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A. PROPOSAL

The list of Contents, the annex@ssert a new Annex 4a, to read:

Annex 4a: TYPE | TEST (Verifying exhaust emissions afteroédcstart)
1. Applicability
2. Introduction
3. Test conditions
4. Test equipment
5. Determination of vehicle road load
6. Emissions test procedure

Appendix 1- Chassis dynamometer system
1. Specification

2. Dynamometer calibration procedure

3. Verification of the load curve

Appendix 2- Exhaust dilution system
1. System specification

2. CVS calibration procedure

3. System verification procedure

Appendix 3- Gaseous emissions measurement equipment
1. Specification

2. Calibration procedures

3. Reference gases

Appendix 4- Particulate mass emissions measurement equipment
1. Specification
2. Calibration and verification procedures

Appendix 5- Particle number emissions measurement equipment
1. Specification
2. CalibratioiValidation of the particle sampling system

Appendix 6- Verification of simulated inertia
1. Object

2. Principle

3. Specification

4. Verification procedure

Appendix 7- Measurement of vehicle road load
1. Object of the methods

2. Definition of the road

3. Atmospheric conditions

4. Vehicle preparation
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5. Methods
The text of the Regulation
Insert a new Annex 4&o read:
"Annex 4a
TYPE | TEST

3.1.

3.1.1.

(Verifying exhaust emissions after a cold start)
APPLICABILITY

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

INTRODUCTION

This annex describes the procedure for the Tytestldefined 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 temperatinal e between 293 K and 303 K (20 °C
and 30 °C). The absolute humidity (H) of eithes #ir in the test cell or the intake
air of the engine shall be such that:

55<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 imedgufor emissions
measurement systems defined in Appendices 2 tdfioédnnex.

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 nr@cabcondition. 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 emergirapnirthe engine.

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

The settings of the engine and of the velsiatontrols 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 equivalehiclke, shall be fitted, if necessary, with a
device to permit the measurement of the charattenmrameters necessary for
chassis dynamometer setting, in conformity vpiéinagraph 5. of this annex.

The technical service responsible for thststemay verify that the vehicle's
performance conforms to that stated by the manufact 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 definedrinex 10 to this Regulation shall be
used for testing.

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

Vehicle installation

The vehicle shall be approximately horizbmbaring 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 @kr/h to at least 50 km/h, the
linear velocity of the air at the blower outletwsthin +5 km/h of the corresponding
roller speed. The final selection of the bloweralshhave the following
characteristics:

(i) Area:atleast 0.2

(i)  Height of the lower edge above ground: appmately 0.2 m;

(i) Distance from the front of the vehicle: apgimately 0.3 m.
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As an alternative the blower speed shall be fiaedn air speed of at least 6 m/s
(21.6 km/h).

For special vehicles (e.g. vans, off-road), thigliteof 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 gineéxppendix 2.

Gaseous emissions sampling and analysis

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

Particulate Mass (PM) emissions equipment

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

Particle Number (PN) emissions equipment

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

General test cell equipment

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

(i) Test cell ambient air

(i) Intake air to the engine

(i) Dilution and sampling system temperatures sequired for emissions
measurement systems defined in Appendices 2 tdtionnex.

The atmospheric pressure shall be measurabletowi0.1 kPa.

The absolute humidity (H) shall be measurableitbiv+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 Isatéscribed in Appendix 7.

This procedure is not required if the chassis thraeter 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 (udyate) 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, andhsuarized below.

Breakdown by phases:

Time (s) per cent
Idling 60 30.8 [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:

Average speed during test: 19 km/h
Effective running time: 195 s
Theoretical distance covered per cycle: 1.013 km
Equivalent distance for the four cycles: 4.052 km

6.1.2. Extra-urban cycle

Part Two of the test cycle is the extra-urban eywhich 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 1.5
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 rfi/s

Maximum deceleration: -1.389 /s



ECE/TRANS/WP.29/GRPE/2007/8/Rev.1

page 8
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 attaiimefirst gear is below 15 km/h, the
second, third and fourth gears shall be used fruttban cycle (Part One) and the
second, third, fourth and fifth gears for the exirban cycle (Part Two). The
second, third and fourth gears may also be usethéwurban cycle (Part One) and
the second, third, fourth and fifth gears for tk&a-urban cycle (Part Two) when the
manufacturer's instructions recommend startingeicoed gear on level ground, or
when first gear is therein defined as a gear resefor cross-country driving,
crawling or towing.

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

until they once again reach the required operatng/e. Deviations from the

operating cycle shall be recorded in the test tiepor

Vehicles equipped with semi-automatic-shift geagsoshall be tested by using the
gears normally employed for driving, and the geaft $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 psimbsvn in Tables 1 and 2 of this
annex shall not apply; acceleration shall contittmeughout the period represented
by the straight line connecting the end of eaclogesf idling with the beginning of
the next following period of steady speed. Theermhces given in
paragraphs 6.1.3.4. and 6.1.3.5. below shall apply.

Vehicles equipped with an overdrive tlmat 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 stegebed, and during deceleration
when the vehicle's brakes are used. If the vehlletzlerates more rapidly without
the use of the brakes, only the provisions of paaly6.4.4.3. below shall apply.
Speed tolerances greater than those prescribedl 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. dtheve 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 ohesuthe time for changing gear
and, if necessary, a certain amount of latitudsatoh up with the cycle.



6.2.

6.2.1.

6.2.1.1.

6.2.1.2.

6.2.1.3.

6.2.2.

6.2.3.
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Test preparation

Load and inertia setting
Load determined with vehicle road test

The dynamometer shall be adjusted so that theitatdia of the rotating masses will
simulate the inertia and other road load forcemgain the vehicle when driving on
the road. The means by which this load is detezthis described iparagraph 5.
of this annex.

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

Dynamometer with adjustable load curve: the lomdukator 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 followinghnd may be used.

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

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

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

The method used and the values obtaingdiv@dent inertia - characteristic
adjustment parameter) shall be recorded in the¢pstt.

Preliminary testing cycles

Preliminary testing cycles should be carried dukcessary to determine how best to
actuate the accelerator and brake controls so ashieve a cycle approximating to

the theoretical cycle within the prescribed limiteder which the cycle is carried out.

Tyre pressures

The tyre pressures shall be the same as thaffispeloy the manufacturer and used

for the preliminary road test for brake adjustmenthe tyre pressure may be
increased by up to 50 per cent from the manufacturecommended setting in the
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6.2.4.

6.2.5.

6.2.6.

6.2.7.

6.2.7.1.

6.2.7.2.

6.2.7.2.1.

case of a two-roller dynamometer. The actual piresased shall be recorded in the
test report.

Background particulate mass measurement

The particulate background level of the dilutianrmay be determined by passing
filtered dilution air through the particulate fitte This shall be drawn froitihe same
point as the particulate sample One measurement may be performed prior to or
after the test. Particulate mass measurementsh@ayprrected by subtracting the
background contribution from the dilution systenThe permissible background
contribution shall bec Img/km (or equivalent mass on the filter). If theckground
exceeds this level, the default figure of 1 mg/kon équivalent mass on the filter)
shall be employed. Where subtraction of the bamkgd contribution gives a
negative result, the particulate mass result $feattonsidered to be zero.

Background particle number measurements

The subtraction of background particle numbers raydetermined by sampling
dilution air drawn from a point downstream of tharticle and hydrocarbon filters
into the particle number measurement system. Backgl correction of particle
number measurements shall not be allowed for tppecwal, but may be used at the
manufacturer's request for conformity pfoduction and in service conformity
where there are indications that tunnel contrilsutgosignificant.

Particulate mass filter selection

A single particulate filter without back-up shélé employed for both urban and
extra-urban phases of the cyclambined

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 thessians test is otherwise expected
to exceed 25 kPa.

Particulate mass filter preparation

Particulate mass sampling filters shallcbaditioned (as regards temperature and
humidity) in an open dish that has been protecgainst 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 omerhof their removal from the
weighing chamber they shall be re-weighed.

The one hour limit may be replaced by mtehour limit if one or both of the
following conditions are met:

A stabilized filter is placed and kaptai sealed filter holder assembly with the ends
plugged, or;
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6.2.7.2.2. A stabilized filter is placed in a sehaléiter holder assembly which is then

6.2.7.3.

6.2.8.

6.2.8.1.

6.2.8.2.

6.2.9.

6.3.

6.3.1.

immediately placed in a sample line through whioére is no flow.
The particulate sampling system shallthdesi and prepared for sampling.
Particle number measurement preparation

The particle specific dilution system amglasurement 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 usimipi@nt air.

When the inlet is equipped with a HEPA filterslitall 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 getro and spanned. The sample
bags shall be evacuated.

Conditioning procedure

For the purpose of measuring particulates, at most 36 hours anléeast 6 hours
before testing, the Part Two cycle describegaragraph 6.1.of this annex shall be
usedfor vehicle pre-conditioning Three consecutive cycles shall be driven. The
dynamometer setting shall be indicated as in papg6.2.1. above.

At the request of the manufacturer, vehiclesditigth indirect injection positive-
ignition engines may be preconditioned with onet Rare 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 previdesst on a high particulate emitting
vehicle, it is recommended that a 120 km/h steddie drive cycle of 20 minutes
duration be driven by a low particulate emittindniade prior to the three consecutive
Part Two cycles conditioning described above.

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

6.4.3.

6.4.3.1.

6.4.3.2.

If the manufacturer so requests, the test shattdvged 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 Ni&tween the tests on the first
gaseous reference fuel and the second gaseousnedefuel, the vehicle shall be
preconditioned before the test on the second mderéuel. This preconditioning is

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

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

Test procedure

Starting-up the engine

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

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

In the case of the use of LPG or NG ased if is permissible that the engine is
started on petrol and switched to LPG or NG aft@redetermined period of time
which cannot be changed by the driver.

Idling

Manual-shift or semi-automatic gearbox, 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 6.40@@w or if the selector can actuate
the overdrive, if any.

Accelerations

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

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



6.4.3.3.

6.4.4.

6.4.4.1.

6.4.4.2.

6.4.4.3.

6.4.4.4.

6.4.5.

6.4.5.1.

6.4.5.2.

6.4.6.

6.4.7.
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Automatic-shift gearboxes

If acceleration cannot be carried out in the mibsd time, the gear selector shall
operate in accordance with requirements for mash#i-gearboxes.

Decelerations

All decelerations of the elementary urlzgnle (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 (Paso] 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 shaltdstored by constant speed or idling
period merging into the following operation.

At the end of the deceleration period t(lwdlthe vehicle on the rollers) of the
elementary urban cycle (Part One), the gears beahlaced 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.

Periods of constant speed shall be aadthieydceeping 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 periodiwe extra-urban cycle (Part Two,
end of sampling (ES)) or, in the case of test Tytheon conclusion of the final

idling period of the last elementary urban cyclar{fone).

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

6.5.3.6.

6.5.3.7.

6.5.3.8.

Particles shall be measured continuouslyha 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 usetfitinuous measurement shall be
checked. The test shall be considered acceptatile 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 tateethe weighing chamber within one
hour following the analyses of the exhaust gaSé® test filter shall be conditioned
for at least 2 hours and not more than 80 hourdlzemweighed.

Bag analysis

The exhaust gases contained in the bdlgbghanalysed as soon as possible and in
any event not later than 20 minutes after the dnideotest 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 thibratibn curves by means of span gases of
nominal concentrations of 70 to 100 per cent ofrtmge.

The analysers' zero settings shall therebeecked: 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.

After the analysis, zero and span poin&l $e rechecked using the same gases. |If
these rechecks are within 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 airibly/sers.

The figure adopted for the content of ghses in each of the pollutants measured
shall be that read off after stabilisation of theasuring device. Hydrocarbon mass
emissions of compression-ignition engines shallchkeulated from the integrated
HFID reading, corrected for varying flow if necessaas shown in paragraph 6.6.6.
below.
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6.6.1.

6.6.1.1.

6.6.1.2.

6.6.1.3.

6.6.2.
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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 tispment pump is used

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

V=V,-N
where:
V =  volume of the diluted gas expressed indifper test (prior to correction),
Vo=  volume of gas delivered by the positive dispfaeat pump in testing
conditions in litres per revolution,
N = number of revolutions per test.

Correction of Volume to Standard Condgion

The diluted exhaust-gas volume is corrected bynmeéthe following formula:
Vmix =V [Kl Eﬁﬂ] (1)
TP

where:

2732 (K)

=222 = 26961 2
' 10133(kPa) @

Ps = barometric pressure in the test room in kPa,

P, = vacuum at the inlet to the positive displacenmmp in kPa relative to
the ambient barometric pressure,

Tp= average temperature of the diluted exhaust gasrieg the positive

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

The mass M of each pollutant emitted by the vehiduring the test shall be
determined by obtaining the product of the volumetoncentration and the volume
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of the gas in question, with due regard for thdofeing densities under above-
mentioned reference conditions:

In the case of carbon monoxide (CO): d=1.254gll

In the case of hydrocarbons:
for petrol (CH.gy) d=0.619 g/1
for diesel (Clre) d=0.619 g/1
for LPG (CH 529 d =0.649 g/l
for NG (CHy) d=0.714 g/l

In the case of nitrogen oxides (NO d=2.05¢9/1

6.6.3. Mass emissions of gaseous pollutants skatlaiculated by means of the following
formula:

Vmix [Qi l:Ikh |]:i D'O_G

Mi = d (3)

where:

Mi= mass emission of the pollutant i in grams plrketre,

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

Q = density of the pollutant i in grams per litre mrmal 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 correstfor HC and CO,

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

d = distance corresponding to the operating cyckelometres.

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 éolis:

C, =C,-C, Eﬁl—é) (4)

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

= measured concentration of pollutant i in theut exhaust gas,

expressed in ppm,

= concentration of pollutant i in the air used ddution, expressed in ppm,
DF = dilution factor.
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The dilution factor is calculated as follows:

DF = 134 for petrol and diesel (5a)

Ceor + (CHC + Cco) no™

DF = 119 — for LPG (59)
Ceop + (CHC + Cco) 10

DF = 95 — forNG (5¢)
Ceop + (CHC + Cco) 10

In these equations:
Ccoz2 = concentration of COin the diluted exhaust gas contained in the sargpli

bag, expressed in per cent volume,
concentration of HC in the diluted exhaust gastained in the sampling

bag, expressed in ppm carbon equivalent,
concentration of CO in the diluted exhaust gagtained in the sampling

bag, expressed in ppm.

(OF1S

Cco

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, = 6
" 1-0.0329{H -1071) ©
in which:
6.211[R, [P,
P -Py (R, 107
where:
H = absolute humidity expressed in grams of wpge kilogram of dry air,
Ra= relative humidity of the ambient air expresse@aercentage,
Pq= saturation vapour pressure at ambient temperatpressed in kPa,
Ps = atmospheric pressure in the room, expresseBan k
6.6.6. Determination of HC for compression-ignitEmgines

To calculate HC-mass emission for compressiortigmiengines, the average HC
concentration is calculated as follows:
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6.6.7.

t
[ Cuc it
Co=t—— 7
ey (7
where:
t
JCHC Celt = integral of the recording of the heated FID ower test ¢tt;)
4y
Ce = concentration of HC measured in the dilutedagst in ppm
of G is substituted for Gz in all relevant equations.
Determination of particulates

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

_ (Vmix + Vep) l:Pe

M p
V,, [
where exhaust gases are vented outside tunnel,

— Vmix [Pe

v,

where exhaust gases are returned to the tunnel.

where:

Vmix = Volume of diluted exhaust gases (see paragrapi.B under standard
conditions,

Vep= Volume of exhaust gas flowing through particelfitter 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 backgroungeldrom the dilution system has
been used, this shall be determined in accordarbeparagraph 6.2.4. In this case,
the particulate mass (g/km) shall be calculatefdimnys:

V. +V
=] e[ B ) e )
Ve, |V, U DF d

where exhaust gases are vented outside tunnel;
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— 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 backgnal particulate filter
under standard conditions,
P, = Particulate mass collected by background filter
DF = Dilution factor as determined in paragraph 4

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

Determination of particle numbers

Number emission of particles shall be calculated eans of the following
equation:

_VkC_.f, 10°
d

N

where:

N = particle number emission expressed in degiper kilometre,

V = volume of the diluted exhaust gas expresseditres per test and
corrected to standard conditions (273.2 K and 1DkRa),

k= Calibration factor to correct the particle number counter
measurements to the level of the reference instrumewhere this is
not applied internally within the particle number counter. Where
the calibration factor is applied internally within the particle
number counter a value of 1 shall be used for k irthe above
equation,

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

then the concentrations should be corrected tetbogditions C.),

f = mean particle concentration reduction factor ofthe volatile particle

)
remover at the dilution setting used for the test,
d = distance corresponding to the operating cgxf@essed in kilometres.

Ol

shall be calculated from the following equation:
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6.6.9.

6.6.9.1.

6.6.9.2.

6.6.9.3.

6.6.9.3.1.

i = a discrete measurement of particle concentratigdhe diluted gas
exhaust from the particle counter expressed ingbest per cubic
centimetreand corrected for coincidence,

n= total number of discrete particle concemtrameasurements made
during the operating cycle.

n shall be calculated from the following equatio
n=T.f

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

Allowance for mass emissions from vehiclgsigped with periodically regenerating
devices

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

The provisions of Annex 13 shall apply fine purposes of particulate mass
measurements only and not particle number measumteme

For particulate mass sampling during d beswhich the vehicle undergoes a
scheduled regeneration, the filter face temperatha#l not exceed 192 °C.

For particulate mass sampling during & wden the regenerating device is in a
stabilized loading condition (i.e. the vehicle ist mndergoing a regeneration), it is
recommended that the vehicle has completed > 1#f3eomileage between scheduled
regenerations or that the periodically regeneratiegice 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 coeféat. In this case,
paragraph 8.2.3.2.2. of this Regulation is replabgdparagraph 6.6.9.3.Df this
annex

If the manufacturer wishes to run in teaicles, ("x" km, where x 3,000 km for
vehicles equipped with a positive ignition engimed a < 15,000 km for vehicles
equipped with a compression ignition engine and reehte vehicle is at > 1/3
distance between successive regenerations), tiseguece will be as follows:
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(@) the pollutant emissions (type I) will be measlat zero and at "x" km on the
first tested vehicle,

(b) the evolution coefficient of the emissionsvibe¢n zero and "x" km will be
calculated for each of the pollutants:

Emissionsat" x"km
Emissionsatzerokm

Evolution coefficiert =

This may be less than 1,
(i) the other vehicles will not be run in, but itheero 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,

(i) the values at zero km multiplied by the ewan coefficient for the other
vehicles.



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

U

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 Ko (®)

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.

2z abed

T'A84/8/L002/3d49/6Z' dM/SNVHL/3O5



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

X

No. of Operation Phase|Acceleration (m/g | 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 ()

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()

20 Deceleration, clutch disengaged 1.39 50-0 10 380 K5 (1)

21 Idle 13 20 20 400 PM (1)

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

ez abed

T'A84/8/.002/3d49/6Z¢"'d/M/SNVH.L/F03
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Table 3 — Simulated inertia and dyno loading rezments

Reference mass of| Equivalent| Power and load absorbed py Road Load
vehicle RW (kg) inertia | the dynamometer at 80 krrj/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 51 230 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 84 378 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

Figure 1

Operating cycle for the Type | test
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Part Two
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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 sirmgatoad load within one of the
following classifications:

(@) dynamometer with fixed load curve, i.e. a dyoaeter whose physical
characteristics provide a fixed load curve shape,

(b) dynamometer with adjustable load curve, i.dymaamometer 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 equivelent
to mechanical inertia systems. The means by waglivalence is established are
described in Appendix 6 to this annex.

1.1.3. In the event that the total resistance tgss 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 havinghdracateristics 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/hfisllasvs:

F=(a+b¥)+0.1-F (without being negative)
where:
F = total load absorbed by the chassis dynamar(iéje
a = value equivalent to rolling resistance (N)
b = value equivalent to coefficient of air reafste (N/(km/hj)
vV = speed (km/h)
Fso = load at 80 km/h (N)
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 ordilers. The front roller shall drive,
directly or indirectly, the inertial masses and plesver 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 readnttieated load to an accuracy 5 per
cent.

In the case of a dynamometer with a fixedl lourve, the accuracy of the load seiting
at 80 km/h shall be5 per cent. In the case of a dynamometer with galples load
curve, the accuracy of matching dynamometer loawad 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 luting 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 measwdtidospeed of rotation of the roller (the
front roller in the case of a two-roller dynamonmetelt shall be measured with an
accuracy oftl km/h at speeds above 10 km/h.

The distance actually driven by the vehicle shallmeasured 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 terrdane the load absorbed by a
dynamometer brake. The load absorbed comprisetodite absorbed by frictional
effects and the load absorbed by the power-absorpivice.

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

The kinetic energy of the rollers is dissipatedthg power-absorption unit and by
the frictional effects. This method disregardsiatons in the roller's internal
frictional effects caused by rollers with or withdbe vehicle. The frictional effects
of the rear roller shall be disregarded when tliercs free.

Calibration of the load indicator at 80 km/h

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

Measure the rotational speed of the roflénis has not already been done. A fifth
wheel, a revolution counter or some other method beaused.
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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 ineriia

class to be used.

Diagram illustrating the power absorbed by the slsadynamometer
Figure 4
z
0 20 40 60 80 100 120
SPEED (Knv/h)
o=F=a+b-¥ e=(a+b-V¥)-01 -k A=(@+b-V)+0.1- Rk

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 yimamhometer.
2.2.8. Note the time taken by the dynamometer &3 fllm a speed of 85 km/h to a speed

of 75 km/h.
2.2.9. Set the power-absorption device at a diffelevel.
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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Fo M [V

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

—+
Tl

time taken by the roller to pass from 85 k@ 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@adosorbed 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 otheree

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

2.4. Calibration of force or torque

The same procedure shall be used for force ougocqlibration.
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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 orséesome 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 capends to the requirements of
paragraph 1.1.3.1. of this appendix.

3.1.5. Repeat the procedure set out in paragraftk. 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 uselhis 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

quantities of pollutants are determined from thegla concentrations, corrected for
the pollutant content of the ambient air and theliged 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 siom 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 Vesseh aghose illustrated in
Figures6 and 7, in which vehicle exhaust gases and the dilutiomi@ combined so
as to produce a homogeneous mixture at the chaouiblet.

General Requirements

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

The mixture of air and exhaust gases stmlhdmogeneous 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 volumih®diluted 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 upl $igakuch that they do not affect

the pollutant concentration in the diluted exhagetes. Should any component in
the system (heat exchanger, cyclone separatorgebjeic.) change the concentration
of any of the pollutants in the diluted exhaustegaand the fault cannot be corrected,
then sampling for that pollutant shall be carriedl wpstream from that component.

All parts of the dilution system that arecontact with raw and diluted exhaust gas,
shall be designed to minimise deposition or alienabf the particulates or particles.
All parts shall be made of electrically conductimaterials that do not react with
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1.2.6.

1.2.7.

1.2.8.

1.3.

1.3.1.

1.3.2.

exhaust gas components, and shall be electricatlyngled to prevent electrostatic
effects.

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

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

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

Specific Requirements
Connection to Vehicle Exhaust

The connecting tube between the vehicle exhaukgtewand the dilution system shall

be as short as possible; and satisfy the followargirements:

() be less than 3.6 m long, or less than 6.1 nglid heat insulated. Its internal
diameter may not exceed 105 mm;

(i) shall not cause the static pressure at theaest outlets 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 puess recorded when nothing
is connected to the vehicle exhaust outlets. Teegure shall be measured in
the exhaust outlet or in an extension having theesaiameter, as near as
possible to the end of the pipe. Sampling systeapable of maintaining the
static pressure to withie0.25 kPa may be used if a written request from a
manufacturer to the Technical Service substantittiesneed for the closer
tolerance;

(i) shall not change the nature of the exhaast, g

(iv) any elastomer connectors employed shall biaesnally 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 tunnshall

be passedhrough a medium capable of reducing particlethen most penetrating
particle size of the filter material iy 99.95 per cent, or through a filter of at least
class H13 of EN 1822998 This represents the specification of High E#iwy
Particulate Air (HEPA) filters. The dilution air may optionally be charcoal
scrubbed before being passed to the HEPA filter.It is recommended that an
additional coarse particle filter is situatbdfore the HEPA filter and 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 dilutair may be sampled according to
good engineering practice to determine the tunrwitrdoution to background
particulate mass levels, which can then be suladatom 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 conditienghe exhaust outlet and to limit
the drop in pressure inside the dilution-air coioding device, if any, the pressure at
the mixing point shall not differ by more than b.RPa 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 edoiErvals 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 electrigalonductive material, which shall
be earthed;

(i) shall be small enough in diameter to causbulent flow (Reynolds number
> 4000) and of sufficient length to cause completeing of the exhaust and
dilution air;

(iiiy shall be at least 200 mm in diameter;

(iv) may be insulated.

Suction Device

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

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

() twice as high as the maximum flow of exhaua$ groduced by accelerations
of the driving cycle; or

(i)  sufficient to ensure that the G@oncentration in the dilute-exhaust sample bag
is less than 3 per cent by volume for petrol aredel, less than 2.2 per cent by
volume for LPG and less than 1.5 per cent by volion@&G.

Volume Measurement in the Primary Dilutigrsteém

The method of measuring total dilute exhaust va@uncorporated in the constant
volume sampler shall be such that measurementigrae tot2 per cent under all
operating conditions. If the device cannot compémnsfor variations in the
temperature of the mixture of exhaust gases andi@l air at the measuring point,
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1.4.

1.4.1.

a heat exchanger shall be used to maintain theastye to within +6 K of the
specified operating temperature.

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

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

The measurement of the pressure difference fromoggheric pressure shall be taken
upstream from and, if necessary, downstream franvthume 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 oftiges of recommended exhaust
dilution systems that meet the requirements ofdhisex.

Since various configurations can produce accuraselts, exact conformity with
these figures is not essential. Additional commbsesuch as instruments, valves,
solenoids and switches may be used to provide iaddlt information and co-
ordinate the functions of the component system.

Figure 6: Positive Displacement Pump DilutRystem
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sample * and bag sampling
DAF DT I HE
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Full Flow Dilution System with Positive DisplacemehPump

The positive displacement pump (PDP) full flow utibn system satisfies the
requirements of this annex by metering the flovga$ through the pump at constant
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temperature and pressure. The total volume is uneddy counting the revolutions
made by the calibrated positive displacement punifhe proportional sample is
achieved by sampling with pump, flow-meter and floantrol valve at a constant
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 8#EPA) filter (outlet side). It is
recommended that an additional coarse parfilter is situated before the HEPA
filter and after the charcoal filter, if used. The purpose of the charcoal filter is to
reduce and stabilize the hydrocarbon concentratainambient emissions in the
dilution air;

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

The positive displacement pump (PDP), pcod) a constant-volume flow of the
air/exhaust-gas mixture. The PDP revolutions, tlteglewith associated temperature
and pressure measurement are used to determifievinate;

A heat exchanger (HE) of a capacity sigficto ensure that throughout the test the
temperature of the air/exhaust-gas mixture measatradgoint immediately upstream
of the positive displacement pump is within 6 Kiloé average operating temperature
during the test. This device shall not affect pgudlutant concentrations of diluted
gases taken off after for analysis.

Figure 7: Critical-Flow Venturi Dilution Sysn
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1.4.2.1.

1.4.2.2.

1.4.2.3.

1.4.2.4.

1.4.2.5.

1.4.2.6.

2.1

The use of a critical-flow venturi (CFV) for thelliflow dilution system is based on
the principles of flow mechanics for critical flowlhe variable mixture flow rate of
dilution and exhaust gas is maintained at sonicoarsl 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 samplinghteri ensures the proportionality of
the gas samples taken from the dilution tunnel.bdth pressure and temperature are
equal at the two venturi inlets the volume of tlees glow diverted for sampling is
proportional to the total volume of diluted exhagas mixture produced, and thus
the requirements of this annex are met. The dotig@equipment consists of:

A filter (DAF) for the dilution air, whichan be preheated if necessary. This filter
shall consist of the following filters in sequenaeoptional activated charcoal filter
(inlet side), and a high efficiency particulate 8#tEPA) filter (outlet side). It is
recommended that an additional coarse particler fidt situated before the HEPA
filter and after the charcoal filter, if used. The purpose of the charcoal filter is to
reduce and stabilize the hydrocarbon concentratainambient 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 abtte length of the transfer tube
(TT) is minimized;

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

Some form of protection for the measurdnsgstem 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 t@aimdle 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 measurddeated to the flows. The
flow-metering device shall be dynamic and suitalite the high flow-rate
encountered in constant volume sampler testinge déwvice shall be of certified
accuracy traceable to an approved national orriatagnal standard.
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Various types of flow-meter may be used, eatibrated venturi, laminar flow-meter,
calibrated turbine-meter, provided that they arpadyic measurement systems and
can meet the requirements of paragraph 1.3.5i0afpendix.

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

Calibration of the positive displacement puiapP)

The following calibration procedure outling® equipment, the test configuration
and the various parameters that are measuredablisktthe 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 ceotet in series with the pump.
The calculated flow-rate (given in %min at pump inlet, absolute pressure and
temperature) can then be plotted versus a comwaldtinction that is the value of a
specific combination of pump parameters. The liregpuation that relates the pump
flow and the correlation function is then deterndinén the event that a CVS has a
multiple speed drive, a calibration for each ranged shall be performed.

This calibration procedure is based on tkasurement 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 acgusad integrity of the calibration
curve:

The pump pressures shall be measuregpings 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 pladel 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 oscilla&iovhich 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 @he CVS pump shall be free of any
leakage.

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

Figure 8 of this appendix shows one possédeset-up. Variations are permissible,
provided that the Technical Service approves therneing of comparable accuracy.
If the set-up shown ifrigure 8 is used, the following data shall be found witthie
limits of precision given:

barometric pressure (correcteg)(P +0.03 kPa
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ambient temperature (T) 0.2 K

air temperature at LFE (ETI) +0.15K
pressure depression upstream of LFE (EPI) +0.01 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 (PPI) +0.22 kPa
pressure head at CVS pump outlet (PPO) +0.22 kPa
pump revolutions during test period (n) +1 1/min
elapsed time for period (minimum 250 s) (t) +0.1s

Figure 8: PDP Calibration Configuration
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2.2.5. After the system has been connected as shoigure 8 of this appendix, set the
variable restrictor in the wide-open position aod the CVS pump for 20 minutes
before starting the calibration.

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

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



2.2.8.

2.2.9.

2.2.10.

2.2.11.
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The air flow-rate is then converted to puflow (Vo) in m’/rev at absolute pump
inlet temperature and pressure.

T
=QTe o133
n 2732 P,

where:

Vo = pump flow rate at Jand B (m*rev),

Qs = air flow at 101.33 kPa and 273.2 K¥min),
Tp = pump inlet temperature (K),

P, = absolute pump inlet pressure (kPa),

N = pump speed (mi.

To compensate for the interaction of pumgesdppressure 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 outied the absolute pump outlet
pressure is then calculated as follows:

1 APp
XO = —
n\ P

e

where:
Xo= correlation function,
AP, = pressure differential from pump inlet to pumgleu(kPa),
Pe= absolute outlet pressure (PPOg) (RPa).

A linear least-square fit is performed to genetagecalibration equations which have
the formula:

V(): Do- M (Xo)

n=A-B QAP
Do, M, A and B are the slope-intercept constants desuyithe lines.
A CVS system that has multiple speeds &leattalibrated on each speed used. The
calibration curves generated for the ranges shalaproximately parallel and the
intercept values (p) shall increase as the pump flow range decreases.
If the calibration has been performed ecdisef the calculated values from the
equation will be within 0.5 per cent of the measuvalue of \§. Values of M will

vary from one pump to another. Calibration is perfed at pump start-up and after
major maintenance.
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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
=  flow,
Ky =  calibration coefficient,
= absolute pressure (kPa),
= absolute temperature (K).
Gas flow is a function of inlet pressure and teragure.
The calibration procedure described below esthb the value of the calibration
coefficient at measured values of pressure, temyoerand air flow.
2.3.2. The manufacturer's recommended procedurd bka followed for calibrating
electronic portions of the CFV.
2.3.3. Measurements for flow calibration of thetical flow venturi are required and the
following data shall be found within the limits pfecision given:
barometric pressure (corrected))(P +0.03 kPa,
LFE air temperature, flow-meter (ETI) +0.15 K,
pressure depression upstream of LFE (EP1}X0.01 kPa,
pressure drop across (EDP) LFE matrix =~ £0.0015 kPa,
air flow (Q) +0.5 per cent,
CFV inlet depression (PPI) +0.02 kPa,
temperature at venturi inlet ()T +0.2 K.
2.3.4. The equipment shall be set up as shownguar€&i9 of this appendix and checked for

leaks. Any leaks between the flow-measuring dewiod the critical-flow venturi
will seriously affect the accuracy of the caliboati
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Figure 9: CFV Calibration Configuration
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The variable-flow restrictor shall be settih® open position, the blower shall be
started and the system stabilized. Data frormatfiuments shall be recorded.

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

The data recorded during the calibrationl disaused in the following calculations.
The air flow-rate (@ at each test point is calculated from the flowtenelata using
the manufacturer's prescribed method.

Calculate values of the calibration coefficientéach test point:

« =T

Y P,
where:
Q. = flow-rate in n¥/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 sofiow, K, will have a
relatively constant value. As pressure decreagasu(im increases) the venturi
becomes unchoked and Hecreases. The resultant¢hanges are not permissible.
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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 | 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 patiugas into the system whilst it
is being operated as if during a normal test amuh thnalysing and calculating the
pollutant mass according to the formulaparagraph 6.6. of Annex 4aexcept that
the density of propane shall be taken as 1.967 gfaen litre at standard conditions.
The following two techniques are known to give g€t accuracy.
The maximum permissible deviation between the fjtyaof gas introduced and the
quantity of gas measured is 5 per cent.

3.2. CFO Method

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

3.2.2. A known quantity of pure gas (CO ojHg) is fed into the CVS system through the
calibrated critical orifice. If the inlet pressui® 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 eeding 5 per cent occur, the cause of
the malfunction shall be determined and correctétde 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 knovioréeand.

3.3. Gravimetric Method

3.3.1. Metering a limited quantity of pure gas (6OCsHg) by means of a gravimetric
technique

3.3.2. The following gravimetric procedure may lsedito 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®ab 10 minutes, the CVS system
is operated as in a normal exhaust emission tésle WO or propane is injected into
the system. The quantity of pure gas involvedeiemined by means of differential
weighing. The gas accumulated in the bag is themlyaed by means of the
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equipment normally used for exhaust-gas analydis. résults are then compared to
the concentration figures computed previously.
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GASEOUS EMISSIONS MEASUREMENT EQUIPMENT
1. SPECIFICATION
1.1 System Overview

1.2.

1.2.1.

1.2.2.

1.2.3.

1.2.4.

1.2.5.

1.2.6.

1.2.7.

1.2.8.

1.2.9.

1.2.10.

A continuously proportional sample of the diluixhaust gases and the dilution air
shall be collected for analysis.

Mass gaseous emissions shall be determined froen floportional sample
concentrations and the total volume measured dutimg test. The sample
concentrations shall be corrected to take accofirth® pollutant content of the
ambient air.

Sampling System Requirements

The sample of dilute exhaust gases shathken upstream from the suction device
but downstream from the conditioning devices (if)an

The flow rate shall not deviate from therage by more thas 2 per cent.
The sampling rate shall not fall below Eelit per minute and shall not exceed 0.2 per
cent of the flow rate of the dilute exhaust gasas. equivalent limit shall apply to

constant-mass sampling systems.

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

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

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

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

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

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

Quick-fastening gas-tight connections maysed between the three-way valves and
the sampling bags, the connections sealing themselutomatically on the bag side.



1.2.11.

1.2.12.

1.2.12.1.

1.2.12.2.

1.2.12.3.

1.2.12.4.

1.2.12.5.

1.2.12.6.

1.3.

1.3.1.

1.3.2.
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Other systems may be used for conveying the samphlie 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 Ergine

The hydrocarbon sampling system shalkisbrof a heated sampling probe, line,
filter and pump. The sampling probe shall be imsthht the same distance from the
exhaust gas inlet as the particulate sampling prabesuch a way that neither

interferes with samples taken by the other. Itldm@le a minimum internal diameter
of 4 mm.

All heated parts shall be maintainedtat@perature 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 fitéth 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 (fl@ptobe to the analyser inlet) shall be no
more than four seconds.

The HFID shall be used with a constami f{heat exchanger) system to ensure a
representative sample, unless compensation fomgafyFV or CFO flow is made.

Gas Analysis Requirements

Carbon monoxide (CO) and carbon dioxide fGDalyses:

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

The analyser shall be of the flame ionisation (FRifpe calibrated with propane gas
expressed equivalent to carbon atomg.(C
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1.3.3. Hydrocarbons (HC) analysis - compressiofitigmengines:

1.3.4.

1.3.5.

1.3.6.

1.3.7.

1.3.8.

1.3.9.

1.4.

The analyser shall be of the flame ionisation typ#h detector, valves, pipework,
etc., heated to 463 K (190 °@)0 K (HFID). It shall be calibrated with propanesga
expressed equivalent to carbon atomg.(C

Nitrogen oxide (Ng) analysis:

The analyser shall be either of the chemi-lumiaas¢CLA) or of the non-dispersive
ultra-violet resonance absorption (NDUVR) type,tbaiith NQ-NO converters.

The analysers shall have a measuring ramg@atible with the accuracy requirec to
measure the concentrations of the exhaust gas sgrojhlitants.

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

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

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

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

Recommended System Descriptions

Figure 10 is a schematic drawing of the systengéseous 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(8&nd $) for continuous sampling of the dilution air ankl o
the diluted exhaust-gas/air mixture;

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

Pumps (P), to collect a constant flow of dietion 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 pro8eand $ (for PDP-CVS) and
flow of the gas samples shall be such that, attiteof each test, the quantity of the
samples is sufficient for analysis (approx. 1G@Btper minute);

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

Quick-acting valves (V), to divert a constdaw 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 automayicat the sampling-bag side; as
an alternative, other ways of transporting the dampo the analyser may be used
(three-way stopcocks, for instance);
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1.4.8. Bags (B), for collecting samples of the @ithexhaust 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 probegABCFV-CVS only);

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

1.4.11. Components for hydrocarbon sampling usiRgPH
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 amgke BA to be analysed on

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

L 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 onceyeser months for verifying
conformity of production.

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

2.1.2.1. The analyser calibration curve is esthblisby 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 requinegly 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 kbast squares method. If the resulting
polynomial degree is greater than 3, the numbeabbration points shall be at least
equal to this polynomial degree plus 2.

2.1.2.4.  The calibration curve shall not differ impre thant 2 per cent from the nominal

value of each calibration gas.



2.1.3.

2.1.4.

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.3.

2.3.1.

2.3.2.
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Trace of the calibration curve

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

The scale;

The sensitivity;

The zero point;

The date of carrying out the calibration.

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

Analyser Verification Procedure

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

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

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

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

FID Hydrocarbon Response Check Procedure

Detector response optimisation

The FID shall be adjusted, as specified by theunsent manufacturer. Propane in
air should be used, to optimise the response, ®@mitst common operating range.

Calibration of the HC analyser

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

Establish a calibration curve as described ingrayzh 2.1. of this appendix.
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2.3.3. Response factors of different hydrocarbamsracommended limits
The response factor (Rf), for a particular hydrboa species is the ratio of the FID
C, reading to the gas cylinder concentration, exgess ppm €
The concentration of the test gas shall be at\elléo 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 aolditthe gas cylinder shall be pre-
conditioned for 24 hours at a temperature betw@&3kand 303 K (20 and 30 °C).
Response factors should be determined when intilpg@n analyser into service and
thereafter at major service intervals. The tesegds 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 recommendatsli
The response factor shall be determined as descnibparagraph 2.3.3. above. The
test gas to be used and recommended response ri@aer is:
Propane and nitrogen: 0.95<Rf<1.05
2.4, NQ, Converter Efficiency Test Procedure
The efficiency of the converter used for the caosi@ of NQ into NO is tested as
follows:
Using the test set up as shown in Figure 11 aadotbcedure described below, the
efficiency of converters can be tested by mearaajzonator.
2.4.1. Calibrate the analyzer in the most commoreraiing range following the

manufacturer's specifications using zero and span(tipe NO content of which shall
amount to about 80 per cent of the operating raamgethe N@concentration of the
gas mixture shall be less than 5 per cent of thecBiizentration). The NCanalyser
shall be in the NO mode so that the span gas doepass through the converter.
Record the indicated concentration.
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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 deacto/éteoughout this process.

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

(d).

The NQ analyser is then switched to the N@ode, 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

0yor Air supply ?
|§7<] Flow-control valve

V Fowmetr V
L -
O3 -

Analyser inlet connector
NONO; supply

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

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

Efficiency (percen) = (1+ a;g) 100
C_
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2.4.8. The efficiency of the converter shall notdses than 95 per cent.

2.4.9. The efficiency of the converter shall baddsat least once a week.

3. REFERENCE GASES

3.1. Pure gases
The f(_)llowing pure gases shall be available, itcessary, for calibration and
operation:
Purified nitrogen: (purity: 1 ppm C, £1 ppm CGG@0 ppm CQ, +0.1 ppm NO);
Purified synthetic air: (purity: 1 ppm C, +1 ppr@O, +400 ppm C@
0.1 ppm NO); oxygen content between 18 and 2Xeet volume;
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).

3.2. Calibration and span gases

Mixtures of gases having the following chemicaigmsitions shall be available:
()  CsHgand purified synthetic air (see paragraph 3.1vaho

(i) CO and purified nitrogen;

(i) CO, and purified nitrogen.

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

The true concentration of a calibration gas shalwithint 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 paesifier (e.g. cyclone or impactor) be
employed upstream of the filter holder. Howevesampling probe, acting as an
appropriate size-classification device such asghatvn in Figure 13, is acceptable.

General Requirements

The sampling probe for the test gas flowpranticulates shall be so arranged within
the dilution tract that a representative sample flaw 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 talece of +5 per cent of the
particulate sample flow rate.

The sampled dilute exhaust gas shall be taingd at a temperature below 325 K
(52 °C) within 20 cm upstream or downstream of gheticulate filter face, except in
the case of a regeneration test where the tempenaust 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 ping 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 groundedéwgnt electrostatic effects.

If it is not possible to compensate for &aoins in the flow rate, provision shall be
made for a heat exchanger and a temperature codaake as specified in
Appendix 2 so as to ensure that the flow rate | slgstem is constant and the
sampling rate accordingly proportional.

Specific Requirements

PM Sampling Probe
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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.

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

a pre-classifier (cyclone impactor etc). An appiaie sampling probe such as that
indicated in Figure 13, may alternatively be usedvpged it achieves the pre-
classification performance described in paragratli4.

The sample probe shall be installed nleartannel centreline, between 10 and 20
tunnel diameters downstream of the exhaust gas ialéhe tunnel and have an
internal diameter of at least 12 mm.

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 shallHhaepsedged, open-ended and facing
directly into the direction of flow. Probes shadl bqually spaced around the central
longitudinal axis of the dilution tunnel, with thepacing between probes at
least 5 cm.

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

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

Sample Pump and Flow Meter

The sample gas flow measurement unit sloaist 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 orickes equipped with periodically

regenerating aftertreatment devices. In additiom sample mass flow rate must
remain proportional to the total flow of dilutedh&ust gas to within a tolerarce
of £ 5 per cent of the particulate sample mass flate. Should the volume of flow

change unacceptably as a result of excessive fidggting, the test shall be stopped.
When it is repeated, the rate of flow shall be dased.
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Filter and Filter Holder

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

It is recommended that the mass colledrdthe 47 mm diameter filter
is>20 pg and that the filter loading should be mazedi consistent with the
requirements of paragraphs 1.2.3. and 1.3.3.

For a given test the gas filter face vigfoshall be set to a single value within the
range 50 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-octythalate) collection efficiency of
at least 99 per cent at a gas filter face velamiitgt least 35 cm/s.

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

Filter Weighing Chamber and Balance

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

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

session by weighing one reference weight of 50 mbis 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 weighimgsion 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 humidihditmns are recorded along with
sample and reference filter weights.

Buoyancy Correction

All filter weights shall be corrected for filteubyancy in air.
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The buoyancy correction depends on the densitthefsample 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 dewpbithe weighing environment
are controlled to 22 °C = 1 °C and dewpoint of 95 1 °C respectively. However,
the minimum requirements stated in paragraph LL3.4ill also result in an
acceptable correction for buoyancy effects. Theemtion for buoyancy shall be
applied as follows

Mo = Myncorr « (1_ ((loair )/(loweight »)/(1_ ((IOair )/(lomedia )))

1.3.4.3.

where:
Meorr =  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) accordionghe table below:

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

paircan be calculated as follows:

10 = Pabs DM mix
ar
R Eramb
where:
Paps= absolute pressure in balance environment
Mmix = molar mass of air in balance environment (28 §3@I")
R= molar gas constant (8.314 Jitiof)
Tamb= absolute ambient temperature of balance enviemtm

The chamber (or room) environment shall be freanyf ambient contaminants (such
as dust) that would settle on the particulaterBliduring 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
prior to personal entrance into the weighing rodburing the weighing operation no
deviations from the specified conditions are petedit

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

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

Recommended System Description

Figure 12 is a schematic drawing of the recommenmaticulate 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 maadlditional information and

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

Figure 12: Particulate Sampling System

‘ DT
PSP L
I
PTT
PCF FH

FC

L

Control demand
proportional to CVS
flowrate

FM

A sample of the diluted exhaust gas is taken ftbenfull flow dilution tunnel DT
through the particulate sampling probe PSP angdngculate transfer tube PTT by
means of the pump P. The sample is passed thrinegparticle 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 traceatihndard 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 existemce @alibration certificate for the
microbalance demonstrating compliance with a traleeastandard within a
12 months period prior to the test.

2.3. Reference Filter Weighing

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

If the specific weight of any reference filter changes by morentk&ug between
sample filter weighings, then the sample filter areference filters shall be
reconditioned in the weighing room and then rewedgh

The comparisorof reference filter weighings shall be mabletween the specific
weights andthe rolling average of that reference filtesfgecific weights

The rolling average shall be calculated from the gxific weights collected in the
period since the reference filters were placed inhe weighing room. The
averaging period shall be at least 1 day but not ered 30 days

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

If, prior to or at the 80 h pointmore than half the number ofreference filters meet
the £5 pg criterion, then the sample filter weighoan be considered valid.

If, at the 80 h point, two reference filters amptoyed and one filter fails the £5 pg
criterion, the sample filter weighing can be comesatl validunder the condition
that the sum of the absolute differences between egific and rolling averages
from the two reference filters must be less than oequal to 10 pg.
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In caseless than halfof the reference filters meet the +5 g criteriba sample
filter shall be discarded, and the emissions &gstated. All reference filters must be
discarded and replacedthin 48 hours.

In all other cases, reference filters must beawgdat least every 30 days and in
such a manner that no sample filter is weighed withut comparison to a
reference filter that has been present in the weighg room for at least 1 day

If the weighing room stability criteria outlined paragraph 1.3.4. are not met, but
the reference filter weighings meet the above Gatghe 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

—==i ogL

(*) 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 prolaed
a volatile particle remover (VPR) upstream of a paticle number counter (PNC)
and suitable transfer tubing.

1.1.2. It is recommended that a particle size fassifier (e.g. cyclone, impactor etc) be
located prior to the inlebf the VPR However, a sample probe acting as an
appropriate size-classification device, such ad #steown in Figure 13, is an
acceptable alternative to the use of a particle gre-classifier.

1.2. General Requirements

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

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

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

It shall have an internal diameter=e8 mm.

Sample gas drawn through the PTS shall meet tleniog conditions:

It shall have a flow Reynolds number (Re)xat70Q

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 sample from tHéPR to the inlet of
the PNC shallhave the followingproperties:

It shall have an internal diametere#imm;

Sample Gas flow through tl@&T shall have a residence time<df.8 seconds.
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Any other sampling configuration for th®T for which equivalent particle
penetration at 30 nm can be demonstrated will Insidered acceptable.

TheVPR shall include devices for sample dilution andVotatile particle removal.
The sampling probe for the test gas flow shalldarsanged within the dilution tract
that a representative sample dbmwv is taken from a homogeneous air/exhaust
mixture.

All parts of the dilution system and the ping system from the exhaust pipe up to
the PNC, which are in contact with raw and diluted exhages, shall be designed to
minimise deposition of the particles. All partsaBhbe made of electrically
conductive materials that do not react with exhayast components, and shall be
electrically grounded to prevent electrostatic &fe

The particle sampling system shall incorfgogood aerosol sampling practice that
includes the avoidance of sharp bends and abrapiges in cross-section, the use of
smooth internal surfaces and the minimisation ef l#ngth of the sampling line.
Gradual changes in the cross-section are permissél

Specific Requirements

The particle sample shall not pass through a pumpédfore passing through the
PNC.

A sample pre-classifier is recommended.
The sample preconditioning unit shall:

Be capable of diluting the sample in onenore stages to achieve a particle nurnber
concentration below thepper threshold of the single particle count mode fothe
PNC and agas temperature below 35 °C at thiet to the PNC,

Include an initial heated dilution stagkeick outputsa sampleat a temperature of
> 150 °Cand <400 °C and dilutes by a factor of at least 10

Achieve a particle concentration reduction factor {;(d)), as defined in
paragraph 2.2.2., for particles of 30 nm and 50 nrelectrical mobility diameters,
that is no more than 30 per cent and 20 per cent spectively higher, and no
more than 5 per cent lower than that for particlesof 100 nm electrical mobility
diameter for the VPR as a whole;

Also achieve >99.0 per cent vaporisation of 30 nmtetracontane
(CH3(CH>)3gCH3) particles, with an inlet concentration of > 10,000 cri¥, by
means of heating and reduction of partial pressuresf the tetracontane
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1.3.4. ThePNC shall:

1.3.4.1. Operate under full flow operating conditp

1.3.4.2. Have a counting accuracy afl0 per cent across the range 1 ctto the upper
threshold of the single particle count mode of thd®PNC against a traceable
standard. At concentrations below 100 cii measurements averaged over
extended sampling periods may be required to demotrate the accuracy of the
PNC with a high degree of statistical confidence;

1.3.4.3. Have a readability af least0.1 particles ci at concentrations below 100 crf

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

1.3.4.5. Have a dateporting frequency equal to or greater than 0.5 Hz;

1.3.4.6. Have a T90 response time over the measorezentration range of leBg®an 5 §

1.3.4.7. Incorporate a coincidence correction function up toa maximum 10 per cent
correction, and may make use of an internal calibriion factor as determined in
paragraph 2.1.3., but shall not make use of any oén algorithm to correct for or
define the counting efficiency

1.3.4.8. Have counting efficiencies at particle @8 of 23 nm (x1 nm) and 41 nm (£1 nm)
electrical mobility diameter of 50 per cent (12 pe cent) and > 90 per cent
respectively. These counting efficiencies may becldeved by internal (for
example; control of instrument design) or external(for example; size pre-
classification) means;

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

1.3.5 The sum of the residence time of the PTS, VP&hd OT 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 recommendedctora for measurement of
particle number. However, any system meeting thidopmance specifications in
paragraphs 1.2. and 1.3. is acceptable.

Figure 14is a schematic drawing of the recommended paigtepling system.
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Figurel4: Schematic oRecommendedParticle Sampling System
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1.4.1. Sampling System Description

The particle sampling system shall consist of mag probe tip in the dilution
tunnel (PSP), a particle transfer tube (PTT), aigar pre-classifier (PCF) and a
volatile particle remover (VPR) upstream of the tiglg number concentration
measurement (PNC) unit. The VPR shall include aEsifor sample dilution
(particle number diluters: PNDand PND) and particle evaporation (Evaporation
tube, ET). The sampling probe for the test gaw #hall be so arranged within the
dilution tract that a representative sample gaw il taken from a homogeneous
air/exhaust mixture.The sum of the residence time of the system plus&hT90
response time of the PNGhall be no greater than 20 s.

1.4.2. Particle Transfer System

The sampling probe tip (PSP) and particle transfiee (PTT) together comprise the
particle transfer system (PTS). The PTS conduws dample from the dilution

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

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

It shall have an internal diameter-e8mm.

Sample gas drawn through the PTS shall meet tleviog conditions:
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It shall have a flow Reynolds number (Re)xat700;
It shall have a residence time in the PTS Gfseconds.
Any other sampling configuration for the PTS forieh equivalent particle
penetration for particles of 30 nm electrical mobility diameter can be
demonstrated will be considered acceptable.
The outlet tube (OT) conducting the diluted samplérom the VPR to the inlet of
the PNC shall have the following properties:
It shall have an internal diameter=e# mm;
Sample Gas flow through the POT shall have a eesie time ok 0.8 seconds.
Any other sampling configuration for th®T for which equivalent particle
penetration for particles of 30 nm electrical mobility diameter can be
demonstrated will be considered acceptable.

1.4.3. Particle Pre-classifier

The recommended particle pre-classifier shalldeated upstream of théPR. The
pre-classifier 50 per cent cut point particle diteneshall be between 2.5 pm and 10
pm at the volumetric flow rate selected for sangplarticle number emissions. The
pre-classifier shall allow at least 99 per centtioé mass concentration of 1 pm
particles entering the pre-classifier to pass thothe exit of the pre-classifier at the
volumetric flow rate selected for sampling particlanber emissions.

1.4.4. Volatile Particle Remov¢vYPR)

The VPR shall comprise one particle number diluter (RNan evaporation tube
and a second diluter (PNPin series.  This dilutiorfunction is to reduce the
number concentration of the sample entering thégbaiconcentration measurement
unit to less thathe upper threshold of the single particle count mde of the PNC
and to suppress nucleation within the sample.

The VPR shall achieve >99.0 per cent vaporisatioof 30nm tetracontane
(CH3(CH>)3sCH3) particles, with an inlet concentration of >10,000 crit, by
means of heating and reduction of partial pressuresf the tetracontane. It shall
also achieve a particle concentration reduction fdor (f,) for particles of 30nm
and 50 nm electrical mobility diameters, that is nomore than 30 per cent
and 20 per cent respectively higher, and no more #m 5 per cent lower than
that for particles of 100 nm electrical mobility diameter for the VPR as 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 I[\wamperature of
150 °C- 400 °C  The wall temperature setpoint should not excéee wall
temperature of the ET (paragraph 1.4.4.2.). Thetadi should be supplied with
HEPA filtered dilution air and be capable of a tida factor of 10 t@®200 times

Evaporation Tube

The entire length of the ET shall be controllecatevall 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 &@f) °C

Second Particle Number Dilution Device (BN

PND, shall be specifically designed to dilute partickember 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 andudh that particle
number concentration downstream of the secondedilist less than the upper
threshold of the single particle count mode of th@NC and the gas temperature
prior to entry to the PNC is < 35 °C.

Particle NumbeZounter (PNC)

The PNC shall meet the requirements of paragragh4
CALIBRATION/VALIDATION OF THE PARTICLE SAMPLING SYSTEM YV
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 stahdithin a 12 month period

prior to the emissions test.

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

i

Example calibration/validation methods are alali at

ﬁttp://www.unece.org/trans/main/wp29/wp29wgs/wp2@gpmp19.html
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2.1.3. Calibration shall be traceable to a standalitbration method:

214

() by comparison of the response of tABIC under calibration with that of a
calibrated aerosol electrometer when simultanecseigpling electrostatically
classified calibration particles, or

(i) by comparison of the response of tR&IC under calibration with that of a
second®NC which has been directly calibrated by the abovéhote

In the electrometer case, calibration shall beeuatten using at leasix standard
concentrations spaced as uniformly as possiblesactbe PNC's measurement
range. These points will include a nominal zero concentr&n point produced
by attaching HEPA filters of at least class H13 oEN 1822:1998 to the inlet of
each instrument. With no calibration factor applied to the PNC under
calibration, measured concentrations shall be witi +10 per cent of the
standard concentration for each concentration usedwith the exception of the
zero point, otherwise the PNC under calibration shihbe rejected. The gradient
from a linear regression of the two data sets shalle calculated and recorded. A
calibration factor equal to the reciprocal of the gadient shall be applied to the
PNC under calibration. Linearity of response is ckulated as the square of the
Pearson product moment correlation coefficient (B of the two data sets and
shall be equal to or greater than 0.97. In calcuting both the gradient and R
the linear regression shall be forced through theriggin (zero concentration on
both instruments).

In the reference PNC case, calibration shall lertaken using at leasix standard
concentrations across tR&C's measurement range. At least 3 points shalkbat
concentrations below 1,000 cifj the remaining concentrations shall be linearly
spaced between 1,000 cthand the maximum of the PNC's range in single
particle count mode. These points will include a eminal zero concentration
point produced by attaching HEPA filters of at leas class H13 of EN 1822:1998
to the inlet of each instrument. With no calibraton factor applied to the PNC
under calibration, measured concentrations shall bevithin +10 per cent of the
standard concentration for each concentration, withthe exception of the zero
point, otherwise the PNC under calibration shall berejected. The gradient
from a linear regression of the two data sets shalle calculated and recorded. A
calibration factor equal to the reciprocal of the gadient shall be applied to the
PNC under calibration. Linearity of response is ckulated as the square of the
Pearson product moment correlation coefficient (B of the two data sets and
shall be equal to or greater than 0.97. In calcuting both the gradient and R
the linear regression shall be forced through the rigin (zero concentration on
both instruments).

Calibration shall also include a check, agast the requirements in
paragraph 1.3.4.8., on the PNC's detection efficiey with particles of 23 nm
electrical mobility diameter. A check of the countng efficiency with 41 nm
particles is not required.
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CalibratiofiValidation of the Volatile Particle Remover

Calibration of the VPR's particle concentration reduction factors across its full
range of dilution settings, at the instrument manuécturer's recommended
operating temperatures, shall be required when theaunit is new and following
any major maintenance. The periodic validation regirement for the VPR's
particle concentration reduction factor is limited to a check at a single setting,
typical of that used for measurement on diesel paidulate filter equipped
vehicles. The Technical Service shall ensure the existesfca calibrationor
validation certificate for the volatile particleemover within a 6 month period prior
to the emissions test. If the volatile particlenmer incorporates temperature
monitoring alarms a 12 montkalidation interval shall be permissible.

The VPR shall be characteriséat particle concentration reduction factor with
solid particles of 30 nm, 50 nm and 100 nm electad mobility diameter.
Particle concentration reduction factors (f(d)) for particles of 30 nm and 50 nm
electrical mobility diameters shall be no more tharB0 per cent and 20 per cent
higher respectively, and no more than 5 per cent Wer than that for particles
of 100 nm electrical mobility diameter. For the puposes of validation, the
mean particle concentration reduction factor shallbe within £10 per cent of the

mean particle concentration reduction factor (f_r) determined during the
primary calibration of the VPR.

The test aerosol for these measurementskghablid particles of 30, 50 and 100 nm
electrical mobility diameter and a minimum concentration 5f000particles crif at
the VPR inlet. Particle concentrations shall beasueed upstream and downstream
of the components.

The particle concentration reduction factor at eachparticle size ( f(d;) ) shall be
calculated as follows;

fr (d|) - Nin (dl)
Nout (d|)
Where:
Nin (di) = upstream particle number concentration for paricles of
diameter d;

Nout (dj) = downstream particle number concentration for paticles of
diameter d;; and
di = particle electrical mobility diameter (30, 500r 100 nm).

The mean particle concentration reduction E) at a given dilution setting shall
be calculated as follows;
T f, GOnm) + f, (50nm) + f,_ (100nm)
T 3
It is recommended that the VPRclibrated and validatedas 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 ex¢gt of avalidation certificate for the
VPR demonstrating effective volatile particle remowedficiency within a 6 month
period prior to the emissions testf the volatile particle remover incorporates

temperature monitoring alarms a 12 month validation interval shall be

permissible. The VPR shall demonstrate greater tha99.0 per cent removal of
tetracontane (CHs(CHy)3sCH3) particles of at least 30 nm electrical mobility
diameter with an inlet concentration of > 10,000 crii¥ when operated at its
minimum dilution setting and manufacturers recommerded operating

temperature.

Particle Number System Check Procedures

Prior to each test, the particle counter sliareport a measured concentration of
less than 0.5 particles cil when a HEPA filter of at least class H13 of EN
1822:1998 is attached to the inlet of the entire pécle sampling system (VPR
and PNC).

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

Each day, following the application of a HER filter of at least class H13 of EN
1822:1998 to the inlet of the particle counter, th@article counter shall report a
concentration of < 0.2 cm® . Upon removal of this filter, the particle counte

shall show an increase in measured concentration @t least 100 particles ci

when challenged with ambient air and a return to< 0.2 cm® on replacement of
the HEPA filter.

The evaporation tube shall indicate a readgof 300 °C to 400 °C.

The diluter PND shall indicate a wall temperature reading of 150 °G 400 °C
but less than or equal to the set-point of the evapation tube.
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Appendix 6
VERIFICATION OF SIMULATED INERTIA

OBJECT

The method described in this appendix makes isiptesto check that the simulated
total inertia of the dynamometer is carried outséa¢torily in the running phase of
the operating cycle. The manufacturer of the dynmagter shall specify a method for
verifying the specifications according to paragr@plbf this appendix.

PRINCIPLE
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 (equivadlerertia 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 ttynamometers with
mechanically simulated inertia is appended.

Thus, total inertia is expressed as follows:
I =lnt R/y

where:
Im can be calculated or measured by traditional nukstho

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

The total inertia (I) will be determined during acceleration 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 totalitia
The test and calculation methods shall make isiptssto 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 lthwi the following limits:

3.1.1. + 5 per cent of the theoretical value for each mtstiaeous 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 secand
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 tesroughout the cycle defined in
paragraph 6.1. of Annex 4a

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

accelerations which are at least three times greatesmaller than the values
obtained in the sequences of the theoretical cyhke verification described above
will not be necessary.
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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 mesathe resistance to progress of a
vehicle at stabilized speeds on the road and taulaie this resistance on a
dynamometer, in accordance with the conditions asgtin paragraph 6.2.1. of
Annex 4a
DEFINITION OF THE ROAD
The road shall be level and sufficiently long t@able the measurements specified in
this appendix to be made. The slope shall be anoh$b within = 0.1 per cent and
shall not exceed 1.5 per cent.
ATMOSPHERIC CONDITIONS
wind
Testing shall be limited to wind speeds averag@sg than 3 m/s with peak speeds of
less than 5 m/s. In addition, the vector compowénhe 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 de®iby more than £7.5 per cent from
the reference conditions, P = 100 kPa and T = 2R3.2
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4, VEHICLE PREPARATION 2
4.1. Selection of the test vehicle
If not all variants of a vehicle type are measurgee following criteria for the
selection of the test vehicle shall be used.
4.1.1. Body
If there are different types of body, the testlislee 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 ntloa® three tyre sizes, the widest
minus one shall be chosen.
4.1.3. Testing mass
The testing mass shall be the reference masseofehicle with the highest inertia
range.
4.1.4. Engine
The test vehicle shall have the largest heat exgaés).
4.1.5. Transmission
A test shall be carried out with each type offtiilowing transmission:
Front-wheel drive,
Rear-wheel drive,
Full-time 4 x 4,
Part-time 4 x 4,
Automatic gearbox,
Manual gearbox.
2/ For HEV, and until uniform technical provisionsave been established, the

manufacturer will agree with the technical servamncerning the status of the vehicle when
performing the test as defined in this appendix.



4.2.

4.3.

4.4.

4.4.1.

4.4.2.

4.4.3.

4.4.4.

5.1.

5.1.1.

5.1.1.1.
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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 runtinhe same time as the vehicle or
have a tread depth within 90 and 50 per cent oiritial tread depth.

Verifications

The following checks shall be made in accordandéh whe manufacturer's

specifications for the use considered:
wheels, wheel trims, tyres (make, type, pressufent 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 thadl@situated 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 efvbhicle shall be closed. Any covers of
air climatisation systems, headlamps, etc. shaithtiee non-operating position.

The vehicle shall be clean.

Immediately prior to the test, the vehickals 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 thénl s.
Speed shall be measured to an error lower thaper cent.

Test procedure
Accelerate the vehicle to a speed 1M igréater than the chosen test speed V.
Place the gearbox in 'neutral’ position

Measure the time takey) for the vehicle to decelerate from speed
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V2=V +AV km/h to M=V-AV km/h
5.1.1.2.4. Perform the same test in the opposiection: ¢

5.1.1.2.5. Take the average T of the two timesid ¢

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

n
T :EZTi is not more than 2 per cent {® per cent)
n

i=1

The statistical accuracy (p) is defined by:
_(13)Joo
’ (rj 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 32 |28 |26 (25 |24 |23 (23 |22 |22 |22 |22 |22

T 16 [1.25|1.06 094 |0.85|0.77 |0.73 [ 0.66 | 0.64 | 0.61 | 0.59 | 0.57

5.1.1.2.7. Calculate the power by the formula:

_MIVIALV
50CT
where:
P is expressed in kW,
V = speed of the test in m/s,
AV = speed deviation from speed V, in m/s as spatifiin
paragraph 5.1.1.2.3. of this appendix,
M = reference mass in kg,
T = time in seconds (s).

5.1.1.2.8. The power (P) determined on the trachl i corrected to the reference ambient
conditions as follows:
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Pcorrected = K . Rueasured

:% |:ﬁl"'KR(t_'[0)]*'—RAERO D(F:TO)
;

Ry
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@taken to be equal
to 8.64 x 107°C, or the manufacturer's correction factor tht 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 (202@) kPa).

The ratios R/Rr and Rerod/Rt shall be specified by the vehicle manufactureedas
on the data normally available to the company.

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

& =alM +Db

Ry

where:

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

V (km/h) a b
20 7.24 .10 0.82
40 1.59 .10 0.54
60 1.96 - 19 0.33
80 1.85 - 19 0.23
100 1.63 - 19 0.18
120 1.57 - 1¢ 0.14
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5.1.2. On the dynamometer

5.1.2.1. Measurement equipment and accuracy
The equipment shall be identical to that usedherrdad.

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 alyrometer.

5.1.2.2.4. Bring the vehicle and dynamometer taa@ipey 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.), replacindgpyM in the formula set out in
paragraph 5.1.1.2.7.

5.1.2.2.6. Adjust the brake to reproduce the ctecepower (paragraph 5.1.1.2.8.) and to take
into account the difference between the vehicle sm@4) on the track and the
equivalent inertia test mass (l) to be used. Ty be done by calculating the mean
corrected road coast down time from 8¢ V; and reproducing the same time on the
dynamometer by the following relationship:

Tcorrected = Tmeasured DI_
K M

K = value specified in paragraph 5.1.1.2.8. above.

5.1.2.2.7. The power,Ro be absorbed by the dynamometer shall be detedrin order to
enable the same power (paragraph 5.1.1.2.8.) refreduced 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 aoroggiate measuring device
accurate to within £2 per cent.

Speed measurement shall be accurate to withiret2ent.
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Test procedure

Bring the vehicle to the chosen stabiligpeed V.

Record the torque &hd speed over a period of at least 20 seconlds.adcuracy of
the data recording system shall be at least 1 binthfe torque and +0.2 km/h for

the speed.

Differences in torque: &nd speed relative to time shall not exceed Spet for
each second of the measurement period.

The torqueds the average torque derived from the followiagiiula:

t+At

1 [cear

C,=—
tl At

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 &wdl and &, i.e. G.

The average torque @etermined on the track shall be corrected toréfierence
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 usedherrvad.

Test procedure

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

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

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

Proceed with the same operations asragpaph 5.1.2.2.7., for the same purpose.”
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B. JUSTIFICATION

The text reproduced below introduces a new Annexadd is aimed at inserting into the
Regulation a modified particulate mass measurenmotedure and a particle number
measurement method. Due to the complex naturBeohimendments to test methods, they are
presented as a consolidated replacement for tmertuknnex 4 of Regulation No. 83. This new
annex is not referenced and is expected to reptafigure the existing Annex 4 once a patrticle
number limit is adopted. This proposal is basedeE@E/TRANS/WP.29/GRPE/2007/8, and
reflects amendments agreed at PMP informal grouetings held on 7 August and 9 October
2007 as part of the roadmap of activities agree@RYE at its fifty-fourth session.



