
29 | 2.887 2495 | 2283 2149 | 2057 | 1.988 | 1935  1.892 | 1.857 | 1.827 | 1.781 1731 1676 1.647 1616 1.583 1547 1509 | 1.467
30 | 2881 2489 | 2276 2142 | 2049 | 1.980 | 1927 | 1.884 | 1.849 | 1.819 | 1773 1722 1667 1.638 1606 1.573 1538 1.499  1.456
40 | 2835 2440 | 2226 2.091 | 1.997 | 1.927 | 1.873 | 1.829 | 1.793 | 1.763 | 1.715 1662 1605 1574 1541 1506 1467 1.425 1.377
60 2791 2393 2177 2041 1946 1875 1.819 1775 1738 1707 1.657 1.603 1543 1511 1476 1437 1395 1.348 1.291
120 | 2.748 | 2347 | 2130 1992 1.896 1824 1767 1722 1684 1.652 1601 1545 1482 1447 1.409 1368 1.320 1265  1.193
1000+ | 2.706 | 2.303 | 2.084 1.945 | 1.847 | 1774 | 1717 | 1.670 | 1.632 | 1599 | 1546 1487 | 1421 1383 1342 1295 1.240 1169 1.000

Table A.2.2 . — CriticaF values Fcitoo, VersusN-1 andNie¢-1 at 90 per cent confidence
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N-1 1 2 3 4 5 6 7 8 9 10 | 12 | 15 | 20 | 24 | 30 | 40 | s0 120 | 1000+
Nref‘l

1 1614 | 199.5 | 2157 = 2245 2301 233.9 | 236.7 | 238.8 | 2405 | 241.8 | 2439 2459 248.0 2490 | 250.1 | 251.1 | 252.2 | 253.2 | 254.3
2 18.51 | 19.00 | 19.16 19.24 19.29 19.33 | 19.35 | 19.37 | 19.38 | 19.39 | 19.41 19.42 19.44 19.45 | 19.46 | 19.47 | 19.47 | 19.48 | 19.49
3 10.12 | 9552 | 9.277 | 9.117 9.014 8941 8887  8.845 | 8812  8.786 | 8.745 8.703 8.660 8.639 @ 8.617 | 8594 | 8572 | 8549 | 8.526
4 7.709 | 6.944 | 6591 6.388 6.256 6.163 | 6.094 = 6.041 | 5999 @ 5.964 | 5912 5858 5.803 5774 5746 | 5717 | 5688 | 5658 | 5.628
5 6.608 | 5786 | 5410 5.192 5050 4.950 | 4.876 = 4.818 | 4.773 | 4.735 | 4.678 4.619 4558 4527 | 4.496 | 4.464 | 4431 | 4399 | 4.365
6 5.987 | 5143 | 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
7 5591 | 4.737 | 4347 4120 3972 3.866 3.787 | 3.726 | 3.677 | 3.637 | 3575 | 3.511 3.445 3411 3.376  3.340 | 3.304 | 3.267 | 3.230
8 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
9 5.117 | 4.257 | 3.863  3.633 | 3.482 3.374 3.293 | 3.230  3.179 | 3.137 | 3.073 | 3.006 2937 2901 2864 2.826 | 2.787 | 2.748 | 2.707
10 | 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 2737 | 2.700 | 2.661 | 2.621 | 2.580 | 2.538
11 | 4844  3.982 3587 | 3.357 | 3.204 | 3.095 | 3.012 | 2.948 | 2.896 2.854 | 2.788 2719 | 2.646 @ 2.609 | 2.571 | 2531 | 2.490 | 2.448 | 2.405
12 | 4747 | 3.885 3.490 | 3.259 | 3.106 | 2.996 | 2.913 | 2.849 | 2.796 = 2.753 | 2.687 @ 2.617 | 2.544 2506 | 2.466 | 2.426 | 2.384 | 2.341 | 2.296
13 | 4667 3.806 3.411 | 3.179 | 3.025 | 2.915 | 2.832 | 2.767 | 2.714 | 2.671 | 2.604 2533 | 2.459 2420 | 2.380 | 2.339 | 2.297 | 2252 | 2.206
14 | 4600 3.739  3.344 | 3.112 | 2958 | 2.848 | 2.764 | 2.699 | 2.646 @ 2.602 | 2.534 = 2.463 | 2.388 = 2.349 | 2.308 | 2266 | 2.223 | 2178 | 2.131
15 | 4543 | 3.682 3287 | 3.056 | 2.901 | 2.791 | 2.707 | 2.641 | 2588 | 2.544 | 2475 | 2403 | 2.328 | 2288 | 2.247 | 2204 | 2.160 | 2.114 | 2.066
16 | 4494  3.634 3239 | 3.007 | 2.852 | 2.741 | 2.657 | 2.591 | 2538 | 2.494 2425 2352 | 2.276 2235 | 2.194 | 2151 | 2.106 | 2.059 | 2.010
17 | 4451 | 3592 3197 | 2.965 | 2.810 | 2.699 | 2.614 | 2.548 | 2.494 2450 | 2.381 2.308 | 2.230 2.190 | 2.148 | 2.104 | 2.058 | 2.011 | 1.960
18 | 4414 3555  3.160 | 2.928 | 2.773 | 2.661 | 2577 | 2510 | 2.456 | 2412 | 2342 2269 | 2.191 @ 2.150 | 2.107 | 2.063 | 2.017 | 1.968 | 1.917
19 | 4381 3522 3127 | 2.895 | 2740 | 2.628 | 2544 | 2477 | 2423 | 2378 | 2308 2234 | 2156 2114 | 2.071 | 2.026 | 1.980 | 1.930 | 1.878
20 | 4351 | 3493 3.098 | 2.866 = 2.711 | 2.599 | 2514 | 2.447 | 2.393 2.348 | 2.278  2.203 2124 2.083 | 2.039 | 1.994 | 1.946 1.896 | 1.843
21 | 4325 | 3467 3.073 | 2.840 2685 | 2573 | 2488 | 2421 | 2366 2.321 2250 2.176 2096 2.054 2010 | 1.965 | 1.917 @ 1.866 | 1.812
22 | 4301 | 3443 3.049 2817 | 2661 | 2549 | 2464 | 2.397 | 2342 2297 | 2226 2151 2071 2028 1984  1.938 | 1.889 1.838 | 1.783
23 | 4279 | 3422 3.028 2796 | 2.640 | 2528 | 2.442 | 2375 | 2.320 2.275 2204 2128 2048 2005 1961 | 1.914 | 1.865 1.813 | 1.757
24 | 4260 | 3.403 3.009 2776 = 2.621 | 2508 | 2.423 | 2.355 | 2.300 2.255 2.183 2.108 2.027 1.984 1939 | 1.892 | 1.842  1.790 | 1.733
25 | 4242 | 3385 2991 | 2759 | 2.603 | 2.490 | 2405 | 2.337 | 2282 2.237 | 2165 2.089 2008 1.964 1919 | 1.872 | 1.822  1.768 | 1.711
26 | 4.225 | 3.369 2975 2743 | 2587 | 2.474 | 2.388 | 2.321 | 2.266 2.220  2.148 2.072 1990 1.946 1901 | 1.853 | 1.803 @ 1.749 | 1.691
27 | 4210 | 3354 2960 | 2.728 | 2572 | 2.459 | 2.373 | 2.305 | 2250  2.204 | 2132  2.056 1974 1.930  1.884 | 1.836 | 1.785 1.731 | 1.672
28 | 4196 | 3.340 2947 | 2.714 | 2558 | 2.445 | 2359 | 2.291 | 2236 2190 2118 2.041 1959 1.915  1.869 | 1.820 | 1.769 @ 1.714 | 1.654
29 | 4183 | 3328 2934 | 2701 @ 2545 | 2432 | 2346 | 2.278 | 2223 2177 | 2105 2.028 1945 1901 1854 | 1.806 | 1.754 1.698 | 1.638
30 | 4171 | 3316 2.922 | 2.690 2534 | 2421 | 2.334 | 2.266 | 2211 2165  2.092 2.015 1932 1.887  1.841  1.792 | 1.740 1.684 | 1.622
40 | 4.085 | 3232 2.839 | 2.606 2450 | 2.336 | 2.249 | 2.180 | 2.124 2.077 | 2004 1.925 1839 1793 1744 | 1.693 | 1.637 @ 1577 | 1.509
60 | 4.001 3.150 2758 | 2.525 | 2.368 | 2.254 | 2.167 | 2.097 | 2.040 = 1.993 | 1.917 1.836 @ 1.748 1700 | 1.649 | 1594 | 1.534  1.467 | 1.389
120 | 3.920 | 3.072 | 2.680 2447 2290 2175 | 2.087 2016 | 1.959 | 1.911 | 1.834 1751 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 1571 1517 @ 1.459 | 1.394 | 1.318  1.221 | 1.000

Table A.2.3 — CriticaF values Figs, versuN-1 andN+1 at 95 per cent confidence
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Slope

The least-squares regression sl@pg,shall be calculated as follows:

ZN:(yi = V) ® Yees ~ Vier)

8y, == —
Z(yreﬁ - yref)

i=1

(A.2-8)

Intercept

The least-squares regression intercagt,shall be calculated as follows:
8y =V~ (ay Der) (A.2-9)

Standard estimate of error

The standard estimate of err8EE,shall be calculated as follows:

\/i[yi ~a, ~(a, Ovu) |
SEE, =

i=1

A.2-10
N—2 ( )
Coefficient of determination
The coefficient of determinationz,, shall be calculated as follows:
N 2
L |:y| _aOy _(aly |:'yreﬁ):|
r2 =1—.= (A.2-11)

>y~
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ANNEX A.3

1980 INTERNATIONAL GRAVITY FORMULA

The acceleration of Earth's gravigy, varies depending on the location agds calculated for a
respective latitude, as follows:

a, =9.7803267715 ¢+ 5.27904%4 10 @ 232%18°10°8in 12262 10Fsinx 07°sin’G |
(A.3-1)

Where:
6= Degrees north or south latitude
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Annex A.4

CARBON FLOW CHECK

Introduction

All but a tiny part of the carbon in the exhaustnes from the fuel, and all but a
minimal part of this is manifest in the exhaust gasCQ. This is the basis for a
system verification check based on J@easurements.

The flow of carbon into the exhaust measuremestesys is determined from the
fuel flow rate. The flow of carbon at various sdimg points in the emissions and
particulate sampling systems is determined from @@ concentrations and gas
flow rates at those points.

In this sense, the engine provides a known sooircarbon flow, and observing the
same carbon flow in the exhaust pipe and at théetoof the partial flow PM
sampling system verifies leak integrity and flowaserement accuracy. This check
has the advantage that the components are operatidgr actual engine test
conditions of temperature and flow.

Figure A.4.1 shows the sampling points at whiah ¢arbon flows shall be checked.
The specific equations for the carbon flows at eaicthe sample points are given
below.

@
Air  Fue @
CO, raw
ENGINE

Partial Flow System

Figure A.4.1 — Measuring points for carbon flow cke
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A.4.2.

A.4.3.

A.4.4.

Carbon flow rate into the engine (location 1

The carbon mass flow rate into the endiner [kg/s] for a fuel CHO, is given by:

12.011

= A.4-1
et = 2 013 + 15.999% e ( )
Where:

Omf = fuel mass flow rate [kg/s]

Carbon flow rate in the raw exhaust (locat®)

The carbon mass flow rate in the exhaust pipehefeanginegmce [kg/s] shall be
determined from the raw G@oncentration and the exhaust gas mass flow rate:

_[ Ccozr T Ccoza 2.011
que ( 100 j |]'Almew M . (A4 2)
Where:
Ccozr= wet CQ concentration in the raw exhaust gas [per cent]
Cco2a=  wet CQ 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 conveneal wet basis according to
paragraph A.8.2.2.

Carbon flow rate in the dilution system @t¢ion 3)

For the partial flow dilution system, the splifimatio also needs to be taken into
account. The carbon flow rate in an equivalenttiih systemdmc, [ka/s] (with
equivalent meaning equivalent to a full flow systesmere the total flow is diluted)
shall be determined from the dilute €€oncentration, the exhaust gas mass flow
rate and the sample flow rate; the new equatiodeistical to equation A.4-2, being

only supplemented by the dilution factqrrdew/qmp.

Cco24~ Ccoza E:IFZ-OJ. nd
ol B o A.4-3
quP [ 100 ]mmew Me qmp ( )
Where:
Ccozd=  wet CQ concentration in the dilute exhaust gas at thdebwf the
dilution tunnel [per cent]
Ccoza=  wet CQ concentration in the ambient air [per cent]

Omdew = diluted sample flow in the partial flow diluti@ystem [kg/s]
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Omew = exhaust gas mass flow rate on wet basis [kg/s]
Omp = sample flow of exhaust gas into partial flowutlibn system [kg/s]
Me = molar mass of exhaust gas [g/mol]

If CO, is measured on a dry basis, it shall be convexdedet basis according to
paragraph A.8.2.2.

Calculation of the molar mass of the exhaast

The molar mass of the exhaust gas shall be cédclccording to equation (A.8-15)
(see paragraph A.8.2.4.1.)

Alternatively, the following exhaust gas molar s@s may be used:
Me (diesel) = 28.9 g/mol
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Annex A.5

INSTALLATION REQUIREMENTS FOR EQUIPMENT AND AUXILIARIES

Number | Equipment and auxiliaries Fitted for emisgiest
1 Inlet system
Inlet manifold Yes
Crankcase emission control system Yes
Air flow meter Yes
Air filter Yes®
Inlet silencer Ye®d
2 Exhaust system
Exhaust aftertreatment Yes
Exhaust manifold Yes
Connecting pipes Y&
Silencer Ye¥®
Tail pipe Ye&)
Exhaust brake Ng
Pressure charging device Yes
3 Fuel supply pump Y&
4 Fuel injection equipment
Prefilter Yes
Filter Yes
Pump Yes
5 High-pressure pipe Yes
Injector Yes
Electronic control unit, sensors, etc. Yes
Governor/control system Yes
Automatic full-load stop for the control| Yes
rack depending on atmospheric
conditions
6 Liquid-cooling equipment
Radiator No
Fan No
Fan cowl No
Water pump Ye®
Thermostat Yel
7 Air cooling
Cowl Nd?
Fan or Blower NG
Temperature-regulating device No
8 Pressure charging equipment
Compressor driven either directly by theres
engine and/or by the exhaust gases
Charge air cooler yégn
Coolant pump or fan (engine-driven) o
Coolant flow control device Yes
9 Auxiliary test-bed fan Yes, if necessary
10 Anti-pollution device Yes
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Number | Equipment and auxiliaries Fitted for emisgmst

11

Starting equipment Yes or test bed equipfhent

12

Lubricating oil pump Yes

13

Certain auxiliaries whose definitigrNo
is 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 s
given as an example:

(i) air compressor for brakes
(ii) power steering compressor
(iif) suspension compressor
(iv) air-conditioning system.

(@)

(b)

(©
(d)

(e)

(f)
(9)

(h)

()

The complete inlet system shall be fitted awigled for the intended application:
(i) where there is a risk of an appreciable eftecthe engine power;

(i) when the manufacturer requests that this khba done.

In other cases, an equivalent system may be us#@d &heck should be made to ascertain that th&eant
pressure does not differ by more than 100 Pa fterupper limit specified by the manufacturer falean
air filter.

The complete exhaust system shall be fittegragided for the intended application:

(i) where there is a risk of an appreciable eftecthe engine power;

(i) when the manufacturer requests that this khba done.

In other cases, an equivalent system may be liedtatovided the pressure measured does not differ
more than 1,000 Pa from the upper limit specifigdh® manufacturer.

If an exhaust brake is incorporated in the Bagihe throttle valve shall be fixed in the fuligen position.

The fuel feed pressure may be adjusted, if sgau®, to reproduce the pressure existing in thicpkar
engine application (particularly when a "fuel retusystem is used).

The cooling-liquid circulation shall be opeiatey the engine water pump only. Cooling of tlogiildl may
be produced by an external circuit, such that tlessure loss of this circuit and the pressureeaptimp
inlet remain substantially the same as those oétiggne cooling system.

The thermostat may be fixed in the fully opessition.

When the cooling fan or blower is fitted foettest, the power absorbed shall be added to shétse
except for cooling fans of air cooled engines dlyefitted on the crankshaft. The fan or blowemwgo
shall be determined at the speeds used for theitbst by calculation from standard charactegsticby
practical tests.

Charge air-cooled engines shall be tested efittrge air cooling, whether liquid - or air-coolédt if the

manufacturer prefers, a test bench system mayaepiee air cooler. In either case, the measureofent
power at each speed shall be made with the maxipressure drop and the minimum temperature drog
the engine air across the charge air cooler otetitdbench system as those specified by the manooéac

The power for electrical or other starting €8s shall be provided from the test bed.

of
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DIESEL REFERENCE FUELS

A.6.1. EUROPEAN UNION DIESEL REFERENCE FUEL

. . (a)
Parameter Unit Minimqu;mltsMaximum Test method
Cetane number 52 54 ISO 5165
Density at 15 °C kg/m® 833 837 ISO 3675
Distillation:
- 50 per cent vol. °C 245 ISO 3405
- 95 per cent vol. °C 345 350
- final boiling point °C 370
Flash point °C 55 ISO 2719
Cold filter plugging point °C -5 EN 116
Kinematic viscosity at 40 °C mn¥/s 2.3 3.3 ISO 3104
Polycylic aromatic per cent 2.0 6.0 EN 12916
hydrocarbons m/m
Conradson carbon residue (10 per cent 0.2 ISO 10370
per cent DR) m/m
Ash content per cent 0.01 EN-ISO 6245
m/m
Water content per cent 0.02 EN-ISO 12937
m/m
Sulphur content mg/kg 10 EN-ISO 14596
Copper corrosion at 50 °C 1 EN-ISO 2160
Lubricity (HFRR at 60 °C) pm 400 CEC F-06-A-96
Neutralisation number mg KOH/g 0.02
Oxidation stability mg/ml 0.025 EN-ISO 12205

@ The values quoted in the specification are "trueies!. In establishment of their limit values tieems of
ISO 4259 "Petroleum products - Determination angliegtion of precision data in relation to methaunfs
test.' have been applied and in fixing a minimurtugaa minimum difference of 2R above zero has 4
taken into account; in fixing a maximum and minimuralue, the minimum difference is 4R (R
reproducibility).

Notwithstanding this measure, which is necessargtatistical reasons, the manufacturer of fuletaikl
nevertheless aim at a zero value where the stgilmaximum value is 2R and at the mean value icadke
of quotations of maximum and minimum limits. Shibitlbe necessary to clarify the question as tothgrea

fuel meets the requirements of the specificatitmesterms of ISO 4259 should be applied.

een
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A.6.2. UNITED STATES OF AMERICA DIESEL REFERENCE HU 2-D
Unit Test method Limits
Parameter
min max

Cetane number 1 ASTM D 613 40 50
Cetane index 1 ASTM D 976 40 50
Density at 15 °C kg/fh ASTM D 1298 840 865
Distillation ASTM D 86

Initial boiling point °C 171 204

10 per cent Vol. °C 204 238

50 per cent Vol. °C 243 282

90 per cent Vol. °C 293 332

Final boiling point °C 321 366
Flash point °C ASTM D 93 54 -
Kinematic viscosity at 37.9 °C nfis ASTM D 445 2 3.2
Mass fraction of sulphur ppm ASTM D 2785 7 15
Volume fraction of aromatics per cent v/v ASTM D183 35

40CFR 80.520

A.6.3. JAPANESE DIESEL REFERENCE FUEL
Parameter Unit Minimurlr_:mltl\jaximum Test method
Cetane index 53 60 JIS K 2280
Density glent 0.815 0.840 JIS K 2249
Distillation: JIS K 2254
- 50 per cent vol. °C 255 295
- 90 per cent vol. °C 300 345
- final boiling point °C - 370
Flash point °C 58 JIS K 2265-3
Kinematic viscosity at 30 °C mn¥/s 3.0 4.5 JIS K 2283
Total aromatic vol. per cent - 25 JPIHPLC
Polycyclic aromatic vol. per cent - 5.0 JPI HPLC
Sulphur content wt- ppm - 10 JIS K 2541-1, JIS K 2541-2
JIS K 2541-6, JIS K 2541-7
FAME per cent - 0.1 Method promulgated by Notification o
Triglyceride per cent _ 0.01 Ministry of Economy, Trade and
Industry (METI) No. 78 of 2007.

f
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MOLAR BASED EMISSION CALCULATIONS
A.7.0. Symbol conversion

A.7.0.1. General symbols

Annex 77| Annex 8 Unit Quantity
A m’ Area
A m’ Venturi throat cross-sectional area
Y b, Do t.b.d"” y intercept of the regression line, PDP calibration
intercept
a m t.b.d" Slope of the regression line
B o m/m Ratio of diameters
C - Coefficient
Cq Cy - Discharge coefficient
C - Flow coefficient
d d m Diameter
DR Iy - Dilution ratid®
e e g/kWh Brake specific basis
€gas €gas g/kWh Specific emission of gaseous components
€prm €pm g/kWh Specific emission of particulates
f Hz Frequency
fo n min™, st Rotational frequency (shaft)
y - Ratio of specific heats
K Correction factor
Ks Xo slrev PDP slip correction factor
Kor Kor - Downward adjustment factor
kn Humidity correction factor for NQ
K ke - Multiplicative regeneration factor
kur kur - Upward adjustment factor
M M Pa:s Dynamic viscosity
M M g/mol Molar masg
Mgas™” Mgas g/mol Molar mass of gaseous components
m m kg Mass
m Om kg/s Mass rate
v /s Kinematic viscosity
N Total number in series
n mol Amount of substance
n mol/s Amount of substance rate
P P kw Power
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Annex V| Annex 8 Unit Quantity
p p kPa Pressure
Pabs Po kPa Absolute pressure
PH20 pr kPa Water vapour pressure
PF 1-E per cent Penetration fractioB € conversion efficiency)
\Vi Qv m3/s Volume flow rate
0 0 kg/m3 Mass density
r - Ratio of pressures
Ra pm Average surface roughness
Ré Re - Reynolds number
RH% RH per cent Relative humidity
o o - 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 S Time interval
Y, V m° Volume
V Qv m/s Volume rate
W w kWh Work
Wt Woct kWh Actual cycle work of the test cycle
WF WF - Weighting factor
w w a/g Mass fraction
x®) c mol/mol, Amount of substance mole fractfn concentration
per centvol |(also in pmol/mol = ppm)
X mol/mol Flow-weighted mean concentration
y - Generic variable
y - Arithmetic mean
4 - Compressibility factor

(1) See subscripts; e.gi,, for mass rate of dry air aiy, for fuel mass rate.

(2) Dilution ratiorg in Annex 8 andR in Annex 7: different symbols but same meaning sache equations.
Dilution factorD in Annex 8 andiexn in Annex 7: different symbols but same physicabmeg; equation
(A.7-47) shows the relationship betwegpex, andDR.

(3) See paragraph A.7.1.1. of this section forvthieies to use for molar masses. In the cases qfadd@® HC, the
regulations specify effective molar masses baseassnmed speciation rather than actual speciation.

(4) See symbols and abbreviations for the chensimalponents.

(5) See specific symbols in the table of chemieddice.

(6) The mole fractions for THC and NMHC are expegssn a C1 equivalent basis.

(7) t.b.d.=to be defined
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A.7.0.2.  Subscripts

Annex i | Annex &Y Quantity
abs Absolute quantit
ac act Actual guantit
air Air, dry

atmo: Atmospheri
bkanc Backarount
C Carbor
cal Calibration guantit
CEV Critical flow ventur
cor Corrected quanti
dil Dilution air
dext Diluted exhaus
dry Dry quantity
exr Raw exhaut
exc Expected quanti
ec Equivalent quantit
fuel Fuel

i Instantaneous measurement (e.q.: 1

An individual of a serie

i
idle Condition at idl

in Quantity ir
init Initial quantity, typically before an emission 1
may Maximum (i.e. peak) valt
mea Measured quanti
min Minimum value
mix Molar mass of ai
oul Quantity ou
pert Partial quantit
PDF Positive displacement put
raw Raw exhaut
ref Reference quanti
rev Revolutior
sa Saturated conditic
slip PDP slit
smp| Samplinc
spat Span guantit
SSv Subsonic ventu
stc Standard quanti
tes Test auatity
total Total quantit
uncol Uncorrected quanti
vac Vacuum guantit
weight Calibration weigt
wel Wet quantit
zerc Zero duantit

(1) In Annex 8 the meaning of subscript is deteedifby the associated quantity; for example, thesaijt "d"
can indicate a dry basis as igg'= concentration on dry basis", dilution air as"py = saturation vapour
pressure of the dilution air" oky 4 = dry to wet correction factor for the dilution'gidilution ratio as in fy".
This is the reason why the column of Annex 8 isrtiyeampty.
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A.7.0.3. Symbols and abbreviations for the chengoahponents (used also as a subscript)
Annex 7 Annex 8 Quantity
Ar Ar Argon
C1l C1 Carbon 1 equivalent hydrocarbon
CH, CH, Methane
C2H6 C2H5 Ethane
CsHs CsHs Propane
CO CcO Carbon monoxide
CO, CO Carbon dioxide
DOP DOP Di-octylphthalate
H Atomic hydrogen
H, Molecular hydrogen
HC HC Hydrocarbon
H>0 H,O Water
He Helium
N Atomic nitrogen
N> Molecular nitrogen
NMHC NMHC Non-methane hydrocarbon
NOy NO Oxides of nitrogen
NO NO Nitric oxide
NO, NO, Nitrogen dioxide
©) Atomic oxygen
PM PM Particulate matter
S Sulphur
A.7.0.4. Symbols and abbreviations for the fuel position
Annex 7V Annex 87 Quantity
wet we' Carbon content of fuel, mass fraction [g/g] or [pent mass]
Wh Wh Hydrogen content of fuel, mass fraction [g/g] cefpent
mass]
Wi Wi Nitrogen content of fuel, mass fraction [g/g] oefgent mass]
Wo Wo Oxygen content of fuel, mass fraction [g/g] or [pent mass]
Ws Ws Sulphur content of fuel, mass fraction [g/g] ori[pent mass]
o o Atomic hydrogen-to-carbon ratio (H/C)
B € Atomic oxygen-to-carbon ratio (O/€)
y y Atomic sulphur-to-carbon ratio (S/C)
0 0 Atomic nitrogen-to-carbon ratio (N/C)

(1) Referred to a fuel with chemical formula EBS,N;

2) Referred to a fuel with chemical formula {3N;S,

(3)  Attention should be paid to the different megnof symbolp in the two emissions calculation annexes: in
Annex 8 it refers to a fuel having the chemicahiata CHSN;O, (i.e. the formula g¢H,SN,;O, whereg = 1,
assuming one carbon atom per molecule), while ine&v/ it refers to the oxygen-to-carbon ratio with
CH,OsS)N;. Theng of Annex 7 corresponds toof Annex 8.

(4)  Mass fractiow accompanied by the symbol of the chemical compioagla subscript.
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A.7.0.5. Symbols for chemical balance used in Anhex

Xdirexn=Amount of dilution gas or excess air per molexiiaust

Xn20exh = Amount of water in exhaust per mole of exhaust

Xccombdry= Amount of carbon from fuel in the exhaust pedemaf dry exhaust
XH20exhdry= Amount of water in exhaust per dry mole of dxpaust

Xorodiintdry= Amount of dry stoichiometric products per dry mof intake air
Xdirexhdry= Amount of dilution gas and/or excess air per nofldry exhaust
Xinvexhdry= Amount of intake air required to produce actuahbustion products per
mole of dry (raw or diluted) exhaust

Xrawexhdry= Amount of undiluted exhaust, without excess jaér, mole of dry (raw or
diluted) exhaust

Xozintdry = Amount of intake air @per mole of dry intake air

Xcozintdry = Amount of intake air C&per mole of dry intake air

XH20intdry = Amount of intake air kD per mole of dry intake air

Xcozint= Amount of intake air C@per mole of intake air

Xcozdil = Amount of dilution gas COper mole of dilution gas

Xcozdildry = Amount of dilution gas C&per mole of dry dilution gas

XH20dildry = Amount of dilution gas O per mole of dry dilution gas

Xnzodil = Amount of dilution gas kD per mole of dilution gas

Xemissionjmeas= Amount of measured emission in the sample atréspective gas
analyzer

Xemissionjdry= Amount of emission per dry mole of dry sample

XH20[emissionjmeass Amount of water in sample at emission-detectmration

Xnz0int = Amount of water in the intake air, based on a iditpn measurement of
intake air

A7.1. Basic parameters and relationships

A.7.1.1. Dry air and chemical species

This annex uses the following values for dry amposition:
Xozairary = 0-209445 mol/mol

Xcozairary = 0-000375 mol/mc

This annex uses the following molar masses orcgde molar masses of chemical
species:

Mair = 28.96559 g/mol (dry air)

Mar = 39.948 g/mol (argon)

Mc = 12.0107 g/mol (carbon)

Mco = 28.0101 g/mol (carbon monoxide)
Mco2 = 44.0095 g/mol (carbon dioxide)

My = 1.00794 g/mol (atomic hydrogen)
My = 2.01588 g/mol (molecular hydrogen)
Mu2o = 18.01528 g/mol (water)

Mue = 4.002602 g/mol (helium)
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Mn = 14.0067 g/mol (atomic nitrogen)

My = 28.0134 g/mol (molecular nitrogen)

Mnmuc = 13.875389 g/mol (non-methane hydrocarlb)on
Mnox = 46.0055 g/mol (oxides of nitrog@n

Mo = 15.9994 g/mol (atomic oxygen)

Moz = 31.9988 g/mol (molecular oxygen)

Mcsns = 44.09562 g/mol (propane)

Ms = 32.065 g/mol (sulphur)

Mrhc = 13.875389 g/mol (total hydrocartfon

(@) The effective molar masses of THC and NMHC a@eéined by an atomic
hydrogen-to-carbon ratia, of 1.85;

(b) The effective molar mass of N@s defined by the molar mass of nitrogen
dioxide, NQ.

This annex uses the following molar gas condafiarr ideal gases:

R=8.314472) mdl K

This annex uses the following ratios of specifiatsy [ J/( koK) |/[ J( kgIK)] for
dilution air and diluted exhaust:

yair = 1.399 (ratio of specific heats for intake aiddution air)
yail = 1.399 (ratio of specific heats for diluted exsu

yqi = 1.385 (ratio of specific heats for raw exhaust)

Wet air
This section describes how to determine the amoiuwater in an ideal gas:
Vapour pressure of water

The vapour pressure of wateko [kPa] for a given saturation temperature

condition, Ts4[K], shall be calculated as follows:

(@) For humidity measurements made at ambienteeatyres from O to 100 °C or
for humidity measurements made over super-coolederwat ambient
temperatures from - 50 to 0 °C:



ECE/TRANS/WP.29/2009/118

page 166
Annex A.7

273.16 T
lo =10.795740 - 5.02800 lgg —— |+
glO ( pHZO) 4E " j Q{ 27316}

_8_2gegé Tsar -J; 4.76955@ }@]

+1.50475110°1 + 10 21316 J 1+ 0.428T3 T 10 @ /— 14 0.2138
(A.7-1)

Where:
Pu2o =  vapour pressure of water at saturation temperatondition [KPa]
TsaE saturation temperature of water at measured tondK]

(b) For humidity measurements made over ice atiemhltemperatures from
(-100 to 0) °C:

Ioglo(psat):—9.096851§E2?|_3'16— }— 3.566506 @{ 273'1j+ 0.87683€2—4_Ts_at)_ 0.2038

A.7.1.2.2.

A.7.1.2.3.

sat sat 273'16
(A.7-2)
Where:
Tsar saturation temperature of water at measured tondK]
Dew point

If humidity is measured as a dew point, the amafnivater in an ideal gasi.o
[mol/mol] shall be obtained as follows:

X420 :M (A-7'3)
pabs
Where:
X20=  amount of water in an ideal gas [mol/mol]
PH20= vapour pressure of water at the measured dew, J@iF Tgew [KPa]
Pabs= wet static absolute pressure at the location e/ ghoint measurement
[kPa]

Relative humidity

If humidity is measured as a relative humid®ki% the amount of water of an ideal
gasxu2o [mol/mol] is calculated as follows:

0, E
XHZO = RH /0 HEO
100 Py,

(A.7-4)
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Where:

RH%= relative humidity [per cent]

pr2o= water vapour pressure at 100 per cent relativaidity at the location of
relative humidity measuremema=Tamp [kKPa]

pPaps  Wet static absolute pressure at the locatiorlative humidity measurement
[kPa]

Fuel properties
The general chemical formula of fuel is @}SN;s with a atomic hydrogen-to-

carbon ratio (H/C),f atomic oxygen-to-carbon ratio (O/C),atomic sulphur-to-
carbon ratio (S/C) and atomic nitrogen-to-carbon ratio (N/C). Based tiist

formula the carbon mass fraction of fug] can be calculated. In case of diesel fuel

the simple formula CHOg may be used. Default values for fuel compositiaay be
derived from table A.7.1.:

Fuel Atomic hydrogen and oxygent Carbon mass concentratiomg
to-carbon ratios [g/0]
CH.Op
N. 2 Diesel CH sOo 0.869
N. 1 Diesel CH 9200 0.861

Table A.7.1 - Default values of atomic hydrogercéwbon ratio,a, atomic oxygen-
to-carbon ratiof, and carbon mass fraction of fuet for diesel fuels

Total HC and non-methane HC concentration
THC determination and THC/¢ Hitial contamination corrections
(@) If THC emissions are required to be determinegiciric-rip; shall be

calculated by using the initial THC contaminati@ncentrationkryc[rHc-riojinit
from paragraph 7.3.3. as follows:

XrHe[THC-FIDIcor = XTHC[THC-EIDJuncorr — XTHCITHGFID]init (A.7-5)

Where:

XrHe[THe-Fibjeor = THC concentration corrected for contaminatiomljimol]
XrHe[rHe-Fipjuncorr = THC uncorrected concentration [mol/mol]
XrHc[rHe-Fiojinit = iNitial THC contamination concentration [mol/rhol

(b) For the NMHC determination described in paapir A.7.1.4.2. XtHc[THe-FiD]
shall be corrected for initial HC contaminationngsiequation (A.7-5). The

initial contamination of the CHsample train may be corrected using equation

(A.7-5), substituting in Cilconcentrations for THC.
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A.7.1.4.2. NMHC determination

To determine NMHC concentratioxyunc, one of the following shall be used:

(@)

(b)

If CH, is not measured, NMHC concentrations may be détexas follows:
The background corrected mass of NMHC shall hepaoved to background
corrected mass of THC. If the background correateds of NMHC is greater
than 0.98 times the background corrected mass of,TtHe background
corrected mass of NMHC shall be taken as 0.98 tities background
corrected mass of THC. If the NMHC calculations amgtted, the background
corrected mass of NMHC shall be taken as 0.98 tities background
corrected mass of THC.
For non-methane cuttersyvnc shall be calculated using the non-methane
cutter's penetration fractionPK) of CH, and GHg from paragraph 8.1.10.3.,
and using the HC contamination and wet-to-dry cie@® THC concentration
XtHC[THC-FIDJcor &S determined in paragraph (a) of this paragraph.
() The following equation for penetration framis determined using an
NMC configuration as outlined in paragraph 8.1.103 shall be used:

X _ XTHC[THC-FID]cor - XTHC[NMC-FID] DQFCH4[THC—FID] (A 7 6)
NMHC — T
1_ RFPFCZHG[NMC-FID] DQEZH4[THC-FID]
Where:
XNMHC = concentration of NMHC
XTHC[THC-FID]cor = concentration of THC, HC contamination and dry-

to-wet corrected, as measured by the THC FID
during sampling while bypassing the NMC

XTHCINMC-FID] = concentration of THC, HC contamination (optional)
and dry-to-wet corrected, as measured by the THC
FID during sampling through the NMC

RFcHa[tHC-FID) = response factor of THC FID to CH4, according to
paragraph 8.1.10.3.4.

RFPFe2nspnvc-rip) = Non-methane cutter combined ethane response facto
and penetration fraction, according to
paragraph 8.1.10.3.4.

(i) For penetration fractions determined using MMC configuration as
outlined in paragraph 8.1.10.3.4.2., the followatgation shall be used:

_ XTHC[THC-FID]cor EPFCH4[NMC—FID] - XTHC[NMC-FID]
XNMHC - (A-7'7)

PFCH4[NMC-FID] - PFCZH6[NMC—FID]

Where:
XNMHC = concentration of NMHC
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XrHe[tHe-Fipjcor=  concentration of THC, HC contamination and dry-to
wet corrected, as measured by the THC FID during
sampling while bypassing the NMC

PFchanve-Fipp =  non-methane  cutter  GH penetration  fraction,
according to paragraph 8.1.10.3.5.
XTHCINMC-FID] = concentration of THC, HC contamination (optignal

and dry-to-wet corrected, as measured by the THC
FID during sampling through the NMC

PFconenvc-rip) = Non-methane  cutter ethane  penetration  fraction,
according to paragraph 8.1.10.3.5.

(i) For penetration fractions determined usiag NMC configuration as
outlined in paragraph 8.1.10.3.4.3., the followatgation shall be used:

X, — XTHC[THC—FID]cor EPFCH4[NMC-FID] - XI'HC[NMC—FID] [RFCH4[THC-FID] (A 7-8)
e PFCH4[NMC-FID] - RFPI:C:2H6[NMC—FID] DREH4D’HC-FID]

Where:

XNMHC = concentration of NMHC

XTHC[THC-FID]cor = concentration of THC, HC contamination and dyy-t
wet corrected, as measured by the THC FID during
sampling while bypassing the NMC

PFchanme-FiD) = non-methane cutter Ghpenetration fraction, according
to paragraph 8.1.10.3.6.

XTHC[NMC-FID] = concentration of THC, HC contamination (optignal

and dry-to-wet corrected, as measured by the TH FI
during sampling through the NMC

RFPFeamsinvc-rip) = non-methane cutter GHcombined ethane response
factor and penetration fraction, according to
paragraph 8.1.10.3.6.

RFcHartHe-FiD) = response factor of THC FID to GHaccording to
paragraph 8.1.10.3.4.

For a gas chromatograptiwnc shall be calculated using the THC analyzer's
response factor RF) for CH, from paragraph 8.1.10.3., and the HC
contamination and wet-to-dry corrected initial THONcentrationXrHc[THe-
FiDjcor @S determined in paragraph (a) above as follows:

X\MHe = XTHC[THC-FID]cor - RFCH4[THC-FID] D)%H4 (A-7'9)
Where:

XNMHC = concentration of NMHC

XTHC[THC-FID]cor = concentration of THC, HC contamination and dyy-t

wet corrected, as measured by the THC FID
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XCHa= concentration of Cl{ HC contamination (optional) and
dry-to-wet corrected, as measured by the gas
chromatograph FID
RFcHaptHe-FIDy = response factor of THC-FID to GH
A.7.1.4.3. Approximation of NMHC from THC
NMHC (non-methane hydrocarbon) emissions can Ipeoxpmated as 98 percent of
THC (total hydrocarbon).
A.7.1.5. Flow-weighted mean concentration

A.7.2.

A.7.2.1.

A.7.2.2.

In some paragraphs of this annex, it may be nacgs$s calculate a flow-weighted
mean concentration to determine the applicabilitycertain provisions. A flow-
weighted mean is the mean of a quantity after itvesghted proportional to a
corresponding flow rate. For example, if a gas cemtration is measured
continuously from the raw exhaust of an engine, fisw-weighted mean
concentration is the sum of the products of eaclorded concentration times its
respective exhaust molar flow rate, divided by siien of the recorded flow rate
values. As another example, the bag concentrtion a CVS system is the same
as the flow-weighted mean concentration becauseC¥i& system itself flow-
weights the bag concentration. A certain flow-vinggl mean concentration of an
emission at its standard might be already expebtes®d on previous testing with
similar engines or testing with similar equipmentl anstruments.

Chemical balances of fuel, intake air, arldagist

General

Chemical balances of fuel, intake air and exhensst be used to calculate flows, the
amount of water in their flows, and the wet concatiin of constituents in their
flows. With one flow rate of either fuel, intaké& @r exhaust, chemical balances
may be used to determine the flows of the other. tweor example, chemical
balances along with either intake air or fuel fltmdetermine raw exhaust flow may
be used.

Procedures that require chemical balances

Chemical balances are required to determine theximg:

(@) The amount of water in a raw or diluted exhal®swv, Xu20exn When the
amount of water to correct for the amount of watsnoved by a sampling
system is not measured.

(b) The flow-weighted mean fraction of dilutiom & diluted exhaustgiexn, Wwhen
dilution air flow is not measured to correct forckground emissions. It has to
be noted that if chemical balances are used far porpose, the exhaust is
assumed to be stoichiometric, even if it is not.
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Chemical balance procedure

The calculations for a chemical balance involveystem of equations that require
iteration. The initial values of up to three quées$ shall be guessed: the amount of
water in the measured flow20exn fraction of dilution air in diluted exhaust (or
excess air in the raw exhaust)yexn, and the amount of products on a C1 basis per
dry mole of dry measured flowccomnary Time-weighted mean values of combustion
air humidity and dilution air humidity in the cheral balance may be used; as long
as combustion air and dilution air humidity remaiithin tolerances of: 0.0025
mol/mol of their respective mean values over tts teterval. For each emission
concentrationy, and amount of wateg; oexh it Shall be determined their completely
dry concentrationsary andXq2oexnary It Shall also be used fuel's atomic hydrogen-to-
carbon ratioa, oxygen-to-carbon ratigZ and carbon mass fraction of fuek. For
the test fuelg andf or the default values in table 7.1 may be used.

Use the following steps to complete a chemicadihee:

(@) Measured concentrations such &8emeas Xnomeas and Xuoinn, Shall be
converted to dry concentrations by dividing themamg minus the amount of
water present during their respective measuremént&xampleXy2oxcozmeas
XnzoxNomeas @nd Xpooint.  If the amount of water present during a "wet"
measurement is the same as the unknown amounttef imathe exhaust flow,
XH20exh It has to be iteratively solved for that valuethe system of equations.
If only total NO, are measured and not NO and N€eparately, good
engineering judgement shall be used to estimatelidiis your total NQ
concentration between NO and Nf»r the chemical balances. The molar
concentration of NQ Xyox, may be assumed to be 75 per cent NO and 25 per
cent NQ. For NQ storage aftertreatment systemgex may be assumed to
be 25 per cent NO and 75 per cent NCFor calculating the mass of NO
emissions, the molar mass of N@r the effective molar mass of all NO
species, regardless of the actual,Ni@ction of NQ, shall be used.

(b) Equations in paragraph (c)(4) of this parabrdgave to be entered into a
computer program to iteratively solve fR¥ioexh Xccombdry aNd Xgivexh. Good
engineering judgment shall be used to guess inéhles forXh2oexn Xccombdry
andxgiexh. Guessing an initial amount of water that is dldaice the amount
of water in your intake or dilution air is recomnded. Guessing an initial
value ofXccombary@s the sum of your measured £QGO, and THC values is
recommended. Guessing an initialyy between 0.75 and 0.95
(0.75< %y, < 0.99), such as 0.8 is also recommended. Values isyseem of

equations shall be iterated until the most recengigated guesses are all
within £ 1 per cent of their respective most recently calead values.
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(c) The following symbols and subscripts are usedhe equation system of
paragraph (c) of this paragraph whenenit is mol/mol:
Symbol Description
Xdillexh Amount of dilution gas or excess air per moledfaust
XH20exh Amount of HO in exhaust per mole of exhaust
XCcombdry Amount of carbon from fuel in the exhaust per nuflelry exhaust
XH20exhdry Amount of water in exhaust per dry mole of dry &bt
Xprod/intdry Amount of dry stoichiometric products per dry mofantake air
Xdillexhdry Amount of dilution gas and/or excess air per nubldry exhaust
Xint/exhdry Amount of intake air required to produce actuahbastion products per mo
of dry (raw or diluted) exhaust
Xraw/exhdry Amount of undiluted exhaust, without excess agr mole of dry (raw o
diluted) exhaust
Xozintdry Amount of intake air @per mole of dry intake aiXoinwry = 0.209445 mol/mo
may be assumed
Xcozintdry Amount of intake air C@per mole of dry intake aiXcozintary = 375pmol/mol
may be used, but measuring the actual concentratiothe intake air ig
recommended
XH20intdry Amount of the intake air ¥ per mole of dry intake air
Xco2int Amount of intake air C@per mole of intake air
Xco2dil Amount of dilution gas C&per mole of dilution gas
Xco2dildry Amount of dilution gas C@®per mole of dry dilution gas. If air is used
diluent, Xcozdiary = 375 pmol/mol may be used, but measuring the ac
concentration in the intake air is recommended
XH20dildry Amount of dilution gas kD per mole of dry dilution gas
XH20dil Amount of dilution gas kD per mole of dilution gas

X[emission]meas

Amount of measured emission in the sample atdbpective gas analyzer

X[emission]dry

Amount of emission per dry mole of dry sample

XHZO[emission]meas

Amount of water in sample at emission-detectioratmn. These values shg
be measured or estimated according to paragraph 3.8

Al

XH20int Amount of water in the intake air, based on a Hitpimeasurement of intak
air
a Atomic hydrogen-to-carbon ratio of the mixture afe(s) (CH,O,) being
combusted, weighted by molar consumption
B Atomic oxygen-to-carbon ratio of the mixture of lig¢ (CH,O,;) being
combusted, weighted by molar consumption
(d) The following equations shall be used to iigedy solve forXgiyexh XH20exnand

XCcomber

Xaivexn =1~ Sawexdy (A.7-10)

l+ XHZOexhdry
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Xi120exh = 1_:_(HX2: o (A.7-11)
20exhdry
XCcombdry = XCOZdry+ X COdry+ X THCdry_ X COdeX dil/exhdr_ %Ozint D %t/exhdry (A 7_12)
a
XHZOexhdry = E ( XCcombdry_ X THCdr) + X H20diﬂX dillexhdr)-/'- XZ(Dint |:|)|$Wexhdry (A 7'13)
Kiivexndry = 1_dei::eXh - (A.7-14)
20exh
1 a
)gmjexhdry - E E - ﬁ +2 (XCcombdry_ XTHCdry) _( XCOdry_ XNOdry_ 2 XNOZdr)
2int
(A.7-15)
li(a
X awfexhdry — E KE + ,B) ( X ccombary~ X THCdr) + (2 X THCdr;?" X coday X Nogd)} + Kuexndry
(A.7-16)
0.209820- .
Xoaint = Tox Xcozintary (A.7-17)
20intdry
Xcozin = —ﬁgmw (A.7-18)
20intdry
Xit20imary = —11(“)(2:‘”‘ (A.7-19)
20int
Xcoadil = 1j_<CXiZdeW (A.7-20)
20dildry
Xi20dildry = 11(HX2:d“ - (A.7-21)
20dil
Xeoay =7 :"me“ (A.7-22)
20COmeas
XCOZdry — XCOZmeas (A 7_23)

1- Xi20c02meas
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A.7.2.4.

A.7.3.

A.7.3.1.

— XNOmeas
X\ gy = ——Nomeas (A.7-24)
Ho 1_ XHZONOmeas
NO2dry — Pozmess (A.7-25)
1- XH20N02meas
X - XTHCmeas (A 7-26)
THCdry .

1- Xi120THCmeas

At the end of the chemical balance, the molar ftate r,, is calculated as specified
in paragraphs A.7.3.2. and A.7.4.2.

NQ correction for humidity

All the NGO, concentrations, including dilution air backgroucehcentrations, shall
be corrected for intake-air humidity using the daling equation:

XNO>«:or = XNOxuncor[qg'953:b(HZO+ 0832 (A7'27)

Where:
Xnoxuncor= Uncorrected N@molar concentration in the exhaust gas [umol/mol]
Xp20= amount of water in the intake air [mol/mol]

Raw gaseous emissions

Mass of gaseous emissions

To calculate the total mass per test of gaseousseén my,s [g/test], its molar
concentration shall be multiplied by its respectiaelar flow and by exhaust gas
molar mass; then integration over test cycle dbalperformed:

rngas =M gasEJ. N efo]X ga@j t (A-7'28)

Where:
Mgas= molar mass of the generic gaseous emission [f/mo
N, = instantaneous exhaust gas molar flow rate ortebasis [mol/s]

Xgas= INstantaneous generic gas molar concentraticamwet basis [mol/mol]
t=time [s]
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Since equation (A.7-28) has to be solved by nuraérntegration, it is transformed
in:

) _1 3,
rngas =M gasq‘ n exlljx ga@j t = rngas - T M gas@_l n ex'h[lx ghs (A.7-29)

Where:
Mgas= generic emission molar mass [g/mol]
N, = instantaneous exhaust gas molar flow rate ostebasis [mol/s]

Xgas = Instantaneous generic gas molar concentraticamwet basis [mol/mol]
f = data sampling rate [Hz]
N = number of measurements [-]

General equation may be modified according to tvimeasurement system is used,

batch or continuous sampling, and if a varying eattihan a constant flow rate is

sampled.

(a) For continuous sampling, in the general cdsearying flow rate, the mass of
the gaseous emissions[g/test] shall be calculated by means of the foiiy

equation:
1 N
r.rbas = ? (M gas@ n exith gh (A.7-30)
i=1
Where:

Mgas= generic emission molar mass [g/mol]
N, = instantaneous exhaust gas molar flow rate ontdass [mol/s]

Xgas = Instantaneous gaseous emission molar fracticawet basis [mol/mol]
f = data sampling rate [Hz]
N = number of measurements [-]

(b)  Still for continuous sampling but in the padiar case of constant flow rate the
mass of the gaseous emissiogs [g/test] shall be calculated by means of the
following equation:

rT‘bas =M gasEh exrg( gam t (A-7'31)

Where:
Mgas= generic emission molar mass [g/mol]
N, = exhaust gas molar flow rate on a wet basis [shol/

X5s = Mean gaseous emission molar fraction on a wa aol/mol]
At = time duration of test interval
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A.7.3.2.

(c) For the batch sampling, regardless the flote iia varying or constant, the
equation (A.7-30) can be simplified as follows:

1 Y
rngas = T (M gas,l_—-R ga: N i (A7-32)
i=1
Where:
Mgas= generic emission molar mass [g/mol]
Nyt = instantaneous exhaust gas molar flow rate ontdasis [mol/s]
Xyas= mean gaseous emission molar fraction on a wes fasl/mol]
f= data sampling rate [HZz]
N = number of measurements [-]

Dry-to-wet concentration conversion

Parameters of this paragraph are obtained fronrabkelts of the chemical balance
calculated in paragraph A.7.2. The following riglatexists between gas molar
concentrations in the measured fleysqyandXgas [Mmol/mol] expressed on a dry and
wet basis respectively:

_ Xgas
asdry (A7-33)
sy 1- X120
_ Xgasary
Xgas = ——— (A.7-34)
* 1+ XH20dry
Where:

Xnz2o = molar fraction of water in the measured flowaowet basis [mol/mol]
XH20dry = Molar fraction of water in the measured flowaodry basis [mol/mol]

For gaseous emissions a removed water corredtiahlse performed for the generic
concentratiorx [mol/mol] as follows:

1_
X= )ﬁemission]mea M (A7'35)
1_ XHZO[emission]meas
Where:
Xemission]meas— molar fraction of emission in the measured flatsmeasurement

location [mol/mol]

XH20[emissionjmeas= amount of water in the measured flow at the eab@tion
measurement [mol/mol]

XH20exh = amount of water at the flowmeter [mol/mol]
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Exhaust gas molar flow rate

The flow rate of the raw exhaust gases can bettirmmeasured or can be calculated
based on the chemical balance of paragraph AC&culation of raw exhaust molar
flow rate is performed from measured intake airandlow rate or fuel mass flow

rate. The raw exhaust molar flow rate can be tated from the sampled emissions,

N, based on the measured intake air molar flow ratg, or the measured fuel
mass flow rate,m,, and the values calculated using the chemicalnbalan

paragraph A.7.2. It shall be solved for the chali@lance in paragraph A.7.2.(c) at
the same frequency thag, or m,, is updated and recorded.

(@)

(b)

Crankcase flow rate. The raw exhaust flow larcalculated based ay, or
m,. only if at least one of the following is true ab@uankcase emission flow

rate:

(i) The test engine has a production emissiortrobsystem with a closed
crankcase that routes crankcase flow back to ttakénair, downstream
of intake air flow meter.

(i) During emission testing open crankcase flave routed to the exhaust
according to paragraph 6.10.

(i) Open crankcase emissions and flow are memkwand added brake-
specific emission calculations.

(iv) Using emission data or an engineering ans)yis can be demonstrated
that neglecting the flow rate of open crankcasessions does not
adversely affect compliance with the applicabledtads

Molar flow rate calculation based on intake ai
Based onn,,, exhaust gas molar flow rat&, [mol/s] shall be calculated as

int ?
follows:

N = L (A.7-36)

exh ( X )
1 + )gnt/exhdry raw/exhdry)
(1+ XHZOexhdry)

Where:
n, = raw exhaust molar flow rate from which emissians measured

exh
[mol/s]
Ny = intake air molar flow rate including humidity imtake air

[mol/s]

Xint/exhdry= amount of intake air required to produce actuainloostion
products per mole of dry (raw or diluted) exhansblfmol]

Xawlexhdry= ~ amount of undiluted exhaust, without excesspar,mole of dry
(raw or diluted) exhaust [mol/mol]

XH20exhdry= ~ amount of water in exhaust per mole of dry eshgmol/mol]
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A.7.4.

A.7.4.1.

(€)

Molar flow rate calculation based on fuel més® rate
Based o, n,,,[mol/s] shall be calculated as follows:

. 1+
neXh - rT'fuel D% I:q X—QOexhdry) (A7-37)
MC D(Ccombdry
Where:
Moy = raw exhaust molar flow rate from which emissians measured
My = fuel flow rate including humidity in intake d/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 petenud dry exhaust
[mol/mol]

Diluted gaseous emissions

Emission mass calculation and backgrowmrdection

Equations for the calculation of gaseous emissmassmy,s[g/test] as a function of
molar emissions flow rates are as follows:

(@)

(b)

(€)

Continuous sampling, varying flow rate
1 N
Myas = T (M gasql: n e>dhE|x ga (see A.7-29)
1=

Continuous sampling, constant flow rate

nl]as =M gasEh exrlj( ga@ t (See A7-31)

Batch sampling, regardless varying flow or stant rate is, the following
equation shall be used:

1 g,
rTbas = T (M gasER ga@ N i (see A.7-32)
i=1

In case of diluted exhaust gases calculatddesafor mass of the pollutants
shall be corrected by subtracting the mass of backgl emissions, due to

dilution air:
(i) Firstly, the molar flow rate of dilution aim,, [mol/s] shall be

determined over the test interval. This may be asueed quantity or a
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guantity calculated from the diluted exhaust flowddhe flow-weighted
mean fraction of dilution air in diluted exhaus,,,

(i) The total flow of dilution airn_, [mol] shall be multiplied by the mean

concentration of background emission. This may bgme-weighted
mean or a flow-weighted mean (e.g., a proportignasiampled
background). The product ofyq and the mean concentration of a
background emission is the total amount of a bamkgl emission;

(i) If the result is a molar quantity, it shddle converted to a mass of the
background emissiomygng [9] by multiplying it by emission molar
massMgas [g/mol];

(iv) Total background mass shall be subtractethftotal mass to correct for
background emissions.

(v) The total flow of dilution air may be detemmaid by a direct flow
measurement. In this case, the total mass of backd shall be
calculated, using the dilution air flow,;qi. The background mass shall
be subtracted from the total mass. The resultl $felused in brake-
specific emission calculations.

(vi) The total flow of dilution air may be deteimad from the total flow of
diluted exhaust and a chemical balance of the ke air, and exhaust
as described in paragraph A.7.2. In this case, ttdtal mass of
background shall be calculated, using the totak fad diluted exhaust,
Ngexn Then this result shall be multiplied by the floweighted mean
fraction of dilution air in diluted exhausgy,, -

Considering the two cases (v) and (vi), the feltay equations shall be used:

rnOkghd =M gasD( gasdit:h airdil  OF rnokgnd = MgasD_(diI/ethR bkgnﬂn dex (A7'38)

rngascor: mgas_ mbkgnn (A7-39)

Where:

Myas = total mass of the gaseous emission [g]

Mokgna = total background masses [g]

Myascor= Mass of gas corrected for background emissigins [
Mgas= molecular mass of generic gaseous emission [¢/mol
Xgasdil = gaseous emission concentration in dilution miol[mol]
n,q = dilution air molar flow [mol]

Xgvexn = flow-weighted mean fraction of dilution air in died exhaust
[mol/mol]

Xokgnd = 9aS fraction of background [mol/mol]
Ndexh = total flow of diluted exhaust [mol]
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A.7.4.2.

A.7.4.3.

Dry-to wet concentration conversion
The same relations for raw gases (paragraph AR.7.8hall be used for dry-to-wet

conversion on diluted samples. For dilution air tanidity measurement shall be
performed with the aim to calculate its water vagoaiction Xy2o4ilary [Mol/mol]:

X20didry = li(HXZ:d”_ (see A.7-21)
20dil

Where:
XH20dil = Water molar fraction in the dilution air flow ptimol]

Exhaust molar flow rate
(@) Calculation via chemical balance

The molar flow raten,,,[mol/s] can be calculated based on fuel mass flate r

rhfuel :
. 1+
neXh - rT'fuel D%[q X—QOexhdry) (See A7-37)
M C D(Ccombdry
Where:

N, = raw exhaust molar flow rate from which emissians measured

M, = fuel flow rate including humidity in intake aig/s]

Wc = 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 petenad dry exhaust
[mol/mol]

(b) Measurement
The exhaust gas molar flow rate may be measweddans of three systems:
(i) PDP molar flow rate. Based upon the speedwvhich the Positive
Displacement Pump (PDP) operates for a test inteitva corresponding
slopea;, and interceptg [-], as calculated with the calibration procedure
of Appendix 1 to this annex, shall be used to dateumolar flow raten
[mol/s] as follows:

f= £, pop B0 —re (A.7-40)
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v, =2 D/ Pou " P 4 5 (A.7-41)
fn,PDP pin

Where:

a = calibration coefficient [ris]

& = calibration coefficient [rfrev]
Pn, Pout= inlet/outlet pressure [Pa]
R= molar gas constant [J/(mol K)]
Tin = inlet temperature [K]

Viev = PDP pumped volume finev]
f..,op= PDP speed [rev/s]

SSV molar flow rate. Based on ti@ versus B equation determined
according to Appendix 1 of this annex, the Sub-8dvienturi (SSV)
molar flow rate during an emission test[mol/s] shall be calculated as
follows:

n=C,[TC 3 i Dﬁ‘ EnERD[ (A.7-42)

Where:

pn = inlet pressure [Pa]

A = Venturi throat cross-sectional areg[m
R= molar gas constant [J/(mol K)]

Tin = inlet temperature [K]

Z = compressibility factor

Mmix = molar mass of diluted exhaust [kg/mol]
Cq = discharge coefficient of the SSV [-]

G = flow coefficient of the SSV [-]

CFV molar flow rate. To calculate the molflow rate through one
venturi or one combination of venturis, its respectmeanCy and other

constants, determined according to the Appendixthis annex, shall be
used. The calculation of its molar flow rate [mol/s] during an

emission test follows:

n=C,[TC 3 i Dﬁ‘ EnERD[ (A.7-43)

Where:

pn = inlet pressure [Pa]

A = Venturi throat cross-sectional areaFIm
R = molar gas constant [J/(mol K)]
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Tin = inlet temperature [K]
Z = compressibility factor
Mmix = molar mass of diluted exhaust [kg/mol]
Cy = discharge coefficient of the CFV [-]
G = flow coefficient of the CFV [-]

A.7.4.4. Determination of particulates

A.7.4.4.1. Sampling

(@)

(b)

Sampling from a varying flow rate:

If a batch sample from a changing exhaust flow ia collected, a sample
proportional to the changing exhaust flow rate Idalextracted. The flow rate
shall be integrated over a test interval to deteenthe total flow. The mean
PM concentratiorM pv (Which is already in units of mass per mole of gkn
shall be multiplied by the total flow to obtain ttegal mass of PMney [g]:

My = MpMﬁi(n ) (A7-44)

Where:
n = instantaneous exhaust molar flow rate [mol/s]

M., = mean PM concentration [g/mol]
At; = sampling interval [s]

Sampling from a constant flow rate

If a batch sample from a constant exhaust flote ia collected, the mean
molar flow rate from which the sample is extracéhall be determined. The
mean PM concentration shall be multiplied by thaltiow to obtain the total
mass of PMmpy[Q]:

My = Mp,, ChiAt (A.7-45)

Where:
n = exhaust molar flow rate [mol/s]

M., = mean PM concentration [g/mol]
At = time duration of test interval [s]

For sampling with a constant dilution ratidbR), mey [g] shall be calculated
using the following equation:

My = My UDR (A.7-46)
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Where:

Memgii= PM mass in dilution air [g]

DR = dilution ratio [-] defined as the ratio betwettie mass of the emission
and the mass of diluted exhausdiexs (DR= Ny n.,, ). The dilution ratio
DR can be expressed as a functioxg@fxn:

DR=__ 1 (A.7-47)
1- Xiilrexh

Background correction

The same approach as that of paragraph A.7.4all.lsh applied to correct the mass
of PM for the background. Multiplying/l pusigna by the total flow of dilution air, the

total background mass of PMrgunignd [0]) iS obtained. Subtraction of total
background mass from total mass gives backgrouneaed mass of particulates
MpMcor [g]

n’]PMcor r’nPMuncor PMbkgncJ:ln airdi (A 7_48)

Where:
Memuncor= UNcorrected PM mass [g]

M pumbkgna= Mean PM concentration in dilution air [g/mol]
Nairgit = dilution air molar flow [mol]

Cycle work and specific emissions

Gaseous emissions
Transient and ramped modal cycle
Reference is made to paragraphs A.7.3.1. and A.7idr raw and diluted exhaust

respectively. The resulting values for powgikW] shall be integrated over a test
interval. The total workN,¢; [kWh] is calculated as follows:

1,1 1 2
=1 560016 602(”@” (A.7-49)

Mz

Where:

P = instantaneous engine power [kW]
= instantaneous engine speed [rpm]

Ti = instantaneous engine torque [N-m]

W, = actual cycle work [kWh]

f = data sampling rate [Hz]

N = number of measurements [-]
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A.7.5.1.2.

The specific emissionggs [0/kWh] shall be calculated in the following ways
depending on the type of test cycle.

= Mhas
Cas = W_ (A7-50)

act

Where:

Myas = total mass of emission [g/test]
W, = cycle work [kWh]

In case of the transient cycle, the final testultegy,s [g/kWh] shall be a weighted
average from cold start test and hot start testdiyg:

o = (0.10n,4) +(0-9M,,) (A.7-51)
v (01NV )+(O'g]/vacthoa

actcold

In case of an infrequent (periodic) exhaust regeiwn (paragraph 6.6.2.), the
specific emissions shall be corrected with the iplidative adjustment factok:
(equation (6-4)) or with the two separate pairsadfustment additive factors,
(upward factor of equation (6-5)) akgt (downward factor of equation (6-6)).

Steady-state discrete-mode cycle

The specific emissiongy,s[g/kWh] are calculated as follows:
= (A.7-52)

Where:
Mg = Mmean emission mass flow rate for the miofdgh]
P = engine power for the modde [kW] with P=P_ +P

paragraphs 7.7.1.2. and 6.3.)
WE = weighting factor for the modg-]

(see
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A.7.5.2. Particulate emissions
A.7.5.2.1. Transient and ramped modal cycles
The particulate specific emissions shall be caked with equation (A.7-50)

where egas [9/kWh] and my,s [g/test] are substituted bgey [g/kWh] and mpy
[g/test] respectively:

_ Moy

—=_PM A.7-53
€ W, ( )
Where:

mey = total mass of particulates emission, calculatedcording to
paragraph A.8.3.4. [g/test]
Wyt=  cycle work [kwWh]

The emissions on the transient composite cycte ¢old phase and hot phase)
shall be calculated as shown in paragraph A.7.5.1.

A.7.5.2.2. Steady state discrete-mode cycle

The particulate specific emissiepy [g/kWh] shall be calculated in the following
way:

A.7.5.2.2.1. For the single-filter method

& = # (A.7-54)
R WF

i=1

Where:

P = engine power for the mode [kKW] with P=P_. + P, (see
paragraphs 7.7.1.2. and 6.3.)

WF = weighting factor for the modd-]

m,, = particulate mass flow rate [g/h]

A.7.5.2.2.2. For the multiple-filter method

3" (1 CWF)

N R E—
> (R DWF)

i=1

(A.7-55)
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P = engine power for the mode [kKW] with R =PR_. + P,
paragraphs 7.7.1.2. and 6.3.)

WF = weighting factor for the mod¢g-]

m,,; = particulate mass flow rate at made/h]

(see

For the single-filter method, the effective weigltfactor, Wk, for each mode
shall be calculated in the following way:

— rrmeldexrh |:h’]eqdexhwe

WF,, = - (A.7-56)
I"n:‘.mpldex lj’neqdexhw'et

Where:

Msmpidexh =  Mass of the diluted exhaust sample passed thrthey particulate
sampling filters at mode[kg]

Msmpidexh = ~ Mass of the diluted exhaust sample passed thrthey particulate
sampling filters [kg]

Moenwet =  €QUivalent diluted exhaust gas mass flow rateatei [kg/s]

Meexnver = AVErage equivalent diluted exhaust gas massreavkg/s]

The value of the effective weighting factors shadél within £0.005 (absolute
value) of the weighting factors listed in Annex A.1
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Annex A.7. - Appendix 1

DILUTED EXHAUST FLOW (CVS) CALIBRATION

This section describes the calculations for catihg various flow meters.
Paragraph (a) of this section first describes howcdnvert reference flow meter
outputs for use in the calibration equations, whach presented on a molar basis.
The remaining paragraphs describe the calibratadoutations that are specific to
certain types of flow meters.

Reference meter conversions

The calibration equations in this section use mélaw rate, n_, as a reference
quantity. If he adopted reference meter outpuli®w rate in a different quantity,
such as standard volume ratg,,.;, actual volume ratey, .., Or mass rateti,,

the reference meter output shall be convertednolar flow rate using the following
equations, noting that while values for volume ratass rate, pressure, temperature,
and molar mass may change during an emissionthest,should be kept as constant
as practical for each individual set point durinigpav meter calibration:

— Vstdref |:pstd = Vactrepo act— m ref

Mot (A.7-57)
Tstd [(R Tact OR I\/Imix

Where:

Ner = reference molar flow rate [mol/s]

V.. = reference volume flow rate, corrected to a stamdpressure and a

standard temperature jfg]

V... = reference volume flow rate, at the actual presand temperature fis]

My = reference mass flow [g/s]

Pstd = standard pressure [Pa]

Pact = actual pressure of the gas [Pa]

Tstd = standard temperature [K]

Tact= actual temperature of the gas [K]

R= molar gas constafd/(molK)|

Mmix = molar mass of the gas [g/mol]

PDP calibration calculations

For each restrictor position, the following valgsll be calculated from the mean
values determined in paragraph 8.1.8.4., as fotlows
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(a) PDP volume pumped per revolutidfy, (m*/rev):

V,, = e R, (A.7-58)
in nPDP

Where:

n. = mean value of reference molar flow rate [mol/s]
R=molar gas constafd/(molK)|
T

B, = mean inlet pressure [Pa]

f.oop = Mean rotational speed [rev/s]

= mean inlet temperature [K]

(b) PDP slip correction factos [s/rev]:

K, =—— 0 Pea = P (A.7-59)
fnPDP pout

Where:
n. = mean reference molar flow rate [mol/s]

T = mean inlet temperature [K]

n

P, = mean inlet pressure [Pa]
P, = Mmean outlet pressure [Pa]

f.oop= Mean PDP revolution speed [rev/s]

R=molar gas constafd/(molK)|

(c) A least-squares regression of PDP volume pangee revolutionVe,, versus
PDP slip correction factoKs, shall be performed by calculating slopg,and
intercept,a, as described in Annex A.2.

(d) The procedure in paragraphs (b)(1) througto{3his section shall be repeated
for every speed that PDP is operated.

(e) The following table illustrates these calciglas for different values of .

f oo lrevimin] | f oo [revis] | a [m¥min] | a [m%s] | a[m%rev]
755.0 12.58 50.43 0.8405 0.056
987.6 16.46 49.86 0.831 -0.013
1254.5 20.9 48.54 0.809 0.028
1401.3 23.355 47.30 0.7883 -0.061

Table A.7.2 — Example of PDP calibration data
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() For each speed at which the PDP is operatedcorresponding slope;, and
intercept,ay, shall be used to calculate flow rate during eiarsgesting as
described in paragraph A.7.4.3.(b)

Venturi governing equations and permigsdgsumptions

This section describes the governing equations emhissible assumptions for
calibrating a venturi and calculating flow usingvanturi. Because a subsonic
venturi (SSV) and a critical-flow venturi (CFV) Iotoperate similarly, their
governing equations are nearly the same, excepthtorequation describing their
pressure ratior (i.e. rssy versusrcey). These governing equations assume one-
dimensional isentropic inviscid compressible flofvam ideal gas. In paragraph
(c)(4) of this section, other assumptions that rbaymade are described. If the
assumption of an ideal gas for the measured flowma allowed, the governing
equations include a first-order correction for behaviour of a real gas; namely, the
compressibility factorZ. If good engineering judgment dictates using lae/ather
thanZ = 1, an appropriate equation of state to determatees ofZ as a function of
measured pressures and temperatures may be usgakaiiic calibration equations
may be developed based on good engineering judgmiérshall be noted that the
equation for the flow coefficienCs, is based on the ideal gas assumption that the
isentropic exponenty, is equal to the ratio of specific heatg/cy. If good
engineering judgment dictates using a real gadriggic exponent, an appropriate
equation of state to determine valuesyas a function of measured pressures and
temperatures may be used, or specific calibratignagons may be developed.
Molar flow rate,n [mol/s], shall be calculated as follows:

h=C,[C \/% (A.7-60)

Where:

Cq4 = Discharge coefficient, as determined in paragr@)1) of this section [-]
C: = Flow coefficient, as determined in paragrapf2)cdf this section [-]

A = Venturi throat cross-sectional are[m

pin = Venturi inlet absolute static pressure [Pa]

Z = Compressibility factor [-]

Mnix = Molar mass of gas mixture [kg/mol]

R = Molar gas constarjt)/(molK)|

Tin = Venturi inlet absolute temperature [K]

(8) Using the data collected in paragraph 8.1.834.is calculated using the
following equation:

Z |:'\/Imix ERDFn

Cy=t
d nref Cf DA{ Dpn

(A.7-61)
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Where:

n. = reference molar flow rate [mol/s]

Other symbols as per equation (A.7-60).

(b) G shall be determined using one of the following moels:
() For CFV flow meters onlyCicry is derived from the following table
based on values fgt (ratio of venturi throat to inlet diameters) apd
(ratio of specific heats of the gas mixture), ushmgar interpolation to
find intermediate values:

‘ Cicrv

\ B Vexn=1.385 Yaoxn=Jair=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
\ 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

Table A.7.3 -Cicryv versusG andyfor CFV flow meters

(i) For any CFV or SSV flow meter, the followiregjuation may be used to
calculateC:
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r1
ZD/[Er v —1}5
Cf = (A7-62)

i ]

Where:

y = isentropic exponent [-]. For an ideal gas, thishe ratio of specific
heats of the gas mixture,/cy

r = pressure ratio, as determined in paragraph)(of(this section

S = ratio of venturi throat to inlet diameters

|
Nl

The pressure ratroshall be calculated as follows:
(i) For SSV systems onlyssy is calculated using the following equation:

lssv =1~ AE_SSV (A.7-63)

Where:
Apssy = differential static pressure; venturi inlet msneenturi throat [Pa]

(i) For CFV systems onlyrcey shall be calculated iteratively using the
following equation:

4

-7 _1 3 + 1
lerv g +(VTJ EB4 mCFVy = V_2 (A-7'64)

Any of the following simplifying assumption$ the governing equations may
be made, or good engineering judgment may be ueedetelop more
appropriate values for testing:

() For emission testing over the full rangesai exhaust, diluted exhaust
and dilution air, the gas mixture may be assumelletoave as an ideal
gas:Z=1.

(i) For the full range of raw exhaust a constaatio of specific heats of =
1.385 may be assumed.

(i) For the full range of diluted exhaust and &.g., calibration air or
dilution air), a constant ratio of specific heaté p=1.399 may be
assumed.

(iv) For the full range of diluted exhaust and, dhe molar mass of the
mixture, Mmix [g/mol], may be considered as a function only bé t
amount of water in the dilution air or calibratiair, X420, determined as
described in paragraph A.7.1.2., as follows:
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(v)

Mo =My, Eﬂl‘ XHZO) + M0 [Q XHZO) (A-7'65)

Where:

Mzir = 28.96559 g/mol

Mh20 = 18.01528 g/mol

X120 = amount of water in the dilution or calibratioin anol/mol]

For the full range of diluted exhaust and aiconstant molar mass of the
mixture, Mmix, may be assumed for all calibration and all tgsts long
as assumed molar mass differs no more than +1 eet ftom the
estimated minimum and maximum molar mass duringoion and
testing. This assumption may be made if sufficanttrol of the amount
of water in calibration air and in dilution air &nsured, or if sufficient
water is removed from both calibration air and o air. The
following table gives examples of permissible ragé dilution air dew
point versus calibration air dew point:

If calibrationTgew | the following constant | for the following ranges Of gew

(°C) is... Mmix (g/mol) is assumed | (°C) during emission tesf?

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 -8t0 28

25 28.58806 12to 31

30 28.46005 23t0 34

@ Range valid for all calibration and emission tegtbver the atmospheric
pressure range (80,000 to 103,325) kPa.

Table A.7.4 — Examples of dilution air and caliwa air dew points at which a
constanMpx may be assumed

A.7.6.4 SSV calibration

(@) Molar based approach. To calibrate an SSW floeter the following steps
shall be performed:

0]

The Reynolds numbeR€’, for each reference molar flow rate, shall be
calculated using the throat diameter of the ventdti Because the
dynamic viscosity,u, is needed to computBe’, a specific viscosity
model may be used to determindor calibration gas (usually air), using
good engineering judgment. Alternatively, the ®uldnd three-
coefficient viscosity model may be used to appratieg:



ECE/TRANS/WP.29/2009/118
page 193
Annex A.7-Appendix 1

4M . [
R’ = ——mix _ref. (A.7-66)
n[d, Qi
Where:
d = diameter of the SSV throat [m]
Mmix = mixture molar mass [kg/mol]
N = reference molar flow rate [mol/s]
and, using the Sutherland three-coefficient viggasodel:
3
T Pf To*S
= —n A.7-67
M %(RJ T +5 ( )
Where:
p = Dynamic viscosity of calibration gas [kg /(m-s)]
Mo = Sutherland reference viscosity [kg /(m-S)]
S= Sutherland constant [K]
To = Sutherland reference temperature [K]
Tin= Absolute temperature at the venturi inlet [K]
Temp range within
Lo To S +2 per cent error Pressure limit
Gag? kg /(m-s) K K K kPa
Air 1.716 x 16 273 | 111 1700 1900 < 1800
CO, 1.370x 16 273 \ 222 \ 190 to 1700 < 3600
H,0 1.12x 10 350 | 1,064  360to 1500 < 10000
0, 1.919x 16 273 \ 139 \ 190 to 2000 < 2500
N, 1.663 x 16 273 107 \ 100 to 1500 < 1600
@ Tabulated parameters only for the pure gasesstesi)ishall be used. Parameters to calculatesiteof
gas mixtures shall not be combined.

Table A.7.5 — Sutherland three-coefficient visgosiodel parameters

(i) An equation forCy versusR€ shall be created, using paired values of
(R€, Cy). C4 is calculated according to equation (A.7-61), w@h
obtained from equation (A.7-62), or any matheméagcg@ression may be
used, including a polynomial or a power series.e Tdllowing equation
is an example of a commonly used mathematical sgje for relating
Cgq andRé"

10°
Ci=a~-a ¥ (A.7-68)
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(iif) A least-squares regression analysis shallpbrformed to determine the
best-fit coefficients to the equation and calculatee equation's
regression statistics, the standard estimate &titand the coefficient
of determination?, according to Annex A.2.

(iv) If the equation meets the criteria 8EE< 0.5%[M, .. (Or Mg..,) and

r?> 0.995, the equation may be used to deterr@ingr emission tests,
as described in A.7.4.3.(b).

(v) If the SEEandr? criteria are not met, good engineering judgmeny bea
used to omit calibration data points to meet thgrassion statistics. At
least seven calibration data points shall be usedetet the criteria.

(vi) If omitting points does not resolve outliersorrective action shall be
taken. For example, another mathematical expredsiothe Cy4 versus
Ré€ equation shall be selected, leaks are to be checkehe calibration
process has to be repeated. If the process shatepeated, tighter
tolerances shall be applied to measurements and timoe for flows to
stabilize shall be allowed.

(vii) Once the equation meets the regressioeriiaitthe equation may be used
only to determine flow rates that are within thegea of the reference
flow rates used to meet i@ versuskRe’ equation's regression criteria.

A.7.6.5. CFV calibration

(@)

Molar based approaclsome CFV flow meters consist of a single ventud an
some consist of multiple venturis, where differeainbinations of venturis are
used to meter different flow rates. For CFV floweters that consist of
multiple venturis, either calibration of each venindependently to determine
a separate discharge coefficie@, for each venturi, or calibration of each
combination of venturis as one venture may be perd. In the case where a
combination of venturis is calibrated, the sumhe &ctive venturi throat areas
is used ag\;, the square root of the sum of the squares ofatlie venturi
throat diameters adi, and the ratio of the venturi throat to inlet deters as
the ratio of the venturi throat to inlet diametaessthe ratio of the square root of
the sum of the active venture throat diametek} 10 the diameter of the
common entrance to all of the venturi®)( To determine th€, for a single
venturi or a single combination of venturis, thdldaing steps shall be
performed:

(i)  With the data collected at each calibratiet goint to an individuaCy
for each point shall be calculated using equatfi@-60).

(i) The mean and standard deviation of all @evalues shall be calculated
according to equations (A.2-1) and (A.2-2).

(iiiy If the standard deviation of all th€y values is less than or equal
to 0.3 per cent of the me&h, then the mea@y shall be used in equation
(A.7-43), and the CFV shall be used only down ® Ittwestr measured
during calibration.
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r=1-(2p/p,) (A.7-69)

If the standard deviation of all thgy values exceeds 0.3 per cent of the
meanCy, the Cq4 values corresponding to the data point collectethe
lowestr measured during calibration shall be omitted.

If the number of remaining data points issldBan seven, corrective
action shall be taken by checking calibration datarepeating the
calibration process. If the calibration processeigeated, checking for
leaks, applying tighter tolerances to measuremants allowing more
time for flows to stabilize, is recommended.

If the number of remainin@y values is seven or greater, the mean and
standard deviation of the remaini@g values shall be recalculated.

If the standard deviation of the remaini@g values is less than or equal
to 0.3 per cent of the mean of the remainihg that meanCy shall be
used in equation (A.7-43) and the CFV values owmyml to the lowest
associated with the remaini@yshall be used.

If the standard deviation of the remaini@yg still exceeds 0.3 per cent of
the mean of the remaininGy values, the steps in paragraph (e) (4)
through (8) of this section shall be repeated.
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A.7.7.1.

A7.7.2.

A.7.7.3.

A.7.7.4.

Annex A.7 - Appendix 2

DRIFT CORRECTION
Scope and frequency

The calculations in this section are performeddé&termine if gas analyzer drift
invalidates the results of a test interval. Ifftddoes not invalidate the results of a
test interval, the test interval's gas analyzepaases shall be corrected for drift
according to this section. The drift-corrected gnalyzer responses shall be used in
all subsequent emission calculations. The acchptabeshold for gas analyzer drift
over a test interval is specified in paragraphZB2.

Correction principles

The calculations in this section utilize a gaslyge's responses to reference zero
and span concentrations of analytical gases, asmdeted sometime before and after
a test interval. The calculations correct the gaalyzer's responses that were
recorded during a test interval. The correctiorb&sed on an analyzer's mean
responses to reference zero and span gases, amdbased on the reference
concentrations of the zero and span gases themsseWalidation and correction for
drift shall be performed as follows:

Drift validation

After applying all the other corrections—excepftdrorrection—to all the gas analyzer
signals, brake-specific emissions shall be caledlaccording to A.7.5. Then all gas
analyzer signals shall be corrected for drift adouy to this section. Brake-specific
emissions shall be recalculated using all of th#-dorrected gas analyzer signals.
The brake-specific emission results shall be védidaand reported before and after
drift correction according to paragraph 8.2.2.2.

Drift correction

All gas analyzer signals shall be corrected dsvid:

(@) Each recorded concentration,shall be corrected for continuous sampling or
for batch samplingX .

(b) Correction for drift shall be done using tleidwing equation:

2)§ - ( )ﬂjrezero+ Xpostzer)

(A.7-70)
Xprespan+ X postspa)1_( X preze?'é X postzlr

)gdriftcor = Xrefzero+ ( Xrefspan_ X refzer)a(



(c)

(d)

(e)

(f)

()]
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Where:
Xdritcor =  concentration corrected for drift [mol/mol]
Xrefzero = reference concentration of the zero gas, whghusually zero

unless known to be otherwise [pmol/mol]

Xefspan=  reference concentration of the span gas [umad}/mo

Xorespan=  pre-test interval gas analyzer response togha gas concentration
[Lumol/mol]

Xoostspar=  POst-test interval gas analyzer response to #pan gas
concentration [umol/mol]

X or X = concentration recorded, i.e. measured, durirgy, teefore drift
correction [pmol/mol]

Xorezero= ~ pre-test interval gas analyzer response toéhe gas concentration
[umol/mol]

Xoostzero= ~ PoOst-test interval gas analyzer response to #ego gas
concentration [mol/mol]

For any pre-test interval concentrations, ewomi@tions determined most
recently before the test interval shall be usedr d8me test intervals, the most
recent pre-zero or pre-span might have occurredrbeine or more previous
test intervals.

For any post-test interval concentrations, ceotrations determined most
recently after the test interval shall be usedr $ame test intervals, the most
recent post-zero or post-span might have occurrddr ane or more
subsequent test intervals.

If any pre-test interval analyzer responsthéospan gas concentratiofespan

is not recordedxprespanshall be set equal to the reference concentraticghe
span gasxprespanz Xrefspan

If any pre-test interval analyzer responséehi® zero gas concentratioyezero

is not recordedxyrezeroShall be set equal to the reference concentratidhe
Z€r0 gaSXprezero= Xrefzero

Usually the reference concentration of theozeyas, Xefzera IS ZEro:
Xrefzero= 0 pmol/mol. However, in some cases it mightkbewn thatXetzero
has a non-zero concentration. For example, if a &@lyzer is zeroed using
ambient air, the default ambient air concentratioh CO, which

is 375 pmol/mol, may be used. In this caggsero= 375 pmol/mol. When an
analyzer is zeroed using a non-ze&f&.ero the analyzer shall be set to output
the actualxetero CONCentration. For example, Xfetzero = 375 pmol/mol, the
analyzer shall be set to output a value of 375 ymullwhen the zero gas is
flowing to the analyzer.
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MASS BASED EMISSION CALCULATIONS
A.8.0. Symbol conversion
A.8.0.1. General symbols
Annex 8 Annex 7 Unit Quantity
b, Do & t.b.d® y intercept of the regression line
m a t.b.d® Slope of the regression line
AlF - Stoichiometric air to fuel ratio
Cq Cq - Discharge coefficient
c 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 Xdi - Dilution factof”
Do m>/rev PDP calibration intercept
d d m Diameter
dy m Throat diameter of venturi
e e g/kWh Brake specific basis
€gas €gas g/kWh Specific emission of gaseous components
epm €pm g/kWh Specific emission of particulates
E 1-PF per cent Conversion efficiencl?lt = Penetration fraction)
Fs - Stoichiometric factor
fe - Carbon factor
H a/kg Absolute humidity
Kv [(\/R En® B) /ng CFV calibration function
ks m°/kg fuel Fuel specific factor
K - Humidity correction factor for NQ) diesel engines
kpr kor - Downward adjustment factor
K K - Multiplicative regeneration factor
Kur Kur - Upward adjustment factor
Kw.a - Dry to wet correction factor for the intake air
Ku.d - Dry to wet correction factor for the dilution air
Kw,e - Dry to wet correction factor for the diluted exisa
gas
K, r - Dry to wet correction factor for the raw exhagas
M M Pa-s Dynamic viscosity
M M g/mol Molar mas$
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Annex 8| Annex 7 Unit Quantity
M, b g/mol Molar mass of the intake air
Me S g/mol Molar mass of the exhaust
Mgas Mgas g/mol Molar mass of gaseous components
m m kg Mass
Om m kals Mass rate
My S kg Mass of the dilution air sample passed throingh t
particulate sampling filters
Med b kg Total diluted exhaust mass over the cycle
Meds & kg Mass of equivalent diluted exhaust gas ovetabe
cycle
Mew & kg Total exhaust mass over the cycle
Iy & mg Particulate sample mass collected
Mg b mg Particulate sample mass of the dilution aireméd
Myas Myas g Mass of gaseous emissions over the test cycle
Mew Mew g Mass of particulate emissions over the test cycle
Mse & kg Exhaust sample mass over the test cycle
Meed ) kg Mass of diluted exhaust gas passing the dilution
tunnel
Msep & kg Mass of diluted exhaust gas passing the paatieu
collection filters
Mssg kg Mass of secondary dilution air
n fn min™ Engine rotational speed
Np r/s PDP pump speed
P P kw Power
p p kPa Pressure
Pa kPa Dry atmospheric pressure
Pb kPa Total atmospheric pressure
Pd kPa Saturation vapour pressure of the dilution air
Pp Pabs kPa Absolute pressure
pr P20 kPa Water vapour pressure
Ps kPa Dry atmospheric pressure
1-E PF per cent Penetration fraction
Omad m® kgls Intake air mass flow rate on dry basis
Qraw b kg/s Intake air mass flow rate on wet basis
Omce S kg/s Carbon mass flow rate in the raw exhaust gas
Qe o kgl/s Carbon mass flow rate into the engine
Qmep & kg/s Carbon mass flow rate in the partial flow tido
system
Omdew ) kg/s Diluted exhaust gas mass flow rate on wetsbasi
O b kg/s Dilution air mass flow rate on wet basis
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Annex 8| Annex 7 Unit Quantity
Omeds 0 kgl/s Equivalent diluted exhaust gas mass flow oate
wet basis
Omew @ kgl/s Exhaust gas mass flow rate on wet basis
Omex ) kg/s Sample mass flow rate extracted from dilution
tunnel
O b kals Fuel mass flow rate
O & kg/s Sample flow of exhaust gas into partial flow
dilution system
Qv \Vi m3/s Volume flow rate
avevs & md3/s CVS volume rate
Qvs ) dm?3/min System flow rate of exhaust analyzer system
Ovt & cm3/min Tracer gas flow rate
0 Yo, kg/m3 Mass density
Pe kg/ms3 Exhaust gas density
rq DR - Dilution ratid®
RH per cent Relative humidity
) S m/m Ratio of diameters (CVS systems)
Mo - Pressure ratio of SSV
Re Ré - Reynolds number
o o 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
exhaust gas
Y, Y, m° Volume
Qv V m°/s Volume rate
Vo m°/r PDP gas volume pumped per revolution
W w kWh Work
Wact Wact kWh Actual cycle work of the test cycle
WF WF - Weighting factor
w w a/g Mass fraction
Xo Ks slrev PDP calibration function
y y Arithmetic mean

(1)  See subscripts; e.gh,, for mass rate of dry aifil,, for fuel mass rate, etc.

(2) Dilution ratiory in Annex 8 anDR in Annex 7: different symbols but same meaning sawhe equations.
Dilution factor D in Annex 8 andxy; in Annex 7: different symbols but same physicalniag; equation
(A.7-47) shows the relationship betwegpandDR.

(3) tb.d.=to be defined
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A.8.0.2.  Subscripts
Annex 8Y | Annex 7 Quantity

act act Actual quantity

i Instantaneous measurement (e.g.: 1 Hz)

i An individual of a series

(1) In Annex 8 the meaning of subscript is deteediby the associated quantity; for example, theitt "d"
can indicate a dry basis as iy '= concentration on dry basis", dilution air as'py = saturation vapour
pressure of the dilution air" ok, 4 = dry to wet correction factor for the dilutiorr'aidilution ratio as in fy".

A.8.0.3. Symbols and abbreviations for the chentgocahponents (used also as a subscript)

Annex 8 Annex 7 Quantity
Ar Ar Argon

C1 C1l Carbon 1 equivalent hydrocarbon
CH, CH, Methane

CoHs CoHg Ethane

CsHg CsHs 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 position

Annex 8" Annex 7 Quantity

we'™ we? Carbon content of fuel, mass fraction [g/g] or [pent mass]
Wy Wy Hydrogen content of fuel, mass fraction [g/g] cefpgent mass]
Wi Wi Nitrogen content of fuel, mass fraction [g/g] oefent mass]
Wo Wo Oxygen content of fuel, mass fraction [g/g] or [pent mass]
Ws Ws Sulphur content of fuel, mass fraction [g/g] orrfpent mass]

o o Atomic hydrogen-to-carbon ratio (H/C)

€ B Atomic oxygen-to-carbon ratio (O/€)

y y Atomic sulphur-to-carbon ratio (S/C)

0 0 Atomic nitrogen-to-carbon ratio (N/C)

D) Referred to a fuel with chemical formula gPIN;S,

(2) Referred to a fuel with chemical formula EBJSN;

(3)  Attention should be paid to the different memnof symbolp in the two emissions calculation annexes: in
Annex 8 it refers to a fuel having the chemicahfata CH,SN,O, (i.e. the formula ¢H,SN;O, wherep = 1,
assuming one carbon atom per molecule), while imeXn7 it refers to the oxygen-to-carbon ratio with
CH,OsSN;. Theng of Annex 7 corresponds toof Annex 8.

(4)  Mass fractiow accompanied by the symbol of the chemical compioaga subscript.
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A.8.1. Basic Parameters

A.8.1.1. Determination of methane and non-metha@ecbhcentration
The calculation of NMHC and CHdepends on the calibration method used. The
FID for the measurement without NMC, shall be aalibd with propane. For the
calibration of the FID in series with NMC, the fmNing methods are permitted.
(a) calibration gas — propane; propane bypasses,NMC

(b) calibration gas — methane; methane passesghiaiviC

The concentration of NMHCc{mnc [-]) and CH, (ccha [-]) shall be calculated as
follows for (a):

c _ Chcomme) ~ Cucionme) [ﬂl‘ EC2H6)
NMHC —
RFCH4[THC-FID] [ﬂ Econs ~ ECH4)

(A.8-1a)

Cricwionmc) Eﬂl— ECH4) ~ Chcwinmvo)

Ceha (A.8-2a)

EC2H6 - ECH4

The concentration of NMHC and Gldhall be calculated as follows for (b):

c _ CHC(w/oNMC) Eﬂl- ECH4) - CHC(W/NMC) DRFCH4[THC—FID]|:G:I'_ ECH4) (A.8-1b)
NMHC — '-
Ecaone ~ Echa

C.. = Chcanmce) ERFCH4[THC—FID] Eﬂl— ECH4) - CHC(w/oNMC)[ql_ ECZHQ)
CH4 —
RFCH4FI’HC-FID] [Q Econe ~ ECH4)

Where:

CHcwinme) = HC concentration with sample gas flowing throtigés NMC [ppm]
CHcwionme) =  HC concentration with sample gas bypassing t&Nppm]
RFchatHe-Fipp =  methane response factor as determined in pariagrd.10.1.4. [-]
Echa = methane efficiency, as determined in paragrapii8.3. [-]

Econe = ethane efficiency, as determined in paragraph@.3. [-]

(A.8-2b)

If RFchathe-rip) < 1.05, it may be omitted in equations A.8-1a,-AtBand A.8-2b.

NMHC (non-methane hydrocarbon) emissions can Ipeoaxpmated as 98 percent of
THC (total hydrocarbon).
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Raw gaseous emissions

Gaseous emissions
Steady state tests
The emission rate of a gaseous emisgiggs; for each mode of the steady state test

shall be calculated. The concentration of the gasemission shall be multiplied by
its respective flow:

qmgasj = kh[k[uga@qn evi/,DCgeisl,:36OO (A8_3)

Omgasi =  €mission rate in modeof the steady state test [g/h]

k= 1 for Gasrw,iin [ppm] andk = 10,000 for gasrw,iin [per cent vol]

kn = NO correction factor [-], only to be applied for thi¢Ox emission
calculation (see paragraph A.8.2.2.)

Ugas = component specific factor or ratio between d&siof gas component
and exhaust gas [-]; to be calculated with equat{@n8-12) or (A.8-13)

Omewj = exhaust gas mass flow rate in moda a wet basis [kg/s]

Cgasi = emission concentration in the raw exhaust gasadei, on a wet basis

[ppm] or [per cent vol]
Transient and ramped modal cycles tests
The total mass per test of a gaseous emissigg [gitest] shall be calculated by

multiplication of the time aligned instantaneous@entrations and exhaust gas flows
and integration over the test cycle according &fttlowing equation:

1 N
rT‘gas = T |:kh EkELIgas@ ( (?n evi/,DCgais) (A-8'4)

i=1

= data sampling rate [Hz]
= NO correction factor [-], only to be applied for th¢O, emission

calculation
= 1 for Gasrw,iin [ppm] andk = 10,000 for gasrwi In [per cent vol]
Ugas = component specific factor [-] (see paragraph 2A8)
= number of measurements [-]
Omewj = instantaneous exhaust gas mass flow rate ort bages [kg/s]
Cyasi = instantaneous emission concentration in the eakhaust gas, on a wet

basis [ppm] or [per cent vol]

The following chapters show how the needed quastityas;, Ugasanddmew;) Shall be
calculated.
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A.8.2.2.

Dry-to wet concentration conversion

If the emissions are measured on a dry basismésured concentratiag on dry
basis shall be converted to the concentratipron a wet basis according to the
following general equation:

Where:
ky = dry-to-wet conversion factor [-]
Cy= emission concentration on a dry basis [ppmper [cent vol]

For complete combustion, the dry-to-wet converdiactor for raw exhaust gas is
written asky,a[-] and shall be calculated as follows:

1.24427H_ + 11110, o
1- Orvagj
773.4+ 1.2447H, + L [k, 0100
Kua = = (A.8-6)
Py
Where:
Ha= intake air humidity [g BO/kg dry air]
Qi = instantaneous fuel flow rate [kg/s]
Omadj = instantaneous dry intake air flow rate [kg/s]
pr= water pressure after cooler [kPa]
Py = total barometric pressure [kPa]
Wy = hydrogen content of the fuel [per cent mass]
ki = combustion additional volume ffkg fuel]
with:
k. =0.055594(W, + 0.0080021w, + 0.007004%, (A.8-7)
Where:
Wy = hydrogen content of fuel [per cent mass]
WN = nitrogen content of fuel [per cent mass]

Wo = oxygen content of fuel [per cent mass]



A.8.2.3.

ECE/TRANS/WP.29/2009/118
page 205
Annex 8

In the equation (A.8-6), the ratip,/ p, may be assumed:

1
Py
For incomplete combustion (rich fuel air mixturemyd also for emission tests

without direct air flow measurements, a second oektlof k,, calculation is
preferred:

=1.008 (A.8-8)

1

- kwl
1+a[0.009]c.,, +C
Koo = oo * Ceo) (A.8-9)
y 1_&
Py
Where:
Ccoz = concentration of C@n the raw exhaust gas, on a dry basis [per calipt v
Cco= concentration of CO in the raw exhaust gas, drydasis [ppm]
= water pressure after cooler [kKPa] (see equdfd+9))
pp = total barometric pressure [kPa] (see equatiaB-&)
a = molar to carbon hydrogen ratio [-]
ka1 = 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 é¢@centration shall
be corrected for ambient air temperature and hdymwdith the factorsc, [-] given in
the following equation. This factor is valid forhamidity range between 0 and 25
On20/kg dry air.

RELL R s

Where:
Ha= humidity of the intake air [g #D/kg dry air]
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A.8.2.4.

A.8.2.4.1.

A.8.2.4.2.

Component specific factor
Tabulated values

Applying some simplifications (assumption on tHevalue and on intake air
conditions as shown in the following table) to trguations of paragraph A.8.2.4.2.
figures forugss can be calculated (see paragraph A.8.2.1.). ufgalues are given
in table A.8.1.

Gas NQ coO HC CQ O, CH,
Oyas [kg/MY] 2.053 1.250 0.621 19636 | 14277 | 0.716
FUEL foX Coefficienigsatd = 2, dry air, 273 K, 101.3 kPa
Diesel 1.2939 | 0.001587 | 0.000966| 0.000479| 0.00151180010103 | 0.000553

Table A.8.1 — Raw exhaust gasand component densities (thefigures are
calculated for emission concentration expressqgbim).

Calculated values
The component specific factang.s; can be calculated by the density ratio of the

component and the exhaust or alternatively by theesponding ratio of molar
masses:

ugasi = M gaJ ( M eEI'OOO) (A8-12)
or

Ugasi = P gad (£, 1000) (A.8-13)
Where:

Mgas = molar mass of the gas component [g/mol]

Mej = instantaneous molar mass of the wet raw extgassfg/mol]

Pgas= density of the gas component [kgIm

Pej = instantaneous density of the wet raw exhausfkgsis:’]

The molar mass of the exhaust; shall be derived for a general fuel composition
CH,ONS, under the assumption of complete combustion, &swWel
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1+ O,
Mei - qmaw,i —
’ a £ 5 Halj.o + 1
O, 27575 , 2x1.00794- 15.9994 M,
Oaw; 12.00H 1.00794 + 15.999&+ 14.00@7+ 32.0085 +H, 0 ~°10
(A.8-14)
Where:
Onr,i = instantaneous fuel mass flow rate on wet b&gis]
Omawj = instantaneous intake air mass flow rate on \asisjkg/s]
a= molar hydrogen-to-carbon ratio [-]
= molar nitrogen-to-carbon ratio [-]
E= molar oxygen-to-carbon ratio [-]
y= atomic sulphur-to-carbon ratio [-]
Ha= intake air humidity [g BO/kg dry air]
M, = dry intake air molecular mass = 28.965 g/mol
The instantaneous raw exhaust denaityfkg/m’] shall be derived as follows:
1000+, + 100 : :
Pe; - a (]Iqqu,l/qmam) (A8-15)
773.4 +1.2438H, k& 010000, / Ore;)
Where:
Onri = instantaneous fuel mass flow rate [kg/s]
Omadj = instantaneous dry intake air mass flow rategkg/
Ha= intake air humidity [g KHO/kg dry air]
ki = combustion additional volume ffg fuel] (see equation A.8-7)
A.8.2.5. Mass flow rate of the exhaust gas
A.8.2.5.1. Air and fuel measurement method

The method involves measurement of the air flow Hre fuel flow with suitable
flowmeters. The calculation of the instantaneausaest gas flovgew; [kg/s] shall
be as follows:

qmew,i = qmaw,i + qnf,i (A8‘16)
Where:
Omawj =  Instantaneous intake air mass flow rate [kg/s]

Ont,i = instantaneous fuel mass flow rate [kg/s]



ECE/TRANS/WP.29/2009/118

page 208
Annex 8

A.8.2.5.2.

A.8.2.5.3.

Tracer measurement method

This involves measurement of the concentratiorn tacer gas in the exhaust. The
calculation of the instantaneous exhaust gas €law.i[kg/s] shall be as follows:

__ 9%
qmaw,l 10—6 [qcmw _ Cb) (A8 17)
Where:
Owt = tracer gas flow rate [m3/s]
Crnix,j = instantaneous concentration of the tracer gas atfixing [ppm]
Pe= density of the raw exhaust gas [kg/m?3]
Co = background concentration of the tracer gasenritake air [ppm]

The background concentration of the tracer gasay be determined by averaging
the background concentration measured immediatfiyré the test run and after the
test run. When the background concentration is lég®n 1 per cent of the
concentration of the tracer gas after mixiogy; at maximum exhaust flow, the
background concentration may be neglected.

Air flow and air to fuel ratio measuramenethod

This involves exhaust mass calculation from theflaiw and the air to fuel ratio.
The calculation of the instantaneous exhaust g&s fi@wv gmewj [kg/s] is as follows:

1
i = Oy (1 A.8-18
qI'TEW,I qmaw; EE A/Fst mi J ( )
with:
138.(]]€ 1+% _;”j
[Fy = (A.8-19)
12.011+ 1.00794% + 15.99%4+ 14.0086A4 32.0b
1 2o, 10°
Cooq10™ 2| @ 3.50, & 0 »
(100_co(12 ~ Gy LLO j"' 4 E " Cco(Tj-SEg _E_E [qccom +Ceoql0 )
A= 3-S50z (A.8-20)
4.764[€ 1+% —5'2 +y] {0z * Cooa 0" + Gy, 010")
Where:
Omawj =  Wet intake air mass flow rate [kg/s]
AlFg = stoichiometric air-to-fuel ratio [-]

A= instantaneous excess air ratio [-]
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Ccod = concentration of CO in the raw exhaust gas drydasis [ppm]
Ccopd = concentration of COn the raw exhaust gas on a dry basis [per cent]
CHcw = concentration of HC in the raw exhaust gas aetbasis [ppm C1]
a= molar hydrogen-to-carbon ratio [-]
o= molar nitrogen-to-carbon ratio [-]
E= 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 thiglation of the wet exhaust mass
flow rate gmew; [KQ/S]:

Orewi = O, Eﬁ ( Sl (1+ Ha J+ 1} (A.8-21)

1.0828W, +k, Of ) f.\" 100

with the carbon factdt, [-] given by:

— _ CCOd CHCW -
fo =0.544T(Coong~ Coored * Toamst Toas: (A.8-22)

Where:

Onr,i = instantaneous fuel mass flow rate [kg/s]

We = carbon content of fuel [per cent mass]

Ha= intake air humidity [g KHO/kg dry air]

kg = combustion additional volume on a dry basi&kmfuel]
Ccopd = dry CQ concentration in the raw exhaust [per cent]
Cco2da= dry CQ concentration in the ambient air [per cent]
Ccod = dry CO concentration in the raw exhaust [ppm]

CHew = wet HC concentration in the raw exhaust [ppm]

and factorky [m*/kg fuel] that is calculated on a dry basis by suiing the water
formed by combustion frork :

kg =k —0.111180W, (A.8-23)
Where:
ki = fuel specific factor of equation (A.8-7) ffkg fuel]

Wy = hydrogen content of fuel [per cent mass]
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A.8.3.
A.8.3.1.

A.8.3.1.1.

Diluted gaseous emissions

Mass of the gaseous emissions

Full flow dilution measurement (CVS)

The exhaust mass flow rate shall be measured avitonstant volume sampling
(CVS) system, which may use a positive displacerpenmp (PDP), a critical flow

venturi (CFV) or a subsonic venturi (SSV).

For systems with constant mass flow (i.e. withtheechanger), the mass of the
pollutantsmyas[g/test] shall be determined from the following atjan:

My = Ky CKOU,, e [Om, (A.8-24)

Where:

Ugas = ratio between density of exhaust component @ity of air, as given
in table A.8.2 or calculated with equation (A.8-39)

Cgas ™= mean background corrected concentration of thraponent on a wet
basis [ppm] or [per cent vol] respectively

kn = NO correction factor [-], only to be applied for ti¢O, emission
calculation

k= 1 for Cgasrwi IN [ppm], k = 10,000 forcyasrwi in [per cent vol]

Meq = total diluted exhaust gas mass over the cyadédkt]

For systems with flow compensation (without heathanger), the mass of the
pollutantsmyas [g/test] shall be determined by calculation of thstantaneous mass
emissions, by integration and by background cawecaccording to the following
equation:

M. = khEkE{ZN:[( M., 06U, ] —K m,[] cgél—%j 0 ug;}} (A.8-25)

i=1

Where:

Ce= emission concentration in the diluted exhaust ga a wet basis [ppm]
or [per cent vol]

Cyg= emission concentration in the dilution air, omvet basis [ppm] or [per
cent vol]

Medj = mass of the diluted exhaust gas during timeate [kg]

Meq = total mass of diluted exhaust gas over the dkgjp

Ugas = tabulated value from table A.8.2 [-]

= dilution factor (see equation (A.8-29) of paagygr A.8.3.2.2.) [-]
= NQOs correction factor [-], only to be applied for ti¢Ox emission
calculation
k= 1 forc in [ppm], k = 10,000 forc in [per cent vol]



A.8.3.2.

A.8.3.2.1.

ECE/TRANS/WP.29/2009/118
page 211
Annex 8

The concentrationsgss Ce andcq can be either values measured in a batch sample
(bag, but not allowed for NOand HC) or be averaged by integration from
continuous measurements. Alsgy; has to be averaged by integration over the test
cycle.

The following equations show how the needed qtiastiCe, Ugas andmeg) shall be
calculated.
Dry-to wet concentration conversion

All concentrations in section A.8.3.2. shall beneexrted using equation (A.8-5)

(c, =k, [&)-
Diluted exhaust gas

All concentrations measured dry shall be convettedet concentrations by one of
the following two equations applied to equation:

ald
=| | 1-——=0w |~ [1.00¢ A.8-26
o= (- ke (826)
or
1_
Kyo= & 1.008 (A.8-27)
’ 1+amC02d

200
Where:
kve=  dry-to-wet conversion factor for the diluted exist gas [-]
a= molar hydrogen to carbon ratio of the fuel [-]

Cco2w= concentration of C@in the diluted exhaust gas on a wet basis [petr\aah
Cco2d= concentration of C@in the diluted exhaust gas on a dry basis [per valh

The dry to wet correction factéy,, takes into consideration the water content of both
intake air and dilution air:

bt
s s34

(A.8-28)
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A.8.3.2.2.

A.8.3.2.3.

Where:

Ha=  intake air humidity [g KO/kg dry air]

Hq=  dilution air humidity [g HO/kg dry air]

D= dilution factor (see equation (A.8-29) of paeggr A.8.3.2.2.) [-]

Dilution factor

The dilution factoD [-] (which is necessary for the background coicectind the
kw2 calculation) shall be calculated as follows:

D= Fs - (A.8-29)
CCOZ,e+(CHC,e+ Cco,; 10

Where:

Fs=  stoichiometric factor [-]

Ccoze= concentration of CQin the diluted exhaust gas on a wet basis [per\agh
CHce= concentration of HC in the diluted exhaust gasavet basis [ppm C1]
Ccoe= concentration of CO in the diluted exhaust gas avet basis [ppm]

The stoichiometric factor shall be calculateda®ivs:

F,=1003 1

1+9 4 3.76[€ T aj
2 4
Where:

a= molar hydrogen to carbon ratio in the fuel [-]

(A.8-30)

Alternatively, if the fuel composition is not knowthe following stoichiometric
factors may be use#s (diesel) = 13.4

If a direct measurement is made of the exhaustigas the dilution factoD [-] may
be calculated as follows:

p=evs (A.8-31)
q/eW

Where:
Gvevs is the volumetric flow rate of diluted exhaust gad/s]
Ovew = Volumetric flow rate of raw exhaust gas’[s}

Dilution air

Kya = (1 K,s) [1.00€ (A.8-32)
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with

_ 1.608MH,
"® 1000+ 1.608H,

(A.8-33)

Where:
Hq = dilution air humidity [g HO/kg dry air]

Determination of the background corrédatencentration

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

1

Cyas = Cgas C O[él-sj (A.8-34)

Where:

Cgas= net concentration of the gaseous pollutant [ppnjper cent vol]

Cgas,e= emission concentration in the diluted exhaust ga a wet basis [ppm]
or [per cent vol]

Cd= emission concentration in the dilution air, omvet basis [ppm] or [per
cent vol]

D= dilution factor (see equation (A.8-29) of paeggr A.8.3.2.2.) [-]

Component specific factor

The component specific factag,s of diluted gas can either be calculated by the
following equation or be taken from table A.8.2;table A.8.2 the density of the
diluted exhaust gas has been assumed equal teresityl

M as M as

U N 1000 N 71 (A.8-35)

dw [MdawEél—j+M rw[ﬁﬂ [1000

‘ D “ D

Where:
Mgas= molar mass of the gas component [g/mol]
Maw=  molar mass of diluted exhaust gas [g/mol]
Mdaw=  molar mass of dilution air [g/mol]
Miw = molar mass of raw exhaust gas [g/mol]

= dilution factor (see equation (A.8-29) of pasggn A.8.3.2.2.) [-]
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A.8.3.4.

A.8.3.4.1.

Fuel LPde Gas
NO. | €O | HC [ cQ | O [ CH,
pqa_S[kg/mg]
2053 | 1250 | 0.621 | 1.9636 | 1.4277 | 0.716

Coefficientiyzsat 2 = 2, dry air, 273 K, 101.3 kPa
Diesel 1.293 | 0.001588 0.000967 0.0004B0 0.001519001004 | 0.000553

Table A.8.2 — Diluted exhaust gasvalues and component densities (thBgures
are calculated for emission concentration expresspdm)

Exhaust gas mass flow calculation
PDP-CVS system
The calculation of the mass of the diluted exhdlgttest] over the cycle is as

follows, if the temperature of the diluted exhaosgy is kept within +6 K over the
cycle by using a heat exchanger:

_ p, 273
m,, =1.293Y,[h, 3_101.3B2T_ (A.8-36)
Where:
Vo= volume of gas pumped per revolution under testltions [m3/rev]
Np = total revolutions of pump per test [rev/test]
P = absolute pressure at pump inlet [kPa]
T= average temperature of the diluted exhausagpamp inlet [K]

1.293 = air density [kg/fhat 273.15 K and 101.325 kPa

If a system with flow compensation is used (i.&éhaut heat exchanger), the mass of
the diluted exhaust gaseq; [kg] during the time interval shall be calculated
follows:

_ Pe 73
m,, =1.293Y/, [y E—Ilmﬁf— (A.8-37)
Where:
Vo= volume of gas pumped per revolution under testltions [m3/rev]
Pp = absolute pressure at pump inlet [kPa]
Npj = total revolutions of pump per time intervdtev/At]
T = average temperature of the diluted exhaustigasmap inlet [K]

1.293 =  air density [kg/fhat 273.15 K and 101.325 kPa
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A.8.3.4.2. CFV-CVS system
The calculation of the mass flow over the cynig [g/test] is as follows, if the

temperature of the diluted exhaust is kept withirl X over the cycle by using a
heat exchanger:

1.2931 K
My = TO,SV R (A.8-38)
Where
t= cycle time [s]
Ky = calibration coefficient of the critical flow vauri for standard conditions
[(VK mn* ) kg

= absolute pressure at venturi inlet [kPa]
= absolute temperature at venturi inlet [K]
293 = air density [kg/fhat 273.15 K and 101.325 kPa

If a system with flow compensation is used (i.éhaut heat exchanger), the mass of
the diluted exhaust gaskq; [kg] during the time interval shall be calculated

follows:
1.2934At, [K,, [p
My = L (A.8-39)
T
Where
At = time interval of the test [s]
Ky = calibration coefficient of the critical flow vami for standard conditions
[(VK mn* ) kg
Po = absolute pressure at venturi inlet [kKPa]
T= absolute temperature at venturi inlet [K]
1.293 =  air density [kg/fhat 273.15 K and 101.325 kPa

A.8.3.4.3. SSV-CVS system

The calculation of the diluted exhaust gas mags the cyclemgy [kg/test] shall be
as follows, if the temperature of the diluted exdtais kept within £11K over the
cycle by using a heat exchanger:

M, =1.2931} o, At (A.8-40)

Where:
1.293 kg/m =  air density at 273.15 K and 101.325 kPa
At = cycle time [s]
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A.8.3.5.

A.8.3.5.1.

with
— d 2C 1 1.4286 _ 1.714 1 A 8_41
qusv_'%v dl% T(';) rp j 1—r. 4y 14286 ( )
s rp
Where:

1
Ao = collection of constants and units conversiotﬁBO@5694({”fEﬁE@}

dv = diameter of the SSV throat [mm]

Cy = discharge coefficient of the SSV [-]

Pp = absolute pressure at venturi inlet [kPa]
Tin = temperature at the venturi inlet [K]

rp = ratio of the SSV throat to inlet absolute stpﬂessure(l—%j []

a

ro = ratio of the SSV throat diameter to the inlgigpinner diameteg— [-]

If a system with flow compensation is used (i.&éhaut heat exchanger), the mass of
the diluted exhaust gasey; [kg] during the time interval shall be calculated
follows:

My =1.293 0 5q DY (A.8-42)
Where:

1.293 kg/m = air density at 273.15 K and 101.325 kPa

At = time interval [s]

Qvssv = volumetric flow rate of the SSV fits]

Calculation of particulates emission
Transient and ramped modal cycles

The particulate mass shall be calculated afteydoy correction of the particulate
sample mass according to paragraph 8.1.12.2.5.

A.8.3.5.1.1. Partial flow dilution system

The calculation for double dilution system is sinaw paragraph A.8.3.5.1.2.
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A.8.3.5.1.1.1. Calculation based on sample ratio

The particulate emission over the cyai®y [g] shall be calculated with the
following equation:

- m

= A.8-43
Mo r, 1000 ( )
Where:
m = particulate mass sampled over the cycle [mg]
rs= average sample ratio over the test cycle [-]
with:

=M [Ren (p g 44)

W ed

Where:

Mge = sample mass of raw exhaust over the cycle [kg]

Mew = total mass of raw exhaust over the cycle [kg]

Myep= mass of diluted exhaust gas passing the paatigbllection filters
[ka]

Mseq = mass of diluted exhaust gas passing the dilutionel [kg]

In case of the total sampling type systemy,andmseqare identical
A.8.3.5.1.1.2. Calculation based on dilution ratio

The particulate emission over the cyai®y [g] shall be calculated with the
following equation:

m, = (A g 45)

m,, 1000
Where:
m = particulate mass sampled over the cycle [mg]
Mep = mass of diluted exhaust gas passing the paategbllection filters
[ka]
Megr = mass of equivalent diluted exhaust gas ovecyote [kg]

The total mass of equivalent diluted exhaust gasstover the cyclegy:[kg] shall
be determined as follows:

1 N
My = T E Ohedrj (A.8-46)
i=1
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Orredti = Ohmewi i (A.8-47)

laj =

Where:
Omedfi =
Omew; =
Faj =
Omdewj =
Omdw,i =
f=

N =

Undew; ™ Omawi

(A.8-48)

instantaneous equivalent diluted exhaust massrte [kg/s]
instantaneous exhaust mass flow rate on a veit flay/s]
instantaneous dilution ratio [-]

instantaneous diluted exhaust mass flow rate wet basis [kg/s]
instantaneous dilution air mass flow rate [kg/s]

data sampling rate [Hz]

number of measurements [-]

A.8.3.5.1.2. Full flow dilution system

The mass emission shall be calculated as follows:

m, = o™ (A 8 49)

m,, 1000
Where:
m = particulate mass sampled over the cycle [mg]
Mep = mass of diluted exhaust gas passing the paatiegbllection filters
[ka]
Meg = mass of diluted exhaust gas over the cycle [kg]
with
I"nsep: rnset_ mSS\ (A8'50)
Where:
Mset = mass of double diluted exhaust gas throughqaatie filter [kg]
Mesd = mass of secondary dilution air [kg]

A.8.3.5.1.3. Background correction

The particulate massey c[g] may be background corrected as follows:

rnPM,(: = {

_ [% [él _ EDH} [_;1%) (A.8-51)
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Where:
m = particulate mass sampled over the cycle [mg]
Mep = mass of diluted exhaust gas passing the paategbllection filters
[ka]
Msq = mass of dilution air sampled by background paréiteisampler [kg]
= mass of collected background particulates of dilutir [mg]
Mg = mass of diluted exhaust gas over the cycle [kg]

= dilution factor (see equation (A.8-29) of pamggr A.8.3.2.2.) [-]
A.8.3.5.2. Calculation for steady-state discretedenoycles
A.8.3.5.2.1. Dilution system

All calculations shall be based upon the averagees of the individual modes
during the sampling period.

(@) For partial-flow dilution, the equivalent matsw of diluted exhaust gas shall
be determined by means of the system with flow mmeasent shown in figure

9.2
qmedf = qmew l:rd (A8-52)
rd = qmdew (A8-53)

qmdew - qmdw

Where:

Omedt = equivalent diluted exhaust mass flow rate [kg/s]
Omew = €Xhaust mass flow rate on a wet basis [kg/s]

rg = dilution ratio [-]

Omdew = diluted exhaust mass flow rate on a wet bagjss[k
Omaw = dilution air mass flow rate [kg/s]

(b) For full-flow dilution systems§jygew iS Used agmedt.
A.8.3.5.2.2. Calculation of the particulate mdew/frate

The particulate emission flow rate over the cyglpw [g/h] shall be calculated as
follows:

(@) For the single-filter method

o =Ty (5000 A.8-54
QrPm mepmnedf 1000 (A. )
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. N
Qmedt = Z Qmeaii (WH (A.8-55)
i=1
N
M= 2 My, (A.8-56)
i=1
Where:
OmPM = particulate mass flow rate [g/h]
m = particulate mass sampled over the cycle [mg]
Qmedi = average equivalent diluted exhaust gas massrgsvon wet
basis [kg/s]
Omedi = equivalent diluted exhaust gas mass flow ratevenbasis at
modei [kg/s]
WEF = weighting factor for the modd-]
Myep = mass of diluted exhaust gas passing the paat&gbllection
filters [kg]
Myep = mass of diluted exhaust sample passed throwpatticulate
sampling filter at mode[kg]
N = number of measurements [-]

(b) For the multiple-filter method

- M 600
Uremi rnsep B:lnedﬂ |:‘;:iooo (A8 57)
Where:
OmPmi = particulate mass flow rate for the madg/s]
m = particulate sample mass collected at mddeg]
Omedi = equivalent diluted exhaust gas mass flow rateenbasis at
modei [kg/s]
Myep = mass of diluted exhaust sample passed throuwgpdtticulate

sampling filter at mode[kg]

The PM mass is determined over the test cycleulbynsation of the average
values of the individual modesluring the sampling period.

The particulate mass flow ratgpm [g/h] may be background corrected as
follows:

(c) For the single-filter method

1M Mapyfy o L e :
Orem = {I’T‘g { @(1 DJWVF.:I} quO_OO (A.8-58)

ep md i=1
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(d) For the multiple-filter method

Gpons = {i - [& [él - im fhean (A.8-59)
My m, D 1000

Where:

OmPM = particulate mass flow rate [g/h]

WEF = weighting factor for the mod¢g-]

m = particulate sample mass collected [mg]

mi = particulate sample mass collected at mddeg]

Mg = particulate sample mass of the dilution airecd [mg]

Oredi = equivalent diluted exhaust gas mass flow rate/einbasis at
modei [kg/h]

Msep= mass of diluted exhaust sample passed throwgpdtticulate
sampling filter [kg]

Mee = mass of diluted exhaust sample passed throwgpatiiculate
sampling filter at mode[kg]

my = mass of the dilution air sample passed throbghparticulate
sampling filters [kg]

D= dilution factor (see equation (A.8-29) of paegur A.8.3.2.2.) []

If more than one measurement is mads,/m shall be replaced with

Mg/ M.

A.8.4. Cycle work and specific emissions

A.8.4.1. Gaseous emissions
A.8.4.1.1. Transient and ramped modal cycles
Reference is made to paragraphs A.8.2.1. and A.8(@ raw and diluted exhaust

respectively. The resulting values for poviRefkW] shall be integrated over a test
interval. The total workV,.;[KWHh] is calculated as follows:

o 1 1 1 2@

W_ =) RIAt=— H— -

adt 21: f 600 16 GOZ:;( ) (A.8-60)
Where
P = instantaneous engine power [kW]
n = instantaneous engine speed [rpm]
T = instantaneous engine torque [Nm]
Wyt = actual cycle work [kWh]

= data sampling rate [HZz]
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A.8.4.1.2.

N = number of measurements [-]

The specific emissionggs [0/kWh] shall be calculated in the following ways
depending on the type of test cycle.

— rngas

= A.8-61
egas Wact ( )
Where:
Myas = total mass of emission [g/test]
Wact = cycle work [kWh]

In case of the transient cycle, the final testitegy,s [9/kWh] shall be a weighted
average from cold start test and hot start testdyg:

— (O'lm“:old)-'_(o'gjn]ot) _
egas - (01NV )+(0.9]/Vact’ho) (A8 62)

act,cold

In case of an infrequent (periodic) exhaust regsien (paragraph 6.6.2.), the
specific emissions shall be corrected with the iplidative adjustment factok,
(equation (6-4)) or with the two separate pairsadjustment additive factors,,
(upward factor of equation (6-5)) akgt (downward factor of equation (6-6)).

Steady-state discrete-mode cycle

The specific emissiorgy.s[g/kWh] are calculated as follows:

. (qmgas' IIV\/Fl)
Cas = N (A.8-63)
(R OWF)
i=1
Where
Omgasi = mean emission mass flow rate for the miofdgh]
Pi = engine power for the modgkW] with R =P _. + P, (see

paragraphs 7.7.1.2. and 6.3.)
WF, = weighting factor for the modq-]
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A.8.4.2. Particulate emissions
A.8.4.2.1. Transient and ramped modal cycles
The particulate specific emissions shall be caked with equation (A.8-61) where

€as [0/KWh] and myas [g/test] are substituted bgpy [9/kWh] and mpy [g/test]
respectively:

— Moy
W

act

G (A.8-64)

Where:

mey = total mass of particulates emission, calculatsmbrding to
paragraph A.8.3.4. [g/test]
Wyet=  cycle work [kWh]

The emissions on the transient composite cydae ¢bld phase and hot phase) shall
be calculated as shown in paragraph A.8.4.1.

A.8.4.2.2. Steady state discrete-mode cycle

The particulate specific emissi@ay [g/kWh] shall be calculated in the following
way:
(@) For the single-filter method

ey = mev_ (A.8-65)

3 (P OWF)

i=1

Where:

P = engine power for the modgkW] with B =P, + P
(see paragraphs 7.7.1.2. and 6.3.)

WF = weighting factor for the mod¢g-]

Ompm = particulate mass flow rate [g/h]

(b) For the multiple-filter method

N
Z(quMi WVE)
e I — (A.8-66)
i=1

> (R OWF)
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Where:

P = engine power for the mod¢gkW] with R =P . + P,
(see paragraphs 7.7.1.2. and 6.3.)

WEF = weighting factor for the mode[-]

OmPmi = particulate mass flow rate at madg/h]

For the single-filter method, the effective weiglt factor, WF4, for each
mode shall be calculated in the following way:

F- - ITLep Eqnedf

W e
rnsep D]rn edf

(A.8-67)

Where:
Mse; = mass of the diluted exhaust sample passed thrihegparticulate
sampling filters at mode[kg]

O.qr = average equivalent diluted exhaust gas massrioevkg/s]

Omedi = €quivalent diluted exhaust gas mass flow rateatei [kg/s]
Msep= mass of the diluted exhaust sample passed thrihegparticulate
sampling filters [kg]

The value of the effective weighting factors shml within £0.005 (absolute
value) of the weighting factors listed in Annex A.1
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Annex A.8 - Appendix 1

DILUTED EXHAUST FLOW (CVS) CALIBRATION

Calibration of CVS system

The CVS system shall be calibrated by using anrate flowmeter and a restricting
device. The flow through the system shall be messwat different restriction
settings, and the control parameters of the systeali be measured and related to
the flow.

Various types of flowmeters may be used, e.gbcatied venturi, calibrated laminar
flowmeter, calibrated turbine meter.

Positive displacement pump (PDP)

All the parameters related to the pump shall beukaneously measured along with
the parameters related to a calibration venturictvlis connected in series with the
pump. The calculated flow rate (in3® at pump inlet, absolute pressure and
temperature) shall be plotted versus a correldiimetion which is the value of a
specific combination of pump parameters. The lineguation which relates the
pump flow and the correlation function shall beedetined. If a CVS has a multiple
speed drive, the calibration shall be performecefrh range used.

Temperature stability shall be maintained duriatijbcation.

Leaks in all the connections and ducting betweerctlibration venturi and the CVS
pump shall be maintained lower than 0.3 per centheflowest flow point (highest
restriction and lowest PDP speed point).

The airflow rate §cvs) at each restriction setting (minimum 6 settingball be
calculated in standard ¥s from the flowmeter data using the manufacturer's
prescribed method. The airflow rate shall thencbeverted to pump flow\p) in
m*/rev at absolute pump inlet temperature and presasifollows:

v, = S T 013 (A.8-68)
n 273 p,

Where:

avevs =  airflow rate at standard conditions (101.3 K& K) [n/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 vasiadiat the pump and the pump slip
rate, the correlation functiorXg) [s/rev] between pump speed, pressure differential
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from pump inlet to pump outlet and absolute pumipedpressure shall be calculated
as follows:

X, = 1 O % (A.8-69)
n\ p

Where:

app = pressure differential from pump inlet to pumgleukPa]

Pp = absolute outlet pressure at pump outlet [kPa]

n= pump speed [rev/s]

A linear least-square fit shall be performed tmegate the calibration equation as
follows:

=D,-m 8-
V, = D, - m(] (A.8-70)

with Do [m¥rev] and m [m¥s], intercept and slope respectively, describihg t
regression line.

For a CVS system with multiple speeds, the calibnacurves generated for the
different pump flow ranges shall be approximatedygtlel, and the intercept values
(Do) shall increase as the pump flow range decreases.

The calculated values from the equation shall b#inv £0.5 per cent of the
measured value ofy. Values ofm will vary from one pump to another. Particulate
influx over time will cause the pump slip to de@eaas reflected by lower values
form.  Therefore, calibration shall be performed at pustart-up, after major
maintenance, and if the total system verificatimti¢ates a change of the slip rate.

Critical flow venturi (CFV)

Calibration of the CFV is based upon the flow douafor a critical venturi. Gas
flow is a function of venturi inlet pressure anthfgerature.

To determine the range of critical flok,, shall be plotted as a function of venturi
inlet pressure. For critical (choked) flow,, will have a relatively constant value.
As pressure decreases (vacuum increases), theriveettomes unchoked aritl,
decreases, which indicates that the CFV is operaiéside the permissible range.

The airflow rate @vcvs) at each restriction setting (minimum 8 settingball be
calculated in standard ¥s from the flowmeter data using the manufacturer's

prescribed method. The calibration coefficidty [(x/ﬁmn“ Bl;) /kg} shall be

calculated from the calibration data for each sgttis follows:
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Ky :M (A.8-71)
Po
Where:
Oussv= air flow rate at standard conditions (101.3 kP8 K) [nT/s]
T= temperature at the venturi inlet [K]
Pp = absolute pressure at venturi inlet [kPa]

The averageKy and the standard deviation shall be calculateche $tandard
deviation shall not exceed +0.3 per cent of theayeKy.

Subsonic venturi (SSV)

Calibration of the SSV is based upon the flow eéiguafor a subsonic venturi. Gas
flow is a function of inlet pressure and temperatyressure drop between the SSV
inlet and throat, as shown in equation (A.8-41).

The airflow rate @vssy) at each restriction setting (minimum 16 settinglsall be
calculated in standard ¥s from the flowmeter data using the manufacturer's
prescribed method. The discharge coefficient dfaltalculated from the calibration
data for each setting as follows:

C,= Gssv (A.8-72)

1 1
dvz pp\/{-r( I;)1.4286_ rp 1.714)[1_ — 1.42861]

in,v D 'p

Where:

Oussv=  air flow rate at standard conditions (101.3 kP8 K) [nT/s]

Tinv =  temperature at the venturi inlet [K]

= diameter of the SSV throat [mm]
Mo = ratio of the SSV throat to inlet absolute statiessure <1-Ap/ p, [-]
o = ratio of the SSV throat diametel;, to the inlet pipe inner diametBr[-]

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

Re= A s (A.8-73)
d,

with
15

=T (A.8-74)

S+T
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Where:

A; = collection of constants and units conversio@il3831{2d@dﬂ”}
m S m

Oussv= air flow rate at standard conditions (101.3 kP8 K) [nT/s]

dv = diameter of the SSV throat [mm]

u= absolute or dynamic viscosity of the gas [kg/ms]

b= 1.458 x 10 (empirical constant) [kg/msk]

S= 110.4 (empirical constant) [K]

Becauseayyssy is an input to th&e equation, the calculations shall be started with a
initial guess forgyssv or Cq of the calibration venturi, and repeated umgiksy
converges. The convergence method shall be aectoad.1 per cent of point or
better.

For a minimum of sixteen points in the region wbsonic flow, the calculated values
of Cq4 from the resulting calibration curve fit equatishall be within = 0.5 per cent
of the measure@q for each calibration point.
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Annex A.8 — Appendix 2

DRIFT CORRECTION

Calculations in this appendix are performasl described in Appendix 2 to
Annex A.7.

20| - ( Cprezero+ Cpostzer)

Cldriftcor = Crefzero+ ( Crefspan_ C refzer)7 + + (A8_75)
(Cprespan Cpostspa)w_(c prezero c postzlr

Where:

Gdritcor =  Concentration corrected for drift [ppm]

Gefzero=  reference concentration of the zero gas, whgclusually zero unless

known to be otherwise [ppm]

Cefspan=  reference concentration of the span gas [ppm]

Corespan=  Ppre-test interval gas analyzer response to fa ggas concentration
[Ppm]

Coostspan—  POst-test interval gas analyzer response tosgian gas concentration
[ppm]

G orT = concentration recorded, i.e. measured, durisgy beefore drift correction
[Ppm]

Corezero=  Pre-test interval gas analyzer response to #rme pas concentration

[Ppm]
Coostzero=  POSt-test interval gas analyzer response toz#hte gas concentration

[ppm]



