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Insert a new Annex 4o read:

3.1.

3.1.1.

"Annex 4a

TYPE | TEST
(Verifying exhaust emissions after a cold start)

APPLICABILITY

This annex is not applicable for the time beimgy, the purpose of type approval
according to this Regulation. It will be made apgible in the future.

INTRODUCTION

This annex describes the procedure for the Tygestldefined in paragraph 5.3.1. of
this Regulation. When the reference fuel to belusé. PG or NG, the provisions of
Annex 12 shall apply additionally.

TEST CONDITIONS

Ambient conditions

During the test, the test cell temperatinadl e between 293 K and 303 K (20 °C
and 30 °C). The absolute humidity (H) of eithee #ir in the test cell or the intake
air of the engine shall be such that:

5.5<H<12.2 (g HO/kg dry air)
The absolute humidity (H) shall be measured.
The following temperatures shall be measured:

Test cell ambient air

Dilution and sampling system temperatures as imedufor emissions
measurement systems defined in Appendices 2 tdtisoannex.

The atmospheric pressure shall be measured.
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3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.2.6.

3.3.

3.3.1.

3.3.2.

3.4.

3.4.1.

3.4.2.

Test vehicle

The vehicle shall be presented in good nméchbcondition. It shall have been run-
in and driven at least 3,000 km before the test.

The exhaust device shall not exhibit ank lieely to reduce the quantity of gas
collected, which quantity shall be that emergiraprthe engine.

The tightness of the intake system may leelakd to ensure that carburation is not
affected by an accidental intake of air.

The settings of the engine and of the velsatontrols shall be those prescribed by
the manufacturer. This requirement also appliespdrticular, to the settings for
idling (rotation speed and carbon monoxide contdnthe exhaust gases), for the
cold start device and for the exhaust gas cleasystem.

The vehicle to be tested, or an equivalehtole, shall be fitted, if necessary, with a
device to permit the measurement of the charatitenmrameters necessary for
chassis dynamometer setting, in conformity withagaaph 5. of this annex.

The technical service responsible for thststemay verify that the vehicle's
performance conforms to that stated by the manurfect that it can be used for
normal driving and, more particularly, that it iapable of starting when cold and
when hot.

Test fuel

The appropriate reference fuel as definednnex 10 to this Regulation shall be
used for testing.

Vehicles that are fuelled either with petasl with LPG or NG shall be tested
according to Annex 12 with the appropriate refeeerfoel(s) as defined in
Annex 10a.

Vehicle installation

The vehicle shall be approximately horizbmharing the test so as to avoid any
abnormal distribution of the fuel.

A current of air of variable speed shalbb@vn over the vehicle. The blower speed
shall be such that, within the operating range @krh/h to at least 50 km/h, the
linear velocity of the air at the blower outletw#thin £5 km/h of the corresponding
roller speed. The final selection of the bloweralshhave the following
characteristics:

(@) Area: atleast 0.29n

(b) Height of the lower edge above ground: apprately 0.2 m;

(c) Distance from the front of the vehicle: approately 0.3 m.
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As an alternative the blower speed shall be fiae@dn air speed of at least 6 m/s
(21.6 km/h).

For special vehicles (e.g. vans, off-road), thglteof the cooling fan can also be
modified at the request of the manufacturer.

TEST EQUIPMENT

4.1.

4.2.

4.3.

4.4.

4.5.

4.6.

Chassis dynamometer

The chassis dynamometer requirements are givAppendix 1.

Exhaust dilution system

The exhaust dilution system requirements are ginvékppendix 2.

Gaseous emissions sampling and analysis

The gaseous emissions sampling and analysis eqoipraquirements are given in
Appendix 3.

Particulate Mass (PM) emissions equipment

The particulate mass sampling and measurementireegnts are given in
Appendix 4.

Particle Number (PN) emissions equipment

The particle number sampling and measurement nements are given in
Appendix 5.

General test cell equipment

The following temperatures shall be measured aitlaccuracy of1.5 K:

(a) Test cell ambient air

(b) Intake air to the engine

(c) Dilution and sampling system temperatures aguired for emissions
measurement systems defined in Appendices 2 tdtiannex.

The atmospheric pressure shall be measurablethanwi0.1 kPa.

The absolute humidity (H) shall be measurableithiw+5 per cent.
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5.

5.1.

6.1.

6.1.1.

DETERMINATION OF VEHICLE ROAD LOAD
Test procedure
The procedure for measuring the vehicle road isatscribed in Appendix 7.

This procedure is not required if the chassis tdymaeter load is to be set according
to the reference mass of the vehicle.

EMISSIONS TEST PROCEDURE

Test cycle

The operating cycle, made up of a Part One (udyale) and Part Two (extra-urban
cycle), is illustrated in Figure 1. During the qolete test the elementary urban cycle
is run four times followed, by Part Two.

Elementary urban cycle

Part One of the test cycle comprises 4 times tementary urban cycle which is

defined in Table 1, illustrated in Figure 2, andhsoarized below.

Breakdown by phases:

Time (s) per cent
Idling 60 308 [35.4
Deceleration, clutch disengaged 9 4.6
Gear-changing 8 4.1
Accelerations 36 18.5
Steady-speed periods 57 29.2
Decelerations 25 12.8
Total 195 100
Breakdown by use of gears

Time (s) per cent
Idling 60 30.8 35.4
Deceleration, clutch disengaged 9 4.6
Gear-changing 8 4.1
First gear 24 12.3
Second gear 53 27.2
Third gear 41 21
Total 195 100
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General information:
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Average speed during test: 19 km/h
Effective running time: 195s
Theoretical distance covered per cycle: 1.013 km
Equivalent distance for the four cycles: 4.052 km

Extra-urban cycle

Part Two of the test cycle is the extra-urban eyehich is defined in Table 2,
illustrated in Figure 3, and summarized below.

Breakdown by phases:

Time (S) per cent

Idling 20 5.0
Deceleration, clutch disengaged 20 5.0
Gear-shift 6 15
Accelerations 103 25.8
Steady-speed periods 209 52.2
Decelerations 42 10.5
Total 400 100

Breakdown by use of gears:

Time (s) per cent
Idling 20 5.0
Deceleration, clutch disengaged 20 5.0
Gear-shift 6 15
First gear 5 1.3
Second gear 9 2.2
Third gear 8 2
Fourth gear 99 24.8
Fifth gear 233 58.2
Total 400 100
General information:
Average speed during test: 62.6 km/h
Effective running time: 400 s

Theoretical distance covered per cycle:  6.955 km
Maximum speed: 120 km/h
Maximum acceleration: 0.833 /s
Maximum deceleration: -1.389 /s
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6.1.3.

6.1.3.1.

6.1.3.2.

6.1.3.3.

6.1.3.4.

6.1.3.5.

Use of the gearbox

If the maximum speed which can be attaimetirst gear is below 15 km/h, the
second, third and fourth gears shall be used ferutihan cycle (Part One) and the
second, third, fourth and fifth gears for the extrban cycle (Part Two). The
second, third and fourth gears may also be usethéurban cycle (Part One) and
the second, third, fourth and fifth gears for theg@ urban cycle (Part Two) when the
manufacturer's instructions recommend startingeicosd gear on level ground, or
when first gear is therein defined as a gear reskrfor cross-country driving,
crawling or towing.

Vehicles which do not attain the acceleration araximum speed values required in
the operating cycle shall be operated with the laca®r control fully depressed

until they once again reach the required operatingye. Deviations from the

operating cycle shall be recorded in the test tepor

Vehicles equipped with semi-automatic-shift geadsoshall be tested by using the
gears normally employed for driving, and the gddft $s used in accordance with
the manufacturer's instructions.

Vehicles equipped with automatic-shift rgeaes shall be tested with the highest
gear ("Drive") engaged. The accelerator shall $edun such a way as to obtain the
steadiest acceleration possible, enabling the warigears to be engaged in the
normal order. Furthermore, the gear-change paimésvn in Tables 1 and 2 of this
annex shall not apply; acceleration shall contitreughout the period represented
by the straight line connecting the end of eaclopeof idling with the beginning of
the next following period of steady speed. The ererhces given in
paragraphs 6.1.3.4. and 6.1.3.5. below shall apply.

Vehicles equipped with an overdrive timat driver can actuate shall be tested with
the overdrive out of action for the urban cycler{Rane) and with the overdrive in
action for the extra-urban cycle (Part Two).

A tolerance of2 km/h shall be allowed between the indicated spaed the
theoretical speed during acceleration, during stegmbed, and during deceleration
when the vehicle's brakes are used. If the veltieteelerates more rapidly without
the use of the brakes, only the provisions of paly6.4.4.3. below shall apply.
Speed tolerances greater than those prescribed Ishahccepted during phase
changes provided that the tolerances are neveedgdefor more than 0.5 s on any
one occasion.

The time tolerances shall be +1.0 s. dtmve tolerances shall apply equally at the
beginning and at the end of each gear-changinggéor the urban cycle (Part One)
and for the operations Nos. 3, 5 and 7 of the extban cycle (Part Two). It should
be noted that the time of two seconds allowed ohetuthe time for changing gear
and, if necessary, a certain amount of latitudeatoh up with the cycle.
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Test preparation

Load and inertia setting
Load determined with vehicle road test

The dynamometer shall be adjusted so that theit@dia of the rotating masses will
simulate the inertia and other road load forcem@ain the vehicle when driving on
the road. The means by which this load is detezthia described in paragraph 5. of
this annex.

Dynamometer with fixed load curve: the load sinmiashall be adjusted to absorb
the power exerted on the driving wheels at a steguhed of 80 km/h and the
absorbed power at 50 km/h shall be noted.

Dynamometer with adjustable load curve: the logdukator shall be adjusted in
order to absorb the power exerted on the drivingeldat steady speeds of 120, 100,
80, 60 and 40 and 20 km/h.

Load determined by vehicle reference mass

With the manufacturer's agreement the followinghod may be used.

The brake is adjusted so as to absorb the loadeeixat the driving wheels at a
constant speed of 80 km/h, in accordance with Table

If the corresponding equivalent inertia is not illde on the dynamometer, the
larger value closest to the vehicle reference masbe used.

In the case of vehicles other than passenger wvaiis,a reference mass of more
than 1,700 kg or vehicles with permanent all-wtdrele, the power values given in
Table 3 are multiplied by a factor 1.3.

The method used and the values obtaingdivdent inertia - characteristic
adjustment parameter) shall be recorded in theepsirt.

Preliminary testing cycles

Preliminary testing cycles should be carried buecessary to determine how best to
actuate the accelerator and brake controls so ashieve a cycle approximating to
the theoretical cycle within the prescribed limitsder which the cycle is carried out.

Tyre pressures

The tyre pressures shall be the same as thatfisgely the manufacturer and used
for the preliminary road test for brake adjustmenthe tyre pressure may be
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6.2.4.

6.2.5.

6.2.6.

6.2.7.

6.2.7.1.

6.2.7.2.

increased by up to 50 per cent from the manufacsurecommended setting in the
case of a two-roller dynamometer. The actual pimesssed shall be recorded in the
test report.

Background particulate mass measurement

The particulate background level of the dilutianraay be determined by passing
filtered dilution air through the particulate fitte This shall be drawn from the same
point as the particulate sample. One measuremayto® performed prior to or after
the test. Particulate mass measurements may bectant by subtracting the
background contribution from the dilution systenihe permissible background
contribution shall bec 1mg/km (or equivalent mass on the filter). If treckground
exceeds this level, the default figure of 1 mg/kan équivalent mass on the filter)
shall be employed. Where subtraction of the bamkgid contribution gives a
negative result, the particulate mass result $feationsidered to be zero.

Background particle number measurements

The subtraction of background particle nhumbers fnaydetermined by sampling
dilution air drawn from a point downstream of thertiele and hydrocarbon filters
into the particle number measurement system. Backg correction of particle
number measurements shall not be allowed for tppeoaal, but may be used at the
manufacturer's request for conformity of productm in service conformity where
there are indications that tunnel contributionigngicant.

Particulate mass filter selection

A single particulate filter without back-up sh&lé employed for both urban and
extra-urban phases of the cycle combined.

Twin particulate filters, one for the urban, ooe the extra-urban phase, may be used
without back-up filters, only where the pressurepdincrease across the sample
filter between the beginning and the end of thessins test is otherwise expected
to exceed 25 kPa.

Particulate mass filter preparation

Particulate mass sampling filters shallcbeditioned (as regards temperature and
humidity) in an open dish that has been protectginat dust ingress for at least 2
and for not more than 80 hours before the teshiaieconditioned chamber. After
this conditioning, the uncontaminated filters vk weighed and stored until they
are used. If the filters are not used within omeirhof their removal from the
weighing chamber they shall be re-weighed.

The one hour limit may be replaced by @htehour limit if one or both of the
following conditions are met:
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6.2.8.

6.2.8.1.
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6.2.9.

6.3.
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A stabilized filter is placed and keapiai sealed filter holder assembly with the ends
plugged, or;

A stabilized filter is placed in a sealélter holder assembly which is then
immediately placed in a sample line through whiatre is no flow.

The particulate sampling system shalltaeesi and prepared for sampling.
Particle number measurement preparation

The patrticle specific dilution system ameglasurement equipment shall be started and
readied for sampling.

Prior to the test(s) the correct functadrthe particle counter and volatile particle
remover elements of the particle sampling systeall §fe confirmed according to
Appendix 5, paragraphs 2.3.1. and 2.3.3.:

The particle counter response shall be teste@aat zero prior to each test and, on a
daily basis, at high particle concentrations usinthient air.

When the inlet is equipped with a HEPA filtersltall be demonstrated that the entire
particle sampling system is free from any leaks.

Checking the gas analysers

The emissions analysers for the gases shall bat setro and spanned. The sample
bags shall be evacuated.

Conditioning procedure

For the purpose of measuring particulatesnast 36 hours and at least 6 hours
before testing, the Part Two cycle described iragaaph 6.1. of this annex shall be
used for vehicle pre-conditioning. Three consemutiycles shall be driven. The

dynamometer setting shall be indicated as in pa@y6.2.1. above.

At the request of the manufacturer, vehicles dittgth indirect injection positive-
ignition engines may be preconditioned with onet Pere and two Part Two driving
cycles.

In a test facility in which there may be possibntamination of a low particulate
emitting vehicle test with residue from a previdest on a high particulate emitting
vehicle, it is recommended, for the purpose of damg@quipment pre-conditioning,
that a 120 km/h steady state drive cycle of 20 tesduration followed by three
consecutive Part Two cycles be driven by a lowipalete emitting vehicle.
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6.3.3.

6.4.
6.4.1.

6.4.1.1.

6.4.1.2.

6.4.1.3.

6.4.2.
6.4.2.1.

6.4.2.2.

After this preconditioning, and before testinghiotes shall be kept in a room in
which the temperature remains relatively constaitvben 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried fmutat least six hours and continue
until the engine oil temperature and coolant, ify,aare within 2 K of the
temperature of the room.

If the manufacturer so requests, the test shattdsged out not later than 30 hours
after the vehicle has been run at its normal teatpes.

For positive-ignition engined vehicles fedllwith LPG or NG or so equipped that
they can be fuelled with either petrol or LPG or N#&tween the tests on the first
gaseous reference fuel and the second gaseouenedefuel, the vehicle shall be
preconditioned before the test on the second mderéuel. This preconditioning is

done on the second reference fuel by driving aqméitioning cycle consisting of

one Part One (urban part) and two times Part Twogairban part) of the test cycle
described in Appendix 1 to this annex. On the rfaturer's request and with the
agreement of the technical service this precorditp may be extended. The
dynamometer setting shall be the one indicategiagraph 6.2. of this annex.

Test procedure

Starting-up the engine

The engine shall be started up by meartheotdevices provided for this purpose
according to the manufacturer's instructions, asrjporated in the drivers' handbook
of production vehicles.

The first cycle starts on the initiatidrtlee engine start-up procedure.

In cases where LPG or NG is used as atfisepermissible that the engine is started
on petrol and switched to LPG or NG after a preueiteed period of time which
cannot be changed by the driver.

Idling

Manual-shift or semi-automatic gearboe, Bables 1 and 2.

Automatic-shift gearbox
After initial engagement the selector shall nobperated at any time during the test

except in the case specified in paragraph 6.42@w or if the selector can actuate
the overdrive, if any.
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6.4.3.3.

6.4.4.

6.4.4.1.

6.4.4.2.
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Accelerations

Accelerations shall be so performed thatrate of acceleration is as constant as
possible throughout the operation.

If an acceleration cannot be carried oihe prescribed time, the extra time required
shall be deducted from the time allowed for chaggjear, if possible, but otherwise
from the subsequent steady-speed period.

Automatic-shift gearboxes

If acceleration cannot be carried out in the pibsd time, the gear selector shall
operate in accordance with requirements for mashdi-gearboxes.

Decelerations

All decelerations of the elementary urlzycle (Part One) shall be effected by
removing the foot completely from the acceleratothwthe clutch remaining
engaged. The clutch shall be disengaged, witheeitofi the gear lever, at the higher
of the following speeds: 10 km/h or the speed esponding to the engine idle
speed.

All decelerations of the extra-urban cycle (Pamo] shall be effected by removing
the foot completely from the accelerator, the ¢lutemaining engaged. The clutch
shall be disengaged, without use of the gear leatest, speed of 50 km/h for the last
deceleration.

If the period of deceleration is longearththat prescribed for the corresponding
phase, the vehicle's brakes shall be used to enabipliance with the timing of the
cycle.

If the period of deceleration is shortearnt that prescribed for the corresponding
phase, the timing of the theoretical cycle shallrbstored by constant speed or
an idling period merging into the following opemati

At the end of the deceleration period t(lwdl the vehicle on the rollers) of the
elementary urban cycle (Part One), the gears bkghlaced in neutral and the clutch
engaged.

Steady speeds

"Pumping” or the closing of the throttleab be avoided when passing from
acceleration to the following steady speed.
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6.4.5.2.

6.4.6.

6.4.7.

6.4.8.

6.5.

6.5.1.

6.5.2.

6.5.3.

6.5.3.1.

6.5.3.2.

6.5.3.3.

6.5.3.4.

6.5.3.5.

Periods of constant speed shall be adtieyéeeping the accelerator position fixed.
Sampling

Sampling shall begin (BS) before or at the inibiatof the engine start up procedure
and end on conclusion of the final idling periodtie extra-urban cycle (Part Two,
end of sampling (ES)) or, in the case of test Tyfheon conclusion of the final
idling period of the last elementary urban cyclar{fone).

During the test the speed is recorded agtiing or collected by the data-acquisition
system so that the correctness of the cycles paeiican be assessed.

Particles shall be measured continuouslyhi particle sampling system. The
average concentrations shall be determined by ratieg the analyser signals over
the test cycle.

Post-test procedures

Gas analyser check

Zero and span gas reading of the analysers usedfitinuous measurement shall be
checked. The test shall be considered accepthlie difference between the pre-
test and post-test results is less than 2 perafehe span gas value.

Particulate filter weighing

Reference filters shall be weighed within 8 hoafghe test filter weighing. The
contaminated particulate test filter shall be tat@the weighing chamber within one
hour following the analyses of the exhaust gagé® test filter shall be conditioned
for at least 2 hours and not more than 80 hourgstamweighed.

Bag analysis

The exhaust gases contained in the bdgbghanalysed as soon as possible and in
any event not later than 20 minutes after the drdeotest cycle.

Prior to each sample analysis, the analgs®e to be used for each pollutant shall
be set to zero with the appropriate zero gas.

The analysers shall then be set to thbratbn curves by means of span gases of
nominal concentrations of 70 to 100 per cent ofrérge.

The analysers' zero settings shall theretleecked: if any reading differs by more
than 2 per cent of the range from that set in papy6.5.3.2. above, the procedure
shall be repeated for that analyser.

The samples shall then be analysed.
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6.6.1.3.
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After the analysis, zero and span poin#dl e rechecked using the same gases. If
these rechecks are withih 2 per cent of those in paragraph 6.5.3.3. abdwe, t
analysis shall be considered acceptable.

At all points in this paragraph, the floates and pressures of the various gases shall
be the same as those used during calibration cirihby/sers.

The figure adopted for the content of glases in each of the pollutants measured
shall be that read off after stabilisation of theasuring device. Hydrocarbon mass
emissions of compression-ignition engines shallcakeulated from the integrated
HFID reading, corrected for varying flow if necesgaas shown in paragraph 6.6.6.
below.

Calculation of emissions

Determination of volume

Calculation of the volume when a variablation device with constant flow control
by orifice or venturi is used.

Record continuously the parameters showing thametric flow, and calculate the
total volume for the duration of the test.

Calculation of volume when a positive thspment pump is used

The volume of diluted exhaust gas measured inesystcomprising a positive
displacement pump is calculated with the followiagnula:

V=V,-N

volume of the diluted gas expressed indifper test (prior to correction),
volume of gas delivered by the positive dispiaeat pump in testing
conditions in litres per revolution,

number of revolutions per test.

<®
"o

Z
1

Correction of Volume to Standard Condgion

The diluted exhaust-gas volume is corrected bynmeéthe following formula:

V.. =VIK, 21 1)
mix 1 T
p
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6.6.2.

6.6.3.

where:

2732 (K)

=222 = 26961 2
' 10133(kPa) @)

Ps = barometric pressure in the test room in kPa,

PL = vacuum at the inlet to the positive displacenmmnp in kPa relative to
the ambient barometric pressure,

Tp= average temperature of the diluted exhaust gésrieg the positive

displacement pump during the test (K).
Total mass of gaseous and particulate poitatemitted

The mass M of each pollutant emitted by the vehiduring the test shall be
determined by obtaining the product of the voluisetoncentration and the volume

of the gas in question, with due regard for thdofeing densities under above-
mentioned reference conditions:

In the case of carbon monoxide (CO): d=1.25¢gl
In the case of hydrocarbons:
for petrol (CH.gy) d=0.619 g/1
for diesel (Chks) d=0.6199/1
for LPG (CH.529 d =0.649 g/l
for NG (CH) d=0.714 g/l
In the case of nitrogen oxides (NO d=2.05¢g/1

Mass emissions of gaseous pollutants skatlaiculated by means of the following
formula:
-6
Mi = Vmix l:Qi Ekh |]:i a0 (3)
d
where:

M;= mass emission of the pollutant i in grams pkmketre,

Vmix= volume of the diluted exhaust gas expressednesliper test and corrected
to standard conditions (273.2 K and 101.33 kPa),

Q = density of the pollutant i in grams per litre mdrmal temperature and
pressure (273.2 K and 101.33 kPa),

ko = humidity correction factor used for the calcidatof the mass emissions of
oxides of nitrogen. There is no humidity correotfor HC and CO,

G = concentration of the pollutant i in the diluteghaust gas expressed in ppm
and corrected by the amount of the pollutant i ametd in the dilution air,

d = distance corresponding to the operating dyckélometres.
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6.6.4. Correction for dilution air concentration

The concentration of pollutant in the diluted ex$tagas shall be corrected by the
amount of the pollutant in the dilution air as dolis:

C,=C,-C, EEl—é] (4)
where
i = concentration of the pollutant i in the diluteghaust gas, expressed in

ppm and corrected by the amount of i containethéndilution air,

= measured concentration of pollutant i in theutddl exhaust gas,
expressed in ppm,

=  concentration of pollutant i in the air used ddution, expressed in ppm,

DF = dilution factor.

The dilution factor is calculated as follows:

DF = 134 - for petrol and diesel (5a)
Ceor +(Cpe +Cgo) 10

DF = 119 for LPG (59)

Ceop + (CHC + Cco) no™

DF = 95 -~ forNG (5¢)
Ceor + (CHC + Cco) 10

In these equations:

Ccoz2 = concentration of COin the diluted exhaust gas contained in the sargpli
bag, expressed in per cent volume,

Cuc = concentration of HC in the diluted exhaust gastained in the sampling
bag, expressed in ppm carbon equivalent,
Cco = concentration of CO in the diluted exhaust gagtained in the sampling
bag, expressed in ppm.
6.6.5. Calculation of the NO humidity correctiomtiar

In order to correct the influence of humidity dre tresults of oxides of nitrogen, the
following calculations are applied:

1
k, = ‘
" 1-0.0329{H -1071) ©
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in which:

6.211[R, [P,
P, -P, [R, 107

where:

absolute humidity expressed in grams of waée kilogram of dry air,
relative humidity of the ambient air expresse@aercentage,
saturation vapour pressure at ambient temperaxpressed in kPa,
atmospheric pressure in the room, expresseBan k

POL0T
TREIRTINT

6.6.6. Determination of HC for compression-ignitiemgines

To calculate HC-mass emission for compressiortimgmiengines, the average HC
concentration is calculated as follows:

Ce:tl—
t, -1

()

where:

t
JCHC [olt = integral of the recording of the heated FID owertest @t;)
t
Ce = concentration of HC measured in the dilutebagst in ppm
of G is substituted for Ge in all relevant equations.
6.6.7. Determination of particulates

Particulate emission Mg/km) is calculated by means of the following atjon:

— (Vmix + Vep)l:Pe

MP
V,, @

where exhaust gases are vented outside tunnel,

where exhaust gases are returned to the tunnel;

where:
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Vmix = Vvolume of diluted exhaust gases (see paragraphi.h under standard

conditions,

Vep= volume of exhaust gas flowing through partioeilfitter under standard
conditions,

P. = particulate mass collected by filter(s),

d = distance corresponding to the operatindecyckm,

Mp = particulate emission in g/km.

Where correction for the particulate backgrounceldrom the dilution system has
been used, this shall be determined in accordaitbeparagraph 6.2.4. In this case,
the particulate mass (g/km) shall be calculatefbkmnys:

y [L[ P, [ﬁlim Vi * Vo)
P \Y/ V DF d
ep ap

where exhaust gases are vented outside tunnel;

— Pe _ Pa _ 1 Dvmix
Mp_[v [v Eﬁl Em d
ep ap

where exhaust gases are returned to the tunnel.

Where:

Vap= volume of tunnel air flowing through the backgna particulate filter
under standard conditions,

P, = particulate mass collected by background filter

DF = dilution factor as determined in paragrapgh4

Where application of a background correction mssim a negative particulate mass
(in g/km) the result shall be considered to be zgkm particulate mass.

6.6.8. Determination of particle numbers

Number emission of particles shall be calculatednleans of the following equation:

~ £ 3
N :V.k.CS.fr 10
d
where:
N = particle number emission expressed in dagiper kilometre,
V = volume of the diluted exhaust gas expresseditres per test and

corrected to standard conditions (273.2 K and 1DkRa),
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6.6.9.

calibration factor to correct the particlenmber counter measurements to
the level of the reference instrument where thisasapplied internally
within the particle number counter. Where the calibn factor is
applied internally within the particle number coemé value of 1 shall
be used for k in the above equation,

corrected concentration of particles from thdutdd exhaust gas
expressed as the average particles per cubic ceméirfigure from the
emissions test including the full duration of theve cycle. If the
volumetric mean concentration result€ Y from the particle number
counter are not output at standard conditions 2K3and 101.33 kPa),

then the concentrations should be corrected tethosditions C,),

mean particle concentration reduction factortloé volatile particle

remover at the dilution setting used for the test,
distance corresponding to the operating cgxfgessed in kilometres.

shall be calculated from the following equation:

C = Z::C,
n

where:
= a discrete measurement of particle concentratidhe diluted gas

exhaust from the particle counter expressed inghest per cubic
centimetre and corrected for coincidence,

n= total number of discrete particle concergrameasurements made

during the operating cycle.

n shall be calculated from the following equatio

n=Tf

where:
T = time duration of the operating cycle exgsed in seconds,
f= data logging frequency of the particle cmurexpressed
in Hz.

Allowance for mass emissions from vehiclpsigped with periodically regenerating

k =
C. =
f_r:
d=
C
devices

When the vehicle is equipped with a periodicaigenerating system as defined in
Regulation No. 83, 05 series of amendments, Anrg&x Emissions test procedure
for a vehicle equipped with a periodically regetiegsystem:



6.6.9.1.

6.6.9.2.

6.6.9.3.

6.6.9.3.1.
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The provisions of Annex 13 shall apply five purposes of particulate mass
measurements only and not particle number measuntsme

For particulate mass sampling during & beswhich the vehicle undergoes a
scheduled regeneration, the filter face temperaghadl not exceed 192 °C.

For particulate mass sampling during & wdsen the regenerating device is in a
stabilized loading condition (i.e. the vehicle st mndergoing a regeneration), it is
recommended that the vehicle has completed > 1it3eomileage between scheduled
regenerations or that the periodically regeneratiagice has undergone equivalent
loading off the vehicle.

For the purposes of Conformity of Production tegtithe manufacturer may ensure
that this is included within the evolution coeféaot. In this case,
paragraph 8.2.3.2.2. of this Regulation is replabgdparagraph 6.6.9.3.1. of this
annex.

If the manufacturer wishes to run invkaicles, ("x" km, where x 3,000 km for
vehicles equipped with a positive ignition engimel a < 15,000 km for vehicles
equipped with a compression ignition engine and rethehe vehicle is
at > 1/3 distance between successive regeneratibesprocedure will be as follows:
(@) The pollutant emissions (type 1) will be measliat zero and at "x" km on the

first tested vehicle,
(b) The evolution coefficient of the emissionsvibetn zero and "x" km will be
calculated for each of the pollutants:

Emissionsat" x"km

Evolution coefficiert = —
Emissionsatzerokm

This may be less than 1,
(@ The other vehicles will not be run in, butitheero km emissions will be
multiplied by the evolution coefficient.

In this case, the values to be taken will be:

(@ The values at 'x' km for the first vehicle,

(b) The values at zero km multiplied by the eviolutcoefficient for the other
vehicles.



Table 1 - Elementary urban operating cycle on tiassis dynamometer (Part One)

11%

No. of Operation Phase | Acceleration|Speed Duration of each Cumulative tim{Gear to be used in the cas
operation (m/s) (km/h) Operation (s) [Phase (s) [(S) of a manual gearbox
1 Idling 1 11 11 11 6sPM+5sK(*
2 Acceleration 2 1.04 0-15 4 4 15 1

3 Steady speed 3 15 9 8 23 1

4 Deceleration 4 -0.69 15-10 2 5 25 1

5 Deceleration, clutch disengaged -0.92 10-0 3 28 K1 (*)

6 Idling 5 21 21 49 16 s PM + 5 s K(*)
7 Acceleration 6 0.83 0-15 5 12 54 1

8 Gear change 2 56

9 Acceleration 0.94 15-32 5 61 2

10 Steady speed 7 32 24 24 85 2

11 Deceleration 8 -0.75 32-10 8 11 93 2

12 Deceleration, clutch disengaged -0.92 10-0 3 96 Ka(®

13 Idling 9 0-15 0-15 21 117 16 s PM + 5 s K(*)
14 Acceleration 10 5 26 122 1

15 Gear change 2 124

16 Acceleration 0.62 15-35 9 133 2

17 Gear change 2 135

18 Acceleration 0.52 35-50 8 143 3

19 Steady speed 11 50 12 12 155 3

20 Deceleration 12 -0.52 50-35 8 8 163 3

21 Steady speed 13 35 13 13 176 3

22 Gear change 14 2 12 178

23 Deceleration -0.86 32-10 7 185 2

24 Deceleration clutch disengaged -0.92 10-0 3 188 K (%)

25 Idling 15 7 7 195 7sPM (¥

(*) PM = gearbox in neutral, clutch engaged, K = first or second gear engaged, clutch disengaged.

22z abnrd

29/800¢/6Z'd/M/SNVHL/303



Table 2 - Extra-urban cycle (Part Two) for the Tyest

X

No. of Operation Phase|Acceleration (m/A | Speed (km/h)| Duration of each Cumulative | Gear to be used in the
operation Operation(s) |Phase(s) |time(s) case of a manual gearbc
1 Idling 1 20 20 20 Ki (3)

2 Acceleration 2 0.83 0 5 41 25 1

3 Gear change 2 27 -

4 Acceleration 0.62 15-35 9 36 2

5 Gear change 2 38 -

6 Acceleration 0.52 35-30 8 46 3

7 Gear change 2 48 -

8 Acceleration 0.43 50-70 13 61 4

9 Steady speed 3 70 50 50 111 5

10 Deceleration 4 -0.69 70-50 8 8 119 4s5+4s4
11 Steady speed 5 50 69 69 188 4

12 Acceleration 6 0.43 50-70 13 13 201 4

13 Steady speed 7 70 50 50 251 5

14 Acceleration 8 0.24 70-100 35 35 286 5

15 Steady speed (2) 9 100 30 30 316 5(2)

16 Acceleration (2) 10 0.28 100-120 20 20 336 5(2)

17 Steady speed (2) 11 120 10 20 346 5(2)

18 Deceleration (2) 12 -0.69 120-80 16 34 362 5(2)

19 Deceleration (2) -1.04 80-50 8 370 5(2)

20 Deceleration, clutch disengaged 1.39 50-0 10 380 Ks (1)

21 Idle 13 20 20 400 PM (1)

(1) PM = gearbox in neutral, clutch engaged;, K= first or second gear engaged, clutch disengaged
(2) Additional gears can be used according to nagtufer recommendations if the vehicle is equippitd a transmission with
more than five gears.

ez abed

29/800¢/6Z'dM/SNVHL/303
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Table 3 — Simulated inertia and dyno loading regmients

Reference mass of| Equivalent| Power and load absorbed py Road Load
vehicle RW (kg) inertia | the dynamometer at 80 kirj/h Coefficients

kg kW N a(N) b(N/kph)
RW < 480 455 3.8 171 3.8 0.0261
480 < RW< 540 510 4.1 185 4.2 0.0282
540 < RW< 595 570 4.3 194 4.4 0.0296
595 < RW< 650 625 4.5 203 4.6 0.0309
650 < RW< 710 680 4.7 212 4.8 0.0323
710 < RW< 765 740 4.9 221 5.0 0.0337
765 < RW< 850 800 5.1 230 5.2 0.0351
850 < RW< 965 910 5.6 252 5.7 0.0385
965 < RW< 1080 1020 6.0 270 6.1 0.0412
1080 < RW< 1190 1130 6.3 284 6.4 0.0433
1190 < RW< 1305 1250 6.7 302 6.8 0.0460
1305 < RW< 1420 1360 7.0 315 7.1 0.0481
1420 < RW< 1530 1470 7.3 329 7.4 0.0502
1530 < RW< 1640 1590 7.5 338 7.6 0.0515
1640 < RW< 1760 1700 7.8 351 7.9 0.0536
1760 < RW< 1870 1810 8.1 365 8.2 0.0557
1870 < RW< 1980 1930 8.4 378 8.5 0.0577
1980 < RW< 2100 2040 8.6 387 8.7 0.0591
2100 < RW< 2210 2150 8.8 396 8.9 0.0605
2210 < RW< 2380 2270 9.0 405 9.1 0.0619
2380 < RW< 2610 2270 9.4 423 9.5 0.0646
2610 < RW 2270 9.8 441 9.9 0.0674
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Figure 1

Operating cycle for the Type | test
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Figure 2
Elementary urban cycle for the Type | test
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Figure 3

Extra-urban cycle (Part Two) for the Type | test
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Appendix 1
CHASSIS DYNAMOMETER SYSTEM

1. SPECIFICATION

1.1. General Requirements

1.1.1. The dynamometer shall be capable of sinmgatoad load within one of the
following classifications:

(@ Dynamometer with fixed load curve, i.e. a dwoeaneter whose physical
characteristics provide a fixed load curve shape,

(b) Dynamometer with adjustable load curve, i.dyaamometer with at least two
road load parameters that can be adjusted to shapead curve.

1.1.2. Dynamometers with electric inertia simulatghall be demonstrated to be equivealent
to mechanical inertia systems. The means by wadghivalence is established are
described in Appendix 6 to this annex.

1.1.3. In the event that the total resistance t@mass on the road cannot be reproduced on

the chassis dynamometer between speeds of 10 kmé¢h 120 km/h, it is
recommended that a chassis dynamometer havinghtraateristics defined below

should be used.

1.1.3.1. The load absorbed by the brake and thesehalynamometer internal frictional
effects between the speeds of 0 and 120 km/hfisllas/s:

F=(a+b-V¥)+0.1ko (without being negative)

where:
total load absorbed by the chassis dynamar{idje

value equivalent to rolling resistance (N)

value equivalent to coefficient of air reafste (N/(km/Hhj)
speed (km/h)

load at 80 km/h (N).

IT<oom
o

1.2. Specific Requirements

1.2.1. The setting of the dynamometer shall noafbected by the lapse of time. It shall
not produce any vibrations perceptible to the Jehiand likely to impair the

vehicle's normal operations.

1.2.2. The chassis dynamometer may have one ordirs. The front roller shall drive,
directly or indirectly, the inertial masses and plosver absorption device.



1.2.3.

1.2.4.

1.2.5.

1.2.6.

2.1.

2.2.

2.2.1.
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It shall be possible to measure and read itldécated load to an accurecy
of £5 per cent.

In the case of a dynamometer with a fixedl lourve, the accuracy of the load setting
at 80 km/h shall be5 per cent. In the case of a dynamometer with galples load
curve, the accuracy of matching dynamometer loadad load shall be5 per cent

at 120, 100, 80, 60, and 40 km/h amdO per cent at 20 km/h. Below this,
dynamometer absorption shall be positive.

The total inertia of the rotating parts [itling the simulated inertia where
applicable) shall be known and shall be with0 kg of the inertia class for the test.

The speed of the vehicle shall be measwedbdispeed of rotation of the roller (the
front roller in the case of a two-roller dynamonmgtelt shall be measured with an
accuracy o1l km/h at speeds above 10 km/h.

The distance actually driven by the vehicle sballmeasured by the movement of
rotation of the roller (the front roller in the easf a two-roller dynamometer).

DYNAMOMETER CALIBRATION PROCEDURE
Introduction

This section describes the method to be used terrdme the load absorbed by a
dynamometer brake. The load absorbed compriseto#tie absorbed by frictional
effects and the load absorbed by the power-absorpevice.

The dynamometer is brought into operation beydrarange of test speeds. The
device used for starting up the dynamometer is ttienonnected: the rotational
speed of the driven roller decreases.

The kinetic energy of the rollers is dissipatedtbg power-absorption unit and by
the frictional effects. This method disregardsiatawns in the roller's internal

frictional effects caused by rollers with or withdhe vehicle. The frictional effects
of the rear roller shall be disregarded when thierd free.

Calibration of the load indicator at 80 km/h

The following procedure shall be used for calilorabf the load indicator to 80 km/h
as a function of the load absorbed (see also Figjure

Measure the rotational speed of the roflénis has not already been done. A fifth
wheel, a revolution counter or some other methoy Ineaused.
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2.2.2. Place the vehicle on the dynamometer orséesome other method of starting-up the
dynamometer.

2.2.3. Use the flywheel or any other system oftiaesimulation for the particular inertia

class to be used.

Diagram illustrating the power absorbed by the sisadynamometer

Figure 4

LOAD (N)

0 20 40 60 80 100 120

SPEED (Km/h)

D:F:a+b-‘€/ .:(a+b-\%)-0.1-|§o A:(a+b-\7)+0.l-I§o

2.2.4. Bring the dynamometer to a speed of 80 km/h.

2.2.5. Note the load indicated (N).

2.2.6. Bring the dynamometer to a speed of 90 km/h.

2.2.7. Disconnect the device used to start-up yimammhometer.

2.2.8. Note the time taken by the dynamometer &s @m a speed of 85 km/h to a speed
of 75 km/h.

2.2.9. Set the power-absorption device at a diffielevel.

2.2.10. The requirements of paragraphs 2.2.4.2@8 2shall be repeated sufficiently often to
cover the range of loads used.

2.2.11. Calculate the load absorbed using the flamu
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£ M, [av

t
where:
F = load absorbed (N),
M = equivalent inertia in kg (excluding the inertiffects of the free
rear roller),
AV Speed deviation in m/s (10 km/h = 2.775 m/s),

t time taken by the roller to pass from 85 ki@ 75 km/h.
2.2.12. Figure 5 shows the load indicated at 8thkmterms of load absorbed at 80 km/h.

Figure 5: Load indicated at 80 km/h in terms ofdl@dsorbed at 80 km/h

1000

800

600

400

Load indicated (N)

200

1 1 1 1
0 200 400 600 800 1000

Load absorbed (N)

2.2.13. The requirements of paragraphs 2.2.3. 2012. above shall be repeated for all
inertia classes to be used.

2.3. Calibration of the load indicator at otherese

The procedures described in paragraph 2.2. abba# ke repeated as often as
necessary for the chosen speeds.

24. Calibration of force or torque

The same procedure shall be used for force ougcqlibration.
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3. VERIFICATION OF THE LOAD CURVE

3.1 Procedure
The load-absorption curve of the dynamometer feomeference setting at a speed
of 80 km/h shall be verified as follows:

3.1.1. Place the vehicle on the dynamometer orséesdme other method of starting-up the
dynamometer.

3.1.2. Adjust the dynamometer to the absorbed (Badt 80 km/h.

3.1.3. Note the load absorbed at 120, 100, 804®@nd 20 km/h.

3.1.4. Draw the curve F(V) and verify that it cepends to the requirements of
paragraph 1.1.3.1. of this appendix.

3.1.5. Repeat the procedure set out in paragrafitis. 3o 3.1.4. above for other values of
power F at 80 km/h and for other values of inertias



1.1

1.2.

1.2.1.

1.2.2.

1.2.3.

1.2.4.

1.2.5.
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Appendix 2
EXHAUST DILUTION SYSTEM
SYSTEM SPECIFICATION
System Overview

A full-flow exhaust dilution system shall be use€khis requires that the vehicle
exhaust be continuously diluted with ambient aidemcontrolled conditions. The

total volume of the mixture of exhaust and dilutiam shall be measured and a
continuously proportional sample of the volume kbal collected for analysis. The

guantities of pollutants are determined from thegla concentrations, corrected for
the pollutant content of the ambient air and ttielied flow over the test period.

The exhaust dilution system shall consist of adfer tube, a mixing chamber and
dilution tunnel, a dilution air conditioning, a sion device and a flow measurement
device. Sampling probes shall be fitted in theuttbh tunnel as specified in
Appendices 3, 4 and 5.

The mixing chamber described above will be a Jesseh as those illustrated in
Figures 6 and 7, in which vehicle exhaust gaseslandilution air are combined so
as to produce a homogeneous mixture at the chamuliet.

General Requirements

The vehicle exhaust gases shall be diluiéd avsufficient amount of ambient air to
prevent any water condensation in the sampling ar@hsuring system at all
conditions which may occur during a test.

The mixture of air and exhaust gases slehdmogeneous at the point where the
sampling probe is located (see paragraph 1.3.8whel The sampling probe shall
extract a representative sample of the diluted esthgas.

The system shall enable the total volumtbediluted exhaust gases to be measured.

The sampling system shall be gas-tight. désgn of the variable-dilution sampling

system and the materials that go to make it up Sigasuch that they do not affect

the pollutant concentration in the diluted exhaym$es. Should any component in
the system (heat exchanger, cyclone separator gbl@ic.) change the concentration
of any of the pollutants in the diluted exhaustegaand the fault cannot be corrected,
then sampling for that pollutant shall be carried @pstream from that component.

All parts of the dilution system that arecontact with raw and diluted exhaust gas,
shall be designed to minimise deposition or alienadf the particulates or particles.
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1.2.6.

1.2.7.

1.2.8.

1.3.

1.3.1.

1.3.2.

All parts shall be made of electrically conductiveaterials that do not react with
exhaust gas components, and shall be electricallyngled to prevent electrostatic
effects.

If the vehicle being tested is equipped wath exhaust pipe comprising several
branches, the connecting tubes shall be connestega as possible to the vehicle
without adversely affecting its operation.

The variable-dilution system shall be sdagiexd as to enable the exhaust gases to be
sampled without appreciably changing the back-piresat the exhaust pipe outlet.

The connecting tube between the vehicleddntion system shall be designed so as
to minimize heat loss.

Specific Requirements
Connection to Vehicle Exhaust

The connecting tube between the vehicle exhaukitewand the dilution system shall

be as short as possible; and satisfy the followgnmirements:

(@) Be less than 3.6 m long, or less than 6.1 mg b heat insulated. Its internal
diameter may not exceed 105 mm,;

(b) Shall not cause the static pressure at thawsthoutlets on the vehicle being
tested to; differ by more that0.75 kPa at 50 km/h, or more thah.25 kPa for
the whole duration of the test from the static poess recorded when nothing
is connected to the vehicle exhaust outlets. Thesore shall be measured in
the exhaust outlet or in an extension having theesdiameter, as near as
possible to the end of the pipe. Sampling systeapsble of maintaining the
static pressure to withie0.25 kPa may be used if a written request from a
manufacturer to the Technical Service substantiitesneed for the closer
tolerance;

(c) Shall not change the nature of the exhaust gas

(d) Any elastomer connectors employed shall béhasmally stable as possible
and have minimum exposure to the exhaust gases.

Dilution Air Conditioning

The dilution air used for the primary dilution thfe exhaust in the CVS tunnel shall
be passed through a medium capable of reducingclearin the most penetrating
particle size of the filter material by 99.95 per cent, or through a filter of at least
class H13 of EN 1822:1998. This represents theifspation of High Efficiency
Particulate Air (HEPA) filters. The dilution airay optionally be charcoal scrubbed
before being passed to the HEPA filter. It is mowended that an additional coarse
particle filter is situated before the HEPA filtand after the charcoal scrubber, if
used.



1.3.3.

1.3.4.

1.3.5.
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At the vehicle manufacturer's request, the dilutr may be sampled according to
good engineering practice to determine the tunrwitribution to background
particulate mass levels, which can then be sulgtafcom the values measured in the
diluted exhaust.

Dilution Tunnel

Provision shall be made for the vehicle exhaustegaand the dilution air to be
mixed. A mixing orifice may be used.

In order to minimise the effects on the conditi@she exhaust outlet and to limit
the drop in pressure inside the dilution-air caoding device, if any, the pressure at
the mixing point shall not differ by more than #8.2Pa from atmospheric pressure.

The homogeneity of the mixture in any cross-sectibthe location of the sampling
probe shall not vary by more than +2 per cent frdm average of the values
obtained for at least five points located at eqotdrvals on the diameter of the gas
stream.

For particulate and particle emissions samplingdilation tunnel shall be used

which:

(@) Shall consist of a straight tube of electticabnductive material, which shall
be earthed;

(b) Shall be small enough in diameter to causéulent flow (Reynolds
number= 4000) and of sufficient length to cause completeimg of the
exhaust and dilution air;

(c) Shall be at least 200 mm in diameter;

(d) May be insulated.

Suction Device

This device may have a range of fixed speeds sarersufficient flow to prevent any

water condensation. This result is generally oletif the flow is either:

(@ Twice as high as the maximum flow of exhawst groduced by accelerations
of the driving cycle; or

(b) Sufficient to ensure that the @©oncentration in the dilute-exhaust sample
bag is less than 3 per cent by volume for petrot afiesel, less
than 2.2 per cent by volume for LPG and less tha&npér cent by volume
for NG.

Volume Measurement in the Primary Dilutigrst&m
The method of measuring total dilute exhaust veuncorporated in the constant

volume sampler shall be such that measurementigae to+2 per cent under all
operating conditions. If the device cannot comp@nsfor variations in the
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1.4.

temperature of the mixture of exhaust gases andiatil air at the measuring point,
a heat exchanger shall be used to maintain theemye to within +6 K of the
specified operating temperature.

If necessary, some form of protection for the wadumeasuring device may be used
e.g. a cyclone separator, bulk stream filter, etc.

A temperature sensor shall be installed immediabeffore the volume measuring
device. This temperature sensor shall have arracg@and a precision of +1 K and
a response time of 0.1 s at 62 per cent of a gteemperature variation (value
measured in silicone oil).

The measurement of the pressure difference fromspheric pressure shall be taken
upstream from and, if necessary, downstream franvttume measuring device.

The pressure measurements shall have a precisidnaa accuracy of £0.4 kPa
during the test.

Recommended System Descriptions

Figure 6 and Figure 7 are schematic drawings oftjyes of recommended exhaust
dilution systems that meet the requirements ofahisex.

Since various configurations can produce accureselts, exact conformity with
these figures is not essential. Additional compmbgesuch as instruments, valves,
solenoids and switches may be used to provide iaddlt information and co-
ordinate the functions of the component system.
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Figure 6: Positive Displacement Pump Dilution Sgste
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Full Flow Dilution System with Positive Displacement Pump

The positive displacement pump (PDP) full flow udibn system satisfies the
requirements of this annex by metering the flovgad through the pump at constant
temperature and pressure. The total volume is unedsy counting the revolutions
made by the calibrated positive displacement punijne proportional sample is
achieved by sampling with pump, flow-meter and floantrol valve at a constent
flow rate. The collecting equipment consists of:

A filter (DAF) for the dilution air, whichan be preheated if necessary. This filter
shall consist of the following filters in sequene@: optional activated charcoal filter
(inlet side), and a high efficiency particulate BHEPA) filter (outlet side). It is
recommended that an additional coarse particlerfik situated before the HEPA
filter and after the charcoal filter, if used. Tharpose of the charcoal filter is to
reduce and stabilize the hydrocarbon concentrat@inambient emissions in the
dilution air;

A transfer tube (TT) by which vehicle eubiais admitted into a dilution tunnel (DT)
in which the exhaust gas and dilution air are mikethogeneously;

The positive displacement pump (PDP), peod) a constant-volume flow of the
air/exhaust-gas mixture. The PDP revolutions, ttogrewith associated temperature
and pressure measurement are used to determifievinate;
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1.4.1.4. A heat exchanger (HE) of a capacity sigfficto ensure that throughout the test the
temperature of the air/exhaust-gas mixture measatragoint immediately upstream
of the positive displacement pump is within 6 Kiloé average operating temperature
during the test. This device shall not affect godlutant concentrations of diluted
gases taken off after for analysis.

1.4.1.5. A mixing chamber (MC) in which exhaust gasl air are mixed homogeneously,
and which may be located close to the vehicle sat tine length of the
transfer tube (TT) is minimized.

1.4.2. Figure 7: Critical-Flow Venturi Dilution Stysn
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Full Flow Dilution System with Critical Flow Venturi

The use of a critical-flow venturi (CFV) for thellfflow dilution system is based on
the principles of flow mechanics for critical flowl'he variable mixture flow rate of
dilution and exhaust gas is maintained at sonicooml which is directly

proportional to the square root of the gas tempesat Flow is continually
monitored, computed and integrated throughoutehe t

The use of an additional critical-flow samplingari ensures the proportionality of
the gas samples taken from the dilution tunnel.béth pressure and temperature are
equal at the two venturi inlets the volume of tlas dlow diverted for sampling is
proportional to the total volume of diluted exhagas mixture produced, and thus
the requirements of this annex are met. The diligequipment consists of:

1.4.2.1. A filter (DAF) for the dilution air, whichan be preheated if necessary. This filter
shall consist of the following filters in sequene®: optional activated charcoal filter
(inlet side), and a high efficiency particulate BHEPA) filter (outlet side). It is
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recommended that an additional coarse particlerfik situated before the HEPA
filter and after the charcoal filter, if used. Tharpose of the charcoal filter is to
reduce and stabilize the hydrocarbon concentrat@inambient emissions in the
dilution air;

A mixing chamber (MC) in which exhaust gasl air are mixed homogeneously,
and which may be located close to the vehicle sat tthe length of the
transfer tube (TT) is minimized;

A dilution tunnel (DT) from which parti@ies and particles are sampled;

Some form of protection for the measurdnsgetem may be used e.g. a cyclone
separator, bulk stream filter, etc.;

A measuring critical-flow venturi tube (Cf to measure the flow volume of the
diluted exhaust gas;

A blower (BL), of sufficient capacity tamdle the total volume of diluted exhaust
gas.

CVS CALIBRATION PROCEDURE
General Requirements

The CVS system shall be calibrated by using anrate flow-meter and a restricting
device. The flow through the system shall be messat various pressure readings
and the control parameters of the system measureédeated to the flows. The
flow-metering device shall be dynamic and suitalide the high flow-rate
encountered in constant volume sampler testinge dévice shall be of certified
accuracy traceable to an approved national ornatemal standard.

Various types of flow-meter may be used, @tjbrated venturi, laminar flow-meter,
calibrated turbine-meter, provided that they areamyic measurement systems and
can meet the requirements of paragraph 1.3.5ioafipendix.

The following paragraphs give details of moels of calibrating PDP and CFV units,
using a laminar flow-meter, which gives the reqdir@ccuracy, together with a
statistical check on the calibration validity.

Calibration of the positive displacement puipP)

The following calibration procedure outlindg® equipment, the test configuration
and the various parameters that are measureddblisktthe flow-rate of the CVS
pump. All the parameters related to the pump mnelsaneously measured with the
parameters related to the flow-meter which is cotetein series with the pump.
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2.2.2.

2.2.2.1.

2.2.2.2.

2.2.2.3.

2.2.3.

2.2.4.

The calculated flow-rate (given in>fmin at pump inlet, absolute pressure and
temperature) can then be plotted versus a comalditinction that is the value of a

specific combination of pump parameters. The lirepation that relates the pump
flow and the correlation function is then deterndintn the event that a CVS has a
multiple speed drive, a calibration for each ranged shall be performed.

This calibration procedure is based on teasurement of the absolute values of the
pump and flow-meter parameters that relate the fiate at each point. Three
conditions shall be maintained to ensure the acguaad integrity of the calibration
curve:

The pump pressures shall be measuregpints on the pump rather than at the
external piping on the pump inlet and outlet. Bues taps that are mounted at the
top centre and bottom centre of the pump drive pleagl are exposed to the actual
pump cavity pressures, and therefore reflect tiselabe pressure differentials;

Temperature stability shall be maintaidadng the calibration. The laminar flow-
meter is sensitive to inlet temperature oscillaiavhich cause the data points to be
scattered. Gradual changes of +1 K in temperaaueeacceptable as long as they
occur over a period of several minutes;

All connections between the flow-meter d@né CVS pump shall be free of any
leakage.

During an exhaust emission test, the measme of these same pump parameters
enables the user to calculate the flow rate froencéidibration equation.

Figure 8 of this appendix shows one possésieset-up. Variations are permissible,
provided that the Technical Service approves theieing of comparable accuracy.
If the set-up shown in Figure 8 is used, the follgywdata shall be found within the

limits of precision given:

Barometric pressure (corrected)(P +0.03 kPa
Ambient temperature (T) 0.2 K
Air temperature at LFE (ETI) +0.15K

Pressure depression upstream of LFE (EPB0.01 kPa
Pressure drop across the LFE matrix (EDP}0.0015 kPa
Air temperature at CVS pump inlet (PTI) +0.2 K

Air temperature at CVS pump outlet (PTO)+0.2 K
Pressure depression at CVS pump inlet (PR0.22 kPa
Pressure head at CVS pump outlet (PPO) +0.22 kPa
Pump revolutions during test period (n) ~ +1 min*
Elapsed time for period (minimum 250 s) (0.1 s
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Figure 8: PDP Calibration Configuration
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After the system has been connected as shoWwigure 8 of this appendix, set the
variable restrictor in the wide-open position and the CVS pump for 20 minutes
before starting the calibration.

Reset the restrictor valve to a more rdstticondition in an increment of pump inlet
depression (about 1 kPa) that will yield a minimoinsix data points for the total
calibration. Allow the system to stabilize for ¢ler minutes and repeat the data
acquisition.

The air flow rate (§ at each test point is calculated in standathiim from the
flow-meter data using the manufacturer's prescribethod.

The air flow-rate is then converted to puflogv (Vo) in m*/rev at absolute pump
inlet temperature and pressure.

T
Qs To 0133
n 2732 P

p
where:

Vo = pump flow rate at Jand R (m/rev),
Qs= air flow at 101.33 kPa and 273.2 K{min),
T, = pump inlet temperature (K),
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P, = absolute pump inlet pressure (kPa),
N = pump speed (mm).

2.2.9. To compensate for the interaction of pumgedppressure variations at the pump and
the pump slip rate, the correlation function)(ketween the pump speed (n), the
pressure differential from pump inlet to pump outed the absolute pump outlet
pressure is then calculated as follows:

AP
N
ny\ P,
where:
Xo= correlation function,
AP, = pressure differential from pump inlet to pumgleukPa),
P.= absolute outlet pressure (PPOg) RPa).
A linear least-square fit is performed to genethagecalibration equations which have
the formula:
Vo= Dg-M (Xo)
n=A-B@AP)
Do, M, A and B are the slope-intercept constants desgithe lines.

2.2.10. A CVS system that has multiple speeds $ieattalibrated on each speed used. The
calibration curves generated for the ranges shalafproximately parallel and the
intercept values (§) shall increase as the pump flow range decreases.

2.2.11. If the calibration has been performed caief the calculated values from the
equation will be within 0.5 per cent of the measluvalue of \4. Values of M will
vary from one pump to another. Calibration is perfed at pump start-up and after
major maintenance.

2.3. Calibration of the critical-flow venturi (CFV)

2.3.1. Calibration of the CFV is based upon thevfemuation for a critical venturi:

K,P
Qs ﬁ
where:
Qs = flow,
Ky = calibration coefficient,
P = absolute pressure (kPa),
T = absolute temperature (K).
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Gas flow is a function of inlet pressure and terafure.

The calibration procedure described below esthb$ the value of the calibration
coefficient at measured values of pressure, teryrerand air flow.

The manufacturer's recommended procedurd bkafollowed for calibrating
electronic portions of the CFV.

Measurements for flow calibration of thetical flow venturi are required and the
following data shall be found within the limits pfecision given:

Barometric pressure (correctedy)(P +0.03 kPa,
LFE air temperature, flow-meter (ETI) +0.15 K,
Pressure depression upstream of LFE (EPB0.01 kPa,
Pressure drop across (EDP) LFE matrix +£0.0015 kPa,

Air flow (Qs) +0.5 per cent,
CFV inlet depression (PPI) +0.02 kPa,
Temperature at venturi inlet ()T +0.2 K.

The equipment shall be set up as showngur€&i9 of this appendix and checked for
leaks. Any leaks between the flow-measuring dewicéd the critical-flow venturi
will seriously affect the accuracy of the caliboati

Figure 9: CFV Calibration Configuration
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2.3.5. The variable-flow restrictor shall be setthe open position, the blower shall be
started and the system stabilized. Data frormatruments shall be recorded.

2.3.6. The flow restrictor shall be varied andeatst eight readings across the critical flow
range of the venturi shall be made.

2.3.7. The data recorded during the calibratiorl §ieaused in the following calculations.
The air flow-rate (@ at each test point is calculated from the flowten@ata using
the manufacturer's prescribed method.

Calculate values of the calibration coefficient éach test point:
2 QT
\ Pv
where:
Qs = flow-rate in ni/min at 273.2 K and 101.33 kPa,
T, =temperature at the venturi inlet (K),
R, = absolute pressure at the venturi inlet (kPa).
Plot K, as a function of venturi inlet pressure. For softiow, K, will have a
relatively constant value. As pressure decreasasu(im increases) the venturi
becomes unchoked and Hecreases. The resultantéhanges are not permissible.
For a minimum of eight points in the critical regj calculate an average End the
standard deviation.
If the standard deviation exceeds 0.3 per centhefaverage K take corrective
action.
3. SYSTEM VERIFICATION PROCEDURE
3.1 General Requirements

The total accuracy of the CVS sampling system andlytical system shall be
determined by introducing a known mass of a patiutas into the system whilst it
is being operated as if during a normal test amah thnalysing and calculating the
pollutant mass according to the formula in paralgiéyé. of Annex 4a except that the
density of propane shall be taken as 1.967 gramktyeeat standard conditions. The
following two techniques are known to give suffiti@ccuracy.

The maximum permissible deviation between the tityaof gas introduced and the
quantity of gas measured is 5 per cent.
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CFO Method

Metering a constant flow of pure gas (COGCgHg) using a critical flow orifice
device.

A known quantity of pure gas (CO ofHg) is fed into the CVS system through the
calibrated critical orifice. If the inlet pressuig high enough, the flow-rate (q),
which is adjusted by means of the critical flowfiog, is independent of orifice
outlet pressure (critical flow). If deviations @exling 5 per cent occur, the cause of
the malfunction shall be determined and correctéde CVS system is operated as
in an exhaust emission test for about 5 to 10 remut The gas collected in the
sampling bag is analysed by the usual equipmenttla@desults compared to the
concentration of the gas samples which was knovioréleand.

Gravimetric Method

Metering a limited quantity of pure gas (60OC;Hg) by means of a gravimetric
technique.

The following gravimetric procedure may Isedito verify the CVS system.

The weight of a small cylinder filled with eithearbon monoxide or propane is

determined with a precision of £0.01 g. For ab®ud 10 minutes, the CVS system
is operated as in a normal exhaust emission tésliie @O or propane is injected into

the system. The quantity of pure gas involvedeieianined by means of differential

weighing. The gas accumulated in the bag is themlysed by means of the

equipment normally used for exhaust-gas analydis. ré€sults are then compared to
the concentration figures computed previously.



ECE/TRANS/WP.29/2008/62

page 46
Appendix 3
Appendix 3
GASEOUS EMISSIONS MEASUREMENT EQUIPMENT

1. SPECIFICATION

1.1. System Overview

A continuously proportional sample of the dilutexhaust gases and the dilution air
shall be collected for analysis.
Mass gaseous emissions shall be determined froen gitoportional sample
concentrations and the total volume measured dutimg test. The sample
concentrations shall be corrected to take acco@irth® pollutant content of the
ambient air.

1.2. Sampling System Requirements

1.2.1. The sample of dilute exhaust gases shalaken upstream from the suction device
but downstream from the conditioning devices (i§)an

1.2.2. The flow rate shall not deviate from therage by more thah 2 per cent.

1.2.3. The sampling rate shall not fall below %ebt per minute and shall not exceed
0.2 per cent of the flow rate of the dilute exhagases. An equivalent limit shall
apply to constant-mass sampling systems.

1.2.4. A sample of the dilution air shall be talkem constant flow rate near the ambient air-
inlet (after the filter if one is fitted).

1.2.5. The dilution air sample shall not be contaated by exhaust gases from the mixing
area.

1.2.6. The sampling rate for the dilution air shml comparable to that used in the case of
the dilute exhaust gases.

1.2.7. The materials used for the sampling operatighall be such as not to change the
pollutant concentration.

1.2.8. Filters may be used in order to extractsthlal particles from the sample.

1.2.9. The various valves used to direct the exhgases shall be of a quick-adjustment,
quick-acting type.

1.2.10. Quick-fastening gas-tight connections maysed between the three-way valves and

the sampling bags, the connections sealing themseutomatically on the bag side.
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Other systems may be used for conveying the sartmplée analyser (three-way stop
valves, for example).

Storage of the sample

The gas samples shall be collected in sampling ledigsufficient capacity not to

impede the sample flow; the bag material shall behsas to affect neither the
measurements themselves nor the chemical compositithe gas samples by more
than + 2 per cent after 20 minutes (for instaneeihated polyethylene/polyamide
films, or fluorinated polyhydrocarbons).

Hydrocarbon Sampling System — Diesel Erggine

The hydrocarbon sampling system shalkisbrof a heated sampling probe, line,
filter and pump. The sampling probe shall be imhsthht the same distance from the
exhaust gas inlet as the particulate sampling prabesuch a way that neither
interferes with samples taken by the other. ItIdm@le a minimum internal diameter
of 4 mm.

All heated parts shall be maintainedtangerature of 463 K (190 °@)10 K by the
heating system.

The average concentration of the meashyedocarbons shall be determined by
integration.

The heated sampling line shall be fittgti a heated filter (f) 99 per cent efficient
with particles> 0.3um, to extract any solid particles from the continsidlow of gas
required for analysis.

The sampling system response time (flfaptobe to the analyser inlet) shall be no
more than four seconds.

The HFID shall be used with a constamiv f(heat exchanger) system to ensure a
representative sample, unless compensation fomg@GFV or CFO flow is made.

Gas Analysis Requirements

Carbon monoxide (CO) and carbon dioxide {jGDalyses:

Analysers shall be of the non-dispersive infra{fdDIR) absorption type.
Hydrocarbons (HC) analysis - spark-ignigmgines:

The analyser shall be of the flame ionisation (Fiype calibrated with propane gas
expressed equivalent to carbon atomg.(C
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1.3.3. Hydrocarbons (HC) analysis - compressiontigmengines:
The analyser shall be of the flame ionisation typh detector, valves, pipework,
etc., heated to 463 K (190 °€)0 K (HFID). It shall be calibrated with propanesga
expressed equivalent to carbon atomg.(C

1.3.4. Nitrogen oxide (NQ analysis:
The analyser shall be either of the chemi-lumiaas€¢CLA) or of the non-dispersive
ultra-violet resonance absorption (NDUVR) type,ibaith NO,-NO converters.

1.3.5. The analysers shall have a measuring ramm@atible with the accuracy required to
measure the concentrations of the exhaust gas egqrolhlitants.

1.3.6. Measurement error shall not exceg?l per cent (intrinsic error of analyser)
disregarding the true value for the calibrationegas

1.3.7. For concentrations of less than 100 ppm, theasurement error shall not
exceedt2 ppm.

1.3.8. The ambient air sample shall be measuretthe@isame analyser with an appropriate
range.

1.3.9. No gas drying device shall be used befoeeatmalysers unless shown to have no
effect on the pollutant content of the gas stream.

1.4. Recommended System Descriptions

Figure 10 is a schematic drawing of the systengé&seous emissions sampling.
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Figure 10: Gaseous Emissions Sampling Schematic
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The components of the system are as follows:

1.4.1.

1.4.2.

1.4.3.

1.4.4.

1.4.5.

1.4.6.

1.4.7.

Two sampling probes(&nd $) for continuous sampling of the dilution air ankl o
the diluted exhaust-gas/air mixture;

A filter (F), to extract solid particles frothe flows of gas collected for analysis;

Pumps (P), to collect a constant flow of thletion air as well as of the diluted
exhaust-gas/air mixture during the test;

Flow controller (N), to ensure a constanifarm flow of the gas samples taken
during the course of the test from sampling pro8esnd $ (for PDP-CVS) and
flow of the gas samples shall be such that, aetiteof each test, the quantity of the
samples is sufficient for analysis (approximatedifres per minute);

Flow meters (FL), for adjusting and monitgrithe constant flow of gas samples
during the test;

Quick-acting valves (V), to divert a constow of gas samples into the sampling
bags or to the outside vent;

Gas-tight, quick-lock coupling elements @jween the quick-acting valves and the
sampling bags; the coupling shall close automdyicah the sampling-bag side; as
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an alternative, other ways of transporting the damfo the analyser may be used
(three-way stopcocks, for instance);

1.4.8. Bags (B), for collecting samples of the w@ith exhaust gas and of the dilution air
during the test;

1.4.9. A sampling critical-flow venturi (SV), toka proportional samples of the diluted
exhaust gas at sampling probeASCFV-CVS only);

1.4.10. A scrubber (PS), in the sampling line (CEVS only);

1.4.11. Components for hydrocarbon sampling usiRgH
Fh is a heated filter,
S is a sampling point close to the mixing chamber,
Vh is a heated multi-way valve,
Q is a quick connector to allow the ambient ampke BA to be analysed on

the HFID,
FID is a heated flame ionisation analyser,
Rand | are a means of integrating and recordieginstantaneous hydrocarbon
concentrations,

Ln is a heated sample line.

2. CALIBRATION PROCEDURES

2.1 Analyser Calibration Procedure

2.1.1. Each analyser shall be calibrated as oftemeaessary and in any case in the month
before type approval testing and at least onceyegetr months for verifying
conformity of production.

2.1.2. Each normally used operating range shatatibrated by the following procedure:

2.1.2.1. The analyser calibration curve is esthbtisby at least five calibration points spaced
as uniformly as possible. The nominal concentratib the calibration gas of the
highest concentration shall be not less than 8@get of the full scale.

2.1.2.2. The calibration gas concentration requinegy be obtained by means of a gas
divider, diluting with purified N or with purified synthetic air. The accuracy bét
mixing device shall be such that the concentrationthe diluted calibration gases
may be determined to within £2 per cent.

2.1.2.3.  The calibration curve is calculated by kast squares method. If the resulting

polynomial degree is greater than 3, the numbeablbration points shall be at least
equal to this polynomial degree plus 2.
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The calibration curve shall not differ impre thant 2 per cent from the nominal
value of each calibration gas.

Trace of the calibration curve

From the trace of the calibration curve and thiébaion points, it is possible to
verify that the calibration has been carried outexly. The different characteristic
parameters of the analyser shall be indicatedicodatly:

The scale;

The sensitivity;

The zero point;

The date of carrying out the calibration.

If it can be shown to the satisfaction oé ttechnical service that alternative
technology (e.g. computer, electronically contmblleange switch, etc.) can give
equivalent accuracy, then these alternatives majsbd.

Analyser Verification Procedure

Each normally used operating range shallctecked prior to each analysis in
accordance with the following:

The calibration shall be checked by use pér@ gas and by use of a span gas that
has a nominal value within 80-95 per cent of thepmsed value to be analysed.

If, for the two points considered, the vdimend does not differ by more tharb per
cent of the full scale from the theoretical valtiee adjustment parameters may be
modified. Should this not be the case, a new liiin curve shall be established in
accordance with paragraph 1. of this appendix.

After testing, zero gas and the same sparagaused for re-checking. The analysis
is considered acceptable if the difference betwtbentwo measuring results is less
than 2 per cent.

FID Hydrocarbon Response Check Procedure

Detector response optimisation

The FID shall be adjusted, as specified by th&ungent manufacturer. Propane in
air should be used, to optimise the response, @mitist common operating range.

Calibration of the HC analyser

The analyser should be calibrated using proparaériand purified synthetic air (see
paragraph 3 of this appendix).



ECE/TRANS/WP.29/2008/62

page 52
Appendix 3
Establish a calibration curve as described ingragzh 2.1. of this appendix.
2.3.3. Response factors of different hydrocarbaersracommended limits
The response factor (Rf), for a particular hydrboa species is the ratio of the FID
C, reading to the gas cylinder concentration, exg@éss ppm €
The concentration of the test gas shall be at\&lléo give a response of
approximately 80 per cent of full-scale deflectidor the operating range. The
concentration shall be known, to an accuracyto® per cent in reference to a
gravimetric standard expressed in volume. In aoldjtthe gas cylinder shall be pre-
conditioned for 24 hours at a temperature betw&nk2and 303 K (20 and 30 °C).
Response factors should be determined when intleg@n analyser into service and
thereafter at major service intervals. The tesegads be used and the recommended
response factors are:
Methane and purified air: 1.00 < Rf<1.15
or 1.00 < Rf< 1.05 for NG fuelled vehicles
Propylene and purified air: 0.90 < Rf<1.00
Toluene and purified air: 0.90 < Rf<1.00
These are relative to a response factor (Rf)@d for propane and purified air.
2.3.4. Oxygen interference check and recommendatkli
The response factor shall be determined as descnibparagraph 2.3.3. above. The
test gas to be used and recommended responsertauteris:
Propane and nitrogen: 0.95 < Rf<1.05
2.4, NQ Converter Efficiency Test Procedure
The efficiency of the converter used for the casian of NQ into NO is tested as
follows:
Using the test set up as shown in Figure 11 aadtbhcedure described below, the
efficiency of converters can be tested by mearsnaizonator.
24.1. Calibrate the analyzer in the most commoreratng range following the

manufacturer's specifications using zero and span(the NO content of which shall
amount to about 80 per cent of the operating ramgethe NQ@concentration of the
gas mixture shall be less than 5 per cent of thechiizentration). The NQanalyser
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shall be in the NO mode so that the span gas doepass through the converter.
Record the indicated concentration.

Via a T-fitting, oxygen or synthetic airaslded continuously to the span gas flow
until the concentration indicated is about 10 pentcless than the indicated
calibration concentration given in paragraph 2.4above. Record the indicated
concentration (C). The ozonator is kept deactovéteoughout this process.

The ozonator is now activated to generateugm ozone to bring the NO
concentration down to 20 per cent (minimum 10 pentc of the calibration
concentration given in paragraph 2.4.1. above. oRkthe indicated concentration

(d).

The NQ@ analyser is then switched to the Nfode, which means that the gas
mixture (consisting of NO, N§ O, and N ) now passes through the converter.
Record the indicated concentration (a).

The ozonator is now deactivated. The mixtirgases described in paragraph 2.4.2.
above passes through the converter into the detectBecord the indicated
concentration (b).

Figure 11: NOx Converter Efficiency Test Configumat

Flow control solenoid valve

I>—Q] Flow-control valve

Oyor Air supply §
V Flowmeter

O -

Analyser inlet connector
NONO; supply

With the ozonator deactivated, the flow rfgen or synthetic air is also shut off.
The NQ reading of the analyser shall then be no more thaer cent above the
figure given in paragraph 2.4.1. above.
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24.7.

2.4.8.

2.4.9.

3.1.

3.2.

The efficiency of the N@onverter is calculated as follows:

Efficiency (percen) = (1+ ﬂ;j [100

The efficiency of the converter shall notdss than 95 per cent.
The efficiency of the converter shall beddsat least once a week.
REFERENCE GASES

Pure gases

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

Purified nitrogen: (purity<1 ppm C<1 ppm CO<400 ppm CQ, <0.1 ppm NO);

Purified synthetic air: (purity:<1 ppm C, <1 ppm CO, <400 ppm CGQ
<0.1 ppm NO); oxygen content between 18 and 21 g@er\wlume;

Purified oxygen: (purity > 99.5 per cent vok)O

Purified hydrogen (and mixture containing heliumjpurity <1 ppm C,
<400 ppm CQ);

Carbon monoxide: (minimum purity 99.5 per cent);

Propane: (minimum purity 99.5 per cent).

Calibration and span gases

Mixtures of gases having the following chemicaigmsitions shall be available:
(@) GHgand purified synthetic air (see paragraph 3.1vapho

(b) CO and purified nitrogen;

(c) CQ and purified nitrogen.

NO and purified nitrogen (the amount of N€bntained in this calibration gas shall
not exceed 5 per cent of the NO content).

The true concentration of a calibration gas shallwithint 2 per cent of the stated
figure.
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Appendix 4
PARTICULATE MASS EMISSIONS MEASUREMENT EQUIPMENT
SPECIFICATION
System Overview

The particulate sampling unit shall consfst sampling probe located in the dilution
tunnel, a particle transfer tube, a filter holdarpartial-flow pump, and flow rate
regulators and measuring units.

It is recommended that a particle size jassifier (e.g. cyclone or impactor) be
employed upstream of the filter holder. Howevesaanpling probe, acting as an
appropriate size-classification device such asghatvn in Figure 13, is acceptable.

General Requirements

The sampling probe for the test gas flowp@articulates shall be so arranged within
the dilution tract that a representative sample fi@ay can be taken from the
homogeneous air/exhaust mixture.

The particulate sample flow rate shall bepprtional to the total flow of diluted
exhaust gas in the dilution tunnel to within a tatee of £5 per cent of the
particulate sample flow rate.

The sampled dilute exhaust gas shall betmingd at a temperature below 325 K
(52 °C) within 20 cm upstream or downstream ofpihgticulate filter face, except in
the case of a regeneration test where the tempenatust be below 192 °C.

The particulate sample shall be collected simgle filter mounted within a holder in
the sampled dilute exhaust gas flow.

All parts of the dilution system and the pang system from the exhaust pipe up to
the filter holder, which are in contact with rawdadiluted exhaust gas, shall be
designed to minimise deposition or alteration @& garticulates. All parts shall be
made of electrically conductive materials that dot meact with exhaust gas
components, and shall be electrically grounded¢wgnt electrostatic effects.

If it is not possible to compensate for &aons in the flow rate, provision shall be
made for a heat exchanger and a temperature codéwakce as specified in
Appendix 2 so as to ensure that the flow rate m glgstem is constant and the
sampling rate accordingly proportional.
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1.3.

1.3.1.

1.3.1.1.

1.3.1.2.

1.3.1.3.

1.3.1.4.

1.3.2.

1.3.2.1.

1.3.2.2.

Specific Requirements
PM Sampling Probe

The sample probe shall deliver the parsite classification performance described
in paragraph 1.3.1.4. It is recommended that peiSormance be achieved by the
use of a sharp-edged, open-ended probe facinglglineto the direction of flow plus

a pre-classifier (cyclone impactor, etc.). An ayprate sampling probe, such as that
indicated in Figure 13, may alternatively be usedvigled it achieves the pre-
classification performance described in paragrapiiL .

The sample probe shall be installed nedre ttunnel centreline,
between 10 and 20 tunnel diameters downstream efetthaust gas inlet to the
tunnel and have an internal diameter of at leasha®

If more than one simultaneous sample is drawn faosingle sample probe, the flow
drawn from that probe shall be split into identicaib-flows to avoid sampling
artefacts.

If multiple probes are used, each probe shallhaepsedged, open-ended and facing
directly into the direction of flow. Probes sha## bqually spaced around the central
longitudinal axis of the dilution tunnel, with thspacing between probes at
least 5 cm.

The distance from the sampling tip to fiker mount shall be at least five prcbe
diameters, but shall not exceed 1,020 mm.

The pre-classifier (e.g. cyclone, impaogte.) shall be located upstream of the filter
holder assembly. The pre-classifier 50 per centpoint particle diameter shall be
between 2.5 um and 10 um at the volumetric flowe raglected for sampling
particulate mass emissions. The pre-classifiell slaw at least 99 per cent of the
mass concentration of 1 um particles entering tleecfassifier to pass through the
exit of the pre-classifier at the volumetric floate selected for sampling particulate
mass emissions. However, a sampling probe, acisigan appropriate size-
classification device, such as that shown in FidiBeis acceptable as an alternative
to a separate pre-classifier.

Sample Pump and Flow Meter

The sample gas flow measurement unit sloaisist of pumps, gas flow regulators
and flow measuring units.

The temperature of the gas flow in thevflmeter may not fluctuate by more
than = 3 K, except during regeneration tests oriclet equipped with periodically
regenerating aftertreatment devices. In addittbe, sample mass flow rate must
remain proportional to the total flow of diluted @ust gas to within a tolerarice
of £ 5 per cent of the particulate sample mass flate. Should the volume of flow
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change unacceptably as a result of excessive lilgting, the test shall be stopped.
When it is repeated, the rate of flow shall be dased.

Filter and Filter Holder

A valve shall be located downstream offilker in the direction of flow. The valve
shall be quick enough acting to open and closeinvitts of the start and end of test.

It is recommended that the mass collectedthe 47 mm diameter filter (P
is>20 ug and that the filter loading should be maxedi consistent with the
requirements of paragraphs 1.2.3. and 1.3.3.

For a given test the gas filter face vigjoshall be set to a single value within the
range 20 cm/s to 80 cm/s unless the dilution systebeing operated with sampling
flow proportional to CVS flow rate.

Fluorocarbon coated glass fibre filterflwsrocarbon membrane filters are required.
All filter types shall have a 0.3 um DOP (di-octytpalate) collection efficiency of
at least 99 per cent at a gas filter face velomfitgt least 35 cm/s.

The filter holder assembly shall be okaign that provides an even flow distribution
across the filter stain area. The filter stairassteall be at least 1075 fim

Filter Weighing Chamber and Balance

The microgram balance used to determimevetight of a filter shall have a precision
(standard deviation) of 2 pg and resolution of lopgetter.

It is recommended that the microbalance be cheekdle start of each weighing

session by weighing one reference weight of 50 mgis weight shall be weighed

three times and the average result recorded. elfatrerage result of the weighings
is £5 pg of the result from the previous weighimgson then the weighing session
and balance are considered valid.

The weighing chamber (or room) shall meet theofeihg conditions during all filter
conditioning and weighing operations:

Temperature maintained at 295 + 3 K (22 + 3 °C);
Relative humidity maintained at 45 + 8 per cent;
Dewpoint maintained at 9.5 °C + 3 °C.

It is recommended that temperature and humidibditmns are recorded along with
sample and reference filter weights.
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1.3.4.2.

Buoyancy Correction
All filter weights shall be corrected for filteubyancy in air.

The buoyancy correction depends on the densitth@fsample filter medium, the
density of air, and the density of the calibratweight used to calibrate the balance.
The density of the air is dependent on the pressemgperature and humidity.

It is recommended that the temperature and dewpdithe weighing environment
are controlled to 22 °C £ 1 °C and dewpoint of @5+ 1 °C respectively. However,
the minimum requirements stated in paragraph 1L3.4ill also result in an
acceptable correction for buoyancy effects. Theeotion for buoyancy shall be
applied as follows

Moo= Mucor + L= (O )/ (o )/ 2= (00 ) (Preia)))

where:
Meor=  PM mass corrected for buoyancy
Muncor= PM mass uncorrected for buoyancy
Pair = density of air in balance environment

pweight =  density of calibration weight used to span bedan
pmedia=  density of PM sample medium (filter) accordinghe table below:

Filter Medium Pmedia
Teflon coated glass fibre (e.g. TX40) 2300 kg/m

paircan be calculated as follows:

P (M|

pajr - mix
R D-amb
where:
Paps= absolute pressure in balance environment
Mmix = molar mass of air in balance environment (28.@3\@[1)
R= molar gas constant (8.314 Jiiof)
Tamb= absolute ambient temperature of balance enviemm

The chamber (or room) environment shall be frearmyf ambient contaminants (such
as dust) that would settle on the particulatersluring their stabilisation.

Limited deviations from weighing room temperatarel humidity specifications will
be allowed provided their total duration does nateed 30 minutes in any one filter
conditioning period. The weighing room should m#et required specifications
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prior to personal entrance into the weighing rodduring the weighing operation no
deviations from the specified conditions are peiexdit

1.3.4.3.  The effects of static electricity shallrdlified. This may be achieved by grounding
the balance through placement upon an antistatic and neutralisation of the
particulate filters prior to weighing using a Pdlam neutraliser or a device of
similar effect. Alternatively nullification of stia effects may be achieved through
equalisation of the static charge.

1.3.4.4. A test filter shall be removed from thahber no earlier than an hour before the test
begins.

1.4. Recommended System Description

Figure 12 is a schematic drawing of the recommenmiticulate sampling system.
Since various configurations can produce equivalesilts, exact conformance with
this figure is not required. Additional componersisch as instruments, valves,
solenoids, pumps and switches may be used to madditional information and

co-ordinate the functions of component systemsrthEu components that are not
needed to maintain accuracy with other system gardiions may be excluded if
their exclusion is based upon good engineeringgodnt.

Figure 12: Particulate Sampling System

| DT
PSP L
|
PTT
PCF FH
P FC
EM Control demand

proportional to CVS
flowrate

A sample of the diluted exhaust gas is taken ftbenfull flow dilution tunnel DT
through the particulate sampling probe PSP angbdintculate transfer tube PTT by
means of the pump P. The sample is passed thiiegparticle size pre-classifier
PCF and the filter holder(s) FH that contain thetipalate sampling filter(s). The
flow rate for sampling is set by the flow controlfeC.
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2. CALIBRATION AND VERIFICATION PROCEDURES

2.1. Flow Meter Calibration
The Technical Service shall ensure the existeffice aalibration certificate for the
flow meter demonstrating compliance with a traceatibndard within a 12 month
period prior to the test, or since any repair oarge which could influence
calibration.

2.2. Microbalance Calibration
The Technical Service shall ensure the existefice aalibration certificate for the
microbalance demonstrating compliance with a thdleeastandard within a
12 months period prior to the test.

2.3. Reference Filter Weighing

To determine the specific reference filter weighds least two unused reference
filters shall be weighed within 8 hours of, but ferably at the same time as, the
sample filter weighings. Reference filters shaldf the same size and material as
the sample filter.

If the specific weight of any reference filter dgas by more than +5ug between
sample filter weighings, then the sample filter areference filters shall be
reconditioned in the weighing room and then rewethh

The comparison of reference filter weighings shml made between the specific
weights and the rolling average of that referenlter's specific weights.

The rolling average shall be calculated from tpectic weights collected in the
period since the reference filters were placechemweighing room. The averaging
period shall be at least 1 day but not exceed $6.da

Multiple reconditionings and reweighings of thengde and reference filters are
permitted until a period of 80 h has elapsed foilgvthe measurement of gases
from the emissions test.

If, prior to or at the 80 h point, more than htl& number of reference filters meet
the £5 ug criterion, then the sample filter weighoan be considered valid.

If, at the 80 h point, two reference filters ameptoyed and one filter fails the 5 pg
criterion, the sample filter weighing can be coesad valid under the condition that
the sum of the absolute differences between speaifd rolling averages from the
two reference filters must be less than or equabtag.
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In case less than half of the reference filteretmibe +5 pg criterion the sample
filter shall be discarded, and the emissions &gstated. All reference filters must be
discarded and replaced within 48 hours.

In all other cases, reference filters must beaegd at least every 30 days and in such
a manner that no sample filter is weighed withoaunparison to a reference filter
that has been present in the weighing room foeasti1 day.

If the weighing room stability criteria outlined paragraph 1.3.4. are not met, but
the reference filter weighings meet the above atehe vehicle manufacturer has
the option of accepting the sample filter weightsvoiding the tests, fixing the
weighing room control system and re-running thé tes

Figure 13: Particulate sampling probe configuration

Cross-section
(*) minimum internal diameter

Wall thickness: ~1 mm - Material: stainless steel
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PARTICLE NUMBER EMISSIONS MEASUREMENT EQUIPMENT

1. SPECIFICATION

1.1. System Overview

1.1.1. The particle sampling system shall condist dilution tunnel, a sampling probe and
a volatile particle remover (VPR) upstream of atiper number counter (PNC) and
suitable transfer tubing.

1.1.2. It is recommended that a particle size pmestfier (e.g. cyclone, impactor etc) be
located prior to the inlet of the VPR. Howeversample probe acting as an
appropriate size-classification device, such ad #gteown in Figure 13, is an
acceptable alternative to the use of a particle gie-classifier.

1.2. General Requirements

1.2.1. The particle sampling point shall be locatetthin a dilution tunnel.

The sampling probe tip (PSP) and particle tranisfiee (PTT) together comprise the
particle transfer system (PTS). The PTS conduwts sample from the dilution
tunnel to the entrance of the VPR. The PTS shaétrthe following conditions:

It shall be installed near the tunnel centre lit@to 20 tunnel diameted®wnstream
of the gas inlet, facing upstream into the tunret §ow with its axis at the tip
parallel to that of the dilution tunnel.

It shall have an internal diameter=08 mm.

Sample gas drawn through the PTS shall meet tlesving conditions:

It shall have a flow Reynolds number (Re) of <@;70

It shall have a residence time in the PTS 8fseconds.

Any other sampling configuration for the PTS forieh equivalent particle
penetration at 30 nm can be demonstrated will Insidered acceptable.

The outlet tube (OT) conducting the diluted sanfpden the VPR to the inlet of the
PNC shall have the following properties:

It shall have an internal diametersofimm;

Sample Gas flow through the OT shall have a resieléime 0&<0.8 seconds.
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Any other sampling configuration for the OT for islin equivalent particle
penetration at 30 nm can be demonstrated will Insidered acceptable.

The VPR shall include devices for samplataih and for volatile particle removal.
The sampling probe for the test gas flow shalld®arsanged within the dilution tract
that a representative sample gas flow is taken feomomogeneous air/exhaust
mixture.

All parts of the dilution system and the pang system from the exhaust pipe up to
the PNC, which are in contact with raw and dilueathaust gas, shall be designed to
minimise deposition of the particles. All partsaBhbe made of electrically
conductive materials that do not react with exhagas components, and shall be
electrically grounded to prevent electrostatic efe

The particle sampling system shall incorfgogood aerosol sampling practice that
includes the avoidance of sharp bends and abr@piges in cross-section, the use of
smooth internal surfaces and the minimisation ef fingth of the sampling line.
Gradual changes in the cross-section are permassibl

Specific Requirements

The particle sample shall not pass throughnap before passing through the PNC.
A sample pre-classifier is recommended.
The sample preconditioning unit shall:

Be capable of diluting the sample in oneore stages to achieve a particle nurnber
concentration below the upper threshold of the Isimgarticle count mode of the
PNC and a gas temperature below 35 °C at thetmlibie PNC;

Include an initial heated dilution stagkiclk outputs a sample at a temperature of
> 150 °C and< 400 °C and dilutes by a factor of at least 10;

Achieve a particle concentration reductiactor (f(di)), as defined in paragraph
2.2.2., for particles of 30 nm and 50 nm electrivability diameters, that is no more
than 30 per cent and 20 per cent respectively higired no more than 5 per cent
lower than that for particles of 100 nm electricadbility diameter for the VPR as a
whole;

Also achieve > 99.0 per cent vaporisatibr80 nm tetracontane (GHCH,)3gCHa)
particles, with an inlet concentration &f10,000 criv, by means of heating and
reduction of partial pressures of the tetracontane.
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1.3.4. The PNC shall:

1.3.4.1. Operate under full flow operating conditip

1.3.4.2. Have a counting accuracy of +10 per cemoss the range 1 ¢ito the upper
threshold of the single particle count mode of BMC against a traceable standard.
At concentrations below 100 éhrmeasurements averaged over extended sampling
periods may be required to demonstrate the accuwfthe PNC with a high degree
of statistical confidence;

1.3.4.3. Have a readability of at least 0.1 pagidn?’ at concentrations below 100 €m

1.3.4.4. Have a linear response to particle comagons over the full measurement range in
single particle count mode;

1.3.4.5. Have a data reporting frequency equat tgreater than 0.5 Hz;

1.3.4.6. Have a T90 response time over the measorszkntration range of less than 5 s;

1.3.4.7. Incorporate a coincidence correction fiemctup to a maximum 10 per cent
correction, and may make use of an internal caldmafactor as determined in
paragraph 2.1.3., but shall not make use of angratifigorithm to correct for or
define the counting efficiency;

1.3.4.8. Have counting efficiencies at particleesiof 23 nm (1 nm) and 41 nm (x1 nm)
electrical mobility diameter of 50 per cent (x12rpeent) and > 90 per cent
respectively. These counting efficiencies may tlaeved by internal (for example;
control of instrument design) or external (for exden size pre-classification) means;

1.3.4.9. If the PNC makes use of a working liqutdshall be replaced at the frequency
specified by the instrument manufacturer.

1.35 The sum of the residence time of the PTS, ¥R&ROT plus the T90 response time
of the PNC shall be no greater than 20 s.

1.4. Recommended System Description

The following section contains the recommendedctmm@ for measurement of
particle number. However, any system meeting #dopmance specifications in
paragraphs 1.2. and 1.3. is acceptable.

Figure 14 is a schematic drawing of the recomme maeticle sampling system.
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Figure 14: Schematic of Recommended Particle Saugp@ystem
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The particle sampling system shall consist of mpig probe tip in the dilution
tunnel (PSP), a particle transfer tube (PTT), aigarpre-classifier (PCF) and a
volatile particle remover (VPR) upstream of the tiglr number concentration

measurement (PNC) unit.

The VPR shall include aksifor sample dilution

(particle number diluters: PNDand PND) and particle evaporation (Evaporation
tube, ET). The sampling probe for the test gaw #ball be so arranged within the
dilution tract that a representative sample gaw fie taken from a homogeneous

air/exhaust mixture.

response time of the PNC shall be no greater thas 2

Particle Transfer System

The sum of the residence tohehe system plus the T90

The sampling probe tip (PSP) and patrticle trantsfiee (PTT) together comprise the

particle transfer system (PTS).

The PTS conduuts sample from the dilution

tunnel to the entrance to the first particle numdbiéuter. The PTS shall meet the
following conditions:

It shall be installed near the tunnel centre Iit@fo 20 tunnel diameted®wnstream
of the gas inlet, facing upstream into the tunret ow with its axis at the tip
parallel to that of the dilution tunnel.

It shall have an internal diameter=o8mm.
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Sample gas drawn through the PTS shall meet tlesving conditions:
It shall have a flow Reynolds number (Re) of <@;70
It shall have a residence time in the PTS 8fseconds.
Any other sampling configuration for the PTS forish equivalent particle
penetration for particles of 30 nm electrical mibpiliameter can be demonstrated
will be considered acceptable.
The outlet tube (OT) conducting the diluted sanfpden the VPR to the inlet of the
PNC shall have the following properties:
It shall have an internal diametersoff mm:;
Sample Gas flow through the POT shall have a eesiel time ok 0.8 seconds.
Any other sampling configuration for the OT for iafn equivalent particle
penetration for particles of 30 nm electrical mipitliameter can be demonstrated
will be considered acceptable.

1.4.3. Particle Pre-classifier
The recommended particle pre-classifier shalldeated upstream of the VPR. The
pre-classifier 50 per cent cut point particle diganeshall be between 2.5 um
and 10 um at the volumetric flow rate selected $ampling particle number
emissions. The pre-classifier shall allow at |le@& per cent of the mass
concentration of 1 um particles entering the pessifier to pass through the exit of
the pre-classifier at the volumetric flow rate sédel for sampling particle number
emissions.

1.4.4. Volatile Particle Remover (VPR)

The VPR shall comprise one particle number dil(fD;), an evaporation tube and
a second diluter (PN in series. This dilution function is to redudee thumber
concentration of the sample entering the particlecentration measurement unit to
less than the upper threshold of the single partdunt mode of the PNC and to
suppress nucleation within the sample.

The VPR shall achieve >99.0 per cent vaporisatitdn30 nm tetracontane
(CH3(CH,)3sCHs) particles, with an inlet concentration ®fL0,000 crit, by means
of heating and reduction of partial pressures eftédtracontane. It shall also achieve
a particle concentration reduction factoy) (for particles of 30 nm and 50 nm
electrical mobility diameters, that is no more ti3nper cent and 20 per cent
respectively higher, and no more than 5 per cemtetothan that for particles
of 100 nm electrical mobility diameter for the VRR a whole.
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First Particle Number Dilution Device (PND

The first particle number dilution device shall bpecifically designed to dilute
particle number concentration and operate at a | wakemperature
of 150 °C - 400 °C. The wall temperature setpahbuld not exceed the wall
temperature of the ET (paragraph 1.4.4.2.). Thetedi should be supplied with
HEPA filtered dilution air and be capable of a tida factor of 10 to 200 times.

Evaporation Tube

The entire length of the ET shall be controllechtevall temperature greater than or
equal to that of the first particle number dilutidevice and the wall temperature
held at a fixed value between 300 °C and 400 °C.

Second Particle Number Dilution Device [BN

PND, shall be specifically designed to dilute partiokember concentration. The
diluter shall be supplied with HEPA filtered diloti air and be capable of
maintaining a single dilution factor within a range10 to 30 times. The dilution
factor of PND shall be selected in the range between 10 andud that particle
number concentration downstream of the second edilig less than the upper
threshold of the single particle count mode of RNC and the gas temperature prior
to entry to the PNC is < 35 °C.

Particle Number Counter (PNC)

The PNC shall meet the requirements of paragrapi.1
CALIBRATION/VALIDATION OF THE PARTICLE SAMPLINGSYSTEM ¥
Calibration of the Particle Number Counter

The Technical Service shall ensure the excst of a calibration certificate for the
PNC demonstrating compliance with a traceable st@hdithin a 12 month period

prior to the emissions test.

The PNC shall also be recalibrated and aaavration certificate issued following
any major maintenance.

1/ Example calibration/validation methods are a\Adaat
http://www.unece.org/trans/main/wp29/wp29wgs/wp@gompl9.html
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2.1.3.

214

Calibration shall be traceable to a standalibration method:

(@) By comparison of the response of the PNC umdébration with that of a
calibrated aerosol electrometer when simultaneosesigpling electrostatically
classified calibration particles, or

(b) By comparison of the response of the PNC umddibration with that of a
second PNC which has been directly calibrated byatitove method.

In the electrometer case, calibration shall beeaiadten using at least six standard
concentrations spaced as uniformly as possiblesadie PNC's measurement range.
These points will include a nominal zero concerdrapoint produced by attaching
HEPA filters of at least class H13 of EN 1822:1988he inlet of each instrument.
With no calibration factor applied to the PNC undealibration, measured
concentrations shall be within 10 per cent of stendard concentration for each
concentration used, with the exception of the zmimt, otherwise the PNC under
calibration shall be rejected. The gradient frorinaar regression of the two data
sets shall be calculated and recorded. A caltmafactor equal to the reciprocal of
the gradient shall be applied to the PNC undebcation. Linearity of response is
calculated as the square of the Pearson productemocorrelation coefficient (R

of the two data sets and shall be equal to or grelaan 0.97. In calculating both the
gradient and R the linear regression shall be forced through ohigin (zero
concentration on both instruments).

In the reference PNC case, calibration shall lertaken using at least six standard
concentrations across the PNC's measurement rafgéeast 3 points shall be at
concentrations below 1,000 &nthe remaining concentrations shall be linearly
spaced between 1,000 énand the maximum of the PNC's range in single garti
count mode. These points will include a nominaibzmncentration point produced
by attaching HEPA filters of at least class H1Ed 1822:1998 to the inlet of each
instrument. With no calibration factor applied tee PNC under calibration,
measured concentrations shall be within +10 pet oéthe standard concentration
for each concentration, with the exception of teozpoint, otherwise the PNC
under calibration shall be rejected. The gradiem a linear regression of the two
data sets shall be calculated and recorded. Aoredibbn factor equal to the
reciprocal of the gradient shall be applied toPINC under calibration. Linearity of
response is calculated as the square of the Pearsmluct moment correlation
coefficient () of the two data sets and shall be equal to oatgrethan 0.97. In
calculating both the gradient and fRe linear regression shall be forced through the
origin (zero concentration on both instruments).

Calibration shall also include a check, asfdine requirements in paragraph 1.3.4.8.,
on the PNC's detection efficiency with particles 28 nm electrical mobility
diameter. A check of the counting efficiency with dm particles is not required.
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Calibration/Validation of the Volatile PareicRemover

Calibration of the VPR's particle concemrareduction factors across its full range
of dilution settings, at the instrument manufaatsrerecommended operating
temperatures, shall be required when the unit i aed following any major
maintenance.  The periodic validation requirement the VPR's particle
concentration reduction factor is limited to a dhat a single setting, typical of that
used for measurement on diesel particulate filtprigped vehicles. The Technical
Service shall ensure the existence of a calibratiowalidation certificate for the
volatile particle remover within a 6 month periodop to the emissions test. If the
volatile particle remover incorporates temperatarenitoring alarms a 12 morith
validation interval shall be permissible.

The VPR shall be characterised for particle cotre¢ion reduction factor with solid
particles of 30 nm, 50 nm and 100 nm electrical iitgbdiameter. Particle
concentration reduction factors(¢f)) for particles of 30 nm and 50 nm electrical
mobility diameters shall be no more than 30 pertcamd 20 per cent higher
respectively, and no more than 5 per cent lowen tiiat for particles of 100 nm
electrical mobility diameter. For the purposes validation, the mean particle
concentration reduction factor shall be within #iér cent of the mean particle

concentration reduction factorfT() determined during the primary calibration of the
VPR.

The test aerosol for these measurementsk&hablid particles of 30, 50 and 100 nm
electrical mobility diameter and a minimum concetitm of 5,000 particles cfat
the VPR inlet. Particle concentrations shall besueed upstream and downstream
of the components.

The particle concentration reduction factor atheaarticle size (d;) ) shall be
calculated as follows;

fr (d| ) - Nin (d| )
Nout (d|)
Where:
Nin (d)) = upstream particle number concentration foripleg of diameter g
Nout (d)) = downstream particle number concentration fotigas of diameter
d; and
d = particle electrical mobility diameter (30, 60100 nm).

The mean particle concentration reductid_p)(at a given dilution setting shall be
calculated as follows;
T f, GOnm) + f, (50nm) + f, (100nm)
. 3
It is recommended that the VPR is calibrated aaldisted as a complete unit.
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2.2.3.

2.3.

2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

The Technical Service shall ensure the excst of a validation certificate for the
VPR demonstrating effective volatile particle rerabefficiency within a 6 month
period prior to the emissions test. If the vokatparticle remover incorporates
temperature monitoring alarms a 12 month validatigarval shall be permissible.
The VPR shall demonstrate greater than 99.0 pet m@noval of tetracontane
(CH3(CH,)3sCH3) particles of at least 30 nm electrical mobilitiameter with an
inlet concentration of 10,000 cri? when operated at its minimum dilution setting
and manufacturers recommended operating temperature

Particle Number System Check Procedures

Prior to each test, the particle countetl seport a measured concentration of less
than 0.5 particles cthwhen a HEPA filter of at least class H13 of EN 28898 is
attached to the inlet of the entire particle sanmgpBystem (VPR and PNC).

On a monthly basis, the flow into the p#eticounter shall report a measured value
within 5 per cent of the particle counter nominkwf rate when checked with a
calibrated flow meter.

Each day, following the application of a HEMIter of at least class H13 of
EN 1822:1998 to the inlet of the particle countbe particle counter shall report a
concentration of 0.2 cm®. Upon removal of this filter, the particle countall
show an increase in measured concentration toast [B00 particles crhwhen
challenged with ambient air and a return <®.2 cm® on replacement of the
HEPA filter.

The evaporation tube shall indicate a readfrB00 °C to 400 °C.

The diluter PNDshall indicate a wall temperature reading of 150-°4D0 °C but
less than or equal to the set-point of the evajoratibe.
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Appendix 6
VERIFICATION OF SIMULATED INERTIA
1. OBJECT
The method described in this appendix makes isiptesto check that the simulated
total inertia of the dynamometer is carried outs$attorily in the running phase of

the operating cycle. The manufacturer of the dyrmaeter shall specify a method for
verifying the specifications according to paragr&pbf this appendix.

2. PRINCIPLE
2.1 Drawing-up working equations

Since the dynamometer is subjected to variationghe rotating speed of the
roller(s), the force at the surface of the rollegan be expressed by the formula:

F=lly=l,ly+HR

where:
F = force at the surface of the roller(s),
I = total inertia of the dynamometer (equivalgrertia of the vehicle: see
the table in paragraph 5.1.),
IM = inertia of the mechanical masses of the dynaetem
y = tangential acceleration at roller surface,
F1 = inertia force.

Note An explanation of this formula with reference dgnamometers with mechanically
simulated inertia is appended.

Thus, total inertia is expressed as follows:
I =t F/y
where:
In can be calculated or measured by traditional oush

F, can be measured on the dynamometer,
y can be calculated from the peripheral speedeofdhers.

The total inertia (I) will be determined during anceleration or deceleration test
with values higher than or equal to those obtamedn operating cycle.
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2.2. Specification for the calculation of total iti@
The test and calculation methods shall make isiptesto determine the total inertia |
with a relative error4l/l) of less than + 2 per cent.

3. SPECIFICATION

3.1. The mass of the simulated total inertia | Ishainain the same as the theoretical
value of the equivalent inertia (see Appendix lthmi the following limits:

3.1.1. + 5 per cent of the theoretical value for each mstacous value;

3.1.2. + 2 per cent of the theoretical value for the averaglue calculated for each
sequence of the cycle.
The limit given in paragraph 3.1.1. above is bidug + 50 per cent for one second
when starting and, for vehicles with manual trarssioin, for two seconds during
gear changes.

4. VERIFICATION PROCEDURE

4.1. Verification is carried out during each testroughout the cycle defined in
paragraph 6.1. of Annex 4a.

4.2. However, if the requirements of paragrapht®va are met, with instantaneous

accelerations which are at least three times greatesmaller than the values
obtained in the sequences of the theoretical cybke verification described above
will not be necessary.
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Appendix 7
MEASUREMENT OF VEHICLE ROAD LOAD

RESISTANCE TO PROGRESS OF A VEHICLE MEASUREMENT MEDD

ON THE ROAD SIMULATION ON A CHASSIS DYNAMOMETER
OBJECT OF THE METHODS
The object of the methods defined below is to meathe resistance to progress of a
vehicle at stabilized speeds on the road and talaite this resistance on a
dynamometer, in accordance with the conditions @t in paragraph 6.2.1. of
Annex 4a.
DEFINITION OF THE ROAD
The road shall be level and sufficiently long tmkle the measurements specified in
this appendix to be made. The slope shall be aoh$d within + 0.1 per cent and
shall not exceed 1.5 per cent.
ATMOSPHERIC CONDITIONS
Wind
Testing shall be limited to wind speeds averaggsg than 3 m/s with peak speeds of
less than 5 m/s. In addition, the vector compomérthe wind speed across the test
road shall be less than 2 m/s. Wind velocity shalmeasured 0.7 m above the road
surface.

Humidity
The road shall be dry.

Pressure and Temperature

Air density at the time of the test shall not @ggiby more than +7.5 per cent from
the reference conditions, P = 100 kPa and T = 2K3.2
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4. VEHICLE PREPARATION 1
4.1. Selection of the test vehicle
If not all variants of a vehicle type are measurde: following criteria for the
selection of the test vehicle shall be used.
4.1.1. Body
If there are different types of body, the testliste performed on the least
aerodynamic body. The manufacturer shall provide mecessary data for the
selection.
4.1.2. Tyres
The widest tyre shall be chosen. If there are ntbam three tyre sizes, the widest
minus one shall be chosen.
4.1.3. Testing mass
The testing mass shall be the reference masseo¥ehicle with the highest inertia
range.
4.1.4. Engine
The test vehicle shall have the largest heat exgdrds).
4.1.5. Transmission
A test shall be carried out with each type offthllowing transmission:
Front-wheel drive,
Rear-wheel drive,
Full-time 4 x 4,
Part-time 4 x 4,
Automatic gearbox,
Manual gearbox.
v For HEV, and until uniform technical provisionave been established, the manufacturer

will agree with the technical service concerning #tatus of the vehicle when performing the
test as defined in this appendix.
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4.3.
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4.4.3.

4.4.4.

5.1.

5.1.1.
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Running-in
The vehicle shall be in normal running order adgistment after having been run-in
for at least 3,000 km. The tyres shall be runtinhea same time as the vehicle or
have a tread depth within 90 and 50 per cent oirtitial tread depth.

Verifications
The following checks shall be made in accordandéh vihe manufacturer's

specifications for the use considered:
Wheels, wheel trims, tyres (make, type, pressui@nt axle geometry, brake

adjustment (elimination of parasitic drag), lubtioa of front and rear axles,
adjustment of the suspension and vehicle level, etc

Preparation for the test

The vehicle shall be loaded to its referemess. The level of the vehicle shall be
that obtained when the centre of gravity of thallgsituated midway between the
"R" points of the front outer seats and on a shilige passing through those poirits.

In the case of road tests, the windows efvhicle shall be closed. Any covers of
air climatisation systems, headlamps, etc. shailhtiee non-operating position.

The vehicle shall be clean.

Immediately prior to the test, the vehicleals be brought to normal running
temperature in an appropriate manner.

METHODS

Energy variation during coast-down method
On the road

Test equipment and error

Time shall be measured to an error lower th@nl s.
Speed shall be measured to an error lowerziper cent.

Test procedure
Accelerate the vehicle to a speed 1 lgréater than the chosen test speed V.

Place the gearbox in "neutral” position.
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5.1.1.2.3. Measure the time takey) {or the vehicle to decelerate from speed
Vo=V +AV km/h to M=V -AV km/h

5.1.1.2.4. Perform the same test in the opposieetion: ¢.

5.1.1.2.5. Take the average T of the two timesidl t.

5.1.1.2.6. Repeat these tests several times satththstatistical accuracy (p) of the average

n
=%ZTi is not more than 2 per cent £® per cent)

i=1

The statistical accuracy (p) is defined by:
_[t13) 100
i H T

where:
t = coefficient given by the following table,
n = number of tests,

n
s = standard deviation, s= Z

n 4 5 6 7 8 9 10 11 12 13 14 15

t 3.2 |28 |26 (25 |24 |23 |23 |22 |22 (22 |22 |22

— |16 (125106 |094 085 |0.77|0.73 |0.66 | 0.64 | 0.61 | 0.59 | 0.57

Jn
5.1.1.2.7. Calculate the power by the formula:
_MIVIALV
50C[T
where:
P is expressed in kW,
V = speed of the testin m/s,
AV = speed deviation from speed V, in m/s as spaifiin
paragraph 5.1.1.2.3. of this appendix,
M = reference mass in kg,
T = timein seconds (s).
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5.1.1.2.8. The power (P) determined on the traekl $ie corrected to the reference ambient
conditions as follows:

Pcorrected = K . Rueasured

R R
=R_i|:ﬁ1+KR(t_to)]+—lgERo D(%O)

T

where:

Rr = rolling resistance at speed V,

Raero = aerodynamic drag at speed V,

Rr = total driving resistance =R+ Raero,

Kr = temperature correction factor of rolling resis@&ntaken to be equal
to 8.64 x 10Y°C, or the manufacturer's correction factor thst i
approved by the authority,

t = road test ambient temperature in °C,

to = reference ambient temperature = 20 °C,

P = air density at the test conditions,

Po = air density at the reference conditions (20X@) kPa).

The ratios R/Rr and Riero/Ry shall be specified by the vehicle manufactureetas
on the data normally available to the company.

If these values are not available, subject tcatireement of the manufacturer and the
technical service concerned, the figures for tHiengd total resistance given by the
following formula may be used:

&:aw +b
Ry

where:
M = vehicle mass in kg and for each speed théficents a and b are shown
in the following table:

V (km/h) a b
20 7.24 .10 0.82
40 1.59 -1d 0.54
60 1.96 - 10 0.33
80 1.85 - 108 0.23
100 1.63 - 10 0.18
120 1.57 - 1d 0.14
5.1.2. On the dynamometer

5.1.2.1. Measurement equipment and accuracy

The equipment shall be identical to that usedherroad.
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5.1.2.2.  Test procedure

5.1.2.2.1. Install the vehicle on the test dynameme

5.1.2.2.2. Adjust the tyre pressure (cold) of thevidg wheels as required by the
dynamometer.

5.1.2.2.3. Adjust the equivalent inertia of the aiyrometer.

5.1.2.2.4. Bring the vehicle and dynamometer taatpey temperature in a suitable manner.

5.1.2.2.5. Carry out the operations specified irageaph 5.1.1.2. above (with the exception of
paragraphs 5.1.1.2.4. and 5.1.1.2.5.), replacingpyMl in the formula set out in
paragraph 5.1.1.2.7.

5.1.2.2.6. Adjust the brake to reproduce the cteckpower (paragraph 5.1.1.2.8.) and to take
into account the difference between the vehiclesm@s) on the track and the
equivalent inertia test mass (I) to be used. Ty be done by calculating the mean
corrected road coast down time from @ V; and reproducing the same time on the
dynamometer by the following relationship:

Tmeasure I
Tcorrected = Td M

K = value specified in paragraph 5.1.1.2.8. above.

5.1.2.2.7. The powersRo be absorbed by the dynamometer shall be detednin order to
enable the same power (paragraph 5.1.1.2.8.) tefreduced for the same vehicle
on different days.

5.2. Torgue measurements method at constant speed

5.2.1. On the road

5.2.1.1. Measurement equipment and error
Torque measurement shall be carried out with gorogmpiate measuring device
accurate to within +2 per cent.
Speed measurement shall be accurate to withiret-2gnt.

5.2.1.2.  Test procedure

5.2.1.2.1. Bring the vehicle to the chosen staddigpeed V.
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5.2.1.2.5.
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5.2.2.
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5.2.2.2.1.
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Record the torque &d speed over a period of at least 20 seconlds.adcuracy of
the data recording system shall be at least +1 binthe torque and £0.2 km/h for
the speed.

Differences in torque @nd speed relative to time shall not exceed Xpet for
each second of the measurement period.

The torqueJds the average torque derived from the followiagrula:

t+At

1
Ca=y [t

t

The test shall be carried out three diimeeach direction. Determine the average
torque from these six measurements for the referspeed. If the average speed
deviates by more than 1 km/h from the referencedpa linear regression shall be
used for calculating the average torque.

Determine the average of these two &m@l and G, i.e. G.

The average torque @etermined on the track shall be corrected tordierence
ambient conditions as follows:

CTcorrected = K- GI'measured

where K has the value specified in paragraph 2B81of this appendix.

On the dynamometer

Measurement equipment and error
The equipment shall be identical to that usedherrdad.

Test procedure

Perform the operations specified in gashs 5.1.2.2.1. to 5.1.2.2.4. above.

Perform the operations specified in gashs 5.2.1.2.1. to 5.2.1.2.4. above.

Adjust the power absorption unit to osluce the corrected total track torque
indicated in paragraph 5.2.1.2.7. above.

Proceed with the same operations asiiagpaph 5.1.2.2.7., for the same purpose.



