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.

UNIFORM PROVISIONS CONCERNING THE APPROVAL OF VEHICLES WITH
REGARD TO THE EMISSION OF POLLUTANTS ACCORDING TO ENGINE
FUEL REQUIREMENTS

UNITED NATIONS
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The list of Contents, the annexes, insert a new Annex 4a, to read:

Annex 4a: TYPE I TEST (Verifying exhaust emissions after a cold start)
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. Calibration/Validation 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
5. Methods

"
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Insert a new Annex 4a, to read:

3.2.

3.2.1

"Annex 4a

TYPEI TEST
(Verifying exhaust emissions after a cold start)

APPLICABILITY

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

INTRODUCTION

This annex describes the procedure for the Type I test defined in paragraph 5.3.1.
of this Regulation. When the reference fuel to be used is LPG or NG, the provisions
of Annex 12 shall apply additionally.

TEST CONDITIONS
Ambient conditions

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

55<H<I122 (g H2O/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 required for emissions
measurement systems defined in Appendices 2 to 5 of this annex.

‘The atmospheric pressure shall be measured.
Test vehicle

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

The exhaust device shall not exhibit any leak likely to reduce the quantity o
collected, which quantity shall be that emerging from the engine.
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3.2.3. The tightness of the intake system may be checked to ensure that carburation is not

3.24.

3.2.5.

3.2.6.

3.3.
33.1

3.3.2.
34.
34.1.

34.2.

affected by an accidental intake of air.

The settings of the engine and of the vehicle's controls shall be those prescribed by
the manufacturer. This requirement also applies, in particular, to the settings for
idling (rotation speed and carbon monoxide content of the exhaust gases), for the
cold start device and for the exhaust gas cleaning system.

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

The technical service responsible for the tests may verify that the vehicle's
performance conforms to that stated by the manufacturer, that it can be used for
normal driving and, more particularly, that it is capable of starting when cold and
when hot. ’

Test fuel

The appropriate reference fuel as defined in Annex 10 to this Regulation shall be
used for testing. ‘

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

Vehicle installation

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

A current of air of variable speed shall be blown over the vehicle. The blower speed
shall be such that, within the operating range of 10 km/h to at least 50 km/h, the
linear velocity of the air at the blower outlet is within +5 km/h of the corresponding
roller speed. The final selection of the blower shall have the following
characteristics:

(@) Area: at least 0.2 m?%

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

(c) Distance from the front of the vehicle: approximately 0.3 m.

As an alternative the blower speed shall be fixed at an air speed of at least 6 m/s
(21.6 km/h).

For special vehicles (e.g. vans, off-road), the height of the cooling fan can also be
modified at the request of the manufacturer. :
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TEST EQUIPMENT
Chassis dynamometer

The chassis dynamometer requirements are given in Appehdix 1.

Exhaust dilution system

The exhaust dilution system requirements are given in Appendix 2.

. Gaseous emissions sampling and analysis

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

Particulate Mass (PM) emissions equipment

The particulate mass sampling and measurement requirements are given in
Appendix 4.

Particle Number (PN) emissions equipment

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

General test cell equipment

The following temperatures shall be measured with an accuracy of +1.5 K:

(a) Test cell ambient air

(b) Intake air to the engine

(c) Dilution and sampling system temperatures as required for emissions
measurement systems defined in Appendices 2 to 5 of this annex.

The atmospheric pressure shall be measurable to within +0.1 kPa.

The absolute humidity (H) shall be measurable to within +5 per cent.
DETERMINATION OF VEHICLE ROAD LOAD

Test procedure

The procedure for measuring the vehicle road load is described in Appendix 7.

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

o Ll Casit T A8ABO0 WA wdaw v wasswawe
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The operating cycle, made up of a Part One (urban cycle) and Part Two (extra-urban
cycle), is illustrated in Figure 1. During the complete test the elementary urban cycle
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6. EMISSIONS TEST PROCEDURE
_ 6.1. Test cycle -
is run four times followed, by Part Two.
6.1.1. Elementary urban cycie

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

defined in Table 1, illustrated in Figure 2, and summarized below.

* Breakdown by phases:
Time (s) per cent

1dling 60 30.8 .
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
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

General information:

Average speed during test: 19 km/h

Effective running time: 195s

Theoretical distance covered per cycle: 1.013 km

4.052 km

Equivalent distance for the four cycles:
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Extra-urban cycle

Part Two-of the test cycle is- the extra-urban cycle which 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 1.5
Accelerations - 103 25.8
Steady-speed periods 209 152.2 )
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: _ : 400s

Theoretical distance covered per cycle: 6.955 km

Maximum speed: - 120 km/h

Maximum acceleration: 0.833 my/s?

Maximum deceleration: -1.380 m/s*
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6.1.3.1.
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“Use of the gearbox

If the maximum speed which can be attained in first gear is below 15 km/h,
the second, third and fourth gears shall be used for the urban cycle (Part One) and
the second, third, fourth and fifth gears for the extra-urban cycle (Part Two).
The second, third and fourth gears may also be used for the urban cycle (Part One)

" and the second, third, fourth and fifth gears for the extra-urban cycle (Part Two)

when the manufacturer's instructions recommend starting in second gear on level
ground, or when first gear is therein defined as a gear reserved for cross-country

-driving, crawling or towing.

 Vehicles which do not attain the acceleration and maximum speed values required in

6.1.3.2.

6.1.3.3.

6.1.3.4.

6.1.3.5.

the operating cycle shall be operated with the accelerator control fully depressed
until they once again reach the required operating curve. Deviations from the
operating cycle shall be recorded in the test report.

Vehicles equipped with semi-automatic-shift gearboxes shall be tested by using the
gears normally employed for driving, and the gear shift is used in accordance with
the manufacturer's instructions.

Vehicles equipped with automatic-shift gearboxes shall be tested with the highest.
gear ("Drive") engaged. The accelerator shall be used in such a way as to obtain the
steadiest acceleration possible, enabling the various gears to be engaged in the
normal order. Furthermore, the gear-change points shown in Tables 1 and 2 of this
annex shall not apply; acceleration shall continue throughout the period represented
by the straight line connecting the end of each period of idling with the beginning of
the next following period of steady Speed. The tolerances given in
paragraphs 6.1.3.4. and 6.1.3.5. below shall apply.

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

A tolerance of *2km/h shall be allowed between the indicated speed and the
theoretical speed during acceleration, during steady speed, and during deceleration
when the vehicle's brakes are used. If the vehicle decelerates more rapidly without
the use of the brakes, only the provisions of paragraph 6.4.4.3. below shall apply.
Speed tolerances greater than those prescribed shall be accepted during phase
changes provided that the tolerances are never exceeded for more than 0.5 s on any
one occasion.

The time tolerances shall be + 1.0 s. The above tolerances shall apply equally at the
beginning and at the end of each gear-changing period for the urban cycle (Part One)
and for the operations Nos. 3, 5 and 7 of the extra-urban cycle (Part Two). It should
be noted that the time of two seconds allowed includes the time for changing gear
and, if necessary, a certain amount of latitude to catch up with the cycle.
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Test preparation
Load and inertia setting

Load determined with vehicle road test

The dynamometer shall be adjusted so that the total inertia of the rotating masses will
simulate the inertia and other road load forces acting on the vehicle when driving on
the road. The means by which this load is determined is described in paragraph 5. of
this annex. '

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

Dynamometer with adjustable load curve: the load simulator shall be adjusted in

order to absorb the power exerted on the driving wheels at 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 following method may be used.

The brake is adjﬁéted so as to abserb the load exeﬁed at the driving wheels at a
constant speed of 80 km/h, in accordance with Table 3.

If the corresponding equivalent inertia is not available on the- dynamometer, the
larger value closest to the vehicle reference mass will be used.

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

The method used and the values obtained (equivalent inertia - characteristic

adjustment parameter) shall be recorded in the test report.

Preliminary testing cycles

Preliminary testing cycles should be carried out if neceséary to determine how best to

actuate the accelerator and brake controls so as to achieve a cycle approximating to

the theoretical cycle within the prescribed limits under which the cycle is carried out.

Tyre pressures

The tyre pressures shall be the same as that specified by the manufacturer and used
for the preliminary road test for brake adjustment. The tyre pressure may be
increased by up to 50 per cent from the manufacturer's recommended setting in the
case of a two-roller dynamometer. The actual pressure used shall be recorded in the
test report. -
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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.
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Background particulate mass measurement

The particulate background level of the dilution air may be determined by passing
filtered dilution air through the particulate filter. This shall be drawn from the same
point as the particulate sample. One measurement may be performed prior to or after
the test. Particulate mass measurements may be corrected by subtracting the
background contribution from the dilution system. The permissible background
contribution shall be < 1mg/km (or equivalent mass on the filter). If the background
exceeds this level, the default figure of 1 mg/km (or equivalent mass on the filter)
shall be employed. Where subtraction of the background contribution gives a -
negative result, the particulate mass result shall be considered to be zero.

Background particle number measurements

The subtraction of background particle numbers may be determined by sampling
dilution air drawn from a point downstream of the particle and hydrocarbon filters
into the particle number measurement system. Background correction of particle
number measurements shall not be allowed for type approval, but may be used at the
manufacturer's request for conformity of production and in service conformity where
there are indications that tunnel contribution is significant.

Particulate mass filter selection

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

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

Particulate mass filter preparation

Particulate mass sampling filters shall be conditioned (as regards temperature and
humidity) in an open dish that has been protected against dust ingress for at least 2
and for not more than 80 hours before the test in an air-conditioned chamber. After
this conditioning, the uncontaminated filters will be weighed and stored until they are
used. If the filters are not used within one hour of their removal from the weighing
chamber they shall be re-weighed. ‘

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

A stabilized filter is placed and kept in a 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 sealed filter holder assembly which is then

T8 o N

6.2.9.

6.3.
6.3.1.

immediately placed in a sample line through which there is no flow.
The particulate sampling system shall be started and prepared for sampling.
Particle number measurement preparation

The particle specific dilution system and measurement equipment shall be started and
readied for sampling.

Prior to the test(s) the correct function of the particle counter and volatile particle
remover elements of the particle sampling system shall be confirmed according to
Appendix 5, paragraphs 2.3.1. and 2.3.3.:

The particle counter response shall be tested at near zero prior to each test and, on a
daily basis, at high particle concentrations using ambient air. .

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

Checking the gas analysers

The emissions analysers for the gases shall be set at zero and spanned. The sample
bags shall be evacuated.

Conditioning procedure

For the purpose of measuring particuiates, at most 36 hours and at least 6 hours
before testing, the Part Two cycle described in paragraph 6.1. of this annex shall be
used for vehicle pre-conditioning. Three consecutive cycles shall be driven. The
dynamometer setting shall be indicated as in paragraph 6.2.1. above.

At the request of the manufacturer, vehicles fitted with indirect injection positive-

ignition engines may be preconditioned with one Part One and two Part Two driving
cycles.

In a test facility in which there may be possible contamination of a low particulate
emitting vehicle test with residue from a previous test on a high particulate emitting
vehicle, it is recommended, for the purpose of sampling equipment pre-conditioning,
that a 120 km/h steady state drive cycle of 20 minutes duration followed by three
consecutive Part Two cycles be driven by a low particulate emitting vehicle.

After this preconditioning, and before testing, vehicles shall be kept in a room in
which the temperature remains relatively constant between 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried out for at least six hours and continue
until the engine oil temperature and coolant, if any, are 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.
6.4.13.

6.4.2.
6.4.2.1.
6.4.2.2.

6.4.3.
6.4.3.1.

6.4.3.2.
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If the manufacturer so requests, the test shall be carried out not later than 30 hours
after the vehicle has been run at its normal temperature.

For positive-ignition engined vehicles fuelled with LPG or NG or so equipped that
they can be fuelled with either petrol or LPG or NG, between the tests on the first
gaseous reference fuel and the second gaseous reference fuel, the vehicle shall be
preconditioned before the test on the second reference fuel. This preconditioning is
done on the second reference fuel by driving a preconditioning cycle consisting of
one Part One (urban part) and two times Part Two (extra-urban part) of the test cycle
described in Appendix 1 to this annex. On the manufacturer's request and with the
agreement of the technical service this preconditioning may be extended. The
dynamometer setting shall be the one indicated in paragraph 6.2. of this annex.

Test procedure

Starting-up the engine

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

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

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

Idling

Manual-shift or semi-automatic gearbox, see Tables 1 and 2.

Automatic-shift gearbox

After initial engagement the selector shall not be operated at any time during the test
except in the case specified in paragraph 6.4.3.3. below or if the selector can actuate
the overdrive, if any.

Accelerations

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

If an acceleration cannot be carried out in the prescribed time, the extra time required
shall be deducted from the time allowed for changing gear, if possible, but otherwise
from the subsequent steady-speed period.
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Automatic-shift gearboxes

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

Decelerations

All decelerations of the elementary urban cycle (Part One) shall be effected by

removing the foot completely from the accelerator with the clutch remaining
engaged. The clutch shall be disengaged, without use of the gear lever, at the higher
of the following speeds: 10 km/h or the speed corresponding to the engine idle
speed.

All decelerations of the extra-urban cycle (Part Two) shall be effected by removing
the foot completely from the accelerator, the clutch remaining engaged. The clutch
shall be disengaged, without use of the gear lever, at a speed of 50 knv/h for the last
deceleration. .

If the period of deceleration is longer than that prescribed for the corresponding
phase, the vehicle's brakes shall be used to enable compliance with the timing of the
cycle.

If the period of deceleration is shorter than that prescribed for the corresponding
phase, the timing of the theoretical cycle shall be restored by constant speed or
an idling period merging into the following operation.

At the end of the deceleration period (halt of the vehicle on the rollers) of the
elementary urban cycle (Part One), the gears shall be placed in neutral and the clutch
engaged.

Steady speeds

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

Periods of constant speed shall be achieved by keeping the accelerator position fixed.
Sampling

Sampling shall begin (BS) before or at the initiation of the engine start up procedure
and end on conclusion of the final idling period in the extra-urban cycle (Part Two,
end of sampling (ES)) or, in the case of test Type VI, on conclusion of the final
idling period of the last elementary urban cycle (Part One).

During the test the speed is recorded against time or collected by the data-acquisition
system so that the comrectness of the cycles performed can be assessed.
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6.4.8. Particles shall be. measured continuously in the particle sampling system.
The average concentrations shall be determined by integrating the analyser signals
over the test cycle. :

6.5. Post-test procedures

- 65.1 Gas analyser check

Zero and span gas reading of the analysers used for continuous measurement shall be
checked. The test shall be considered acceptable if the difference between the pre-
test and post-test results is less than 2 per cent of the span gas value.

6.5.2. Particulate filter weighing
Reference filters shall be weighed within 8 hours of the test filter weighing.
The contaminated particulate test filter shall be taken to the weighing chamber within
one hour following the analyses of the exhaust gases. The test filter shall be
conditioned for at least 2 hours and not more than 80 hours and then weighed.

6.5.3. Bag analysis

6.5.3.1.  The exhaust gases contained in the bag shall be analysed as soon as possible and in
any event not later than 20 minutes after the end of the test cycle.

6.5.3.2.  Prior to each sample analysis, the analyser range to be used for each pollutant shall
be set to zero with the appropriate Zero gas.

6.5.3.3. The analysers shall then be set to the calibration curves by means of span gases of
nominal concentrations of 70 to 100 per cent of the range.

6.5.3.4.  The analysers' zero settings shall then be rechecked: if any reading differs by more
than 2 per cent of the range from that set in paragraph 6.5.3.2. above, the procedure
shall be repeated for that analyser.

6.5.3.5.  The samples shall then be analysed.

6.5.3.6.  After the analysis, zero and span points shall be rechecked using the same gases.
If these rechecks are within + 2 per cent of those in paragraph 6.5.3.3. above, the
analysis shall be considered acceptable.

6.5.3.7.  Atall points in this paragraph, the flow-rates and pressures of the various gases shall

be the same as those used during calibration of the analysers

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

Calculati_on of' emissions
Determination of volume

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

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

Calculation of volume when a positive displacement pump is used

The volume of diluted exhaust gas measured in systems comprising a positive
displacement pump is calculated with the following formula:

V=V,-N
where:
V = volume of the diluted gas expressed in litres per test (prior to correction),

V, = volume of gas delivered by the positive displacement pump in testing
conditions in litres per revolution,
N = number of revolutions per test.

Correction of Volume to Standard Conditions

The diluted exhaust-gas volume is corrected by means of the following formula:

Py -P
V. =V.K, - _B 1 )
mix 1 [ Tp ) ) . (l)
where: )
K, = 2132(K) _ 2.6961 ' )
101.33 (kPa) .
Pg = barometric pressure in the test room in kPa,
Py = vacuum at the inlet to the positive displacement pump in kPa reiative to

L - 2a—ms Lo T P Ty
the ambient baromeiric pIéssuic,

average temperature of the diluted exhaust gas entering the positive
displacement pump during the test (K).

-]
Q
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6.6.2.

(

6.6.3.

6.6.4.

Total mass of gaseous and particulate pollutants emitted

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

In the case of carbon monoxide (CO): d=125g/1

In the case of hydrocarbons:
for petrol (CHj gs) . d=0.619g/1
for diesel (CH g6) . " d=0619g/1
for LPG (CHa.s25) d=0.649 g/1

for NG (CHa) d=0.714 g/
In the case of nitrogen oxides (NOy): d=2.05g/1

Mass emissions of gaseous pollutants shall be calculated by means of the following
formula: '

M. =vmix ‘Qi 'kh'Ci'lo-6

; - 3)

where:

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

Vmix=Vvolume of the diluted exhaust gas expressed in litres per test and corrected
to standard conditions (273.2 K and 101.33 kPa),

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

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

Ci = concentration of the pollutant i in the diluted exhaust gas expressed in ppm
and corrected by the amount of the pollutant i contained in the dilution air,

d = distance corresponding to the operating cycle in kilometres.
Correction for dilution air concentration
The concentration of pollutant in the diluted exhaust gas shall be corrected by the

amount of the pollutant in the dilution air as follows:

C;=C,-C, -(1—%) @
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concentration of the pollutant i in the diluted exhaust gas, expressed in
ppm and corrected by the amount of i contained in the dilution air,
measured concentration of pollutant i in the diluted exhaust gas,
expressed in ppm,

concentration of pollutant i in the air used for dilution, expressed in ppm,

DF=  dilution factor.

The dilution factor is calculated as follows:

134 .
DF = — for petrol and diesel Sa
Ceoz +(Cyc +C0)- 107 pe G
DF= 114 for LPG (5b)
Ccoz +(Cyc +C0)-107* 4
9.5
DF = : for NG (5¢)
Ccoz +(Cyc +Ceo)-107™
In these equations:
Cco2 = coneentration of CO; in the diluted exhaust gas contained in the sampling
bag, expressed in per cent volume,
Cuc = concentration of HC in the diluted exhaust gas contained in the sampling
bag, expressed in ppm carbon equivalent, _
Cco = concentration of CO in the diluted exhaust gas contained in the sampling

bag, expressed in ppm.

Calculation of the NO humidity correction factor

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

L | L ©

k, =
® 7 1-0.0329-(H-10.71)

in which:

where:

6.211-R, -P,
Py -P, R, 107

H = absolute humidity expressed in grams of water per kilogram of dry air,
R, = relative humidity of the ambient air expressed as a percentage,

Py = saturation vapour pressure at ambient temperature expressed in kPa,
Pp = atmospheric pressure in the room, expressed in kPa.
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6.6.6. Determination of HC for compression-ignition engines
To calculate HC-mass emission for compression-ignition engines, the average HC
concentration is calculated as follows:
t;
[Cuc-at |
= 7
Co=ry )
where
P
IC e -dt = integral of the recording of the heated FID over the test (t2-t;)
1 ’ ) .
Ce = concentration of HC measured in the diluted exhaust in ppm
of C; is substituted for Cyc in all relevant equations.
6.6.7.

Determination of particulates

Particulate emission M, (g/km) is calculated by means of the following equation:

_( mix+vq)'Pe

PV, d

where exhaust gases are vented outside tunnel;

where exhaust gases are returned to the tunnel;

where: ‘ :
" Vmix = volume of diluted exhaust gases (see paragraph 6.6.1.), under standard
conditions,
Ve = volume of exhaust gas flowing through particulate filter under standard
conditions,
P. = particulate mass collected by filter(s),
d = distance comresponding to the operating cycle in km,

particulate emission in g/km.

97
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Where correction for the particulate background level from the dilution system has
been used, this shall be determined in accordance with paragraph 6.2.4. In this case,
the particulate mass (g/km) shall be calculated as follows:

ol ()]

where exhaust gases are vented outside tunnel;

A ()

where exhaust gases are returned to the tunnel.

g where: :
Vg = volume of tunnel air flowing through the background particuiate fiiter
under standard conditions,
P. = particulate mass collected by background filter,
DF = dilution factor as determined in paragraph 6.6.4.

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

6.6.8. Determination of particle numbers

Number emission of particles shall be calculated by means of the following equation:

- f 1n?
N= VkC,.f.10
d
where:
N = particle number emission expressed in particles per kilometre,
lk V = volume of the diluted exhaust gas expressed in litres per test and

corrected to standard conditions (273.2 K and 101.33 kPa),

K = calibration factor to correct the particle number counter measurements to

the level of the reference instrument where 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 in the above equation,

C,= comected concentration of particles from the diluted exhaust gas
expressed as the average particles per cubic centimetre figure from the
emissions test including the full duration of the drive cycle. If the
volumetric mean concentration results (C ) from the particle number
counter are not output at standard conditions (273.2 K and 101.33 kPa),
then the concentrations should be corrected to those conditions (C, ),
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Z= mean particle concentration reduction factor of the volatile particle
remover at the dilution setting used for the test,
d = distance corresponding to the operating cycle expressed in kilometres.
C shall be calculated from the following equation:
i=n
C = &z G
n
where:
C; = a discrete measurement of particle concentration in the diluted gas
- exhaust from the particle counter expressed in particles per cubic
centimetre and corrected for coincidence,
n = total number of discrete particle concentration measurements made
during the operating cycle.
n shall be calculated from the following equation:
n=Tf
where:
T =time duration of the operating cycle expressed in seconds,
f = data logging frequency of the particle counter expressed in Hz.
6.6.9. Allowance for mass emissions from vehicles equipped with periodically regenerating
devices

When the vehicle is equipped with a periodically regenerating system as defined in
Regulation No. 83, 05 series of amendments, Annex 13: Emissions test procedure
for a vehicle equipped with a periodically regenerating system:

6.69.1. The provisions of Annex 13 shall apply for the purposes of particulate mass
measurements only and not particle number measurements.

6.6.9.2. For particulate mass sampling during a test in which the vehicle undergoes a
scheduled regeneration, the filter face temperature shall not exceed 192 °C.

6.6.9.3.  For particulate mass sampling during a test when the regenerating device is in a
stabilized loading condition (i.e. the vehicle is not undergoing a regeneration), it is
recommended that the vehicle has completed > 1/3 of the mileage between scheduled
regenerations or that the periodically regenerating device has undergone equivalent
loading off the vehicle.

For the purposes of Conformity of Production testing, the manufacturer may ensure
that this is included within the evolution coefficient. In this case,
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paragraph 8.2.3.2.2. of this Regulation is replaced by paragraph 6.6.9.3.1. of this
annex.

If the manufacturer wishes to run in the vehicles, ("x" km, where x < 3,000 km for
vehicles equipped with a positive ignition engine and x < 15,000 km for vehicles
equipped with a compression ignition engine and where the vehicle is
at > 1/3 distance between successive regenerations), the procedure will be as follows:

(a) The pollutant emissions (type I) will be measured at zero and at "x" km on the

first tested vehicle, .
(b) The evolution coefficient of the emissions between zero and "x" km will be

calculated for each of the pollutants:

Emissions at "x"km
Emissions at zero km

Evolution coefficient =

This may be less than 1,
(a) The other vehicles will not be run in, but their zero km emissions will be

multiplied by the evolution coefficient.

In this case, the values to be taken will be:
(a) The values at 'x' km for the first vehicle,
(b) The values at zero km multiplied by the evolution coefficient for the other

vehicles.
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Table 3 — Si d nts
Reference mass of | Equivalent | Power and load absorbed by Road Load
vehicle RW (kg_) inertia | the dynamometer at 80 km/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 42 0.0282
540 <RW <595 570 43 194 44 0.0296
595 <RW <650 625 4.5 203 4.6 0.0309
650<RW<710 ' 680 4.7 212 - 4.8 0.0323
71I0<RW <765 740 49 221 50 | 0.0337
765 <RW <850 800 5.1 230 52 0.0351
850 <RW <965 910 5.6 252 3.7 0.0385
965 <RW <1080 1020 60 270 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 75 338 7.6 0.0515
1640 <RW < 1760 1700 7.8 351 7.9 0.0536
1760 <RW <1870 1810 8.1 365 8.2 0.0557
1870 <RW <1980 1930 8.4 378 8.5 0.0577
1980 <RW <2100 2040 8.6 ‘ 387 8.7 0.0591
2100 <RW <2210 2150 88 396 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
12610 <RW 2270 9.8 ; 441 9.9 0.0674
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Operating cycle for the Type I test
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Figure 2

Elementary urban cycle for the Type I test
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Figure 3
Extra-urban cycle (Part Two) for the Type I test
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Appendix 1

CHASSIS DYNAMOMETER SYSTEM

I SPECIFICATION
1.1. General Requirements
1.1.1. The dynamometer shall be capable of simulating road load within one of the

following classifications:

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

(b) Dynamometer with adjustable load curve, i.e. a dynamometer with at least two
road load parameters that can be adjusted to shape the load curve.

1.1.2. Dynamometers with electric inertia simulation shall be demonstrated to be equivalent
to mechanical inertia systems. The means by which equivalence is established are
described in Appendix 6 to this annex.

1.1.3.  In the event that the total resistance to progress on the road cannot be reproduced on
the chassis dynamometer between speeds of 10km/h and 120 km/h, it is
recommended that a chassis dynamometer having the characteristics defined below
should be used.

1.].3.‘1. The load absorbed by the brake and the chassis dynamometer intemnal frictional
effects between the speeds of 0 and 120 km/h is as follows:

F=(a+bV?%0.1Fg (without being negative)
where:
F = total load absorbed by the chassis dynamometer (N)
a = value equivalent to rolling resistance (N)
b = value equivalent to coefficient of air resistance (N/(km/h)?)
V = speed (km/h) '
Fgo = load at 80 km/h N).
1.2, Speciﬁc Requirements
1.2.1. The setting of the dynamometer shall not be affected by the lapse of time. It shall

not produce any vibrations perceptible to the vehicle and likely to impair the
vehicle's normal operations.

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



1.2.3.

1.2.4.

1.25.

1.2.6.

2.1.

2.2.
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It shall be possible to measure and read- the indicated load to an accuracy
of + 5 per cent.

In the case of a dynamometer with a fixed load curve, the:accuracy of the load setting
at 80 km/h shall be £5 per cent. In the case of a dynamometer with adjustable load
curve, the accuracy of matching dynamometer load to road load shall be + 5 per cent
at 120, 100, 80, 60, and 40 km/h and + 10 percent at 20 km/h. Below this,
dynamometer absorption shall be positive.

The total inertia of the rotating parts (including the simulated inertia where
applicable) shall be known and shall be within + 20 kg of the inertia class for the test.

The speed of the vehicle shall be measured by the speed of rotation of the roller (the
front roller in the case of a two-roller dynamometer). It shall be measured with an
accuracy of £ 1 km/h at speeds above 10 km/h.

The distance actually driven by the vehicle shall be measured by the movement of
rotation of the roller (the front roller in the case of a two-roller dynamometer).

DYNAMOMETER CALIBRATION PROCEDURE

Introduction

This section describes the method to be used to determine the load absorbed by a
dynamometer brake. The load absorbed comprises the load absorbed by frictional

‘effects and the load absorbed by the power-absorption device.

The dynamometer is brought into operation beyohd the range of test speeds. The
device used for starting up the dynamometer is then disconnected: the rotational
speed of the driven roller decreases.

The kinetic energy of the rollers is dissipated by the power-absorption unit and by
the frictional effects. This method disregards variations in the roller's internal
frictional effects caused by rollers with or without the vehicle. The frictional effects
of the rear roller shall be disregarded when the roller is free.

Calibration of the load indicator at 80 km/h

The following procedure shall be used for calibration of the load indicator to 80 km/h
as a function of the load absorbed (see also Figure 4):

Measure the rotationai speed of the roller if this has not already been done. A fifth
wheel, a revolution counter or some other method may be used.

Place the vehicle on the dynamometer or devise some other method of starting-up the
dynamometer. _
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2.2.3. Use the flywheel or any other system of inertia simulation for the particular inertia

class to be used.

Diagram illustrating the power absorbed by the chassis dynamometer

Figure 4

LOAD (N)

o0=F=a+b-V}?  e=(a+b-V)-01-Fp  A=(a+b-V})+0.1 Fy
2.24. Bring the dynamometer to a speed of 80 km/h.
2.2.5. Note the load indicated F; (N).

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

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

2.2.8. Note the time taken by the dynamometer to pass from a speed of 85 km/h to a speed
of 75 km/h.

2209. Set the power-absorption device at a different level.

2.2.10. The requirements of paragraphs 2.2.4. to 2.2.9. shall be repeated sufficiently often to
cover the range of loads used.

22.11. Calculate the load absorbed using the formula:

_M;-AV
t

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

([}

t time taken by the roller to pass from 85 km/h to 75 km/h.

2.2.12. Figure 5 shows the load indicated at 80 km/h in terms of load absorbed at 80 km/h.

2.2.13.

2.3.

24.

e

(2]
[

Figure 5: Load indicated at 80 km/h in terms of load absorbed at 80 km/h
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The requirements of paragraphs 2.2.3. to 2.2.12. above shall be repeated for all
inertia classes to be used.

Calibration of the load indicator at other speeds

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

Calibration of force or torque

The same procedure shali be used for force or torque calibration.
VERIFICATION OF THE LOAD CURVE

Procedure

The load-absorption curve of the dynamometer from a reference setting at a speed
of 80 km/h shall be verified as follows: ‘
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3.1.1

3.1.2.
3.1.3.

3.14.

3.1.5.
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Place the vehicle on the dynamometer or devise some other method of starting-up the
dynamometer.

Adjust the dynamometer to the absorbed load (F) at 80 km/h.

vNote the load absorbed at 120, 100, 80, 60, 40 and 20 km/h. .

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

Repeat the procedure set out in paragraphs 3.1.1. to 3.1.4. above for other values of
power F at 80 km/h and for other values of inertias.
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Appendix 2
EXHAUST DILUTION SYSTEM

SYSTEM SPECIFICATION
System Overview

A full-flow exhaust dilution system shall be used. This requires that the vehicle
exhaust be continuously diluted with ambient air under controlled conditions. The
total volume of the mixture of exhaust and dilution air shall be measured and a
continuously proportional sample of the volume shall be collected for analysis.
The quantities of . pollutants are determined from the sample concentrations,
corrected for the pollutant content of the ambient air and the totalised flow over the
test period.

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

The mixing chamber described above will be a vessel, such as those illustrated in
Figures 6 and 7, in which vehicle exhaust gases and the dilution air are combined so

PO | e mm e A 4 &

as to produce a homogeneous mixiure at the chamber outlet.
General Requirements

The vehicle exhaust gases shall be diluted with a sufficient amount of ambient air to
prevent any water condensation in the sampling and measuring system at all
conditions which may occur during a test.

The mixture of air and exhaust gases shall be homogeneous at the point where the
sampling probe is located (see paragraph 1.3.3. below). The sampling probe shall
extract a representative sample of the diluted exhaust gas.

The system shall enable the total volume of the diluted exhaust gases to be measured.

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

system and the materials that go to make it up shall be such that they do not affect
the pollutant concentration in the diluted exhaust gases. Should any component in

the system (heat exchanger, cyclone separator, blower, etc.} change the concentration

of any of the pollutants in the diluted exhaust gases and the fault cannot be corrected,
then sampling for that pollutant shall be carried out upstream from that component.

12
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1.2.6.

1.2.7.
(_ - 1.2.8.

1.3.

1.3.1.

1.3.2:
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All parts of the dilution system that are in contact with raw and diluted exhaust gas,
shall be designed to minimise deposition or alteration of the particulates or particles.

All parts shall be made of electrically conductive materials that do not react with -

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

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

The variable-dilution system shall be so designed as to enable the exhaust gases to be
sampled without appreciably changing the back-pressure at the exhaust pipe outlet.

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

Specific Requnements
Connection to Vehicle Exhaust

The connecting tube between the vehicle exhaust outlets and the dilution system shall
be as short as possible; and satisfy the following requirements:

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

(b) Shall not cause the static pressure at the exhaust outlets on the vehicle being
tested to; differ by more than % 0.75 kPa at 50 km/h, or more than + 1.25 kPa
for the whole duration of the test from the static pressures recorded when
nothing is connected to the vehicle exhaust outlets. The pressure shall be
measured in the exhaust outlet or in an extension having the same diameter, as
near as possible to the end of the pipe. Sampling systems capable of
maintaining the static pressure to within * 0.25 kPa may be used if a written
request from a manufacturer to the Technical Service substantiates the need for
the closer tolerance;

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

(d) Any elastomer connectors employed shall be as thermally stable as possnble
and have minimum exposure to the exhaust gases.

Dilution Air Conditioning

The dilution air used for the primary dilution of the exhaust in the CVS tunnel shall
be passed through a medium capable of reducing particles in the most penetrating
particle size of the filter material by > 99.95 per cent, or through a filter of at least
class H13 of EN 1822:1998. This represents the specification of High Efficiency
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
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particle filter is situated before the HEPA filter and after the charcoal scrubber, if
used.

At the vehicle manufacturer's request, the dilution air may be samplied according to
good engineering practice to determine the tunnel contribution to background
particulate mass levels, which can then be subtracted from the values measured in the
diluted exhaust.

Dilution Tunnel

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

In order to minimise the effects on the conditions at the exhaust outlet and to limit
the drop in pressure inside the dilution-air conditioning device, if any, the pressure at
the mixing point shall not differ by more than + 0.25 kPa from atmospheric pressure.

The homogeneity of the mixture in any cross-section at the location of the sampling
probe shall not vary by more than+ 2 percent from the average of the values
obtained for at least five points located at equal mtcrvals on the diameter of the gas
stream.

For pamculate and particle emissions sampling, a dilution tunnel shall be used
which:

pa1Len !

(a) Shall consist of a straight tube of electrically-conductive material, which shall
be earthed;

(b) Shall be small enough in diameter to cause turbulent flow (Reynolds
number 24000) and of sufficient length to cause complete mlxmg of the
exhaust and dilution air;

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

(d) May be insulated.

Suction Device

This device may have a range of fixed speeds to ensure sufficient flow to prevent any
water condensation. This result is generally obtained if the flow is either:

(@ Twice as high as the maximum flow of exhaust gas produced by accelerations
of the driving cycle; or

(b) Sufficient to ensure that the CO; concentration in the dilute-exhaust sample
bag is less than 3 per cent by volume for petrol and diesel, less
than 2.2 per cent by volume for LPG and less than 1.5 per cent by volume

for NG.
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Volume Measurement in the Primary Dilution System

The method of measuring total dilute exhaust volume incorporatéd in the constant
volume sampler shall be such that measurement is accurate to + 2 per cent under all
operating conditions. If the device cannot compensate for variations in the
temperature of the mixture of exhaust gases and dilution air at the measuring point,
a heat exchanger shall be used to maintain the temperature to within +6 K of the
specified operating temperature.

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

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

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

The pressure measurements shall have a precision and an accuracy of + 0.4 kPa
during the test. ' ' ;

Recommended System Descriptions

Figure 6 and Figure 7 are schematic drawings of two types of recommended exhaust
dilution systems that meet the requirements of this annex.

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

v background

sample

o gas analysers
and bag sampling

HE

DT

vehicle *

exhaust to particulate and
particle

sampling systems

PDP

* vent

Full Flow Dilution System with Positive Displacement Pump

The positive .displacement pump (PDP) full flow dilution system satisfics the
requirements of this annex by metering the flow of gas through the pump at constant
temperature and pressure. The total volume is measured by counting the revolutions
made by the calibrated positive displacement pump. The proportional sample is
achieved by sampling with pump, flow-meter and flow control valve at a constant

flow rate. The collecting equipment consists of:

A filter (DAF) for the dilution air, which can be preheated if necessary. This filter
shall consist of the following filters in sequence: an optional activated charcoal filter
(inlet side), and a high efficiency particulate air (HEPA) filter (outlet side). It is
recommended that an additional coarse particle filter 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 concentrations of ambient emissions in the .
dilution air;

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

The positive displacement pump (PDP), producing a constant-volume flow of the
air/exhaust-gas mixture. The PDP revolutions, together with associated temperature
and pressure measurement are used to determine the flowrate;
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14.14. A heat exchanger (HE) of a capacity sufficient to ensure that throughout the test the

temperature of the air/exhaust-gas mixture measured at a point immediately upstream
of the positive displacement pump is within 6 K of the average operating temperature
during the test. This device shall not affect the pollutant concentrations of diluted
gases taken off after for analysis. :

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

Figure 7: Critical-Flow Venturi Dilution System
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Full Flow Dilution System with Critical Flow Venturi

The use of a critical-flow venturi (CFV) for the full-flow dilution system is based on
the principles of flow mechanics for critical flow. The variable mixture flow rate of
dilution and exhaust gas is maintained at sonic velocity which is directly proportional
to the square root of the gas temperature. Flow is continually monitored, computed
and integrated throughout the test.

The use of an additional critical-flow sampling venturi ensures the proportionality of
the gas samples taken from the dilution tunnel. As both pressure and temperature are
equal at the two venturi inlets the volume of the gas flow diverted for sampling is
proportional to the total volume of diluted exhaust-gas mixture produced, and thus
the requirements of this annex are met. The collecting equipment consists of:
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A filter (DAF) for the dilution air, which can be preheated if necessary. This filter
shall consist of the following fiiters in sequence: an optional activated charcoal filter

(inlet side), and a high efficiency particulate air (HEPA) filter (outlet side). It is ]

recommended that an additional coarse particle filter 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 concentrations of ambient emissions in the

" dilution air;

A mixing chamber (MC) in which exhaust gas and air are mixed homogeneously,
and which may be located close to the vehicle so that the length of the

. transfer tube (TT) is minimized;

A dilution tunnel (DT) from which particulates and particles are sampled;

Some form of protection for the measurement system may be used e.g. a cyclone

separator, bulk stream filter, etc.;-

A measuring critical-flow venturi tube (CFV), to measure the flow volume of the
diluted exhaust gas; '

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

CVS CALIBRATION PROCEDURE
General Requirements

The CVS system shall be calibrated by using an accurate flow-meter and a restricting
device. The flow through the system shall be measured at various pressure readings
and the control parameters of the system measured and related to the flows. The
flow-metering .device shall be dynamic and suitable for the high flow-rate
encountered in constant volume sampler testing. The device shall be of certified
accuracy traceable to an approved national or international standard.

Various types of flow-meter may be used, e.g. calibrated venturi, laminar flow-meter,
calibrated turbine-meter, provided that they are dynamic measurement systems and
can meet the requirements of paragraph 1.3.5. of this appendix.

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

118



N

2.2.1.

2.2.2.

22.2.%

2222.

22.23.
2.2.3.

22.4.

E/ECE/324
E/ECE/TRANS/505 | ReV-1/Add 82/Rev.3/Amend.2
- Regulation No 83
page 40
22, Calibration of the positive displacement pump (PDP)

The following calibration procedure outlines the equipment, the test configuration
and the various parameters that are measured to establish the flow-rate of the CVS
pump. All the parameters related to the pump are simultaneously measured with the
parameters related to the flow-meter which is connected in series with the pump.
The calculated flow-rate (given in m*/min at pump inlet, absolute pressure and
temperature) can then be plotted versus a correlation function that is the value of a
specific combination of pump parameters. The linear equation that relates the pump
flow and the correlation function is then determined. In the event that a CVS has a
multiple speed drive, a calibration for each range used shall be performed.

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

The pump pressures shall be measured at tappings on the pump rather than at the
external piping on the pump inlet and outlet. Pressure taps that are mounted at the
top centre and bottom centre of the pump drive headplate are exposed to the actual
pump cavity pressures, and therefore reflect the absolute pressure differentials;

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

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

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

Figure 8 of this appendix shows one possible test set-up. Variations are permissible,
provided that the Technical Service approves them as being of comparable accuracy.
If the set-up shown in Figure 8 is used, the following data shall be found within the
limits of precision given:

Barometric pressure (corrected)(Pyp) +0.03 kPa
Ambient temperature (T) +0.2K
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) +0.2K

Air temperature at CVS pump outlet (PTO) 02K
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Pressure depression ai CVS pump inlei (PPI) + 0.22 kPa
Pressure head at CVS pump outlet (PPO) +0.22 kPa
Pump revolutions during test period (n) + 1 min™
Elapsed time for period (minimum 250s)(t) *0.is

Figure 8: PDP Calibration Configuration

After the system has been connected as shown in Figure 8 of this appendix, set the
variable restrictor in the wide-open position and run the CVS pump for 20 minutes
before starting the calibration.

Reset the restrictor valve to a more restricted condition in an increment of pump inlet
depression (about | kPa) that will yield a minimum of six data points for the total
calibration. Allow the system to stabilize for three minutes and repeat the data
acquisition. ; ’

The air flow rate (Q;) at each test point is calculated in standard m*/min from the
flow-meter data using the manufacturer’s prescribed method. :
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where:
Vo = pump flow rate at T, and P, (m*/rev), .
Q; = air flow at 101.33 kPa and 273.2 K (m*/min),
T, = pump inlet temperature (K),
’ P, = absolute pump inlet pressure (kPa),
N = pump speed (min).

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

P
Xg=—
0
ny{ P

where:

Xo= correlation function,

AP, =pressure differential from pump inlet to pump outlet (kPa),
P.= absolute outlet pressure (PPO + Py) (kPa).

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

Vo= Do-M (x0)
n=A -B (AP)
Do, M, A and B are the slope-intercept constants describing the lines.

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

2.2.11. If the calibration has been performed carefully, the calculated values from the
equation will be within 0.5 per cent of the measured value of Vy. Values of M will
vary from one pump to another. Calibration is performed at pump start-up and after
major maintenance.

2.3. Calibﬁtion of the critical-flow venturi (CFV)
2.3.1. Calibration of the CFV is based upon the flow equation for a critical venturi:
K,P

Q=75
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where:
QS ﬂOW,

K, = calibration coefficient,
P = absolute pressure (kPa),
T= absolute temperature (K).

Gas flow is a function of inlet pressure and temperature.

The calibration procedure described below establishes the value of the calibration
coefficient at measured values of pressure, temperature and air flow.

2.3.2. The manufacturer's recommended procedure shall be followed for calibrating
electronic portions of the CFV.

2.3.3. Measurements for flow calibration of the critical flow venturi are required and the
following data shall be found within the limits of precision given:

Barometric pressure (corrected) (Pp) +0.03 kPa,
LFE air temperature, flow-meter (ETI) +0.15K,
Pressure depression upstream of LFE (EPI) +0.01 kPa,
Pressure drop across (EDP) LFE matrix +0.0015 kPa,
Air flow (Qy) 1 0.5 per cent,
CFYV inlet depression (PPI) +0.02 kPa,
Temperature at venturi inlet (T) +0.2K.

234, The equipment shall be set up as shown in Figure 9 of this appendix and checked for
leaks. Any leaks between the flow-measuring device and the critical-flow venturi
will seriously affect the accuracy of the calibration.
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Figure 9: CFV Calibration Configuration
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2.3.5. The variable-flow restrictor shall be set to the open position, the blower shall be

started and the system stabilized. Data from all instruments shall be recorded.

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

2.3.7. The data recorded during the calibration shall be used in the following calculations.
The air flow-rate (Q;) at each test point is calculated from the flow-meter data using
the manufacturer’s prescribed method.

Calculate values of the calibration coefficient for each test point:

g QT

v = Pv
where:
Qs = flow-rate in m*/min at 273.2 K and 101.33 kPa,
T, = temperature at the venturi inlet (K),
P, = absolute pressure at the venturi inlet (kPa).

Plot K, as a function of venturi inlet pressure. For sonic flow, K, will have a
relatively constant value. As pressure decreases (vacuum increases) the venturi
becomes unchoked and K, decreases. The resultant K, changes are not permissible.
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For a minimum of eight points in the critical region, calculate an average K, and the
standard deviation.

If the standard deviation exceeds 0.3 per cent of the average K., take correciive
action.

SYSTEM VERIFICATION PROCEDURE
General Requirements

The total accuracy of the CVS sampling system and analytical system shall be
determined by introducing a known mass of a pollutant gas into the system whilst it
is being operated as if during a normal test and then analysing and calculating the
pollutant mass according to the formula in paragraph 6.6. of Annex 4a except that the
density of propane shall be taken as 1.967 grams per litre at standard conditions. The
following two techniques are known to give sufficient accuracy.

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

CFO Method
Metering a constant flow of pure gas (CO or C3Hg) using a critical flow orifice device.

A known quantity of pure gas (CO or C3Hjs) is fed into the CVS system through the
calibrated critical orifice. If the inlet pressure is high enough the flow-rate (q),
which is adjusted by means of the critical flow orifice, is independent of orifice
outlet pressure (critical flow). If deviations exceeding 5 per cent occur, the cause of
the malfunction shall be determined and corrected. The CVS system is operated as
in an exhaust emission test for about 5 to 10 minutes. The gas collected in the
sampling bag is analysed by the usual equipment and the results compared to the
concentration of the gas samples which was known beforehand.

Gravimetric Method

Metering a limited quantity of pﬁre gas (CO or C3Hg) by means of a gravimetric
technique.

The following gravimetric procedure may be used to verify the CVS system.

The weight of a qmall cvlinder filled with either carbon monoxide or propane is
determined with a precision of + 0.01 g. For about 5 to 10 minutes, the CVS system
is operated as in a normal exhaust emission test, while CO or propane is injected into
the system. The quantity of pure gas involved is determined by means of differential
weighing. The gas accumulated in the bag is then analysed by means of the
equipment normally used for exhaust-gas analysis. The results are then compared to

the concentration figures computed previously.
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Appendix 3

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.

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

Mass gaseous emissions shall be. determined from the proportional sample
concentrations and the total volume measured during the test. The sample
concentrations shall be corrected to take account of the pollutant content of the

" ambient air.

Sampling System Requirements

The sample of dilute exhaust gases shall be taken upstream from the suction device
but downstream from the conditioning devices (if any).

The flow rate Shall not deviate from the average by more than + 2 per cent.

The sampling rate shall not fall below 5 litres per minute and shall not exceed
0.2 per cent of the flow rate of the dilute exhaust gases. An equivalent limit shall
apply to constant-mass sampling systems.

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

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

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

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

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

The various valves used to direct the exhaust gases shall be of a quick-adjustment,
quick-acting type.
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Quick-fastening gas-tight connections may be used between the three-way valves and
the sampling bags, the connections sealing themselves automatically on the bag side.
Other systems may be used for conveying the samples to the analyser (three-way stop
valves, for example).

Storage of the sample

The gas samples shall be collected in sampling bags of sufficient capacity not to
impede the sample flow; the bag material shall be such as to affect neither the
measurements themselves nor the chemical composition of the gas samples by more
than + 2 per cent after 20 minutes (for instance: laminated polyethylene/polyamide
films, or fluorinated polyhydrocarbons).

Hydrocarbon Sampling System — Diesel Engines

The hydrocarbon sampling system shall consist of a heated sampling probe, line,
filter and pump. The sampling probe shall be installed at the same distance from the
exhaust gas inlet as the particulate sampling probe, in such a way that neither
interferes with samples taken by the other. It shall have a minimum internal diameter
of 4 mm.

All heated parts shall be maintained at a temperature of 463 K (190 °C) + 10 K by the
heating system.

The average concentration of the measured hydrocarbons shall be determined by
integration.

The heated sampling line shall be fitted with a heated filter (Fy) 99 per cent efficient
with particles > 0.3 pm, to extract any solid particles from the continuous flow of gas
required for analysis.

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

The HFID shall be used with a constant flow (heat exchanger) system to ensure a
representative sample, unless compensation for varying CFV or CFO flow is made.

Gas Analysis Requirements
Carbon monoxide (CO) and carbon dioxide (CO,) analyses:

Analysers shall be of the non-dispersive infra-red (NDIR) absorption type.
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1.3.2. , Hyd:ocarbons> (HC) analysis - spark-ignitioh engines:

1.3.3.

1.34.

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 (FID) type calibrated with propane gas
expressed equivalent to carbon atoms (C;).

Hydrocarbons (HC) analysis - compression-ignition engines:

The analyser shall be of the flame jonisation type with detector, valves, pipework,
etc., heated to 463 K (190 °C) + 10 K (HFID). It shall be calibrated with propane gas
expressed equivalent to carbon atoms (C;).

Nitrogen oxide (NOy) analysis:

The analyser shall be either of the chemi-luminescent (CLA) or of the non-dispersive
ultra-violet resonance absorption (NDUVR) type, both with NO,-NO converters.

The analysers shall have a measuring range compatible with the‘accuracy required to

" measure the concentrations of the exhaust gas sample pollutants.

Measurement error shall not exceed +2 per cent (intrinsic error of analyser)
disregarding the true value for the calibration gases.

For concentrations of less than 100 ppm, the measurement error shall not
exceed + 2 ppm.

The ambient air sample shall be measured on the same analyser with an appropriate
range.

No gas drying device shall be used before the analysers 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 system for gaseous emissions sampling.

127



&

E/ECE/324 S
LECETRANS/S05 | Rev.1/Add.82/Rev.3/Amend.2

Regulation No 83
page 49

. Figure 10: Gaseous Emissions Sampling Schematic
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The compoilents of the system are as follows:

14.1.

1.4.2.
1.4.3.

(5- 144,

1.4.5.

)
NS
=N

Two sampling probes (S; and S;) for continuous samplmg of the dilution air and of
the diluted exhaust-gas/air mixture;

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

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

Flow controller (N), to ensure a constant uniform flow of the gas samples taken
during the course of the test from sampling probes S; and S; (for PDP-CVS) and
flow of the gas samples shall be such that, at the end of each test, the quantity of the
samples is sufficient for analysis (approximately 10 litres per minute);

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

Quick-acting valves (V), to divert a constant flow of gas samples into the sampling
bags or to the outside vent;
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14.7. Gas-tight, quick-lock coupling elements (Q) between the quick-acting valves and the

1.4.8.

1.4.9.

1.4.10.
1.4.11.

2:1.2,

2.1.2.1.

2.1.2.2.

sampling bags; the coupling shall close automatically on the sampling-bag side; as an
alternative, other ways of transporting the samples to the analyser may be used
(three-way stopcocks, for instance); :

Bags (B), for collecting samples of the diluted exhaust gas and of the dilution air
during the test; '

A sampling critical-flow venturi (SV), to take proportional samples of the diluted
exhaust gas at sampling probe S; A(CFV-CVS only);

A scrubber (PS), in the sampling line (CFV-CVS only);

Components for hydrocarbon sampling using HFID:

Fh is a heated filter,

S; is a sampling point close to the mixing chamber,

Vi is a heated multi-way valve,

Q is a quick connector to allow the ambient air sample BA to be analysed on

the HFID,

FID is a heated flame ionisation analyser,

Randl are a means of integrating and recording the instantaneous hydrocarbon
- concentrations,

Ly is a heated sample line.

CALIBRATION PROCEDURES

Analyser Calibration Procedure

Each analyser shall be calibrated as often as necessary and in any case in the month
before type approval testing and at least once every six months for verifying
conformity of production.

Each normally used operating range shall be calibrated by the following procedure:

The analyser calibration curve is established by at least five calibration points spaced
as uniformly as possible. The nominal concentration of the calibration gas of the
highest concentration shall be not less than 80 per cent of the full scale.

The calibration gas concentration required may be obtained by means of a gas
divider, diluting with purified N, or with purified synthetic air. The accuracy of the
mixing device shall be such that the concentrations of the diluted calibration gases
may be determined to within + 2 per cent.
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The calibration curve is calculated by the least squares method. If the resulting
polynomial degree is greater than 3, the number of calibration points shall be at least
equal to this polynomial degree plus 2.

The calibration curve shall not differ by more than + 2 per cent from the nominal
value of each calibration gas.

Trace of the calibration curve

From the trace of the calibration curve and the calibration points, it is possible to
verify that the calibration has been carried out correctly. The different characteristic
parameters of the analyser shall be indicated, particularly:

The scale;

The sensitivity;

The zero point;

The date of carrying out the calibration.

If it can be shown to the satisfaction of the technical service that alternative
technology (e.g. computer, electronically controlled range switch, etc.) can give
equivalent accuracy, then these alternatives may be used.

Analyser Verification Procedure

Each normally used operating range shall be checked prior to each analysis in
accordance with the following:

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

If, for the two points considered, the value found does not differ by more than + 5 per
cent of the full scale from the theoretical value, the adjustment parameters may be
modified. Should this not be the case, a new calibration curve shall be established in
accordance with paragraph 1. of this appendix. :

After testing, zero gas and the same span gas are used for re-checking. The analysis
is considered acceptable if the difference between the two measuring results is less
than 2 per cent.

FID Hydrocarbon Response Check Procedure
Detector response optimisation

The FID shall be adjusted, as specified by the instrument manufacturer. Propane in
air should be used, to optimise the response, on the most common operating range.

Calibration of the HC analyser
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The analyser should be calibrated using propane in air and purified synthetic air
(see paragraph 3 of this appendix).

Establish a calibration curve as described in paragraph 2.1. of this appendix.
Response factors of different hydrocarbons and recommended limits

The response factor (Rf), for a particular hydrocarbon species is the ratio of the FID
C) reading to the gas cylinder concentration, expressed as ppm C;.

The concentration of the test gas shall be at a level to give a response of
approximately 80 per cent of full-scale deflection, for the operating range.
The concentration shall be known, to an accuracy of * 2 per cent in reference to a
gravimetric standard expressed in volume. In addition, the gas cylinder shall be pre-
conditioned for 24 hours at a temperature between 293 K and 303 K (20 and 30 °C).

Response factors should be determined when introducing an analyser into service and
thereafter at major service intervals. The test gases to 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) of 1.00 for propane and purified air.
Oxygen interference check and recommended limits

The response factor shall be determined as described in paragraph 2.3.3. above.
The test gas to be used and recommended response factor range is:

Propane and nitrogen: 0.95 <Rf<1.05
NOy Converter Efficiency Test Procedure

The efficiency of the converter used for the conversion of NO; into NO is tested as
follows: ‘ '

Using the test set up as shown in Figure 11 and the procedure described below,
the efficiency of converters can be tested by means of an ozonator.

Calibrate the analyzer in the most common operating range following the

manufacturer's specifications using zero and span gas (the NO content of which shall
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amount to about 80 per cent of the operating range and the NO; concentration of the
gas mixture shall be less than 5 per cent of the NO concentration). The NOy analyser
shall be in the NO mode so that the span gas does not pass through the converter.
Record the indicated concentration. :

Via a T-fitting, oxygen or synthetic air is added continuously to the span gas flow
until the concentration indicated is about 10 per cent less than the indicated
calibration concentration given in paragraph 2.4.1. above. Record the indicated
concentration (C). The ozonator is kept deactivated throughout this process.

The ozonator is now activated to generate enough ozone to bring the NO
concentration down to 20 per cent (minimum 10 per cent) of the calibration
concentration given in paragraph 2.4.1. above. Record the indicated concentration (d).

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

The ozonator is now deactivated. The mixture of gases described in paragraph 2.4.2.
above passes through the converter into the detector. Record the indicated

concentration (b).

Figure 11: NOx Converter Efficiency Test Confi tion

Flew coatrol solescid valve

With the ozonator deactivated, the flow of oxygen or synthetic air is also shut off.
The NO; reading of the analyser shall then be no more than 5 per cent above the
figure given in paragraph 2.4.1. above.
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24.7. The efficiency of the NO, converter is calculated as follows:
. a-b
Efficiency (per cent)= (l + ———d) 100
c —
24.38. The efficiency of the converter shall not be less than 95 per cent.
24.9. - The efficiency of the converter shall be tested at least once a week.
3. REFERENCE GASES
3.1. Pure gases
{\, - The following pure gases shall be available, if necessary, for calibration and
' operation:
Purified nitrogen: (purity: <l ppm C, <1 ppm CO, <400 ppm CO,, <0.1 ppm NO);
Purified synthetic air: (purity: <I ppm C, <I ppm CO, <400 ppm CO,, <0.1 ppm NO);
oxygen content between 18 and 21 per cent volume;
Purified oxygen: (purity > 99.5 per cent vol. O,);
Purified hydrogen (and mixture containing helium): (purity <l ppm C,
<400 ppm CO»); '
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 chemical compositions shall be available:
(a) Cs;H;gand purified synthetic air (see paragraph 3.1. above);
P (b) CO and purified nitrogen;
e

(c) CO; and purified nitrogen.
NO and purified nitrogen (the amount of NO2 contained in this calibration gas shall
not exceed 5 per cent of the NO content).

The true concentration of a calibration gas shall be within * 2 per cent of the stated
figure.
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Appendix 4
PARTICULATE MASS EMISSIONS MEASU'REMEi\IT EQUIPMENT
SPECIFICATION
System Overview

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

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

General Requirements

The sampling probe for the test gas flow for particulates shall be so arranged within
the dilution tract that a representative sample gas flow can be taken from the

* homogeneous air/exhaust mixture.

The particulate sample flow rate shall be proportional to the total flow of diluted
exhaust gas in the dilution tunnel to within a tolerance of +5 per cent of the
particulate sample flow rate.

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

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

All parts of the dilution system and the sampling system from the exhaust pipe up to
the filter holder, which are in contact with raw and diluted exhaust gas, shall be
designed to minimise deposition or alteration of the particulates. All parts shall be
made of electrically conductive materials that do not react with exhaust gas
components, and shall be electrically grounded to prevent electrostatic effects.

If it is not possible to compensate for variations in the flow rate, provision shall be
made for a heat exchanger and a temperature control device as specified in

Ao nom Ao £ - | P ey

Appendix 2 so as to ensure that the flow raie in the sysiem is consiant and the
sampling rate accordingly proportional.

Specific Requirements

PM Sampling Probe

i3
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1.3.1.1.  The sample probe shall deliver the particle-size classification performance described

1.3.1.2.

N

1.3.1.3.

1.3.14.

Ch 13.2.
13.2.1.

1.3.2.2.

in paragraph 1.3.1.4. It is recommended that this performance be achieved by the
use of a sharp-edged, open-ended probe facing directly into the direction of flow plus
a pre—cla531ﬁer (cyclone impactor, etc.). An appropriate sampling probe, such as that
indicated in Figure 13, may alternatively be used provided it achieves the pre-
classification performance described in paragraph 1.3.1.4.

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

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

If multiple probes are used, each probe shall be sharp-edged, open-ended and facing
directly into the direction of flow. Probes shall be equally spaced around the central
longitudinal axis of the dilution tunnel, with the spacing between probes at
least 5 cm.

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

The pre-classifier (e.g. cyclone, impactor, etc.) shall be located upstream of the filter
holder assembly. The pre-classifier 50 per cent cut point particle diameter shall be
between 2.5 ym and 10 pm at the volumetric flow rate selected for sampling
particulate mass emissions. The pre-classifier shall allow at least 99 per cent of the
mass concentration of 1 pm particles entering the pre-classifier to pass through the
exit of the pre-classiﬁer at the volumetric flow rate selected for sampling particulate
mass emissions. However, a -sampling probe, actmg as an appropriate size-
classification device, such as that shown in Figure 13, is acceptable as an alternative
to a separate pre-classifier.

Sample Pump and Flow Meter

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

The temperature of the gas flow in the flow meter may not fluctuate by more
than + 3 K, except during regeneration tests on vehicles equipped with periodically
regenerating aftertreatment devices. In addition, the sample mass flow rate must
remain proportional to the total flow of diluted exhaust gas to within a tolerance
of + 5 per cent of the particulate sample mass flow rate. Should the volume of flow
change unacceptably as a result of excessive filter loading, the test shall be stopped.
When it is repeated, the rate of flow shall be decreased.
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Fiiter and Filter Holder

A valve shall be located downstream of the filter in the direction of flow. The valve
shall be quick enough acting to open and close within | s of the start and end of test.

It is recommended that the mass collected on the 47 mm diameter filter (P,
is220 pg and that the filter loading should be maximized consistent with the
requirements of paragraphs 1.2.3. and 1.3.3.

For a given test the gas filter face velocity shall be set to a single vaiue within the
range 20 cm/s to 80 cm/s unless the dilution system is being operated with sampling
flow proportional to CVS flow rate.

Fluorocarbon coated glass fibre filters or fluorocarbon membrane filters are required.
All filter types shall have a 0.3 pm DOP (di-octylphthalate) collection efficiency of
at least 99 per cent at a gas filter face velocity of at least 35 cm/s.

The filter holder assembly shall be of a design that provides an even ﬂow dlsmbutmn
across the filter stain area. The filter stain area shall be at least 1075 mm?.

Filter Weighing Chamber and Balance

The microgram balance used to determine the weight of a filter shall have a precision
(standard deviation) of 2 pg and resolution of 1 ug or better.

It is recommended that the microbalance be checked at the start of each weighing
session by weighing one reference weight of 50 mg. This weight shall be weighed
three times and the average result recorded. If the average result of the weighings
is 5 pg of the result from the previous weighing session then the weighing session
and balance are considered valid.

The weighing chamber (or room) shall meet the following 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 humidity conditions are recorded along with

1a nerd cnfasncnn Sléna casntilida
Samp:C and IPItIonil it WCigiis.
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1.3.42.  Buoyancy Correction

All filter weights shall be corrected for filter buoyancy in air.

The buojancy correction depends on the density of the sample filter medium, the
density of air, and the density of the calibration weight used to calibrate the balance.
The density of the air.is dependent on the pressure, temperature and humidity.

It is recommended that the temperature and dewpoint of the weighing environment
are controlled to 22 °C + 1 °C and dewpoint of 9.5 °C + 1 °C respectively. However,
the minimum requirements stated in paragraph 1.3.4.1. will also result in an
acceptable correction for buoyancy effects. The correction for buoyancy shall be
applied as follows ‘

Moy angor « U= (P ) (P )V = (02 )/ (Presia))

where:
Meor = PM mass corrected for buoyancy
Mypcor = PM mass uncorrected for buoyancy
Pair = density of air in balance environment
Pweight =  density of calibration weight used to span balance
Pmedia =  density of PM sample medium (filter) according to the table
below:
Filter Medium Pmedia

Teflon coated glass fibre (e.g. TX40) 2300 kg/m’

paircan be calculated as follows:

pair — _abs mix
R-T amb
where:
Pabs = absolute pressure in balance environment
Mmix =  molar mass of air in balance environment (28.836 gmol™)
R = molar gas constant (8.314 Jmol'K™")
Tamb =  absolute ambient temperature of balance environment.

The chamber (or room) environment shall be free of any ambient contaminants
(such as dust) that would settle on the particulate filters during their stabilisation.

Limited deviations from weighing room temperature and humidity specifications will
be allowed provided their total duration does not exceed 30 minutes in any one filter
conditioning period. The weighing room should meet the required specifications
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prior to personal entrance into the weighing room. During the welghmg operation no
deviations from the specified conditions are permitted.

The effects of static electricity shall be nullified. This may be achieved by grounding
the balance through placement upon an antistatic mat and neutralisation of the
particulate filters prior to weighing using a Polonium neutraliser or a device of
similar effect. Alternatively nullification of static effects may be achieved through

- equalisation of the static charge.

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

Recommended Systein Description

Figure 12 is a schematic drawing of the recommended particulate sampling system.

Since various configurations can produce equivalent resuits, exact conformance with
this figure is not required. Additional components such as instruments, valves,
solenoids, pumps and switches may be used to provide additional information and
co-ordinate the functions of component systems. Further components that are not
needed to maintain accuracy with other system configurations may be excluded if
their exclusion is based upon good engineering judgement.

Figure 12: Particulate Sampling System
L - DT '

LY
! .
PTT

Pch FH

P FC
FM - Control demand -
proportional to CVS
flowrsts

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

2.1. Flow Meter Calibration
The Technical Service shall ensure the existence of a calibration certificate for the
flow meter demonstrating compliance with a traceable standard within a 12 month
period prior to the test, or since any repair or change which could influence
calibration.

2.2 Microbalance Calibration
The Technical Service shall ensure the existence of a calibration certificate for the
microbalance demonstrating compliance with a traceable standard within a
12 months period prior to the test.

23. Reference Filter Weighing

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

If the specific weight of any reference filter changes by more than + 5pug between
sample filter weighings, then the sample filter and reference filters shall be
reconditioned in the weighing room and then reweighed:

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

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

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

If, prior to or at the 80 h point, more than half the number of reference filters meet
the + 5 pg criterion, then the sample filter weighing can be considered valid.

If, at the 80 h point, two reference filters are employed and one filter fails the + 5 pg
criterion, the sample filter weighing can be considered valid under the condition that
the sum of the absolute differences between specific and rolling averages from the
two reference filters must be less than or equal to 10 pg.

139



E/ECE/324
EECE/TRANS/S05 | Rev-V/Add.82/Rev.3/Amend.2

Regulation No 83
page 61

In case less than half of the reference filters meet the + 5 pg criterion the sample
filter shall be discarded, and the emissions test repeated. All reference filters must be

. discarded and replaced within 48 hours.

In all other cases, reference filters must be replaced at least every 30 days and in such
a manner that no sample filter is weighed without comparison to a reference filter
that has been present in the weighing room for at least 1 day.

If the weighing room stability criteria outlined in paragraph 1.3.4. are not met, but
the reference filter weighings meet the above criteria, the vehicle manufacturer has
the option of accepting the sample filter weights or voiding the tests, fixing the

- weighing room control system and re-running the test.

Figure 13: Particulate sampling probe configuration

Cross-section

ﬂg‘

(*) minimum internal diameter

Wall thickness: ~1 mm - Material: stainless steel

(Jzre
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Appendix 5
PARTICLE NUMBER EMISSIONS MEASUREMENT EQUIPMENT
1. SPECIFICATION
1.1. System Overview
1.1.1. The particle sampling system shall consist of a dilution tunnel, a sampling probe and
a volatile particle remover (VPR) upstream of a particle number counter (PNC) and
suitable transfer tubing.
, 1.1.2. It is recommended that a particle size pre-classifier (e.g. cyclone, impactor etc) be
( located prior to the inlet of the VPR. However, a sample probe acting as an
b appropriate size-classification device, such as that shown in Figure 13, is an
acceptable alternative to the use of a particle size pre-classifier.
1.2, General Requirements
1.2.1. The particle sampling point shall be located within a dilution tunnel.

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

V It shall be installed near the tunnel centre line, 10 to 20 tunnel diameters downstream

of the gas inlet, facing upstream into the tunnel gas flow with its axis at the tip
parallel to that of the dilution tunnel.

It shall have an internal diameter of > 8 mm.

Sample gas drawn ‘through the PTS shall meet the following conditions:
It shall have a flow Reynolds number (Re) of < 1700;

It shall have a residence time in the PTS of < 3 seconds.

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

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

It shall have an internal diameter of > 4mm;
Sample Gas flow through the OT shall have a residence time of <0.8 seconds.

Any other sampling configuration for the OT for which equivalent particle
penetration at 30 nm can be demonstrated will be considered acceptable.
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The VPR shall inciude devices for sample dilution and for volatile particle removal.
The sampling probe for the test gas flow shall be so arranged within the dilution tract
that a representative sample gas flow is taken from a homogeneous air/exhaust
mixture.

All parts of the dilution system and the sampling system from the exhaust pipe up to

the PNC, which are in contact with raw and diluted exhaust gas, shall be designed to
minimise deposition of the particles. All parts shall be made of electrically
conductive materials that do not react with exhaust gas components and shall be
electrically grounded to prevent electrostatic effects.

The particle sampling system shall incorporate good aerosol sampling practice that
includes the avoidance of sharp bends and abrupt changes in cross-section, the use of
smooth internal surfaces and the minimisation of the length of the sampling line.
Gradual changes in the cross-section are permissible.

Specific Requirements

The particle sample shall not pass through a pump before passing through the PNC.
A sample pre-classifier is recommended.

The sample preconditioning unit shall:

Be capable of diluting the sample in one or more stages to achieve a particle number
concentration below the upper threshold of the single particle count mode of the PNC
and a gas temperature below 35 °C at the inlet to the PNC;

In¢lude an'initial heated dilution stage which outputs a sample at a temperature of
2150 °C and <400 °C and dilutes by a factor of at least 10;

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

Also achieve > 99.0 per cent vaponsauon of 30 nm tetracontane (CH;(CH;);gCH;)

particles, with an inlet concentration of > 10,000 cm™, by means of heating and

reduction of partial pressures of the tetracontane.
The PNC shall:

Operate under full flow operating conditions;
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1.34.2.  Have a counting accuracy of + 10 per cent across the range 1 cm™ to the upper

1.3.4.3.

1.3.4.4.

1.3.4.5.
1.3.4.6.

1.3.4.7.

1.3.4.8.

1.3.4.9.
1.3.5

1.4.

threshold of the single particle count mode of the PNC against a traceable standard.
At concentrations below 100 cm™ measurements averaged over extended sampling
periods may be required to demonstrate the accuracy of the PNC with a high degree
of statistical confidence;

Have a readability of at least 0.1 particles cm™ at concentrations below 100 cm™;

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

Have a data reporting frequency equal to or greater than 0.5 Hz;
Have a T90 response time over the measured concentration range of less than 5 s;

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

Have counting efficiencies at particle sizes of 23 nm (+ 1 nm) and 41 nm (+ 1 nm)
electrical mobility diameter of 50 per cent (x 12 per cent) and > 90 per cent
respectively. These counting efficiencies may be achieved by internal (for example;
control of instrument design) or external (for example; size pre-classification) means;

If the PNC makes use of a working liquid, it shall be replaced at the frequency
specified by the instrument manufacturer.

The sum of the residence time of the PTS, VPR and OT plus the T90 response time
of the PNC shall be no greater than 20 s.

Recommended System Description
The following section contains the recommended practice for measurement of

particle number. However, any system meeting the performance specifications in
paragraphs 1.2. and 1.3. is acceptable.
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Figure 14 is a schematic drawing of the recommended particle sampling system.

Figure 14: Schematic of Recommended Particle Sampling System
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1.4.1. Sampling System Description

The particle sampling system shall consist of a sampling probe tip in the dilution

tunnel (PSP), a particle transfer tube (PTT), a particle pre-classifier (PCF) and a

volatile particle remover (VPR) upstream of the particle number concentration

measurement (PNC) unit. The VPR shall include devices for sample dilution

(particle number diluters: PND; and PND;) and particle evaporation (Evaporation

tube, ET). The sampling probe for the test gas flow shall be so arranged within the

; dilution tract that a representative sample gas flow is taken from a homogeneous

‘» : air/exhaust mixture. The sum of the residence time of the system plus the T90
response time of the PNC shall be no greater than 20 s. .

1.4.2. Particle Transfer System

The sampling probe tip (PSP) and particle transfer tube (PTT) together comprise the
particle transfer system (PTS). The PTS conducts the sample from the dilution
tunnel to the entrance to the first particle number diluter. The PTS chall meet the

following conditions:
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It shall be installed near the tunnel centre line, 10 to 20 tunnel diameters downstream
of the gas inlet, facing upstream into the tunnel gas flow with its axis at the tip
parallel to that of the dilution tunnel. ’
It shall have an internal diameter of > 8mm.
Sample gas drawn through the PTS shall meet the following conditions:
It shall have a flow Reynolds number (Re) of < 1700;
It shall have a residence time in the PTS of < 3 seconds.
Any other sampling configuration for the PTS for which equivalent particle
penetration for particles of 30 nm electrical mobility diameter can be demonstrated
will be considered acceptable. 7
The outlet tube (OT) conducting the diluted sample from the VPR to the inlet of the
PNC shall have the following properties:
It shall have an internal diameter of > 4 mm;
Sample Gas flow through the POT shall have a residence time of < 0.8 seconds.
Any other sampling configuration for the OT for which equivalent particle
penetration for particles of 30 nm electrical mobility diameter can be demonstrated
will be considered acceptable.

14.3. Particle Pre-classifier
The recommended particle pre-classifier shall be located upstream of the VPR. The
pre-classifier 50 per cent cut point particle diameter shall be between 2.5 pum
and 10 pm at the volumetric flow rate selected for sampling particle number
emissions. The pre-classifier shall allow at least 99 per cent of the mass
concentration of 1 pm particles entering the pre-classifier to pass through the exit of
the pre-classifier at the volumetric flow rate selected for sampling particle number
emissions.

1.4.4.

Volatile Particle Remover (VPR)

The VPR shall comprise one particle number diluter (PND;), an evaporation tube and

- a second diluter (PND;) in series. This dilution function is to reduce the number

concentration of the sample entering the particle concentration measurement unit to
less than the upper threshold of the single particle count mode of the PNC and to
suppress nucleation within the sample.
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The VPR shall achieve >99.0 per cent vaporisation of 30 nm tetracontane
(CH3(CH2)3sCH;) particies, with an iniet concentration of > 10,000 cm?, by means
of heating and reduction of partial pressures of the tetracontane. It shall also achieve
a particle concentration reduction factor (f;) for particles of 30 nm and 50 nm
electrical mobility diameters, that is no more than 30 per cent and 20 per cent
respectively higher, and no more than 5 per cent lower than that for particles

. of 100 nm electrical mobility diameter for the VPR as a whole.

1.44.1.

1.442,

1.4.4.3.

14.5.

First Particle Number Dilution Device (PND;)

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

Evaporation Tube

The entire léngth of the ET shall be controlled to a wall temperature greater than or
equal to that of the first particle number dilution device and the wall temperature
held at a fixed value between 300 °C and 400 °C. -

Second Particle Number Dilution Device (PND,)

PND, shall be specifically designed to dilute particle number concentration. The
diluter shall be supplied with HEPA filtered dilution air and be capable of
maintaining a single dilution factor within a range of 10 to 30 times. The dilution
factor of PND; shall be selected in the range between 10 and 15 such that particle
number concentration downstream of the second diluter is less than the upper
threshold of the single particle count mode of the PNC and the gas temperature prior
to entry to the PNC is < 35 °C.

Particle Number Counter (PNC)

The PNC shall meet the requirements of paragraph 1.3.4.
CALIBRATION/VALIDATION OF THE PARTICLE SAMPLING SYSTEM I/
Calibration of the Particle Number Counter

The Technical Service shall ensure the existence of a calibration certificate for the
PNC demonstrating compliance with a traceable standard within a 12 month period
prior to the emissions test.

1/ Exampie calibration/validation methods are available at

http://www.unece.org[trans/main/mﬂ9/@29wgs/v_vp29g[pe/gmp19.html
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2.1.2,

2.1.3.

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

Calibration shall be traceable to a standard calibration method:

(a) By comparison of the response of the PNC under calibration with that of a
calibrated aerosol electrometer when simultaneously sampling electrostatically
classified calibration particles, or

(b) By comparison of the response of the PNC under calibration with that of a
second PNC which has been directly calibrated by the above method.

In the electrometer case, calibration shall be undertaken using at least six standard
concentrations spaced as uniformly as possible across the PNC's measurement range.
These points will include a nominal zero concentration point produced by attaching
HEPA filters of at least class H13 of EN 1822:1998 to the inlet of each instrument.
With no calibration factor applied to the PNC under calibration, measured
concentrations shall be within £10 per cent of the standard concentration for each
concentration used, with the exception of the zero point, otherwise the PNC under
calibration shall be rejected. The gradient from a linear regression of the two data
sets shall be calculated and recorded. A calibration factor equal to the reciprocal of
the gradient shall be applied to the PNC under calibration. Linearity of response 1s
calculated as the square of the Pearson product moment correlation coefficient (R?)
of the two data sets and shall be equal to or greater than 0.97. In calculating both the
gradient and R? the linear regression shall be forced through the origin (zero
concentration on both instruments).

In the reference PNC case, calibration shall be undertaken using at least six standard
concentrations across the PNC's measurement range. At least 3 points shall be at
concentrations below 1000 cm?, the remalmng concentrations shall be linearly

spaced between 1,000 cm™ and the maximum of the PNC's range in single particle

count mode. These points will include a nominal zero concentration point produced
by attaching HEPA filters of at least class H13 of EN 1822:1998 to the inlet of each
instrument. With no calibration factor applied to the PNC under calibration,
measured concentrations shall be within +£10 per cent of the standard concentration
for each concentration, with the exception of the zero point, otherwise the PNC under
calibration shall be rejected. The gradient from a linear regression of the two data
sets shall be calculated and recorded. A calibration factor equal to the reciprocal of
the gradient shall be applied to the PNC under calibration. Linearity of response 1s
calculated as the square of the Pearson product moment correlation coefficient (RY)
of the two data sets and shall be equal to or greater than 0.97. In calculating both the
gradient and R® the linear regression shall be forced through the origin (zero

~ concentration on both instruments).
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Calibration shall also include a check, against the requirements in paragraph 1.3.4.8,,
on the PNC's detection efficiency with particles of 23 nm electrical mobility
diameter. A check of the counting efficiency with 41 nm particles is not required.

Calibration/Validation of the Volatile Particle Remover

Calibration of the VPR's particie concentration reduction factors across iis fuil range
of dilution settings, at the instrument manufacturer's recommended operating
temperatures, shall be required when the unit is new and following any major
maintenance.  The periodic validation requirement 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 particulate filter equipped vehicles. The Technical
Service shall ensure the existence of a calibration or validation certificate for the
volatile particle remover within a 6 month period prior to the emissions test. If the
volatile particle remover incorporates temperature monitoring alarms a 12 month
validation interval shall be permissible.

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

concentration reduction factor ( 7,) determined during the primary calibration of the
VPR. ‘

The test aerosol for these measurements shall be solid particles of 30, 50 and 100 nm
electrical mobility diameter and a minimum concentration of 5,000 particles cm™ at
the VPR inlet. Particle concentrations shall be measured upstream and downstream
of the components.

The particle concentration reduc‘t‘ion factor at each particle size ( f(d;) ) shall be
calculated as follows;
N_(d)
fi(d,) =2l
N, out (di )
where:
Nin (d}) = upstream particle number concentration for particles of diameter d;;
Nou (di) = downstream particle number concentration for particles of diameter
d;; and
d; particle electrical mobility diameter (30, 50 or 100 nm).
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-2.2.3.

2:3.

23.1.

23.2.

233,

234.
23.5.

The mean particle concentration reduction (7,) at a given dilution setting shall be
calculated as follows;
7— _ 1, (30nm)+ f,(50nm)+ f,(100nm)

3
It is recommended that the VPR is calibrated and validated as a complete unit.

The Technical Service shall ensure the existence of a validation certificate for the
VPR demonstrating effective volatile particle removal efficiency within a 6 month
period prior to the emissions test. If the volatile particle remover incorporates
temperature monitoring alarms a 12 month validation interval shall be permissible.
The VPR shall demonstrate greater than 99.0 per cent removal of tetracontane
(CH3(CH2)33CH;) particles of at least 30 nm electrical mobility diameter with an
inlet concentration.of > 10,000 cm™ when operated at its minimum dilution setting
and manufacturers recommended operating temperature.

Particle Number System Check Procedures

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

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

Each day, following the application of a HEPA filter of at least class H13 of
EN 1822:1998 to the inlet of the particle counter, the particle counter shall report a
concentration of < 0.2 cm™. Upon removal of this filter, the particle counter shall
show an increase in measured concentration to at least 100 particles cm™ when
challenged with ambient air and a return to <0.2 cm™ on replacement of the
HEPA filter. ‘

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

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

The method described in this appendix makes it possible to check that the simulated
total inertia of the dynamometer is carried out satisfactorily in the running phase of
the operating cycle. The manufacturer of the dynamometer shall specify a method for
verifying the specifications according to paragraph 3. of this appendix.

PRINCIPLE
Drawing-up working equations

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

F=l-y=Iy-v+§

where: )
F = force at the surface of the roller(s),
I = total inertia of the dynamometer (equivalent inertia of the vehicle:
see the table in paragraph 5.1.),
IM = inertia of the mechanical masses of the dynamometer,
Yy = tangential acceleration at roller surface,
F 1 = inertia force.

Note: An explanation of this formula with reference to dynamometers with mechanically
simulated inertia is appended. :

Thus, total inertia is expressed as follows:

I = IntFily

where: .
Im can be calculated or measured by traditional methods,
F; can be measured on the dynamometer,
Y can be calculated from the peripheral speed of the rollers.

The total inertia (I) will be determined during an acceleration or deceleration test
with values higher than or equal to those obtained on an operating cycle.
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2.2. Specification for the calculation of total inertia
The test and calculation methods shall make it possible to determine the total inertia I
with a relative error (ALT) of less than =+ 2 per cent.

3. SPECIFICATION

3.1 The mass of the simulated total inertia I .shall remain the same as the theoretical
value of the equivalent inertia (see Appendix 1) within the following limits:

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

) 3.1.2 12 per cent of the theoretical value for the average value calculated for each
( sequence of the cycle.

The limit given in paragraph 3.1.1. above is brought to + 50 per cent for one second
when starting and, for vehicles with manual transmission, for two seconds during
gear changes.

4. VERIFICATION PROCEDURE

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

4.2. However, if the requirements of paragraph 3. above are met, with instantaneous

accelerations which are at least three times greater or smaller than the values
obtained in the sequences of the theoretical cycle, the verification described above
will not be necessary. :
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ndix 7
MEASUREMENT OF VEHICLE ROAD LOAD

RESISTANCE TO PROGRESS OF A VEHICLE MEASUREMENT METHOD
ON THE ROAD SIMULATION ON A CHASSIS DYNAMOMETER

- OBJECT OF THE METHODS

The object of the methods defined below is to measure the resistance to progress of a
vehicle at stabilized speeds on the road and to simulate this resistance on a
dynamometer, in accordance with the conditions set out in paragraph 6.2.1. of
Annex 4a. _ ' .

DEFINITION OF THE ROAD

The road shall be level and sufficiently long to enable the measurements specified in
this appendix to be made. The slope shall be constant to within + 0.1 per cent and
shall not exceed 1.5 per cent. .

ATMOSPHERIC CONDITIONS

Wind

Testing shall be limited to wind speeds averaging less than 3 m/s with peak speeds of
less than 5 m/s. In addition, the vector component of the wind speed across the test

road shall be less than 2 m/s. Wind velocity shall be measured 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 deviate by more than + 7.5 per cent from
- the reference conditions, P = 100 kPa and T = 293.2 K.
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4, VEHICLE PREPARATION 1/

4.1. Selection of the test vehicle
If not all variants of a vehicle type are measured, the following criteria for the
selection of the test vehicle shall be used.

4.1.1 Body
If there are different types of body, the test shall be performed on the least
aerodynamic body. The manufacturer shall provide the necessary data for the
selection.

- 4.1.2. Tyres

The widest tyre shall be chosen If there are more than three tyre sizes, the widest
minus one shall be chosen.

4.1.3. Testing mass
The testing mass shall be the reference mass of the vehicle with the highest inertia
range.

4.1.4. Engine
The test vehicle shall have the largest heat exchanger(s).

4.1.5. Transmission

A test shall be carried out with each type of the following transmission:

Front-wheel drive,
Rear-wheel drive,
Full-time 4 x 4,
Part-time 4 x 4,
Automatic gearbox,
Manual gearbox.

1/ For HEV, and until uniform technical provisions have been established, the manufacturer will
agree with the technical service concemning the status of the vehicle when performing the test as
defined in this appendix.
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Running-in

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

Verifications

The followihg checks shall be made in accordance with the manufacturer's
specifications for the use considered:

Wheels, wheel trims, tyres (make, type, pressure), front axle geometry, brake
adjustment (elimination of parasitic drag), lubrication of front and rear axles,
adjustment of the suspension and vehicle level, etc.

Preparation for the test

The vehicle shall be loaded to its reference mass. The level of the vehicle shall be
that obtained when the centre of gravity of the load is situated midway between the
"R" points of the front outer seats and on a straight line passing through those points.

In the case of road tests, the windows of the vehicle shall be closed. Any covers of"

air climatisation systems, headlamps, etc. shall be in the non-operating position.
The vehicle shall be clean. .

Immediately prior to the test, the vehicle shall 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 than £ 0.1 s.

Speed shall be measured to an error lower than * 2 per cent.

Test procedure

Accelerate the vehicle to a speed 10 km/h greater than the chosen test speed V.

Place the gearbox in "neutral” position.
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5.1.1.2.3. Measure the time taken (t;) for the vehicle to decelerate from speed
V;=V+AV kmh to V;=V-AV km/h
5.1.1.2.4. Perform the same test in the opposite direction: t;.’
5.1.1.2.5. Take the average T of the two times t; and t,.
5.1.1.2.6. Repeat these tests several times such that the statistical accuracy (p) of the average ‘
. DT, is not more than 2 per cent (p < 2 per cent)
N5
The statistical accuracy (p) is defined by:
,,:(t-_s)_m
Jn) T
where:
t = coefficient given by the following table,
n = number of tests,
. 2 (T, -T)
= standard deviati = :
s{ stan eviation, . s ; =
n 4 5 6 7 8 9 10 11 12 13 14 15
t 32 128 (26 |25 |24 |23 |23 |22 122 [22 |22 |22
t
T 1.6 |1.25 |1.06 |094 | 085 |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:
_M-V-AV
500-T
where:
P is expressed in kW,
V = speed of the test in m/s,
AV = speed deviation from speed V, in m/s as specified in
paragraph 5.1.1.2.3. of this appendix,
M = reference mass in kg,
T =

time in seconds (s).
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5.1.1.2.8: The power (P) determined on the track shall be corrected to the reference ambient
conditions as follows:

Pcomocied = K . PMeasured

K=—L.f1+K, (t-t,)]+ —2ERC Raeg o)
T RT
where: ‘ :
Rr = rolling resistance at speed V,
Rarro = aerodynamic drag at speed V,
Rt = total driving resistance = Rr + Rarzro,

Kr = temperature comecuon factor of rolling resistance, taken to be equal
to 8.64 x 10%/°C, or the manufacturer's correction factor that is
approved by the authonty,

t = road test ambient temperature in °C,
1o = reference ambient temperature = 20 °C,
p = air density at the test conditions,
Po = air density at the reference conditions (20 °C, 100 kPa).

The ratios Rg/Rt and Ragro/Rr shall be specified by the vehicle manufacturer based
on the data normally available to the company.

If these values are not available, subject to the agreement of the manufacturer and the
technical service concerned, the figures for the rolling/ total resistance given by the

following formula may be used:
LT T M+b
T
where: i
M= vehicle mass in kg and for each speed the coefficients a and b are shown
in the following table:
V (km/h) , a b
20 7.24 - 10° 0.82 -
40 159 -10™ 0.54
60 1.96 - 10* 0.33
80. 1.85-10% 0.23
100 1.63 - 10% 0.18
120 1.57-10% 0.14
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5.12. On the dynamometer

5.1.2.1.  Measurement equipment and accuracy
The equipment shall be identical to that used on the road.

5.1.2.2.  Test procedure

5.1.2.2.1. Install the vehicle on the test dynamometer.

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

5.1.2.2.3. Adjust the equivalent inertia of the dynamometer.

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

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

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

p RS Toamw 1
K M

K = value specified in paragraph 5.1.1.2.8. above.

5.1.2.2.7. The power P, to be absorbed by the dynamometer shall be determined in order to
enable the same power (paragraph 5.1.1.2.8.) to be reproduced for the same vehicle
on different days.

52 ‘Torque measurements method at constant speed

52.1. On the road

5.2.1.1.  Measurement equipment and error

- Torque measurement shall be carried out with an appropriate measuring device

accurate to within + 2 per cent.

Speed measurement shall be accurate to within + 2 per cent.
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Test procedure
Bring the vehicle to the chosen stabilized speed V.

Record the torque C; and speed over a period of at least 20 seconds. The accuracy of
the data recording system shail be at least £1 Nm for the torque and +0 2 km/h for

the speed.

Differences in torque C: and speed relative to time shall not eexceed 5.per cent for -
each second of the measurement period.

The torque Cu is the average torque derived from the followmg formula:

t+At

rc,_i j’C(t)dz

The test shall be carried out three times in each direction. Determine the average
torque from these six measurements for the reference speed. If the average speed
deviates by more than 1 km/h from the reference speed, a linear regression shall be
used for calculating the average torque. :

Determine the average of these two torques Cy and Cy, ie. C;.

The average torque Cr determined on the track shall be corrected to the reference
ambient conditions as follows: :

Creomected = K * Cinessured

-where K has the value specified in paragraph 5.1.1.2.8. of this appendix.

On the dynamometer

Measurement equipment and error ’

The equipment shall be identical to that used on the road.

Test procedure

Perform the operations specified in paragraphs 5.1.2.2.1. o 5.1.2.2.4. above.
Perform the operations specified in paragraphs 5.2.1.2.1. to 5.2.1.2.4. above.

AdjuSI the power absorption unit to reproduce -the corrected iotal track torque
indicaied in paragraph 5.2.1.2.7. above.

Proceed with the same operations as in paragraph 5.1.2.2.7., for the same purpose.
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AGREEMENT
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(Revision 2, including the amendments which entered into force on 16 October 1995)

) Addendum 82: Regulation No. 83

‘ Revision 3 - Amendment 2

Supplement 7 to the 05 series of amendments - Date of entry into force: 26 February 2009

UNIFORM PROVISIONS CONCERNING THE APPROVAL OF VEHICLES WITH
REGARD TO THE EMISSION OF POLLUTANTS ACCORDING TO ENGINE
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UNITED NATIONS
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The list of Contents, the annexes, insert a new Annex 4a, to read:
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Annex 4a: TYPE I TEST (Venfymg exhaust emissions after a cold start)
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 measumment'equipment
1. Specification v
2. Calibration procedures

3. Reference gases

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

Appendix § - Particle number emissions measurement equipment
1. Specification !
2. Calibration/Validation of the"particle sampling system

Appendix 6 - Verification of simulated inertia
1. Object

2. Principle

3. Specification

4. Verification procedure

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

2. Definition of the road

3. Atmospheric conditions

4. Vehicle preparation

5. Methods
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Insert a new Annex 4a, to read:
"Annex 4a
TYPE I TEST

2.
3,
3.1
3.1.1.
S

32.
32.1.
322,

(Verifying exhaust emissions after a cold start)

.APPLICABILITY

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

INTRODUCTION

This annex describes the procedure for the Type I test defined in paragmph 5.3.1
of this Regulation. When the reference fuel to be used is LPG or NG, the provisions
of Annex 12 shall apply additionally.

TEST CONDITIONS

Ambient conditions

- During-the test, the test cell témperature shall be between 293K and 303K (20°C

and 30 °C). The absolute humidity (H) of either the air in the test cell or the intake
air of the engine shall be such that

55<H<122 (gH;0/kg dry air)
The absolute huxﬁidity (H) shall be measured.
The following temperatures shall be measured:
Test cell ambient air

* Dilution and sampling system temperatures as required for emissions
measurement systems defined in Appendices 2 to 5 of this annex.

The atmospheric pressure shall be measured. -

Test vehicle
The vehicle shall be pmsented in good mechanical condition. It shall have been run-

~ in and driven at least 3,000 km before the test.
The exhaust device shall not exhibit any leak likely to reduce the quantity of gas

collected, which quantity shall be that em o-ergmg from the engine.
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3.2.3. The tightness of the intake system may be checked to ensure that carburation is not

3.24.

3.2.5.

3.2.6.

3.3.
3.3.1.

33.2..

34.

34.1.

34.2.

affected by an accidental intake of air.

The settings of the engine and of the vehicle's controls shall be those prescribed by
the manufacturer. This requirement also applies, in particular, to the settings for
idling (rotation speed and carbon monoxide content of the exhaust gases), for the
cold start device and for the exhaust gas cleaning system.

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

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

Test fuel

The appropriate reference fuel as defined in Annex 10 to this Regulation shall be
used for testing.

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

Vehicle installation

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

A current of air of variable speed shall be blown over the vehicle. The blower speed
shall be such that, within the operating range of 10 km/h to at least 50 km/h, the
linear velocity of the air at the blower outlet is within +5 km/h of the corresponding
roller speed. The final selection of the blower shall have the following
characteristics:

(@) Area: at least 0.2 m%

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

(c) Distance from the front of the vehicle: approximately 0.3 m.

As an alternative the blower speed shall be fixed at an air speed of at least 6 m/s
(21.6 km/h).

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

Chassis dynamometer

The chassis dynamometgr requirements are given in Appendix 1.

The exhgust dilution system requirements are given in Appendix 2.
us‘ isgion: i anal

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

Parti M iSsio! ipment

The particulate mass sampling and measurement requirements are ngen in-
Appendix 4.

The particle number sampling and measurement requirements are giveh in
Appendix 5.

General test cell equipment

The following temperatures shall be measured with an accuracy of 1.5 K:

(a) Test cell ambient air

(b) Intake air to the engine

(c) Dilution and sampling syétem tcmpemtures as required for emlssxons
measurement systems defined in Appendices 2 to 5 of this annex.

The atmospheric pressure shall be measurable to within +0.1 kPa.

‘The absolute humidity (H) shall be measurable to within +5 per cent.

DETERMINATION OF VEHICLE ROAD LOAD

Test procedure .
The procedure for measuring the vehicle road load is described in Appendix 7.

n menaad. b com et d LML . Y N _a__. %

This procedure is not required if the chassis dynamomeier ioad is 10 be set according
to the reference mass of the vehicle.

104
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6. EMISSIONS TEST PROCEDURE

6.1. Test cycle

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

4

(2

6.1.1.

Elementary urban cycle

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

defined in Table 1, illustrated in Figure 2, and summarized below.

Equivalent distance for the four cycles:

Breakdown by phases:
Time (s) per cent

Idling ) 60 30.8
Deceleration, clutch dlsengaged 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
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

General information:

Average speed during test: 19 km/h

Effective running time: 195s

Theoretical distance covered per cycle: 1.013 km

4.052 km
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 Extra-urban cycle
Part Two of the test cycle is the extra-urban cycle which is defined in Tabie 2,‘

illustrated in Figure 3, and summarized below.

} Rev.V/Add.82/Rev.3/Amend.2

Breakdown by phases:
Time (s) per cent '
Idling . 20 50 '
Deceleration, clutch discngaged 20 50
Gear-shift .6 1.5
Accelerations 103 1258
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 13 .
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 m/s’

Maximum deceleration: -1.389 m/s?

ivv
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6.13.  Use of the gearbox

6.1.3.1.  If the maximum speed which can be attained in first gear is below 15 km/h,

6.1.3.2.

6.1.3.3.

6.1.34.

6.1.3.5.

the second, third and fourth gears shall be used for the urban cycle (Part One) and
the second, third, fourth and fifth gears for the extra-urban cycle (Part Two).
The second, third and fourth gears may also be used for the urban cycle (Part One)
and the second, third, fourth and fifth gears for the extra-urban cycle (Part Two)
when the manufacturer's instructions recommend starting in second gear on level
ground, or ‘when first gear is therein defined as a gear reserved for cross-country
driving, crawling or towing.

Vehicles which do not attain the acceleration and maximum speed values required in
the operating cycle shall be operated with the accelerator control fully depressed
until they once again reach the required operating curve. Deviations from the
operating cycle shall be recorded in the test report.

Vehicles equipped with semi-automatic-shift gearboxes shall be tested by using the
gears normally employed for driving, and the gear shift is used in accordance with
the manufacturer's instructions.

Vehicles equipped with automatic-shift gearboxes shall be tested with the highest '

gear ("Drive") engaged. The accelerator shall be used in such a way as to obtain the
steadiest acceleration possible, enabling the various gears to be engaged in the

normal order. Furthermore, the gear-change points shown in Tables 1 and 2 of this -

annex shall not apply; acceleration shall continue throughout the period represented
by the straight line connecting the end of each period of idling with the beginning of
the next following period of steady speed. The tolerances given in
paragraphs 6.1.3.4. and 6.1.3.5. below shall apply.

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

A tolerance of 2 km/h shall be allowed between the indicated speed and the
theoretical speed during acceleration, during steady speed, and during deceleration
when the vehicle's brakes are used. If the vehicle decelerates more rapidly without
the use of the brakes, only the provisions of paragraph 6.4.4.3. below shall apply.
Speed tolerances greater than those prescribed shall be accepted during phase
changes provided that the tolerances are never exceeded for more than 0.5 s on any
one occasion.

The time tolerances shall be + 1.0 s. The above tolerances shall apply equally at the
beginning and at the end of each gear-changing period for the urban cycle (Part One)
and for the operations Nos. 3, 5 and 7 of the extra-urban cycle (Part Two). It should
be noted that the time of two seconds allowed includes the time for changing gear
and, if necessary, a certain amount of latitude to catch up with the cycle.
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Load and inertia setting

Load determined with vehicle road test

The dynamometer shall be adjusted so that the total inertia of the rotating masses will
simulate the inertia and other road load forces acting on the vehicle when driving on

‘the road. The means by which this load is detelmmed is described in paragraph 5. of

this annex. ,

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

Dynamometer with adjustable load curve: the load simulator shall be adjusted in
order to absorb the power exerted on the driving wheels at 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 following method may be used.

The brake is adjusted so as to absorb the load exerted. at the driving. wheels at a -

constant speed of 80 km/h, in accordance with Table 3.

If the cori'espondihg equivalent inertia is not available on the dynamometer, the
larger value closest to the _vehicle reference mass will be used.

‘.

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

The method used and the values obtained (equivalent inertia - characteristic
adjustment parameter) shall be recorded in the test report. ’ A

Preliminary testing cycles )
Preliminary testing cycles should be carried out if necessary to determine how best to

actuate the accelerator and brake controls so as to achieve a cycle approximating to -

the theoretical cycle within the prescribed limits under which the cycle is carried out.

Tyre pressures

The fyre pressures chnll he the same ac that emmﬁpd Irm the manufacturar and usad

for the preliminary road test for brake adjustment. The tyre pressure may be

increased by up to 50 per ceni from the manufacturer's recommended setting in the
case of a two-roller dynamometer. The actual pressure used shall be recorded in the
test report.
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6.2.4. Background particulate mass measurement

6.2.5.

6.2.6.

6.2.7.
6.2.7.1.

6.2.7.2.

6.2.7.2.1.

The particulate background level of the dilution air may be determined by passing
filtered dilution air through the particulate filter. This shall be drawn from the same
point as the particulate sample. One measurement may be performed prior to or after
the test. Particulate mass measurements may be corrected by subtracting the
background contribution from the dilution system. The permissible background
contribution shall be < Img/km (or equivalent mass on the filter). If the background
exceeds this level, the default figure of 1 mg/km (or equivalent mass on the filter)
shall be employed. Where subtraction of the background contribution gives a
negative result, the particulate mass result shall be considered to be zero.

Background particle number measurements

The subtraction of background particle numbers may be determined by sampling
dilution air drawn from a point downstream of the particle and hydrocarbon filters
into the particle number measurement system. Background correction of particle
number measurements shall not be allowed for type approval, but may be used at the

manufacturer's request for conformity of production and in service conformity where

there are indications that tunnel contribution is significant.
Particulate mass filter selection

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

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

Particulate mass filter preparation

Particulate mass sampling filters shall be conditioned (as regards temperature and
humidity) in an open dish that has been protected against dust ingress for at least 2
and for not more than 80 hours before the test in an air-conditioned chamber. After
this conditioning, the uncontaminated filters will be weighed and stored until they are
used. If the filters are not used within one hour of their removal from the welghmg
chamber they shall be re-weighed.

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

A stabilized filter is placed and kept in a sealed filter holder assembly with the ends
plugged, or;
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62.72.2. A stabilized filter is placed in a sealed filier 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 which there is no flow.
The particulate sampling system shall be started and prepared for sampling.

' Particle number measurement preparation

The particle specific dilution system and measurement equipment shall be started and
readied for sampling.

Prior to the test(s) the correct function of the particle counter and volatile particle

remover elements of the particle sampling system shall be confirmed according to

Appendix 5, pamgmphs23l and 2.3.3.:

The particle counter response shall be tested at near zero pnor to each test and, on a
daily basis, at high particle concentrations using ambient air.

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

Checking the gas analysers

The emissions analysers for the gases shall be set at zero and spanned. The sample
bags shall be evacuated.

Conditioni !

For the purpose of measuring particulates, at most 36 hours and at least 6 hours
before testing, the Part Two cycle described in paragraph 6.1. of this annex shall be

used for vehicle pre-conditioning. Three consecutive cycles shall be driven. The

dynamometer setting shall be indicated as in paragraph 6.2.1. above.

At the request of the manufacturer, \)ehicl&s fitted with indirect injection positive-
ignition engines may be precondltloned with one Part One and two Part Two driving
cycles.

. In a test facility in which there may be possible contaminaﬁon of a low particulate

emitting vehicle test with residue from a previous test on a high particulate emitting
vehicle, it is recommended, for the purpose of sampling equipment pre-conditioning,
that a 120 km/h steady state drive cycle of 20 minutes duration followed by three
consecutive Part Two cycles be driven by a low particulate emitting vehicle. -

Afier this preconditioning, and before testing, vehicles shall be kept in a room in
which the temperature remains relatively constant between 293 and 303 K (20 °C
and 30 °C). This conditioning shall be carried out for at least six hours and continue
until the engine oil temperature and coolant, if any, are 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 shall be carried out not later than 30 hours
after the vehicle has been run at its normal temperature.

For positive-ignition engined vehicles fuelled with LPG or NG or so equipped that
they can be fuelled with either petrol or LPG or NG, between the tésts on the first
gaseous reference fuel and the second gaseous reference fuel, the vehicle shall be
preconditioned before the test on the second reference fuel. This preconditioning is
done on the second reference fuel by driving a preconditioning cycle consisting of
one Part One (urban part) and two times Part Two (extra-urban part) of the test cycle
described in Appendix 1 to this annex. On the manufacturer's request and with the
agreement of the technical service this preconditioning may be extended. The
dynamometer setting shall be the one indicated in paragraph 6.2. of this annex.

Test procedure
Starting-up the engine

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

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

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

Idling

Manual-shift or semi-automatic gearbox, see Tables 1 and 2.

Automatic-shift gearbox

After initial engagement the selector shall not be operated at any time during the test
except in the case specified in paragraph.6.4.3.3. below or if the selector can actuate
the overdrive, if any. :

Accelerations

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

If an acceleration cannot be carried out in the prescribed time, the extra time required
shall be deducted from the time allowed for changing gear, if possible, but otherwise
from the subsequent steady-speed period.
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. Automatic-shift gearboxes
' If acceleration cannot be carried out in the prescribed time, the gear selector shall

operate in accordance with requirements for manual-shift gearboxes.
Decelerations

All decelerations of the elementary urban cycle (Part One) shall be effected by
removing the foot completely from the accelerator with the clutch remaining
engaged. The clutch shall be disengaged, without use of the gear lever, at the higher
of the following speeds: 10 knvh or the speed corresponding to the engine idle
speed.

All decelerations of the extra-urban cycle (Part Two) shall be effected by removing
the foot completely from the accelerator, the clutch remaining engaged. The clutch
shall be disengaged, without use of the gear lever, at a speed of 50 km/h for the last
deceleration.

If the period of deceleration is loriger than that prescribed for the corresponding

-phase, the vehicle's brakes shall be used to enable compliance with the timing of the

cycle.

If the period of deceleration is shorter than that prescribed for the corresponding
phase, the timing of the theoretical cycle shall be restored by constant speed or

" an idling period merging into the following operation.

At the end of the deceleration period (halt of the vehicle on the rollers) of the
elementary urban cycle (Part One), the gears shall be placed in neutral and the clutch
engaged.

Steady speeds

"Pumping" or the closing of the throttle shall be avoided when passing from
acceleration to the following steady speed. ; _

Periods of constant speed shall be achieved by keeping the accelerator position fixed.
Sampling |

Sampling shall begin (BS) before or at the initiation of the engine start up procedure
and end on conclusion of the final idling period in the extra-urban cycle (Part Two,

end of sampling (ES)) or, in the case of test Type VI, on conclusion of the final
idling period of the last elementary urban cycle (Part One).

During the test the speed is recorded against time or collected by the dats-acquisition
system so that the correctness of the cycles performed can be assessed.
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- 6.4.8. Particles shall be measured continuously in the particle sampling system.
" The average concentrations shall be determined by integrating the analyser signals
over the test cycle.
6.5. Post-test procedures
6.5.1. Gas analyser check
Zero and span gaé reading of the analysers used for continuous measurement shall be
checked. The test shall be considered acceptable if the difference between the pre-
test and post-test results is less than 2 per cent of the span gas value.
6.5.2. Particulate filter weighing
Reference filters shall be weighed within 8 hours of the test filter weighing.
The contaminated particulate test filter shall be taken to the weighing chamber within
one hour following the analyses of the exhaust gases. The test filter shall be
conditioned for at least 2 hours and not more than 80 hours and then weighed.
6.5.3. Bag analysis
6.5.3.1.  The exhaust gases contained in the bag shall be analysed as soon as possible and in
any event not later than 20 minutes after the end of the test cycle.
6.5.3.2.  Prior to each sample analysis, the analyser range to be used for each pollutant shall
be set to zero with the appropriate zero gas.
6.5.3.3.  The analysers shall then be set to the calibration curves by means of span gases of
nominal concentrations of 70 to 100 per cent of the range.
6.5.3.4.  The analysers' zero settings shall then be rechecked: if any reading differs by more
than 2 per cent of the range from that set in paragraph 6.5.3.2. above, the procedure
shall be repeated for that analyser.
6.5.3.5.  The samples shall then be analysed.
6.5.3.6.  After the analysis, zero and span points shall be rechecked using the same gases.
' If these rechecks are within + 2 per cent of those in paragraph 6.5.3.3. above, the
- analysis shall be considered acceptable.
6.5.3.7.  Atall points in this paragraph, the flow-rates and pressures of the various gases shall

be the same as those used during calibration of the analysers.
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The figure adopted for the content of the gasés in each of the poflutants measured

- shall be that read off afier stabilisation of the measuring device. Hydrocarbon mass

emissions of compmssxon-xgmtxon engines shall be calculated from the integrated
HFID reading, corrected for varying flow if necessary, as shown in paragraph 6.6.6.
below.

Calculation of emissions
Determination of vqlume

Calculation of the volume when a variable dilution device with éonstant flow control
by orifice or venturi is used.

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

Calculation of volume when a positive displacement pump is used

The volume of diluted exhaust gas measured in systems comprising a positive

displacement pump is calculated with the following formula:
V=V,‘N

/

where:
V = volume of the diluted gas expressed i in litres per test (prior to correcnon),
V, = volume of gas delivered by the positive displacement pump in testing
conditions in litres per revolution,
N = number of revolutions per test.

Correction of Volume to Standard Conditions

'ﬁxe diluted exhaust-gas volume is corrected by means of the following formula:
V..h=vo‘x'.-("°""'] ;e

TP
where:
__2m132(K)
' 101.33 (kPa)

Pp = barometric pressure in the test room in kPa,

Py = vacuum at the inlet to the positive displacement pump in kPa relative to
the ambient barometric pressure, ;

Tp= average temperature of the diluted exhaust gas entering the positive
displacement pump during the test (K).

=2.6961 | | @
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6.6.2.

6.6.3.

6.6.4.

Total mass of gaseous and particulate pollutants emitted

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

In the case of carbon monoxide (CO): d=1.25g/1

In the case of hydrocarbons:
for petrol (CHj gs) d=0.619 g/l
for diesel (CH; gs) d=0.619 g/l
for LPG (CHz.525) d=0.649 g/l
for NG (CH,) d=0.714 g/1

In the case of nitrogen oxides (NOy): d=2.05g/1

Mass emissions of gaseous pollutants shall be calculated by meéans of the following
formula:

M. = Viaix - Qi Ky -C; 107
; d
where:

Mi= mass emission of the pollutant i in grams per kilometre,

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

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

ks = humidity correction factor used for the calculation of the mass emissions of
oxides of nitrogen. There is no humldlty correction for HC and CO,

Ci = concentration of the pollutant i in the diluted exhaust gas expressed in ppm
and corrected by the amount of the pollutant i contained in the dilution air,

d = distance corresponding to the operating cycle in kilometres.

)

Correction for dilution air concentration
The concentration of pollutant in the diluted exhaust gas shall be corrected by the

amount of the pollutant in the dilution air as follows:

Ci=C,—Cd-(l—é) 4 a @)
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where A
i=  concentration of the pollutant i in the diluted exhaust gas, expressed in
ppm and corrected by the amount of i contained in the dilution air,
C.= measured concentration of pollutant i in the diluted exhaust gas,
expressed in ppm,
Ca=  concentration of pollutant i in the air used for dilution, expressed in ppm,

DF=  dilution factor.

The dilution factor is calculated as follows:

134 .
DF= v for petrol and diesel Sa
Ccor +(Cy¢ +Cep)-107* pe )
11.9 ’ :
: DF = for LPG : 5b
C Coo2 +(Cuc +Cco)'10—4 b)

9.5

= for NG 5¢
Ceoz +(Cc +Cgo)-107* ka5

DF

In these equations:

Cco2 = concentration of CO; in the diluted exhaust gas contained in the sampling
bag, expressed in per cent volume,

Cuc = concentration of HC in the diluted exhaust gas contained in the sampling

bag, expressed in ppm carbon equivalent,

concentration of CO in the diluted exhaust gas contained in the sampling

bag, expressed in ppm.

Ceo

~ 6.6.5. Calculation of the NO humidity correction factor

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

. |

k, = 5
"7 1-0.0329-(H~-10.71) (6)

in which:

6.211-R, - P,
Py -P,-R, -107?

where:

H = absolute humidity expressed in grams of water per kilogram of dry air,
R, = relative humidity of the ambient air expressed as a percentage,

Py = saturation vapour pressure at ambient temperature expressed in kPa,
Pp = atmospheric pressure in the room, expressed in kPa.
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6.6.6. Determination of HC for compression-ignition engines

6.6.7.

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

[Cuc-at
ot L
where
t .
ICHC dt = integral of the recording of the heated FID over the test (t>-t;)
U]
C. = concentration of HC measured in the diluted exhaust in ppm

of C; is substituted for Cyic in all relevant equations.
Determination of particulates

Particulate emission M, (g/km) is calculated by means of the following equation:

_( mix+vep)'Pe
P Vq,-d

where exhaust gases are vented outside tunnel;
P
vV, d

where exhaust gases are returned to the tunnel;

where:

Vmix = volume of diluted exhaust gases (see paragraph 6.6.1.), under standard
conditions, .

Ve = volume of exhaust gas flowing through particulate filter under standard
conditions,

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

d = distance corresponding to the operating cycle in km,

M, = particulate emission in g/km.
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Where correction for the particulate background level from the dilution systein has
been used, this shall be determined in accordance with paragraph 6.2.4. In this case,
the particulate mass (g/km) shall be calculated as follows:

)

B
where exhaust gases are vented outside tunnel;

Gt

where exhaust gases are returned to the tunnel.

where:
Vi = volume of tunnel air flowing through the background particulate filter
, under standard conditions, :
P, = particulate mass collected by background filter,
DF = dilution factor as determined in paragraph 6.6.4.

Where application of a back'gmund correction results in a negative particulate mass
(in g/km) the result shall be considered to be zero g/km particulate mass.

Determination of particle numbers

Number emission of particles shall be calculated by means of the following equation:

_VkC,.f,.10°

N
d

where:

N = particle number emission expressed in particles per kilometre,

V = volume of the diluted exhaust gas expressed in litres per test and
corrected to standard conditions (273.2 K and 101.33 kPa),

K = calibration factor to correct the particle number counter measurements to
the level of the reference instrument where 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 in the above equation,

C,= correcied concentration of particies from the diluted cxhaust gas

expressed as the average particles per cubic centimetre figure from the
emissions test including the full duration of the drive cycle. If the
volumetric mean concentration resuits (C) from the particie number
counter are not output at standard conditions (273.2 K and 101.33 kPa),
then the concentrations should be corrected to those conditions (C,),
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7,= mean particle concentration reduction factor of the volatile particle
remover at the dilution setting used for the test, ]

d = distance corresponding to the operating cycle expressed in kilometres.

C shall be calculated from the following equation:
i=n
6 = i=1 Ci
n
where: ,

Ci = a discrete measurement of particle concentration in the diluted gas
exhaust from the particle counter expressed in particles per cubic
centimetre and corrected for coincidence,

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

n shall be calculated from the following equation:
n=Tf
where:

T =time duration of the operating cycle expressed in seconds,
f= data logging frequency of the particle counter expressed in Hz.
6.6.9. Allowance for mass emissions from vehicles equipped with periodically regenerating
devices

When the vehicle is equipped with a periodically regenerating system as defined in
Regulation No. 83, 05 series of amendments, Annex 13: Emissions test procedure
for a vehicle equipped with a periodically regenerating system:

6.6.9.1. - The provisions of Annex 13 shall apply for the purposes of particulate mass
"measurements.only and not particle number measurements.

6.6.9.2.  For particulate mass sampling during a test in which the vehicle undergoes a
scheduled regeneration, the filter face temperature shall not exceed 192 °C.

6.6.9.3.  For particulate mass sampling during a test when the regenerating device is in a
stabilized loading condition (i.e. the vehicle is not undergoing a regeneration), it is
recommended that the vehicle has completed > 1/3 of the mileage between scheduled
regenerations or that the periodically regenerating device has undergone equivalent
loading off the vehicle.

For the purposes of Conformity of Production testing, the manufacturer may ensure
that this is included within the evolution coefficient. In this case,
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paragraph 8.2.3.2.2. of this chulauon is replaced by paragraph 6.6.9.3.1. of this
annex.

If the manufacturer wishes to run in the vehicles, ("x" km, where x < 3,000 km for
vehicles equipped with a positive ignition engine and x < 15,000 km for vehicles
equipped with a compression ignition engine and where the vehicle is
at > 1/3 distance between successive regenerations), the procedure will be as follows:

(a) The pollutant emissions (type I) will be measured at zero and at "x" km on the

first tested vehicle,
(b) The evolution coefficient of the emissions between zero and x" km will be

calculated for each of the pollutants:

Emissions at "x"km
Emissions at zero km

Evolution coefficient =

This may be less than 1,
(a) The other vehicles will not be run in, but their zero km emissions will be

multiplied by the evolution coefficient.

In this case, the values to be taken will be:
~(a) The values at 'x' km for the first vehicle,

(b) The values at zero km multxphed by the evolution cogfficient for the other
vehicles. _
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Power and load absorbed by

Reference mass of | Equivalent Road Load
vehicle RW (kg) inertia | the dynamometer at 80 km/h | - Coefficients
i kg KW N a(N) | bN/kph)
RW <480 455 38 171 3.8 0.0261
[480 <rRW <540 510 4.1 185 42 | 00282
540 <RW <595 570 43 194 44 0.0296
595 <RW <650 625 45 203 4.6 0.0309
650 <RW <710 680 47 212 4.8 0.0323
710 <RW < 765 740 49 221 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 73 329 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 82 | 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 99 .| 0.0674
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Figure 1
- Operating cycle for the Type I test
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Figure 2
Elementary urban cycle for the Type I test
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Figure3

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

General Requirements

The dynamometer shall be capable of simulating road load within one of the
following classifications:

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

(b) Dynamometer with adjustable load curve, i.e. a dynamometer with at least two
road load parameters that can be adjusted to shape the load curve.

Dynamometers with electric inertia simulation shall be demonstrated to be equivalent
to mechanical inertia systems. The means by which equivalence is established are

described in Appendix 6 to this annex.

1.1.3.1.

1.2.

1.2.1.

1.2.2.

In the event that the total resistance to progress on the road cannot be reproduced on
the chassis dynamometer between speeds of 10km/h and 120 km/h, it is
recommended that a chassis dynamometer having the characteristics defined below
should be used.

The load absorbed by the brake and the chassis dynamometer internal frictional
effects between the speeds of 0 and 120 knmv/h is as follows:

F=(a+ b'V?) % 0.1-Fg (without being negative)
where:
F = total load absorbed by the chassis dynamometer (N)
a =  value equivalent to rolling resistance (N)
b = value equivalent to coefficient of air resistance (N/(km/h)?)
V = speed (km/h)
Fg = load at 80 km/h (N).
Specific Requirements |

The setting of the dynamometer shall not be affected by the lapse of time. It shall
not produce any vibrations perceptible to the vehicle and likely to impair the
vehicle's normal operations.

The chassis dynamometer may have one or two rollers. The front roller shall drive,
directly or indirectly, the inertial masses and the power absorption device.
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It shail be possible to measure and read the indicated load to an accuracy
of + 5 per cent.

In the case of a dynamometer with a fixed load curve, the accuracy of the load setting
at 80 km/h shall be 15 per cent. In the case of a dynamometer with adjustable load
curve, the accuracy of matching dynamometer load to road load shall be & 5 per cent
at 120, 100, 80, 60, and 40 k/h and + lOperccnt at 20km/h. Below this,
dynamometer absorption shall be positive.

The total inertia of the rotating parts (including the simulated inertia where
applicable) shall be known and shall be within + 20 kg of the inertia class for the test.

The speed of the vehicle shall be measured by the speed of rotation of the roller (the
front roller in the case of a two-roller dynamometer). It shall be measured with an
accuracy of + 1 km/h at speeds above 10 km/h.

The distance actually driven by the vehicle shall be measured by the movement of
rotation of the roller (the front roller in the case of a two-roller dynamometer).

DYNAMOMETER CALIBRATION PROCEDURE

Introduction

 This section describes the method to be used to determine the load absorbed by a

dynamometer brake. The load absorbed comprises the load absorbed by frictional
effects and the load absorbed by the power-absorption device.

The dynamometer is brought into operation beyond the range of test speeds. The
device used for starting up. the dynamometcr is then disconnected: the rotational
speed of the driven roller decreases.

The kinetic energy of the rollers is dissipated by the power-absorption unit and by
the frictional effects. This method disregards variations in the roller's internal
frictional effects caused by rollers with or without the vehicle. The frictional effects
of the rear roller shall be disregarded when the roller is free.

Calibration of the load indicator at 80 km/h

The following procedure shall be used for calibration of the load indicator to 80 km/h
as a function of the load absorbed (see also Figure 4):

Measure the rotational speed of the roller if this has not already been done. A fifth
wheel, a revolution counter or some other method may be used.

Place the vehicle on the dynamometer or devise some other method of starting-up the
dynamometer. :
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223. . Use the flywheel or any other system of inertia simulation for the particular inertia

class to be used.

Diagram illustrating the power absorbed by the chassis dynamometer

Figure 4

LOAD (N)

o=F=a+b-V?  e=(a+b:V?-0.1-Fg A=(a+b-V)+0.]-Fg
2.24. Bring the dynamometer to a speed of 80 km/h.

2.25. Note the load indicated F; (N).

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

227. Disconnect the device used to start-up the dynamometer

2.28. Note the time taken by the dynamometer to pass from a speed of 85 km/h to a speed
of 75 km/h.

229. Set the power-absorption device at a different level.

2.2.10. The requirements of paragraphs 2.2.4. to 2.2.9. shall be repeated sufficiently often to
cover the range of loads used.

2.2.11. Calculate the load absorbed using the formula:

M, -AV
t

F=

18
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where:
F = load absorbed (N),
M; = - equivalent inertia in kg (exciuding the inertial effects of the free
) rear roller),
AV Speed deviation in m/s (10 km/h = 2.775 m/s),

t time taken by the roller to pass from 85 km/h to 75 km/h.

2.2.12.  Figure 5 shows the load indicated at 80 kin/h in terms of load absorbed at 80 km/h.

Figure 5: Load indicated at 80 km/h in terms of load absorbed at 80 km/h
1000

800

600

400

Load indicated (IN)

200

1000

Load absorbed (N)

2.2:13, The requirements of paragraphs 2.2.3. to 2.2.12. above shall be repeated for all
inertia classes to be used.

23, Calibration of the load indicator at other speeds

The procedures described in pkragraph 2.2. above shall be repeated as often as
necessary for the chosen speeds.

24. Calibration of force or torque

The same procedure shall be used for force or torque calibration.
3. VERIFICATION OF THE LOAD CURVE
3.1 Procedure

The load-absorption curve of the dynamometer from a reference setting at a speed
of 80 kmv/h shall be verified as follows:
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3.1.1.

3.1.2.

Place the vehicle on the dynamometer or devise some other method of starting-up the
dynamometer. .

Adjust the dynamometer to the absorbed load (F) at 80 km/h.
Note the load absorbed at 120, 100, 80, 60, 40 and 20 km/h.

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

Repeat the procedure set out in paragraphs 3.1.1. to 3.1.4. above for other values of
power F at 80 km/h and for other values of inertias.
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Appendix 2
‘ EXHAUST DILUTION SYSTEM
SYSTEM SPECIFICATION
System Ovcrwcw |

A full-flow exhaust dilution system shall be used. This requires that the vehicle
exhaust be continuously diluted with ambient air under controlled conditions. The
total volume of the mixture of exhaust and dilution air shall be measured and a
continuously proportional sample of the volume shall be collected for analysis.
The quantities of pollutants are determined from the sample concentrations,
corrected for the pollutant content of the ambient air and the totalised flow over the
test period.

The exhaust dilution system shall consist of a transfer tube, a mixing chamber and

dilution tunnel, a dilution air conditioning, a suction device and a flow measurement

device. Sampling probes shall be fitted in the dilution tunnel as specified in
Appendices 3, 4 and 5.

The mixing chamber described above will be a vessel, such as those illustrated in
Figures 6 and 7, in which vehicle exhaust gases and the dilution air are combined so
as to produce a homogeneous mixture at the chamber outlet.

General Requirements

The vehicle exhaust gases shall be diluted with a sufficient amount of ambient air to
prevent any water condensation in the sampling and measuring system at all
conditions which may occur during a test.

The mixture of air and exhaust gaseé shall be homogeneous at the point where the
sampling probe is located (see paragraph 1.3.3. below). The sampling probe shall
extract a representative sample of the diluted exhaust gas.

The system shall enable the total volume of the diluted exhaust gases to be measured.

The sampling system shall be gas-tight. The design of the variable-dilution sampling
system and the materials that go to make it up shall be such that they do not affect
the pollutant concentration in the diluted exhaust gases. Should any component in
the system (heat exchanger, cyclone separator, blower, etc.) change the concentration
of any of the.poliutants in the diluted exhaust gases and the fault cannot be corrected,

then cnmnhno for that ?n"“oant shell l-u- carried out upstream Som that component.
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1:2.5. All parts of the dilution system that are in contact with raw and diluted exhaust gas,

1.2.6.

1.2.7.

1.2.8.

1.3.
1.3.1.

shall be designed to minimise deposition or alteration of the particulates or particles.
All parts shall be made of electrically conductive materials that do not react with
exhaust gas components, and shall be electncally grounded to prevent electrostatic
effects.

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

The variable-dijlution system shall be so designed as to enable the exhaust gases to be
sampled without appreciably changing the back-pressure at the exhaust pipe outlet.

The connectmg tube between the vehicle and dilution system shall be de51gned SO as
to minimize heat loss.

Specific Requirements
Connection to Vehicle Exhaust

The connecting tube between the vehicle exhaust outlets and the dilution system shall
be as short as possible; and satisfy the following requirements:

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

(b) Shall not cause the static pressure at the exhaust outlets on the vehicle being
tested to; differ by more than + 0.75 kPa at 50 km/h, or more than * 1.25 kPa
for the whole duration of the test from the static pressures recorded when
nothing is connected to the vehicle exhaust outlets. The pressure shall be
measured in the exhaust outlet or in an extension having the same diameter, as
near as possible to the end of the pipe. Sampling systems capable of

maintaining the static pressure to within + 0.25 kPa may be used if a written -

request from a manufacturer to the Technical Service substantiates the need for
the closer tolerance;
(c) Shall not change the nature of the exhaust gas;

(d) Any elastomer connectors employed shall be as thermally stable as possible

1.3.2.

and have minimum exposure to the exhaust gases.
Dilution Air Conditioning

The dilution air used for the primary dilution of the exhaust in the CVS tunnel shall
be passed through a medium capable of reducing particles in the most penetrating
particle size of the filter material by > 99.95 per cent, or through a filter of at least
class HI3 of EN 1822:1998. This represents the specification of High Efficiency
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
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particle filter is smmted before the HEPA filter and after the charcoal scrubber, if
used.

At the vehicle manufacturers request, the dilution air may be sampled according to
good engineering practice to determine the tunnel contribution to background
particulate mass levels, which can then be subtracted from the values measured i in the
diluted exhaust.

Dilution Tunnel

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

In order to minimise the effects on the conditions at the exhaust outlet and to limit

the drop in pressure inside the dilution-air conditioning device, if any, the pressure at
the mixing point shall not differ by more than + 0.25 kPa from atmospheric pressure.

The homogeneity of the mixture in any cross-section at the location of the sampling
probe shall not vary by more than = 2 per cent from the average of the values
obtained for at least five points located at equal intervals on the diameter of the gas
stream.

For particulate and particle emissions sampling, a dilution tunnel shall be used
which:

(a) Shall consist of a straight tube of electrically-conductive material, which shall
be earthed;

(b) Shall be small enough in diameter to cause turbulent flow (Reynolds
number 2 4000) and of sufficient length to cause complete mixing of the
exhaust and dilution air; 4

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

(d) May be insulated.

Suction Device

This device may have a range of fixed speeds to ensure sufficient flow to prevent any
water condensation. This result is generally obtained if the flow is either:

(a) Twice as high as the maximum flow of exhaust gas produced by accelerations
of the driving cycle; or

(b) Sufficient to ensure that the CO, concentration in the dilute-exhaust sample

' bag is less than 3 per cent by volume for petrol and diesel, less
than 2.2 per cent by volume for LPG and less than 1.5 per cent by volume
for NG.
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1.3.5. Volume Measurement in the Primary Dilution System

The method of measuring total dilute exhaust volume incorporated in the constant
volume sampler shall be such that measurement is accurate to + 2 per cent under all
operating conditions. . If the device cannot compensate for variations in the

temperature of the mixture of exhaust gases and dilution air at the measuring point, -

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

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

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

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

The pressure measurements shall have a precision and an accuracy of + 0.4 kPa
during the test.

Recommended System Descriptions

Figure 6 and Figure 7 are schematic drawings of two types of recommended exhaust
dilution systems that meet the requirements of this annex.

Since various configurations can produce accurate results, exact conformity with
these figures is not essential. Additional components such as instruments, valves,
solenoids and switchés may be used to provide additional information and co-
ordinate the functions of the component system. :
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14.1. Figure 6: Positive Displacement Pump Dilution System
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Full Flow Dilution System with Pésitiye Displacement Pump

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

1.4.1.1. A filter (DAF) for the dilution air, which can be preheated if necessary. This filter

shall consist of the following filters in sequence: an optional activated charcoal filter
' (inlet side), and a high efficiency particulate air (HEPA) filter (outlet side). It is

recommended that an additional coarse particle filter 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 concentrations of ambient emissions in the
dilution air;

14.1.2. A transfer tube (TT) by which vehicle exhaust is admitted into a dilution tunnel (DT)
in which the exhaust gas and dilution air are mixed homogeneously;

1.4.1.3.  The positive displacement pump (PDP), producing a constant-volume flow of the
air/exhaust-gas mixture. The PDP revolutions, together with associated temperature

and pressure measurement are used to determine the flowrate;
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1.4.1.4. A heat exchanger (HE) of a capacity sufficient to ensure that throughout the test the

temperature of the air/exhaust-gas mixture measured at a point immediately upstream
of the positive displacement pump is within 6 K of the average operating temperature
during the test. This device shall not affect the pollutant concentrations of diluted
gases taken off after for analysis.

A mixing chamber (MC) in which exhaust gas and air are mixed homogeneously,
and which may be located closc to the vehicle so that the length of the
transfer tube (TT) is minimized.

Figure 7: Critical-Flow Venturi Dilution System
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Full Flow Dilution System with Critical Flow Venturi

The use of a critical-flow venturi (CFV) for the full-flow dilution system is based on
the principles of flow mechanics for critical flow. The variable mixture flow rate of
dilution and exhaust gas is maintained at sonic velocity which is directly proportional
to the square root of the gas temperature. Flow is continually monitored, computed
and integrated throughout the test.

The use of an additional critical-flow sampling venturi ensures the proportionality of
the gas samples taken from the dilution tunnel. As both pressure and temperature are
equal at the two venturi inlets the volume of the gas flow diverted for sampling is
proportional to the total volume of diluted exhaust-gas mixture produced, and thus
the requirements of this annex are met. The collecting equipment consists of: -
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A filter (DAF) for the dilution air, which can be preheated if necessary. This filter
shall consist of the following filters in sequence: an optional activated charcoal filter
(inlet side), and a high efficiency particulate air (HEPA) filter (outlet side). It is
recommended that an additional coarse particle filter 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 concentrations of ambient emissions in the
dilution air;

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

A dilution tunnel (DT) from which particulates and particles are sampled,;

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

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

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

CVS CALIBRATION PROCEDURE
General Requirements

The CVS system shall be calibrated by using an accurate flow-meter and a restricting
device. The flow through the system shall be measured at various pressure readings
and the control parameters of the system measured and related to the flows. The
flow-metering device shall be dynamic and suitable for the high flow-rate
encountered in constant volume sampler testing. The device shall be of certified
accuracy traceable to an approved national or international standard.

Various types of flow-meter may be used, e.g. calibrated venturi, laminar flow-meter,
calibrated turbine-meter, provided that they are dynamic measurement systems and
can meet the requirements of paragraph 1.3.5. of this appendix.

The following paragraphs give details of methods of calibrating PDP and CFV units,
using a laminar flow-meter, which gives the required accuracy, together with a
statistical check on the calibration validity.
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Calibration of the positive displacement pump (PDP)

The following calibration procedure outlines the equipment, the test configuration
and the various parameters that are measured to establish the flow-rate of the CVS
pump. All the parameters related to the pump are simultane'ously measured with the
parameters related to the flow-meter wh:ch is connected in series with the pump.
The calculated flow-rate (given in m*min at pump inlet, absolute pressure and
temperature) can then be plotted versus a correlation function that is the value of a
specific combination of pump parameters. The linear equation that relates the pump
flow and the correlation function is then determined. In the event that a CVS has a
multiple speed drive, a calibration for each range used shall be performed.

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

The pump pressures shall be measured at tappings on the pump rather than at the
external piping on the pump inlet and outlet. Pressure taps that are mounted at the
top centre and bottom centre of the pump drive headplate are exposed to the actual
pump cavity pressures, and therefore reflect the absolute pressure differentials;

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

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

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

Figure 8 of this appendix shows one possible test set-up. Variations are permissible,
provided that the Technical Service approves them as being of comparable accuracy.
If the set-up shown in Figure 8 is used, the following data shall be found within the
limits of precision given:

Barometric pressure (corrected)(Py) +0.03 kPa
Ambient temperature (T) +02K
Air temperature at LFE (ETI) £0.15K

Pressure depression upstream of LFE (EPI) +0.01 kPa
Pressure drop across the LFE matrix (EDP) 1 0.0015 kPa
Air temperature at CVS pump inlet (PTI) +02K

Air temperature at CVS pump outlet PTO) 102K
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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 min’
Elapsed time for period (minimum 250s)(t) +0.1s

Figure 8: PDP Calibration Configuration

After the system has been connected as shown in Figure 8 of this appendix, set the
variable restrictor in the wide-open position and run the CVS pump for 20 minutes
before starting the calibration.

Reset the restrictor valve to a more restricted condition in an increment of pump inlet
depression (about 1 kPa) that will yield a minimum of six data points for the total
calibration. Allow the system to stabilize for three minutes and repeat the data
acquisition.

The air flow rate (Q;) at each test point is calculated in standard m*/min from the
flow-meter data using the manufacturer's prescribed method.

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

Vo= pump flow rate at T, and P, (m*/rev),

Q, = air flow at 101.33 kPa and 273.2 K (m® /min),

Tp= pump inlet temperature (K),

= absolute pump inlet pressure (kPa),

N= pump speed (min™).

22.9. To compensate for the interaction of pump speed pressure variations at the pump and

the pump slip rate, the correlation function (xg) between the pump speed (n), the
pressure differential from pump inlet to pump outlet and the absolute pump outlet
pressure is then calculated as follows:

X =—
0
n\ P

where:

Xxp= correlation function,

AP, = pressure differential from pump inlet to pump outlet (kPa),
P.=. absolute outlet pressure (PPO + Pp) (kPa).

A linear least-square fit is performed to generate the calibration equations which have . -
the formula:

Vo= Do-M (x0)
n=A-B(APp)

Do, M, A and B are the slope-intercept constants describing the lines.

22.10. ACVS system that has multiple speeds shall be calibrated on each speed used. The

calibration curves generated for the ranges shall be approximately parallel and the
intercept values (Do) shall increase as the pump flow range decreases.

2.2.11.  If the calibration has been performed ‘careﬁjlly, the calculated values from the
equation will be within 0.5 per cent of the measured value of V,. Values of M will
vary from one pump to another. Calibration is performed at pump start-up and after

major maintenance.
2.3. Calibration of the critical-flow venturi (CFV)
2.3.1 Calibration of the CFV is based upon the flow equation for a critical venturi:
K,P
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where:
Qs = flow,

K, = calibration coefficient,
P= absolute pressure (kPa),
T= absolute temperature (K).

Gas flow is a function of inlet pressure and temperature.
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The calibration procedure described below establishes the value of the calibration
coefficient at measured values of pressure, temperature and air flow.

The manufacturer's recommended procedure shall be followed for calibrating
electronic portions of the CFV.

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

Barometric pressure (corrected) (Py) +0.03 kPa,
LFE air temperature, flow-meter (ETI) +0.15K,
Pressure depression upstream of LFE (EPI)  + 0.01 kPa,
Pressure drop across (EDP) LFE matrix 1 0.0015 kPa,
Air flow (Q,) + 0.5 per cent,
CFV inlet depression (PPI) +0.02 kPa,
Temperature at venturi inlet (Ty) +02K.

The equipment shall be set up as shown in Figure 9 of this appendix and checked for
leaks. Any leaks between the flow-measuring device and the cntlcal flow venturi
will senously affect the accuracy of the calibration.
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Figure 9: CFV Calibration Configuration
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The variable-flow restrictor shall be set to the open position, the blower shall be
started and the system stabilized. Data from all instruments shall be recorded.

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

The data recorded during the calibration shall be used in the following calculations.
The air flow-rate (Q,) at each test point is calculated from the flow-meter data using
the manufacturer's prescribed method.

Calculate values of the calibration coefficient for each test point:

K 2T

g P

where:
Q. = flow-rate in m*/min at 273.2 K and 101.33 kPa,
T, = temperature at the venturi inlet (K),
P, = absolute pressure at the venturi inlet (kPa).

Plot K, as a function of venturi inlet pressure. For sonic flow, K, will have a
relatively constant value. As pressure decreases (vacuum increases) the venturi
becomes unchoked and K, decreases. The resultant K, changes are not permissible.
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For a minimum of eight points in the critical region, calculate an average K, and the
standard deviation.

If the standard deviation exceeds 0.3 per cent of the average K,, take correctxve
action.

SYSTEM VE
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3.3.2.

General Requirements

The total accuracy of the CVS sampling system and analytical system shall be
determined by introducing a known mass of a pollutant gas into the system whilst it
is being operated as if during a normal test and then analysing and calculating the
pollutant mass according to the formula in paragraph 6.6. of Annex 4a except that the
density of propane shall be taken as 1.967 grams per litre at standard conditions. The
following two techniques are known to give sufficient accuracy.

The maximum permissible deviation between the quantity of gas introduced and the

quantity of gas measured is 5 per cent.

CFO Method

‘Metering a constant flow of pure gas (CO or C3;Hs) using a critical flow orifice device.

A known quantity of pure gas (CO or C3Hp) is fed into the CVS system through the
calibrated critical orifice. If the inlet pressure is high en‘ough, the flow-rate (q),
which is adjusted by means of the critical flow orifice, is independent of orifice
outlet pressure (critical flow). If deviations exceeding 5 per cent occur, the cause of
the malfunction shall be determined and corrected. The CVS system is operated as
in an exhaust emission test for about 5 to 10 minutes. The gas collected in the
sampling bag is analysed by the usual equipment and the results compared to the
concentration of the gas samples which was known beforehand.

Gravimetric Method .

Metering a limited quannty of pume gas (CO or C;Ha) by means of a gravimetric
technique.

The following gravimetric procedure may be used to verify the CVS system.

The weight of a small cylmdcr filled with either carbon monoxide or propane is
determined wxm a preclsmn of = 0.01 g. For about 5 to 10 minutes, the CVS system
is operated as in a normal exhaust emission test, while CO or propane is injected into
the system. The quantity of pure gas involved is determined by means of diffezenual
weighing. The gas accumulated in the bag is then analysed by means of the
equipment normally used for exhaust-gas analysis. The results are then compared to
the concentration figures computed previously.
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Appendix 3
GASEOUS EMISSIONS MEASUREMENT EQUIPMENT
SPECIFICATION
System Overview

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

Mass gaseous emissions shall be determined from the proportional sample
concentrations and the total volume measured -during the test. The sample
concentrations shall be corrected to take account of the pollutant content of the
ambient air.

Sampling System Requirements

The sample of dilute exhaust gases shall be taken upstream from the suction device
but downstream from the conditioning devices (if any).

The flow rate shall not deviate from the average by more than + 2 per cent.

The sampling rate shall not fall below 5 litres per minute and shall not exceed
0.2 per cent of the flow rate of the dilute exhaust gases. An equivalent limit shall
apply to constant-mass sampling systems.

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

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

The sampling rate for the dilution air shall be comparable to that used in the case of

" the dilute exhaust gases.

1.2.7.

1.2.8.
1.2.9.

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

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

The various valves used to direct the exhaust gases shall be of a quick-adjustment,
quick-acting type.
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Quick-fastening gas-tight connections may be used between the three-way valves and
the sampling bags, the connections sealmg themselves automatically on the bag side.
Other systems may be used for conveying the samples to the analyser (three-way stop
valves, for example) )

Storage of the sample

The gas samples shall be collected in sampling bags of sufficient capacity not to
impede the sample flow; the bag material shall be such as to affect neither the
measurements themselves nor the chemical composition of the gas samples by more
than + 2 per cent after 20 minutes (for instance: laminated polyethylene/polyamide
films, or fluorinated polyhydrocaxbons)

Hydrocarbon Sampling System — Diesel Engines

The hydrocarbon sampling system sha]l consist of a heated sampling probe, line,
filter and pump. The sampling probe shall be installed at the same distance from the
exhaust gas inlet as the particulate sampling probe, in such a way that neither
interferes with samples taken by the other. It shall have a minimum internal diameter
of 4 mm.

All heated parts shall be maintained ata temperature of 463 K (190 °C) + 10 Kby the
heating system.

The average concentration of the measured hydrocarbons shall be determined by
integration. .

The heated sampling line shall be fitted with a heated filter (Fy) 99 per cent efficient

with particles > 0.3 pm, to extract any solid parncles from the continuous flow of gas

required for analysis.

The sampling system response time (from the probe to the analyser mlet) shall be no
more than four seconds.

The HFID shall be used with a constant ﬂow (heat exchanger) system to ensure a
representative sample, unless compensation for varying CFV or CFO flow is made.

Gas Analysis Requirements
Carbon monoxide (CO) and carbon dioxide (CO,) analyses:

Analysers shall be of the non-dispersive infra-red (NDIR) abs.,r‘nu.. type.
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1.3.2. Hydrocarbons (HC) analysis - spark-ignition engines:

1.3.3.

134,

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 (FID) type calibrated with propane gas
expressed equivalent to carbon atoms (C;).

Hydrocarbons (HC) analysis - compression-ignition engines:

The analyser shall be of the flame ionisation type with detector, valves, pipework,
etc., heated to 463 K (190 °C) + 10 K (HFID). It shall be calibrated with propane gas
expressed equivalent to carbon atoms (C,).

Nitrogen oxide (NOy) analysis:

The analyser shall be either of the chemi-luminescent (CLA) or of the non-dispersive
ultra-violet resonance absorption (NDUVR) type, both with NO,-NO converters.

The analysers shall have a measuring range compatible with the accuracy required to
measure the concentrations of the exhaust gas sample pollutants.

Measurement error shall not exceed *2 per cent (intrinsic error of analyser)
disregarding the true value for the calibration gases.

For concentrations of less than 100 ppm, the measurement error shall not
exceed * 2 ppm.

The ambient air sample shall be measured on the same analyser with an appropriate
range. ‘

No gas drying device shall be used before the analysers 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 system for gaseous emissions sampling.
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Diiution Tunneli (see Figures 6 & 7)
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The components of the system are as follows:

14.1.

"1.4.2.

1.4.3.

1.4.4.

1.4.5.

1.4.6,

Two sampling probes (S, and S;) for continuous sampling of the dilution air and of
the diluted exhaust-gas/air mixture;

A filter (F), to extract solid particles from the flows of gas collected for analysis;
Pumps (P), to collect a constant flow of the dilution air as well as of the diluted
exha_ust-‘gas/air mixture during the test; :

Flow controller (N), to ensure a constant uniform flow of the gas samples taken
during the course of the test from sampling probes S; and S; (for PDP-CVS) and
flow of the gas samples shall be such that, at the end of each test, the quantity of the
samples is sufficient for analysis (approximately 10 litres per minute);

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

Quick-acting vaives (V), to divert a constant flow of gas samples into the sami:ling
bags or to the outside vent;
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1.4.7. Gas-tight, quick-lock coupling elements (Q) between the quick-acting valves and the

1.4.8.
1.4.9.

1.4.10.
1.4.11.

sampling bags; the coupling shall close automatically on the sampling-bag side; as an
alternative, other ways of transporting the samples to the analyser may be used
(three-way stopcocks, for instance);

Bags (B), for collecting samples of the diluted exhaust gas and of the dilution air
during the test;

A sampling cnncal-ﬂow venturi (SV), to take proportional samples of the dlluted
exhaust gas at sampling probe S; A(CFV-CVS only);

A scrubber (PS), in the sampling line (CFV-CVS only);

Components for hydrocarbon sampling using HFID:

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 air sample BA to be analysed on
the HFID,

FID is a heated flame ionisation analyser,

RandI are a means of integrating and recording the instantaneous hydrocarbon
concentrations,

Lp is a heated sample line.

CALIBRATION PROCEDURES

Analyser Calibration Px;ocedure

Each analyser shall be calibrated as often as necessary and in any case in the month
before type approval testing and at least once every six months for verifying

.conformity of production.

2.1.2.
2.1.2.1.

2.1.2.2.

Each normally used operating range shall be calibrated by the following procedure:

The analyser calibration curve is established by at least five calibration points spaced
as uniformly as possible. The nominal concentration of the calibration gas of the
highest concentration shall be not less than 80 per cent of the full scale.

The calibration gas concentration required may be obtained by means of a gas
divider, diluting with purified N, or with purified synthetic air. The accuracy of the
mixing device shall be such that the concentrations of the diluted calibration gases
may be determined to within + 2 per cent.
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The calibration curve is calculated by the least squares method. If the resulting
polynomial degree is greater than 3, the number of calibration points shall be at least
equal to this polynomial degree plus 2.

The calibration curve shall not differ by more than + 2 per cent from the nominal
value of each calibration gas.

Trace of the calibration curve

From the trace of the calibration curve and the calibration points, it is possible to
verify that the calibration has been carried out correctly. The different characteristic
parameters of the analyser shall be indicated, particularly:

The scale;

The sensitivity;

The zero point;

The date of carrying out the calibration.

 If it can be shown to the satisfaction of the technical service that alternative

technology (e.g. computer, electronically controlled range switch, etc.) can give
equivalent accuracy, then these alternatives may be used.

Analyser Verification Procedure

Each normally used operating range shall be checked prior to each analysis in
accordance with the following;

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

If, for the two points considered, the value found does not differ by more than + 5 per
cent of the full scale from the theoretical value, the adjustment parameters may be
modified. Should this not be the case, a new calibration curve shall be established in
accordance with paragraph 1. of this appendix. ‘

After testing, zero gas and the same span gas are used for re-checking. The analysis
is considered acceptable if the difference between the two measuring results is less
than 2 per cent.

FID Hydrocarbon Response Check Procedure
Detector response optimisation

The FID shall be adjusted, as specified by the instrument manufacturer. Propane in
air should be used, to optimise the response, on the most common operating range.

Calibration of the HC analyser

210
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The analyser should be calibrated using propane in air and purified synthetic’ air
(see paragraph 3 of this appendix).

Establish a calibration curve as described in paragraph 2.1. of this appendix.
Response factors of different hydrocarbons and recommended limits

The response factor (Rf), for a particular hydrocarbon species is the ratio of the FID
C, reading to the gas cylinder concentration, expressed as ppm C,.

The concentration of the test gas shall be at a level to give a response of
approximately 80 per cent of full-scale deflection, for the operating range.
The concentration shall be known, to an accuracy of + 2 per cent in reference to a
gravimetric standard expressed in volume. In addition, the gas cylinder shall be pre-
conditioned for 24 hours at a temperature between 293 K and 303 K (20 and 30 °C).

Response factors should be determined when introducing an analyser into service and
thereafter at major service intervals. The test gases to 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) of 1.00 for propane and purified air.

Oxygen interference check and recommended limits

The response factor shall be determined as described in paragraph 2.3.3. above. -

The test gas to be used and recommended response factor range is:
Propane and nitrogen: 0.95 <Rf<1.05
NO, Converter Efficiency Test Procedure

The efficiency of the converter used for the conversion of NO, into NO is tested as
follows:

Using the test set up as shown in Figure 11 and the procedure described below, .

the efficiency of converters can be tested by means of an ozonator.

Calibrate the analyzer in the most common operating range following the '

‘manufacturer's specifications using zero and span gas (the NO content of which shall
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amount to about 80 per cent of the operating range and the NO; concentration of the
gas mixture shall be less than 5 per cent of the NO concentration). The NO, analyser
shall be in the NO mode so that the span gas does not pass through thc converter.
Record the indicated concentration.

Via a T-fitting, oxygen or syn!ha:c air is added continuously to the span gas flow
until the concentration indicated is about .10 ner cent lece than the indicated

calibration concentration given in paragraph 2.4.1. above. Record the indicated
concentration (C). The ozonator is kept deactivated throughout this process.

The ozonator is mow activated to generate emough ozome: to bring the NO
concentration down to 20 per cent (minimum 10 per cent) of the calibration
concentration given in paragraph 2.4.1. above. Record the indicated concentration (d).

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

The ozonator is now deactivated. The mixture of gases described in paragraph 2.4.2.
above passes through the converter into the detector. Record the indicated
concentration (b)

Figure 11: NOx C r Effici tion

Fiow catrel micnsid walve

—

7 | -

With the ozonator deactivated, the flow of oxygen or synthetic air is also shut off.
The NO, reading of the analyser shail then be no more than 5 per cent above the

figure given in paragraph 2.4.1. above

1

212




E/ECE/324
E/ECETRANS/505 | Rev-1/Add.82/Rev.3/Amend.2
Regulation No 83
page 54
. ]
24.7. The efficiency of the NO, converter is calculated as follows:

Efficiency (per cent) = (1 +%) -100
. c—

24.8. The efficiency of the converter shall not be less than 95 per cent.

2.4.9. The efficiency of the converter shall be tested at least once a week.

3. REFERENCE GASES

3.1 Pure gases
The following pure gases shall be available, if necessary, for calibration and
operation:
Purified nitrogen: (purity: <1 ppm C, <1 ppm CO, <400 ppm CO,, <0.1 ppm NO);

Purified synthetic air: (purity: <1 ppm C, <1 ppm CO, <400 ppm CO,, <0.1 ppm NO);
oxygen content between 18 and 21 per cent volume;

Purified oxygen: (purity > 99.5 per cent vol. O;);

Purified hydrogen (and mixture containing helium): (purity <1 ppm C,
<400 ppm COy);

Carbon monoxide: (minimum purity 99.5 per cent);

Propane: (minimum purity 99.5 per cent).
32. Calibration and span gases

Mixtures of gases having the following chemical compositions shall be available:

(a) Cs3Hs and purified synthetic air (see paragraph 3.1. above);

N (b) CO and purified nitrogen;

L (c¢) CO; and purified nitrogen.
NO and purified nitrogen (the amount of NO; contained in this calibration gas shall
not exceed 5 per cent of the NO content).

The true concentration of a calibration gas shall be within £ 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 consist of a samplmg probe located in the dilution
tunnel, a particle transfer tube, a filter holder, a partial-flow pump, and flow rate
regulators and measuring units.

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

General Requirements

The sampling probe for the test gas flow for particulates shall be so arranged within
the dilution tract that a representative sample gas flow can be taken from the
homogeneous air/¢xhaust mixture.

The particulate sample flow rate shall be proportional to the total flow of diluted
exhaust gas in the dilution tunnel to within a tolerance of+5 per cent of the
particulate sample flow rate.

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

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

All parts of the dilution system and the sampling system from the exhaust pipe up to
the filter holder, which are in contact with raw and diluted exhaust gas, shall be
designed to minimise deposition or alteration of the particulates. All parts shall be
made of electrically conductive materials that do not react with exhaust gas
components, and shall be electrically grounded to prevent electrostatic effects.

If it is not possible to compensate for variations in the flow rate, provision shall be
made for a heat exchanger and a temperature control device as specified in

Appendix 2 so as to ensure that the flow rate in the system is consiant and the
sampling rate accordingly proportional.

Specific Requirements

PM Sampling Probe
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1.3.1.1. The sample probe shall deliver-the particle-size classification performance described

13.12.

1.3.1.3.

1.3.14.

(*, 132

13.2.1.

1.3.2.2.

in paragraph 1.3.1.4. It is recommended that this performance be achieved by the
use of a sharp-edged, open-ended probe facing directly into the direction of flow plus
a pre-classifier (cyclone impactor, etc.). An appropriate sampling probe, such as that
indicated in Figure 13, may alternatively be used provided it achieves the pre-
classification performance described in paragraph 1.3.1.4.

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

If more than one simultaneous sample is drawn from a single sample probe, the flow

drawn from that probe shall be split into identical sub-flows to avoid sampling

artefacts.

If multiple probes are used, each probe shall be sharp-edged, open-ended and facing
directly into the direction of flow. Probes shall be equally spaced around the central
longitudinal axis of the dilution tunnel, with the spacing between probes at
least 5 cm. '

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

The pre-classifier (e.g. cyclone, impactor, etc.) shall be located upstream of the filter

holder assembly. The pre-classifier 50 per cent cut point particle diameter shall be -

between 2.5 ym and 10 pm at the volumetric flow rate selected for sampling
particulate mass emissions. The pre-classifier shall allow at least 99 per cent of the
mass concentration of 1 pm particles entering the pre-classifier to pass through the
exit of the pre-classifier at the volumetric flow rate selected for sampling particulate
mass emissions. However, a sampling probe, acting as an appropriate size-
classification device, such as that shown in Figure 13, is acceptable as an alternative
to a separate pre-classifier. :

Sample Pump and Flow Meter

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

The temperature of the gas flow in the flow meter may not fluctuate by more
than + 3 K, except during regeneration tests on vehicles equipped with periodically
regenerating aftertreatment devices. In addition, the sample mass flow rate must
remain proportional to the total flow of diluted exhaust gas to within a tolerance
of £ 5 per cent of the particulate sample mass flow rate. Should the volume of flow
change unacceptably as a result of excessive filter loading, the test shall be stopped.
When it is repeated, the rate of flow shall be decreased.
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Filter and Filier Holder

A valve shall be located downstream of the filter in thé direction of flow. The valve
shall be quick enough acting to open and close within 1 s of the start and end of test.

It is recommended that the mass collected on the 47 mm diameter filter Pe
is>20 ug and that the filter loading should be maximized consistent with the
requirements of paragraphs 1.2.3. and 1.3.3.

For a given test the gas filter face velocity shall be set to a single value within the
range 20 cm/s to 80 cnv/s unless the dilution system is being operated with sampling
flow proportional to CVS flow rate. '

Fluomcarbon coated glass fibre filters or fluorocarbon membrane filters are required.
All filter types shall have a 0.3 pm DOP (di-octylphthalate) collectlon efficiency of
at least 99 per cent ata gas filter face velocity of at least 35 cm/s.

The filter holder assembly shall be of a design that provides an evén flow distribution
across the filter stain area. The filter stain area shall be at least 1075 mm?.

Filter Weighing Chamber and Balance

The microgram balance used to determine the weight of a filter shall have a preclsmn
(standard deviation) of 2 pg and resolution of 1 pg or better.

It is recommended that the microbalance be checked at the start of each weighing
session by weighing one reference weight of 50 mg. This weight shall be weighed
three times and the average result recorded. If the average result of the weighings
is 5 pg of the result from the previous welglnng session then the weighing session
and balance are considered valid.

The weighing chamber (or room) shall meet the following 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 humidity conditions are recorded along thh
sample and reference filter weights.
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1.3.4.2.  Buoyancy Correction

m

All filter we‘ight's shall be corrected for filter buoyancy in air.

The buoyancy correction depends on the density of the sample filter medium, the
density of air, and the density of the calibration weight used to calibrate the balance.
The density of the air is dependent on the pressure, temperature and humidity.

It is recommended that the temperature and dewpoint of the weighing environment
are controlled to 22 °C + 1 °C and dewpoint of 9.5 °C + 1 °C respectively. However,
the minimum requirements stated in paragraph 1.3.4.1. will also result in an
acceptable correction for buoyancy effects. The correction for buoyancy shall be
applied as follows

corr=Myncorr © (I e ((pair )/ (pweighl ))) / (1 .l ((pair )/ (pmedia )))

where: :
Mer = PM mass corrected for buoyancy
Muncor =  PM mass uncorrected for buoyancy
Pair = density of air in balance environment
pweign =  density of calibration weight used to span balance
Pmedia =  density of PM sample medium (filter) according to the table
below:
Filter Medium Pmedia
Teflon coated glass fibre (e.g. TX40) 2300 kg/m’
Paircan be calculated as follows:
p — })ab.r ) M mix
air —
R * T amb
where:
Pabs =  absolute pressure in balance environment
Mmix =  molar mass of air in balance environment (28.836 gmol™)
R = molar gas constant (8.314 Jmol'K™")
Tamb =  absolute ambient temperature of balance environment.

The chamber (or room) environment shall be free of any ambient contaminants
(such as dust) that would settle on the particulate filters during their stabilisation.

Limited deviations from weighing room temperature and humidity sﬁeciﬁcations will
be allowed provided their total duration does not exceed 30 minutes in any one filter
conditioning period. The weighing room should meet the required specifications
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prior to personal entrance into the weighing room. During the weighing 'opemﬁon no
deviations from the specified conditions are permitted.

The effects of static electricity shall be nullified. This may be achieved by grounding
the balance through placement upon an antistatic mat and neutralisation of the
particulate filters prior to weighing uging a Polonium neutraliser or a device of
similar effect. Alternatively nullification of static effects may be achieved through

.equalisation of the static charge.

A test filter shall be rémoved from the chamber no earlier than an hour beforé the test
begins. . '
Recommended System Description

Figure 12 is a schematic drawing of the recommended particulate sampling system.
Since various configurations can produce equivalent results, exact conformance with
this figure is not required. Additional components such as instruments, valves,
solenoids, pumps and switches may be used to provide additional information and

co-ordinate the functions of component systems. Further components that are not

needed to maintain accuracy with other system configurations may be excluded if
their exclusion is based upon good engineering judgement.

Figure 12: Particulate Sampling System
DT

% > R }
I i

PTT -
PCF é FH

PN/ rc
L

FM .Contnlbmnnd
proportional to CVS
flowrste

- A sample of the diluted exhaust gas is taken from the full flow dilution tunnel DT

through the particulate sampling probe PSP and the particulate transfer tube PTT by
means of the pump P. The sample is passed through the particle size pre-classifier
PCF and the filter holder(s) FH that contain the particulate sampling filter(s).
The flow rate for sampling is set by the flow controller FC. _ ‘
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CALIBRATION AND VERIFICATION PROCEDURES
Flow Meter Calibration

The Technical Service shall ensure the existence of a calibration certificate for the
flow meter demonstrating compliance with a traceable standard within a 12 month
period prior to the test, or since any repair or change which could influence
calibration.

Microbalance Calibration

The Technical Service shall ensure the existence of a calibration certificate for the
microbalance demonstrating compliance with a traceable standard within a
12 months period prior to the test.

Reference Filter Weighing

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

If the specific weight of any reference filter changes by more than * 5pg between
sample filter weighings, then the sample filter and reference filters shall be
reconditioned in the weighing room and then reweighed.

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

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

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

If, prior to or at the 80 h point, more than half the number of reference filters meet
the + 5 pg criterion, then the sample filter weighing can be considered valid.

If, at the 80 h point, two reference filters are employed and one filter fails the £ 5 pg
criterion, the sample filter weighing can be considered valid under the condition that
the sum of the absolute differences between specific and rolling averages from the
two reference filters must be less than or equal to 10 pg.
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In case less than half of the reference filters meet the + 5 pg criterion the sample
filter shall be discarded, and the cmissions test repeated. All reference filters must be
dlscarded and replaced thhm 48 hours.

In all other cases, refemnce filters must be replaced at least every 30 days and in such
a manner that no samp filter is weighed without comparison to a reference filter

that has been-present-in-the '.'.'e:sm.."‘-"'g room for at lcast i day.

If the weighing room stability cnterm outlined in paragmph 1.3.4. are not met, but
the reference filter weighings meet the above criteria, the vehicle manufacturer has
the option of accepting the sample filter weights or voiding the tests, fixing the
weighing room control system and re-running the test.

~ Figure 13: Particulate sampling probe configuration

Cross-section

(*) minimum internal diameter

Wall thickness: ~1 mm - Material: stainless steel
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, Appendix 5
PARTICLE NUMBER EMISSIONS MEASUREMENT EQUIPMENT

1. SPECIFICATION

1.1 System Overview

L1:1. The particle sampling system shall consist of a dilution tunnel, a sampling probe and
a volatile particle remover (VPR) upstream of a particle number counter (PNC) and
suitable transfer tubing.

1.1.2. Ii is recommended that a particle size pre-classifier (e.g. cyclone, impactor etc) be
located prior to the inlet of the VPR. However, a sample probe acting as an
appropriate size-classification device, such as that shown in Figure 13, is an
acceptable alternative to the use of a particle size pre-classifier.

1.2. General Requirements

1.2.1.

The particle sampling point shall be located within a dilution tunnel.

The samp]ing probe tip (PSP) and particle transfer tube (PTT) together comprise the
particle transfer system (PTS). The PTS conducts the sample from the dilution
tunnel to the entrance of the VPR. The PTS shall meet the following conditions:

It shall be installed near the tunnel centre line, 10 to 20 tunnel diameters downstream
of the gas inlet, facing upstream into the tunnel gas flow with its axis at the tip
parallel to that of the dilution tunnel.

It shall have an internal diameter of > 8 mm.

Sample gas drawn through the PTS shall meet the following conditions:
It shall have a flow Reynolds number (Re) of < 1700;

It shall have a residence time in. the PTS of < 3 seconds.

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

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

It shall have an internal diameter of > 4mm;
Sample Gas flow through the OT shall have a residence time of <0.8 seconds.

Any other sampling configuration for the OT for which equivalent particle
penetration at 30 nm can be demonstrated will be considered acceptable.
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1.2.2. The VPR shall include devices for sample dilution and for volatile particle removal.

The sampling probe for the test gas flow shall be so arranged within the dilution tract
that a representative sample gas flow is taken from a homogeneous air/exhaust
mixture.

1.23. All parts of the dilution system and the sanmling systcm from the exhaust pipe up to

————the PNC; which-arc in contact with raw and diluied exhaust gas; shail be designed io

minimise deposition of the particles. All parts shall be made of electrically
conductive materials that do not react with exhaust gas components and shall be
electrically grounded to prevent electrostanc effects.

1.2.4. The particle sampling system sha]l incorporate good aerosol sampling practice that
includes the avoidance of sharp bends and abrupt changes in cross-section, the use of

222

smooth intemnal surfaces and the minimisation of the length of the sampling line. -

Gradual changes in the cross-section are permissible.
1.3. _ Specific Requirements
1.3.1. The particle sample shall not pass through a pump before passing through the PNC.
1.3.2. A sample pre-classifier is recommended.
1.3.3. The sample preconditioning unit shall:

1.3.3.1.  Be capable of diluting the sample in one or more stages to achieve a particle number
concentration below the upper threshold of the single particle count mode of the PNC
and a gas temperature below 35 °C at the inlet to the PNC;

1.3.3.2.  Include an initial heated dilution stage which outputs a sample at a temperature of
2150 °C and <400 °C and dilutes by a factor of at least 10;

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

1.3.34.  Also achieve > 99.0 per cent vaporisation of 30 nm tetracomane (CH;(CH;);BCHQ
particles, with an inlet concentration of > 10,000 cm™, by means of heating and
reduction of partial pressures of the tetracontane.

1.3.4. The PNC shall:

1.3.4.1.  Operate under full flow operating conditions;
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1.3.42. Have a counting accuracy of + 10 per cent across the range 1 cm™ to the upper
threshold of the single particle count mode of the PNC against a traceable standard.
At concentrations below 100 cm™ measurements averaged over extended sampling
periods may be required to demonstrate the accuracy of the PNC with a high degree
of statistical confidence;

1.3.43.  Have a readability of at least 0.1 particles cm™ at concentrations below 100 cm;

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

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

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

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

1.3.4.8. Have counting efficiencies at particle sizes of 23 nm ( 1 nm) and 41 nm (% 1 nm)
electrical mobility diameter of 50 per cent (+ 12 per cent) and > 90 per cent
respectively. These counting efficiencies may be achieved by internal (for example;
control of instrument design) or external (for example; size pre-classification) means;

1.3.49. If the PNC makes use of a working liquid, it shall be replaced at the frequency
-specified by the instrument manufacturer.

13.5 The sum of the residence time of the PTS, VPR and OT plus the T90 response time
of the PNC shall be no greater than 20 s.
Recommended System Description

14.

The following section contains the recommended practice for measurement of
particle number. However, any system meeting the performance specifications in
paragraphs 1.2. and 1.3. is acceptable.
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Figure 14 is a schematic drawing of the recommended particie sampling system.

Figure 14: Schematic of Recommended Particle Sampling System
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Sampling System Description

The particle sampling system shall consist of a sampling probe tip in the dilution
tunnel (PSP), a particle transfer tube (PTT), a particle pre-classifier (PCF) and a
volatile particle remover (VPR) upstream of the particle number concentration
measurement (PNC) unit. The VPR shall include devices for sample dilution -
(particle number diluters: PND; and PND;) and particle evaporation (Evaporation
tube, ET). The sampling probe for the test gas flow shall be so arranged within the
dilution tract that a representative sample gas flow is taken from a homogeneous
air/exhaust mixture. The sum of the residence time of the system plus the T90
response time of the PNC shall be no greater than 20 s.

Particle Transfer Sysiem

The sampling probe tip (PSP) and particle transfer tube (PTT) together comprise the
particle transfer system (PTS). The PTS conducts the sample from the dilution
tunnel {o the entrance to the first particle number diluter. The PTS shall meet the
following conditions: )
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It shall be installed near the tunnel centre line, 10 to 20 tunnel diameters downstream
of the gas inlet, facing upstream into the tunnel gas flow with its axis at the tip
parallel to that of the dilution tunnel.

It shall have an internal diameter of > 8mm.

Sample gas drawn through the PTS shall hmt the following conditions:
It shall have a flow Reynolds number (Re) of < 1700;

It shall have a residence time in the PTS of < 3 seconds.

Any other sampling configuration for the PTS for which 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 sample from the VPR to the inlet of the
PNC shall have the following properties:

It shall have an internal diameter of > 4 mm;
Sample Gas flow through the POT shall have a residence time of < 0.8 seconds.

Any other sampling configuration for the OT for which equivalent particle
penetration for particles of 30 nm electrical mobility diameter can be demonstrated
will be considered acceptable.

Particle Pre-classifier

The recommended particle pre-classifier shall be located upstream of the VPR. The
pre-classifier 50 per cent cut point particle diameter shall be between 2.5 pm
and 10 ym at the volumetric flow rate selected for sampling particle number
emissions. The pre-classifier shall allow at least 99 per cent of the mass
concentration of 1 pm particles entering the pre-classifier to pass through the exit of
the pre-classifier at the volumetric flow rate selected for sampling particle number
emissions. :

* Volatile Particle Remover (VPR)

The VPR shall comprise one particle number diluter (PND)), an evaporation tube and
a second diluter (PND,) in series. This dilution function is to reduce the number
concentration of the sample entering the particle concentration measurement unit to
less than the upper threshold of the single particle count mode of the PNC and to
suppress nucleation within the sample.

22§



o NS/505 | Rev.VAdd.82/Rev.3/Amend.2

Regulation No. 83
page 67

The VPR shall achieve >99.0 per cent vaporisation of 30 nm tetracontane
(CH;3(CH,)35CHs) particles, with an inlet concentration of > 10,000 cm™, by means
of heating and reduction of partial pressures of the tetracontane. It shall also achieve

" a particle concentration reduction factor (f;) for particles of 30 nm and 50 nm

electrical mobility diameters, that is no more than 30 per cent and 20 per cent
respectively higher, and no-more than 5 per cent lower than that for particles
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1.44.1.

1.4.4.2

1.4.4.3.

1.4.5.

[

2.1

of 100 nm electrical mobility diameter for the VPR as a whole,

First Particle Number Dilution Device (PND))

The first particle number dilution device shall be specifically designed to dilute

particle number concentration -and operate at a (wall) temperature

of 150 °C - 400 °C. The wall temperature . setpoint should not exceed the wall
temperature of the ET (paragraph 1.4.4.2.). The-diluter should be supplied with
HEPA filtered dilution air and be capable of a dilution factor of 10 to 200 times.

Evaporation Tube

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

Second Particle Number Dilution Device (PND)

PND; shall be specifically designed to dilute particle number concentration. The
diluter shall be supplied with- HEPA filtered dilution air and be capable of
maintaining a single dilution factor within a range of 10 to 30 times. The dilution
factor of PND; shall be selected in the range between 10 and 15 such that particle
number concentration downstream of the second diluter is less than the upper
threshold of the single particle count mode of the PNC and the gas temperature prior
to entry to the PNC is <35 °C.

Particle Number Counter (PNC)

The PNC shall meet the requirements of paragraph 1.3.4.
CALIBRATION/VALIDATION OF THE PARTICLE SAMPLING SYSTEM 1/
Calibration of the Particle Number Counter

The Technical Service shall ensure the existence of a calibration certificate for the
PNC demonstrating compliance with a traceable standard within a 12 month period
prior to the emissions test.

1/ Example calibration/validation methods are available at
http://www.unece.org/trans/main/wp29/wp29wes/wp29erpe/pmp19.htmi
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2.1.2.

2.1.3.

The PNC shall also be recalibrated and a new calibration cemﬁcate issued following
any major maintenance.

Calibration shall be traceable to a standard calibration method:

(a) By comparison of the response of the PNC under calibration with that of a
"calibrated aerosol electrometer when simultaneously sampling electrostatically
classified calibration particles, or

(b) By comparison of the response of the PNC under calibration with that of a
second PNC which has been directly calibrated by the above method.

In the electrometer case, calibration shall be undertaken using at least six standard
concentrations spaced as uniformly as possible across the PNC's measurement range.
These points will include a nominal zero concentration point produced by attaching
HEPA filters of at least class H13 of EN 1822:1998 to the inlet of each instrument.
With no calibration factor applied to the PNC under calibration, measured
concentrations shall be within £10 per cent of the standard concentration for each
concentration used, with the exception of the zero point, otherwise the PNC under
calibration shall be rejected. The gradient from a linear regression of the two data
sets shall be calculated and recorded. A calibration factor equal to the reciprocal of
the gradient shall be applied to the PNC under calibration. Linearity of response lS
calculated as the square of the Pearson product moment correlation coefficient (R%)
of the two data sets and shall be equal to or greater than 0.97. In calculatmg both the
gradient and R? the linear regression shall be forced through the origin (zero
concentration on both instruments).

In the reference PNC case, calibration shall be undertaken using at least six standard
concentrations across the PNC's measurement range. . At least 3 points shall be at
concentrations below 1, 000 cm?, the remaining concentrations shall be linearly
spaced between 1,000 cm™ and the maximum of the PNC's range in single particle
count mode. These points will include a nominal zero concentration point produced
by attaching HEPA filters of at least class H13 of EN 1822:1998 to the inlet of each
instrument. With no calibration factor applied to the PNC under calibration,
measured concentrations shall be within 10 per cent of the standard concentration
for each concentration, with the exception of the zero point, otherwise the PNC under
calibration shall be rejected. The gradient from a linear regression of the two data
sets shall be calculated and recorded. A calibration factor equal to the reciprocal of
the gradient shall be applied to the PNC under calibration. Linearity of response is
calculated as the square of the Pearson product moment correlation coefficient (R?)
of the two data sets and shall be equal to or greater than 0.97. In calculatmg both the
gradient and R? the linear regression shall be forced through the origin (zero
concentration on both instruments).
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Calibration shall also include a check, against the requirements in paragraph 1.3.4.8,,
on the PNC's detection efficiency with particles of 23 nm electrical mobility
diameter. A check of the counting efficiency with 41 nm particles is not required.
Calibration/Validation of the Volatile Particle Remover

Calibration of the VPR's particle concentration reduction factors across its full range

228
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2.2.2.

of dilution settings, at the instrument manufacturer's recommended operating
temperatures, shall be required when the unit is new and following any major
maintenance. The periodic validation requirement 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 particulate filter equipped vehicles. The Technical
Service shall ensure the existence of a calibration or validation certificate for the
volatile particle remover within a 6 month period prior to the emissions test. If the
volatile particle remover incorporates temperature monitoring alarms a 12 month
validation interval shall be permissible.

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

concentration reduction factor ( 7,) determined during the primary calibration of the
VPR.

The test aerosol for these measurements shall be solid particles of 30, 50 and 100 nm
electrical mobility diameter and a minimum concentration of 5,000 particles cm™ at
the VPR inlet. Particle concentrations shall be measured upstream and downstream

. of the components.

The particle concentration reduction factor at each pamcle size ( f{d;) ) shall be
calculated as follows,

d,

fid) =2 a)

}' our\4;)

where:
Nin (di) = upstream particle number concentration for particles of diameter d;; .
Nou (d;) = downstream particle number concentration for particles of diameter
d;; and

d; = particle electrical mobility diameter (30, 50 or 100 nm).
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The mean particle concentration reduction (Z) at a given dilution setting shall be -
calculated as follows;
-7 _ [, (30nm) + f,(50nm)+ f,(100nm)

a 3

- It is recommended that the VPR is calibrated and validated as a complete unit.

2.2.3.

2.3.

2.3.1.

2.3.2.

2.33.

2.34.
2.3.5.

The Technical Service shall ensure the existence of a validation certificate for the
VPR demonstrating effective volatile particle removal efficiency within a 6 month
period prior to the emissions test. If the volatile particle remover incorporates
temperature monitoring alarms a 12 month validation interval shall be permissible.
The VPR shall demonstrate greater than 99.0 per cent removal of tetracontane
(CH;(CH:)3sCH3) particles of at least 30 nm electrical moblhty diameter with an
inlet concentration of > 10,000 cm™ when operated at its minimum dilution setting
and manufacturers recommended operating temperature.

Particle Number System Check Procedures

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

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

Each day, following the application of a HEPA filter of at least class H13 of
EN 1822:1998 to the inlet of the particle counter, the particle counter shall report a
concentration of < 0.2 cm™ . Upon removal of this filter, the particle counter shall
show an increase in measured concentration to at least 100 particles cm> when
challenged with ambient air and a retum to <0.2 cm™ on replacement of the
HEPA filter.

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

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

The method described in this apnend:x makes it possible to check that the simulated
total inertia of the dynamometer is carried out satisfactorily in the running phase of
the operating cycle. The manufacturer of the dynamometer shall specify a method for

verifying the specifications according to paragraph 3. of this appendix.
2. PRINCIPLE
2.1 Drawing-up working equations

Since the dynamometer is subjected to variations in the rotating speed’ of the
roller(s), the force at the surface of the roller(s) can be expressed by the formula:

F=I-y=ly-7+F,
where:

F = force at the surface of the roller(s),

I = ftotal inertia of the dynamometer (eqmvalent merna of the vehncle

see the table in paragraph 5.1.),

IM = inertia of the mechanical masses of the dynamometer,
Y = tangential acceleration at roller surface,
Fl = ' inertia force.

Note: An explanatlon of this formula with reference to dynnmometexs thh mechanically
simulated inertia is appended.

Thus, total inertia is expressed as follows:

I = Iyt Fy/ Y
'_ where: )
In can be calculated or measured by traditional methods,
F; canbe measured on the dynamometer,
Y can be calculated from the peripheral speed of the rollers.

 The total inertia (I) will be determined during an acosleration or deceleration test
- with values higher than or equal to those obtained on an operating cycle.
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2.2. Specification for the calculation of total inertia
The test and calculation methods shall make it possible to determine the total inertia I
with a relative error (AL/T) of less than + 2 per cent.

3. SPECIFICATION

3.1 The mass of the simulated total inertia I shall remain the same as the theoretical
value of the equivalent inertia (see Appendix 1) within the following limits:

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

3.1.2. +2 per cent of the theoretical value for the ’average value calculated for each
sequence of the cycle.
The limit given in paragraph 3.1.1. above is brought to + 50 per cent for one second
when starting and, for vehicles with manual transmission, for two seconds during
gear changes. ‘ -

4. VERIFICATION PROCEDURfS

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

42, However, if the requirements of paragraph 3. above are met, with instantaneous

accelerations which are at least three times greater or smaller than the values
obtained in the sequences of the theoretical cycle, the verification described above
will not be necessary. ' '
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Appendix 7 -
MEASUREMENT OF VEHICLE ROAD LOAD

RESISTANCE TO PROGRESS OF A VEHICLE MEASUREMENT METHOD
ON THE ROAD SIMULATION ON A CHASSIS DYNAMOMETER

OBJECT OF THE METHODS

The object of the methods defined below is to measure the resistance to progress of a
vehicle at stabilized speeds on the road and to simulate this resistance on a
dynamometer, in accordance with the conditions set out ‘in paragraph 6.2.1. of
Annex 4a.

DEFINITION OF THE ROAD

The road shall be level and sufficiently long to enable the measurements speclﬁed in
this appendix to be made. The siope shail be constant to within + 0.1 per cent and
shall not exceed 1.5 per cent. _

ATMOSPHERIC CONDITIONS
‘Wind

Testing shall be limited to wind speeds averaging less than 3 m/s with peak Speeds of

less than 5 m/s. In addition, the vector component of the wind speed across the test
road shall be less than 2 m/s. Wind velocity shall be measured 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 deviate by more than 7.5 per cent from
the reference conditions, P = 100 kPa and T =293.2 K. _
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4. VEHICLE PREPARATION 1/

4.1 Selection of the test vehicle
If not all variants of a vehicle type are measured, the following cntena for the
selection of the test vehicle shall be used.

4.1.1 Body
If there are different types of body, the test shall be performed on the least
aerodynamic body. The manufacturer shall provide the necessary data for the
selection.

4.1.2. Tyres
The widest tyre shall be chosen. If there are more than three tyre sizes, the widest
minus one shall be chosen.

'4.1.3. Testing mass
The testing mass shall be the refcrence mass of the vehicle with the highest inertia
range.

4.1.4. Engine
The test vehicle shall have the largest heat exchanger(s).

4.15. Transmission

A test shall be carried out with each type of the following transmission:

Front-wheel drive,
Rear-wheel drive,
Full-time 4 x 4,
Part-time 4 x 4,
Automatic gearbox,
Manual gearbox.

1/ For HEV, and until uniform technical provisions have been established, the manufacturer will
agree with the technical service concerning the status of the vehicle when performing the test as
defined in this appendix.
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4.2.

4.3.

4.4,

44.1.

44.2.

44.3.

©4.44.

5.1.1.1.

N
b

5.1
5. 1120
5.1.1.2.2.
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Running-in

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

Verifications

The following checks shall be made in accordance with the manufacturer's
specifications for the use considered:

Wheels, wheel trims, tyres (make, type, pressure), front axle geometry, brake
adjustment (elimination of parasitic drag), lubrication of front and rear axles,
adjustment of the suspension and vehicle level, etc. {

Preparation for the test

The vehicle shall be loaded to its reference mass. The level of the vehicle shall be
that obtained when the centre of gravity of the load is situated midway between the
"R" points of the front outer seats and on a straight line passing through those points.

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

The vehicle shall be clean.

Immediately prior to the test, the vehicle shall 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 than + 0.1 s.

Speed shall be measured to an error lower than + 2 per cent.

Accelerate the vehicle to a speed 10 knv/h greater than the chosen test speed V.

Place the gearbox in "neutral” position.
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5.1.1.2.3. Measure the time taken (t;) for the vehicle to decelerate from speed
V,=V+AV kmh to V;=V-AV km/h
5.1.1.2.4. Perform the same test in the opposite direction: t,.
5.1.1.2.5. Take the average T of the two times t; and t,.
5.1.1.2.6. Repeat these tests several times such that the statistical accuracy (p) of the average
=lzTi is not more than 2 per cent (p < 2 per cent)
05a
The statistical accufacy (p) is defined by:
o _(u) Joo
Jn) T
where:
t = coefficient given by the following table,
n = number of tests,
n _ )2
s = standard deviation, 5= I (T ]1")
= B
n |4 5 6 7 8 9 100 | 11 12 13 |14 15
t 32 |28 |26 |25 |24 |23 {23 |22 |22 |22 }22 |22
% 1.6 {125 | 1.06 094 |{0.85 | 0.77 | 0.73 0.66 | 0.64 | 0.61 {059 |0.57
n 8
5.1.1.2.7. Calculate the power by the formula:

_M-V-A-V
500-T

where:

is expressed in kW,

speed of the test in m/s,

speed deviation from speed V, in m/s as specified in
paragraph 5.1.1.2.3. of this appendix,

reference mass in kg,

time in seconds (s).

> <
.<:<
o

=R
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5.1.1.2.8. The power (P) determined on the track shall be corrected to the reference ambient -

conditions as follows:

PCormc(ed =K.P Measured

K=3— b+Ka(t-t )+ R;-‘-m ©.)

n
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where:

Rr = rolling resistance at speed V,

Raero = aerodynamic drag at speed V,

Rr = _ total driving resistance = Ry + Ragro,

Kr = temperature correctlon factor of rolling resistance, taken to be equal
to 8.64 x 107°/°C, or the manufacturer’s correction factor that is
approved by the authority, _

t = road test ambient temperature in °C,

to = reference ambient temperature = 20 °C,’

p = air density at the test conditions,

Ppo = air density at the reference conditions (20 °C, 100 kPa).

The ratios Rg/Rt and Ragro/Rr shall be specified by the vehicle manufacturer based
on the data normally available to the company

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

Re a-Ma+b
Rr

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

in the following table:

V (km/h) a . b
20 724 -10° 0.82
40 1.59 -10* 0.54
60 1.96- 10" 0.33
80 - 1.85-10* 0.23
100 1.63-10% 0.i8
120 1.57 - 10% 0.14
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5,12, On the dynamometer

5.1.2.1. Measurement equipment and accuracy

5122

5.1.2.2.1.
5.1.2.2.2.

5.1.2.2.3.
5.1.2.24.
5.1.2.2.5.

5.1.2.2.6.

5.1.2.2.7.

5.2.
5.2.1.

5.2.1.1.

The equipment shall be identical to that used on the road.
Test procedure
Install the vehicle on the test dynamometer.

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

Adjust the equivalent inertia of the dynamometer.
Bring the vehicle and dynamometer to operating temperature in a suitable manner.

Carry out the operations specified in paragraph 5.1.1.2. above (with the exception of
paragraphs 5.1.1.2.4. and 5.1.1.2.5.), replacing M by I in the formula set out in
paragraph 5.1.1.2.7.

Adjust the brake to reproduce the corrected power (paragraph 5.1.1.2.8.) and to take
into account the difference between' the vehicle mass (M) on the track and the
equivalent inertia test mass (I) to be used. This may be done by calculating the mean
corrected road coast down time from V; to V, and reproducing the same time on the
dynamometer by the following relationship:

T = Tocanms L
corrected K M
K = value specified in paragraph 5.1.1.2.8. above.

The power P, to be absorbed by the dynamometer shall be determined in order to
enable the same power (paragraph 5.1.1.2.8.) to be reproduced for the same vehicle
on different days. .

Torque measurements method at constant speed
On the road
Measurement equipment and error

Torque measurement shall be carried out with an appropriate measuring device
accurate to within + 2 per cent.

Speed measurement shall be accurate to within + 2 per cent.
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5.2.1.2.2.

5.2.1.2.3.

5.2.1.24.

5.2.1.2.5.

5.2.1.2.6.
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5.2.2.
5.2.2.1.

5222
5:2:2.2.1.
52222,

52223

5.22.24.
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Test procedure
Bring the vehicle to the chosen stabilized speed V.

Record the torque C; and speed over a period of at least 20 seconds. The accuracy of
the data recording system shall be at least +1 Nm for the torque and +0 2 km/h for
the speed.

Differences in torque C, and speed relative to time shall not exceed 5 per cent for
each second of the measurement period.

The torque C;, is the average torque derived from the following formula:

. 44t
Ca=% [ecar

The test shall be carried out three times in each direction. Determine the average
torque from these six measurements for the reference speed. If the average speed
deviates by more than | km/h from the reference speed, a linear regression shall be
used for calculating the average torque. '

Determine the average of these two torques Cy; and Cy, i.e. C,.

The average torque Cr determined on the track shall be corrected to the reference
ambient conditions as follows:

Creomected = K * Crmeasured
where K has the value specified in paragraph 5.1.1.2.8. of this appendix.
On the dynamometer
Measurement equipment and error
The equipment shall be identical to that used on the road.
Test procedure
Perform the operations specified in paragraphs 5.1.2.2.1. to 5.1.2.2.4. above.
Perform the operations specified in paragraphs 5.2.1.2.1. to 5.2.1.2.4. above.

Adjust the power absorption unit to reproduce the comected total track torgue
indicated in paragraph 5.2.1.2.7. above.

Proceed with the same operations as in paragraph 5.1.2.2.7., for the same purpose.
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AGREEMENT CONCERNING THE ADOPTION OF UNIFORM TECHNICAL
" PRESCRIPTIONS FOR WHEELED VEHICLES, EQUIPMENT AND PARTS
WHICH CAN BE FITTED AND/OR BE USED ON WHEELED VEHICLES AND
THE CONDITIONS FOR RECIPROCAL RECOGNITION OF APPROVALS
GRANTED ON THE.BASIS OF THESE PRESCRIPTIONS.
GENEVA, 20 MARCH 1958

REGULATION NO. 83. UNIFORM PROVISIONS CONCERNING THE
APPROVAL OF VEHICLES WITH REGARD TO THE EMISSION OF
POLLUTANTS ACCORDING TO ENGINE FUEL REQUIREMENTS

ADOPTION OF AMENDMENTS TO REGULATION NO. 83"

The Secretary-Geneéral of the United Nations, acting in his capacity as dcpbsitnry,
commt'micates the following'

Within the period of six months following the date of dcposxtary nonﬁcanon
C:N.37.2009.TREATIES-1 of 22 January 2009, none of the Contracting Parties applying Regulation
No. 83 expressed disagreement with the proposed amendments, - Therefore, in accordance with
paragraph 2 of article 12 of the Agreement, the proposed amendments are considered to be adopted and
are binding upon all Contracting Parties applying Regulation No. 83 as.of 22 July 2009.

22 July 2009

! Refer to drposxtary nouﬁcat.en C.N.37.2009. TREATIES-1 of 22 Jamxary 2009
{Proposal of Amcnamcnts to Regulation No, 83),

Attention: Treaty Services of Ministries of Foreign Affairs and of international organizations concerned.
Depositary notifications are currently issued in both hard copy and electronic format. Depositary
notifications are made available to the Permanent Missions to the United Nations at the following e-mail
address: missions@un.int. Such notifications are also available in the United Nations Treaty Coliection on
the Internet at http:/treaties.un.org, where interested individuals can subscribe to directly receive depositary
notifications by e-mail through a new automated subscription service. Depositary notifications are available
for pick-up by the Permanent Missions in Room NL-300.

240




’ -

2053 I—f}?ﬁ

' IFL L2

Anh L
| .

25

13
)‘La"u

- (XLB.16.46)

AGREEMENT CONCERNING THE ADOPTION OF UNIFORM TECHNICAL -
PRESCRIPTIONS FOR WHEELED VEHICLES, EQUIPMENT AND PARTS
WHICH CAN BE FITTED AND/OR BE USED ON . WHEELED VEHICLES.AND
THE CONDITIONS FOR RECIPROCAL RECOGNITION OF APPROVALS
GRANTED ON THE BASIS OF THESE PRESCRIPTIONS.
GENEVA, 20 MARCH 1958

REGULATION NO. 46. UNIFORM PROVISIONS CONCERNING‘THE
APPROVAL OF DEVICES FOR INDIRECT VISION AND OF MOTOR
VEHICLES WITH REGARD TO THE INSTALLATION OF THESE DEVICES

ADOPTION OF AMENDMENTS TO REGULATION NO. 46"

The Secretary-General of the United Nations, acting in his capacxty as dcposnary

' communicates the following:

- Within the period of six months following the date of depositary nonﬁcauon
C.N.34.2009. TREATIES-1 of 22 January 2009, none of the Contracting Parties applying Regulation
No. 46 expressed disagreement with the proposed amendments. Therefore, in accordance with
paragraph 2 of arncle 12 of the Agreement, the proposed amendments are considered to be adopted and
are binding upon.all Contracting Parties applymg chulahon No. 46 as of 22 July 2009.-

22 Tuly 2009

! Refer to depositary notification C.N.34.2009. TREATIES-1 of 22 January 2009
(Proposal of Amendments to Regulation No. 46).

~ Attention: Treaty Services of Ministries of Foreign Affairs and of international organizations concerned.

Depositary notifications are currently issued in both hard copy and ‘electronic format. Depositary
notifications are made available to the Permanent Missions to the United Nations at the following e-mail
address: missions@un.int. Such notifications are also available in the United Nations Treaty Collection on
the Internet at http://treatiés.un.org, where interested individuals can subscribe to directly receive depositary
notifications by e-mail through a new automated subscription service. Depositary notifications are available
for pick-up by the Permanent Missions in Room NL-300.
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Reference: C.N.553.2009. TREATIES4 '(Deposita:y Notification) "

AGREEMENT CONCERNING THE ADOPTION OF UNIFORM TECHNICAL
PRESCRIPTIONS FOR WHEELED VEHICLES, EQUIPMENT AND PARTS
WHICH CAN BE FITTED AND/OR BE USED ON WHEELED VEHICLES AND
THE CONDITIONS FOR RECIPROCAL RECOGNITION OF APPROVALS
GRANTED ON THE BASIS OF THESE PRESCRIPTIONS. '

GENEVA, 20 MARCH 1958

REGULATION NO. 83. UNIFORM PROVISIONS CONCERNING THE
APPROVAL OF VEHICLES WITH REGARD TO THE EMISSION OF
POLLUTANTS ACCORDING TO ENGINE FUEL REQUIREMENTS

PROPOSAL OF AMENDMENTS TO REGULATION NO. 83

The Secretary- General of the United Nations, acting in his capaclty as depositary,
communicates the following:

On 7 September 2009, the Secretary- General received from the Admimstmhve Committee of
the above Agreement, pursuant to article 12 (1) of the Agreement, certain ameudments proposed to
Regulation No. 83.

The document containing the text in the English and French languages of the proposed
amendments concerned (doc. ECE/TRANS/WP.29/2009/56 and Corr.1) can be accessed on the website
of the Transport Division of the United Nations Economic Commission for Europe at the following
address: http:/fww. unece.org/lrans/maul/wp29/wp29wgs/$vp29gen/nq729ap Jjun09.html.

The Secretary—Gcneml wishes to draw attention to article 12 (2) and (3) of the Agreement
which read as follows:

"2. An amendment to a Regulation will be considered to be adopted unless, within a
period of six months from its notification by the Secretary-General, more than one-third of the
Contracting Parties applying the Regulation at the time of notification have informed the Secretary-
General of their disagreement with the amendment. If, after this period, the Secretary-General has not
received declarations of disagreement of more than one-third of the Contracting Parties applying the
Regulation, the Secretary-General shall as soon as possible declare the amendment as adopted and
binding upon those Contracting Parties applying the Regulation who did not declare themselves opposed
to it. When a Regulation is amended and at least one-fifth of the Contracting Parties applying the
unamended Regulation subsequently declare that they wish to continue to apply the urtamended

" Attention: Treaty Services of Ministries of Foreign Affairs and of international organizations concerned. Depositary
notifications are currently issued in both hard copy and electronic format. Depositary notifications are made available
to the Permanent Missions to the United Nations at the following e-mail address: missions@un.int. Such notifications
are also available in the United Nations Treaty Collection on the Intemet at http://treaties.un.org, where interested
individuals can subscribe to directly receive depositary notifications by e-mail through a new automated subscr‘pnor
service. Dcposxtary notifications are available for pick-up by the Permanent Missions in Room NL-300.
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Regulation, the unamended Regulation will be regarded as an alternative to the amended Regulation and

" will be incorporated formally as such into the Regulation with effect from the date of adoption of the

amendment or its entry into force. In this case the obligations of the Contracting Parties applying the
Regulation shall be the same as set out in paragraph 1.

3. Should a new Contracting Party accede to this Agreement between the time of the
notification of the amendment to a Regulation by the Secretary-General and its entry into force, the
Regulation in question shall not enter into force for that Contracting Party until two months after it has
formally accepted the amendment or two months after the lapse of a period of six months since the '

_communication to that Party by the Secretary-General of the proposed amendment."

17 September 2009

Attention: Treaty Services of Ministries of Foreign Affairs and of interational organizations concemed. Depositary
notifications are currently issued in both hard copy and electronic format. Depositary. notifications are made available
to the Permanent Missions to the United Nations at the following e-mail address: missions@un.int. Such notifications
are also available in the United Nations Treaty Collection on the Internet at http:/Areaties.un.org, where interested
individuals can subscribe to directly receive depositary notifications by e-mail through a new automated subscription
service. Depositary notifications are available for pick-up by the Permanent Missions in Room NL-300.
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VkBI. Amtlicher Teil

Heft 4 - 2007
Typprifstelle Fahrzeuge/Fahrzeugteile
im Technologiezentrum -
Verkehrssicherheit der '
TUV Rheinland Kraftfahrt GmbH
. TUV Rheiniand ‘Group
Nr.31 ECE-Regelung Nr. 39 2: Oesr?(l{ﬁn Stei

Geschwindigkeitsmesser =4

ECE-Regelung Nr. 101 Automotive 3

Messung der CO,-Emission/ HTU\/ Tecgmzﬂe Uberwachung

essen Gm
des Kraftstoffverbrauchs und Riideshsimer Strafie 119

des Stromverbrauchs/der
elektrischen Reichweite

Bonn, den 15. Dezember 2006
S 02/7392.4/3-39/101

Mit Beschiuss 97/836/EG des Rates der Europaischen
Union vom 27. November 1997 ‘Uber den Beitritt der
Européischen Gemeinschaft zu dem ,Geénderten Uber-
einkommen von 1958* (ABI. L 346 vom 17.12.1997, S. 78)
ist die Europdische Gemeinschaft. der Regelung Nr. 39

er Wirtschaftskommission der Vereinten Nationen fur
curopa Uber die Genehmigung der Fahrzeuge hinsicht-
lich der Geschwindigkeitsmesseinrichtung einschlieBlich
ihres Einbaus und der ECE-Regelung Nr. 101 der Wirt-
schaftskommission der Vereinten Nationen fiir Europa
Uber die Genehmigung der Personenkraftwagen, die nur
mit einem Verbrennungsmotor oder mit Hybrid-Elektro-
Antrieb betrieben werden, hinsichtlich der Messung der
Kohlendioxidemission und des Kraftstoffverbrauchs
und/oder der Messung des Stromverbrauchs und der
elektrischen Reichweite sowie der nur mit Elektroantrieb

betriebenen Fahrzeuge der Klassen M, und N, hinsicht-
lich der Messung des Stromverbrauchs und der elektri-
schen Reichweite beigetreten.

Auf die Vorschriften in ihrer aktuellen Fassung soll hier-
mit hingewiesen werden. '

Fiir Deutschland wurde dem Generalsekretir der Verein-
ten Nationen als Behérde, die die Genehmigungen nach
den ECE-Regelungen Nr. 39 und Nr. 101 erteilt, das

Kraftfahrt-Bundesamt

64285 Darmstadt

Technologiezentrum/Typpriifstelle
der TUV Pfalz Verkehrswesen GmbH
Konigsberger Strafe 20d

67245 Lambsheim.

Als zusténdige Technische Dienste, die die Priifungen fiir
die. Genehmigungen nach der ECE-Regelung Nr. 39

durchfiihren. wurden weiterhin benannt:

FAKT GmbH
Kraftfahrtechnisches Priif-
und Ingenieurzentrum
Griintenstrai3e 5

37751 Heimertingen

TUV Osterreich
Geschaéftsbereich '
Kraftfahrtechnik und Verkehr
DeutschsiraBe 10 .

A - 7230 Wien. B
Als zustandiger Technischer Dienst, der die Priifungen fiir.

die Genehmigungen nach der ECE-Regelung Nr. 101
durchfiihrt, wurde weiterhin benannt:

Germanischer Lloyd
Analysetechnik
Vorsetzen 35

20459 Hamburg.
Die ECE-Regelung Nr. 39 in der aktuellen Fassung der

! 24932 Flensburg

(., _4denannt.

Als zusténdige Technische Dienste, die die Prifungen fur
dle Genehmigungen nach den ECE-Regelungen Nr. 39
und 101 durchfiihren, wurden benannt: -

DEKRA Automobil Test Center
der DEKRA Automobil GmbH
Senftenberger StraBe 30

01998 Klettwitz

TUV Automotive GmbH
TUV SUD Gruppe
WestendstraBe 129

80339 Miinchen

TUV NORD Mobilitat GmbH & Co. KG
Institut fir Fanrzeugtechnik und Mobilitat
AdlerstraBe 7

48307 Essen

Nr. 101 in der aktuellen Fassung der Revision 2 (Sonder-
druck B 3701) werden in englisch- und deutschsprachi-
ger. Fassung als Sonderdruck?, der iiber den Verkehrs-
blatt-Verlag, SchieefstraBe 14, 44287 Dortmund, auch
auf CD-ROM entsprechend den Vertriebsbedingungen
bezogen werden kann, bekannt gemacht.

Bundesministerium fiir Verkehr,
Bau und Stadtentwickiung
Im Auftrag
Wolfgang Hahn

(VKBI. 2007 S. 77)

") Die Beziener des Verkenrsblattes erhaiten vom Verkehrsblatt-Ver-

lag unter Angape aer. vollstandigen Abonnenten-Nummer auf
Anforderung ein Exemplar des Sonderdruckes B 3539 (ECE-
Aegeiung Nr. 29) zum Sonaerpreis von 4,00 € una ein Exemplar
des Sonaeraruckes B 3701 (ECE-Regelung Nr. i01) zum Sonder-
2reis von 8,50 €. 'Veitere Exemplare kénnen zum Preis von 6,0 €
:ECE-Regelung Nr. 39) una 17,70 < (ECE-Regelung Nr. i01)
2rworben weraen.
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Spessert, Richard

e
Von: I tuey-nord de>
Gesendet: Mittwoch, 10. August 2011 15:08
An: IS ovvES_[FEEE
Cc: eMVBS_
Betreff: WG: R 101 amendment german proposal

Wichtigkeit: Hoch

Hallo Kollegen,

anbei zu eurer Info die Mitteilung von - bzgl. Stellungnahme zu unserem R.101-Vorschlag (elektr. Reichweite

De) aus der letzten GRPE-Juni-Sitzung.
Praktische Erfahrungen bei der Anwendung auf dem Rollenprifstand haben wir bisher auch noch nicht sammeln
kénnen - erwarten aber diesbzgl. auch keine grésseren Probleme.

Falls der Verbrenner bei "Gaswégnahme" trotzdem nicht ausgeht, greift ja ab V < 50 km/h sowieso der Abschnitt mit
"eduktion der Fahrgeschwindigkeit bis zum Stilistand (...wie in unserem Proposal beschrieben...!).

Gru I

Von: - [mailto] I @utac.com]

G T AR
Gesendet: Mittwoch, 3. August 2011 19:32
An:
Cc:
Betreff: R 101 amendment german proposal

Dear [

Hope you are well and maybe on holidays ?

Coming back to your R101 amendment proposal presented in last GRPE, we fully support the idea. ‘
We have just a concern on the feasibility of the procedure on the dyno. Have you already tested it and did you meet
any problems? :

'6n my side, I’'m on holidays today and will be back on the 29",

Kind regards and see you soon.

+—==/\=-—-—+
L'information contenue dans ce message électronique peut étre
confidentielle et est réservée exclusivement a l'usage des destinataires

nommés ci-dessus.
Si vous avez regu ce message par erreur, merci de ne pas le communiquer

ou le reproduire et de le détruire immédiatement.
Penser au respect de l'Environnement et n'imprimez ce mail que si
nécessaire.

The information contained in this E-mail may be confidential and is
exclusively reserved for use by the above-named recipients.

If you have received this message in error, please dont forward or copy
but delete it immediately.
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Consider the environment before printing this mail.
+-==/\-——+

Sitz der Geselischaft: TUV NORD Mobilitdt GmbH & Co. KG * Am TUV 1 * 30519 Hannover
Registergericht: Amtsgericht Hannover * HRA 27006 * USt.-IdNr.: DE 813818604 * Steuer-Nr.: 25/207/00992
- Komplementér: TUV NORD Mobilitit Verwaltungsgesellschaft mbH, Hannover

Registergericht: Amisgericht Hannover * HRB 61319

Geschiiftsfiihrer: — (\/orsiizender), EE—

TUV NORD

Wir machen die Welt sicherer

Making our world safer

Please visit our website: www.tuev-nord.com

Besuchen Sie unseren Internetauftritt: www.tuev-nord.de
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Spessert, Richard

i
Von: I <IN ©tuev-nord de>
Gesendet: Freitag, 19. August 2011 10:24
An: vW_
Cc: IR GM5s_EE Ve s_
Betreff: Besprechung zu Volkswagen Proposal Revision of ECE-R101
Anlagen: VW_Anderungsvorschlag_ECE-R101_V02.pdf
Wichtigkeit: Hoch
Hallo [N

sehr geehrte Herren !

Nach Erhalt des unten angefiigten VW-Vorschlags haben wir diesen Entwurf vereinbarungsgemass zur
Kenntnisnahme und Diskussion an die beiden Ministerien (BMVBS und BMU) in Bonn weitergeleitet.
Am Dienstag, den 16.08.2011 haben wir dann mit je einem Verantwortlichen und fur die UN-ECE-GRPE zustandigen
. Mitarbeiter aus den genannten Referaten eine Uber einstiindige TelKo zu dem Thema durchgefihrt.
w-J€r von Volkswagen vorgeschlagene Revisionstext fiir die Anpassung/Anderung der zur Zeit gultigen ECE-R.101
(Annex 9) ist ausfuhrlich diskutiert worden. Dabei sind die beiden Hauptanliegen:
- "Electric Range Determination" und
- "Electric Range Type Approval Value"
auf Ihre Sinnhaftigkeit und eine evtl. mégliche Unterstutzung seitens der Deutschen Delegation fiir die GRPE in Genf
im Detail besprochen worden.
Da das zur Diskussion stehende Papier sehr ausfuhrlich und eindeutig ausgefiihrt ist, bestanden wahrend des
Gesprachs keine weiteren Interpretationsprobleme hinsichtlich der gesteliten Zielrichtung.

Im Verlauf dieser Debatte ist man seitens der beiden Ministerien zu der klaren und festen Auffassung gekommen,
dass eine Anderung des Artikels 5.3.2. (Annex 9) im Hinblick auf eine zusatzliche Toleranz fur die elektrische
Reichweite De von bis zu 4% auf keinen Fall die Unterstatzung der Deutschen Seite in Genf erhalten wird (s. dazu
Seite 2 des VW-Proposals).

Das BMU hat in dieser Hinsicht "schwerste Bedenken" in Bezug auf eine weitere Toleranz von 4% im Hinblick auf die
Ermittlung der CO2- und Verbrauchsergebnisse von HEV-Fahrzeugkonzepten.

Fur den VW-Vorschlag (Seite 8 des Proposals) konnte ebenfalls keine Zustimmung bzw. Unterstitzung erreicht
werden, da das Problem beim Einsatz der Verbrennungskraftmaschine (VKM) und der damit verbundenen
Einflussfaktoren wie Ladungs- und Rekuperations-Strategie nach wie vor nicht eindeutig erfasst bzw. geklart ist. Die
< lleinige Abnahme von mind. 3% SOC bezogen auf die Batterie-Kapazitst

_ &mis zum Minimum SOC stellt noch keine Gewahr fur eine unbeeinflusste elektrische Reichieweite De dar. Wahrend
der diversen einzelnen Testzyklen (Test 1 bis Test n-1) kann durch verschiedene Applikations-Strategien ein nicht
unerheblicher Einfluss auf die in Summe ermittelte De-Reichweite erzielt werden. Dies gilt auch unter
Beriicksichtigung der negativ zu beriicksichtigenden VKM-Fahrzyklusanteile.

Da dieser Ansatz dem seitens der Deutschen Delegation in Genf eingereichten Informal Document (GRPE-62-06 -
agenda item 3(d)) aber véllig entgegensteht

(die VKM darf im VW-Proposal wie bisher im derzeitigen Annex 9 - Text weiterhin zum Einsatz kommen), sieht man
hier keine Moglichkeit einer Deutschen Unterstutzung.

Nach Aussage der beteiligten Ministerien ist eine Abanderung des genannten Informal Documents nicht geplant und
wird auch nach dieser eingehenden Diskussion nicht in Erwé&gung gezogen.

Zusammenfassend bleibt also festzuhalten, dass kein Konsenz in der Sache erzielt werden konnte. Aus diesem
Grund und aus Zeit- und Kostengriinden halten wir deshalb ein zusatzliches persénliches Gesprach in Wolfsburg fiir
nicht zielfuhrend, da die Positionen seitens der Ministerien klar und eindeutig kommuniziert wurden.

Wir sind gerne fir einen telefonischen oder u.U. Video basierten (falls die Verbindung zwischen VW und TNM Essen
machbar ist) Gedankenaustausch bereit und hoffen, dass Sie fur unsere Position Verstandnis aufbringen.

In diesem Sinne verbleibe ich mit den besten Griissen aus Essen
1
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TUV NORD Mobilitét

IFM - Antrieb / Emissionen
Pkw / Kraftrader

D-45307 Essen
Tel.: +49(0)20

I —
Fax: +49(0)201
e-mail: @tuev-nord.de

Besuchen Sie uns auch im Internet: http://www.ifm-tuev-nord.de

|

Sitz der Geselischaft: TUV NORD Mobilitat GmbH & Co. KG * Am TUV 1 * 30519 Hannover
Registergericht: Amtsgericht Hannover * HRA 27006 * USt.-IdNr.: DE 813818604 * Steuer-Nr.: 25/207/00992
Komplementdr: TUV NORD Mobilitat Verwaltungsgeselischaft mbH, Hannover

Registergericht: Amtsgericht Hannover * HRB 61319

Geschaiftsfuhror: IR (\0's'zender), I

TUV NORD

Wir machen die Welt sicherer

Making our world safer

Please visit our website: www.tuev-nord.com

Besuchen Sie unseren Internetauftritt: www.tuev-nord.de



Herauszugebende Dokumente

Anlage 2 Dok. 1030
S.34-128
hier betroffen: S. 35 - 44



How to achieve a better vehicle
compliance with emissions rules?

International Summit on
Vehicle Emissions Compliance
Testing and Enforcement

6 April 2016

Vehicle compliance: what's new?

Three pillars:

I Investigation for "defeat devices”
II New test methods, real drivi»ng emissions (RDE)
IIT Revision of the Type Approval (TA) system
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Basics of EU emissions legislation

e NOx limits: 80 mg/km (for diesel passenger cars)
e Measured under "normal conditions of use": not
related to a specific test

o Currently tested only in laboratory: New European
Driving Cycle (NECD)

e But obligation to review the adequacy of test
procedures to reflect "real world emissions"
Art 14(3) of Regulation (EC) 692/2008)

. Investigation for defeat dévic_es: what?
e Regulation (EC) 715/2007 Art 3(10):

" 'defeat device’ means any element of design which senses temperature, vehicle
speed, engine speed (RPM), transmission gear, manifold vacuum or any other

parameter for the purpose of activating, modulating, delaying or deactivating the

operation of any part of the emission control system, that reduces the
effectiveness of the emission control system under conditions which may

- reasonably be expected to be encountered in normal vehicle operatlon and use;"
Art 5(2):
"2. The use of defeat devices that reduce the effectiveness of emission control
systems shall be prohibited. The prohibition shall not apply where:

(a) the need tog the device is justified in terms of Qrgteccing the engine again gt
d e or and for safe eratio vehic

(b) the device does not function beyond the requirements of engine startmg;

(c) the conditions are substantially included in the test procedures for verifying
evaporative emissions and average tailpipe emissions."
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Type Approval Authorities (TAA) task force on
dd investigations was established after VW
case blew up:

Share info on test procedures and processes
Common test protocols

Exchange of information on specific cases
Member States and Commission experts
Regular f2f meetings + web/phone conferences
Common IT extranets for information exchange

Euvepean
Commssin
—_———

Investigation for defeat devices: steps

° Identiﬁcation of vehicles for initial testing:

-Market share (most prominent vehicle types)
Balance of brands and technologies
" Evidence / third party information

Screening tests, e.g. remote emission seﬁsmg
(RES), simpiified emission measurement systems

ot -(SEMS: driving on the road & measuring pollutant =

concentrations with sensors only)

e Protocol & criteria for initial testing to find "dd
suspected vehicles"

e And finally: how to prove a dd?

37
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Investigation for defeat devices: protocol

e Surprise, surprise...
Protocol for initial testing must not be predictable

e JRC has developed 3 category testing

v small changes to NEDC with "no physical reason“ for
higher emissions :

v wider changes to NEDC with some physical
justification for higher emissions

v on-road testing (not necessarily according to
regulated RDE)

e JRC has develdped a method to analyse existing
PEMS data for a high probability of dd

RDE testing: how? (1)

o Regulation (EC) 715/2007 defines emission l|m|ts
under "normal conditions of use"

current test procedures not adequaté

e "Normal” is what you measure on the road

test vehicles with PEMS equipment

e ‘Individual PEMS trip should be as representative'as
possible for the assembly of all driving COI‘ldItIOﬂS,
prevent biased driving

. boundary conditions

38



¢

s Importaht’ the test procedure must contain
strong, random, non-predictable elements

there is no "controlled randomness",
independent testing is a must

o If test conditions are comprehensive for real
driving, the notion of "defeat devices" becomes
obsolete

RDE: where do we stand?

e 1st RDE package - just published:, |

¥ Monitoring of RDE testing for NOx (no mandatory emlsslon

limmite wad)
llllll Cue ,“_’

v ‘Definition of PEMS test procedure
e 27d'RDE package - to be published soon:

v As from September 2017/19 (new emission types/all new
vehicies): ist step of NTE limits, CF{NOx) = 2,1’

v As from January 2020/21: 2nd step of NTE limits,

4 CF(NOx) =1+ margm, initially CF = 1,5 (annual rewsmn)
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Declare AES and BES

e Declaration of base (BES) and aUinary (AES) emission strategies:

The manufacturer shall also provide an extended documentation
package with the following information:

v (a& information on the operation of all AES and BES, includin
a description of the parameters that are modified by any AE
and the boundary conditions under which the AES operate,
and indication of the AES or BES which are likely to be active
under the conditions of the test procedures set out in this
Regulation;

v (b)a dgscription' of the fuel system control logic, timing
strategies and switch points during all modes of operation.

e At type approval: information on BES and AES to be assessed
against definition of dd + exceptions (engine protection etc.)

RDE: what next?

e 3 RDE package ('endv 2016):

v PN PEMS testing (to be applied at TA as from September
-2017/18)

v Cold start i
v Special conditions for hybrid electric vehicles
- v Consideration of regeneration events '

e 4th RDE package (possibly end 2017):

v In-service conformity testing (resp. 'I_'AA, manufacturer)
v Surveillance tésting'(other TAAs, independent parties)



Tuesne .~
|

o pe Approval system
(Regulation instead of Directive)

- Reinforcing type approval testing (ex ante
compliance verification)

- Effective market surveillance (ex post compliance -
verification) : :

* Ensure proper EU oversight

Improvement of the type approval syStem

v Stricter requirements for the designation of
technical services and type-approval authorities

v Independent financing of technical services, type-
approval and market survglllance activities -

v Peer review mechanism, with review criteria for MS
v Limitation of validity of type approvals

v Better exchange of information on type approvais
issued, withdrawn, refused

v Stricter requirements to ensure effective
verification of CoP .

v Stronger penaity provisions

14
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Improvement of the type approval .
system -

.o Other issues:

v More transparency regarding type-approval data
for compliance verification testing :

v Clarified provisions for access to software

v Review and reporting obligations on type approval

and market surveillance activities

Market surveillance

v Based on Regulation 765/2008 framework

v Obligation to carry out ex post compliance verification

tests and to make results public

15

v Traceability and clarification of the responsibilities of

the economic actors

v Enhanced safeguard procedures for dangerous
products and for non-compliance

v Clearer recall procedures, with involvement of MS
other than the one that issued type approval

16




The Commission will:

v organise and carry out tests and inspections to
check conformity with type approvals

v lay down the criteria for settingLout the scale,

scope and frequency of checks by market
surveillance authorities

v impose administrative fines of up to €30,000 per
unit when verification reveals non-compfiance

N
N
=
:: =

EU oversight

v define the data that vehicle manufacturers all make

public for compliance verification testing by third

parties

establish Forum for Exchange of Information on

Enforcement for promotion of good practices,

enforcement, cooperation, joint inspections,

development of working methods and tools (e.g.

check lists) and penaities

v EU safeguard clause/recalls for non-compliance: EU
level decision for recalls for non-compliance issues
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