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National Foreword

The Ghana Standards Authority is the National Statutory Body responsible for the development
and promulgation of Ghana Standards.

The Ghana Standards Authority is a member of the African Organization for Standardization
(ARSO), the International Organization for Standardization (ISO) and an affiliate member of the
International Electrotechnical Commission (IEC).

This Ghana Standard is an identical adoption of the UNECE 83R05 Rev. 4 — 26 April 2011 -
Uniform provisions concerning the approval of vehicles with regard to the emission of pollutants
according to engine fuel requirements and lays down the essential requirements to which such
vehicles and their emission of pollutants according to engine fuel requirements must conform.

Throughout the text of this standard, read “...this UNECE Regulation...” to mean “...this Ghana
Standard...”

The National Committee responsible for this standard (DGS 4083:2019) is the Technical
Committee on Automobile Standards (GSA/TC 05).

This is the 1%t edition.

Users of this standard should note that the standard undergoes revision from time to time and
any references to it statutorily imply its latest edition.
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Paragraph 4.4.1., footnote 1 /, pertinent to this paragraph, amend to read:

1/ ... 23 for Greece, 24 (vacant), 25 for Croatia, 26 for
Slovenia, 27 for Slovakia, 28 for Belarus and 29 for Estonia.

Subsequent ..."
Paragraph 5.2.1. , amend to read:
"5.2.1. Positive ignition engine powered vehicles must be subject to the

following tests, as shown in Table 1:

- Type I (Simulating the average tailpipe emissions after a cold
start)

- Type Il: (Carbon monoxide emission at idling speed)

- Type lll: (Emission of crankcase gases)

- Type IV: (Evaporation emissions)
- Type V: (Durability of anti-pollution devices)."

Paragraph 5.2.2. should be deleted.

Paragraph 5.2.3. , amend to read:

"5.2.3. Compression-ignition engine powered vehicles must be subject to the
following tests, as shown in Table 1:

- Type I (Simulating the average tailpipe emissions after a cold
start)
- Type V: (Durability of anti-pollution devices)."

Paragraph 5.2.4. should be deleted.

GE.95-22666 (E)
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Table 1: Approval system , replace by the following table (footnotes 5 _/ and 6/

being deleted):

"Table 1: Approval system

Vehicles fuelled Vehicles fuelled Vehicles fuelled
with leaded with unleaded with diesel fuel
petrol petrol
Approval A Approval B Approval C
Type-Approval
Test (identical to M1 vehicles 3 _/ M1 vehicles
Regulation No. 15.04) N1 vehicles 4 _/ N1 vehicles
M1, N1
Type I YES YES YES
(mass <_ 3.5 tonnes) (mass <_ 3.5 tonnes) (mass <_ 3.5 tonnes)
PART 1 PART 1 AND PART 2 PART 1 AND PART 2
Type I YES YES
(mass > 3.5 tonnes)
Type I YES YES
Type IV: YES
(mass <_ 3.5 tonnes)
Type V: YES YES
(mass <_ 3.5 tonnes) (mass <_ 3.5 tonnes)
Extension: paragraph 7 paragraph 7 paragraph 7;
M2 and N2 vehicles
with reference mass
not more than
2,840 kg;

3/, 4_/ In application of paragraphs 5.1.2.1. (restricted filler orifice)
and 5.1.2.2. (marking)."

Paragraph 5.3.1.2.1. , amend to read:

"5.3.1.2.1. With the exception of the vehicles referred to in
paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2. (Approval A), a test
lasting a total of 19 minutes ...."
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Paragraph 5.3.1.2.4. , amend to read:

"5.3.1.2.4. For the ....

. 13 minutes ....

Paragraph 5.3.1.4. , amend to read:

"5.3.1.4. Subject to the requirements of paragraphs 5.3.1.4.5. and
5.3.1.5., the test shall be repeated three times. Except for
the vehicles referred to in paragraphs 5.3.1.4.1.1. and
5.3.1.4.1.2. (Approval A), for each test the results shall be
multiplied by ...."

Paragraph 5.3.1.4.2.1. , amend to read:

"5.3.1.4.2.1. For vehicles equipped with a positive-ignition engine

fuelled with unleaded petrol, the limits shall be:

Limit values
Reference mass Combined mass
Mass of of
Category of vehicle carbon monoxide hydrocarbons
and oxides of
nitrogen
Rm (kg) L1 (g/km) L2 (g/km)
M5 All 2.72 0.97
Category | Rm < 1,250 2.72 0.97
N1 6/
Category |l 1,250 < Rm 5.17 1.4
< 1,700
Category Il 1,700 < Rm 6.9 1.7
5/ Except:

- vehicles designed to carry more than six occupants including the
driver;
- vehicles whose maximum mass exceeds 2,500 kg.

6/ And those category M vehicles which are specified in note 5

Paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. should be deleted.

Paragraph 5.3.1.4.3.1. , amend to read:

"5.3.1.4.3.1. For vehicles equipped with a compression-ignition engine

fuelled with diesel fuel, the limits shall be:
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Limit values

Reference

Category of vehicle mass Combined mass
Mass of of Mass of

carbon hydrocarbons particulates
monoxide and oxides
of nitrogen

Rm (kg) L1 (g/km) L2 (g/km) L4 (g/km)

M5 All 2.72 0.97 0.14

Category | Rm <1,250 2.72 0.97 0.14

Category I 1,250 < Rm 5.17 1.4 0.19

NL & < 1,700

Category Il 1,700 < Rm 6.9 1.7 0.25

5/ Except:
- vehicles designed to carry more than six occupants including the
driver;
- vehicles whose maximum mass exceeds 2,500 kg.

6/ And those category M vehicles which are specified in note 5 /"

Paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. should be deleted.

Paragraphs 5.3.2.1. and 5.3.2.2. , amend to read:

"5.3.2.1. This test is carried out on vehicles powered by a positive-
ignition engine and referred to in paragraphs 5.3.1.4.1.1. and
5.3.1.4.1.2. (Approval A), and on vehicles with a mass exceeding
3.5 tonnes (Approval B).

5.3.2.2. When tested in accordance with annex 5, the carbon monoxide
content by volume of the exhaust gases emitted with the engine
idling must not exceed 3.5% at the setting specified by the
manufacturer, or at the settings used for Type | test (Approval
A), and must not exceed 4.5 per cent within the range of
adjustments specified in annex 5."

Paragraph 5.3.4.1. , amend to read:

"5.3.4.1. This test shall be carried out on all vehicles referred to in
paragraph 1 except those vehicles having a compression-ignition
engine and those vehicles referred to in paragraphs 5.3.1.4.1.1.
and 5.3.1.4.1.2. (Approval A), and those vehicles fuelled with
unleaded petrol having a maximum mass exceeding 3.5 tonnes."

Paragraph 5.3.5.1. , amend to read:

"5.3.5.1. This test shall be carried out on all vehicles referred to in
paragraph 1 to which the test specified in paragraph 5.3.1.
applies, with the exception of those vehicles referred to in
paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2. (Approval A)."

Paragraph 7.1.1.1. , amend to read:
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"7.1.1.1. Vehicles other than those referred to in paragraphs 5.3.1.4.1.1.
and 5.3.1.4.1.2. (Approval A):

Approvals may be extended only to vehicle types of a reference
mass requiring the use of the next higher equivalent inertia or
any lower equivalent inertia."

Insert a new paragraph 7.1.1.2. , to read:

"7.1.1.2. In the case of vehicles of category N . and vehicles of category M
referred to in note 5 _| of paragraph 5.3.1.4., if the reference
mass of the vehicle type for which extension of the approval is
requested requires the use of a flywheel of equivalent inertia
lower than that used for the vehicle type already approved,
extension of the approval is granted if the masses of the
pollutants obtained from the vehicle already approved are within
the limits prescribed for the vehicle for which extension of the
approval is requested."

Paragraph 7.1.1.2. (former) , renumber as 7.1.1.3. and amend to read:

"7.1.1.3. Vehicles referred to in paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2.
(Approval A):"

Paragraphs 7.1.1.2.1. to 7.1.1.2.3. , renumber as paragraphs 7.1.1.3.1. to

7.1.1.3.3.

Paragraph 8.3.1.1.2.1. , amend to read:

"8.3.1.1.2.1. The limits shown in paragraph 5.3.1.4.2.1. are replaced by:

Limit values
Reference mass Mass of Combined mass of
Category of vehicle carbon monoxide hydrocarbons and oxides of
nitrogen
Rm (kg) L1 (g/km) L2 (g/km)
M 5 Al 3.16 1.13
Rm < 1,250 3.16 1.13
N1 1,250 < Rm 6.0 1.6
< 1,700
1,700 < Rm 8.0 2.0
5/ Except:
- vehicles designed to carry more than six occupants including the
driver;
- vehicles whose maximum mass exceeds 2,500 kg.
6/ And those category M vehicles which are specified in note 5 e
Paragraphs 8.3.1.1.2.2. and 8.3.1.1.2.3. should be deleted.

Paragraph 8.3.1.1.3.1. , amend to read:
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"8.3.1.1.3.1. The limits shown in paragraph 5.3.1.4.3.1. are replaced by:

Limit values
Reference
mass Combined mass
Mass of of Mass of
Category of vehicle carbon hydrocarbons particulates
monoxide and oxides
of nitrogen
Rm (kg) L1 (g/km) L2 (g/km) L4 (g/km)
M5 All 3.16 1.13 0.18
Rm <1,250 3.16 1.13 0.18
NL 6 1,250 < Rm 6.0 16 0.22
= < 1,700
1,700 < Rm 8.0 2.0 0.29
5/ Except:
- vehicles designed to carry more than six occupants including the
driver;
- vehicles whose maximum mass exceeds 2,500 kg.
6/ And those category M vehicles which are specified in note 5 A
Paragraphs 8.3.1.1.3.2. and 8.3.1.1.3.3. should be deleted.
Paragraph 13.1.2. , amend to read:
"13.1.2. For the approval and production conformity of category M 1 vehicles

(Approval B), equipped with positive-ignition engines and a capacity
of more than 2,000 ¢ 3, the test method shall be as described in
paragraph 5.3.1.2.4."

Paragraph 13.2. , amend to read:

"13.2. Approval of vehicles equipped with direct injection
compression-ignition engines:

For vehicles of category M 1 5/ up to 1 July 1994 for type-approval
and up to 31 December 1994 for the initial entry into service, and

for vehicles of category N 1 6/ up to 1 October 1994 for
type-approval and up to 1 October 1995 for the initial entry into
service,

the limit values for the combined mass of hydrocarbons and nitrogen
oxides and for the mass of particulates of vehicles fitted with
compression-ignition engines of the direct-injection type are those
obtained by multiplying the values L2 and L4 in the tables in
paragraph 5.3.1.4. (type-approval) and 8.1.1.1. (conformity check)

by a factor of 1.4.
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5/ Except:

- vehicles designed to carry more than six occupants including
the driver;
- vehicles whose maximum mass exceeds 2,500 kg.
6/ And those category M vehicles which are specified in note 5 A

Paragraph 13.3. , amend to read:

"13.3. B or C approval for underpowered vehicles with a maximum speed not
exceeding 130 km/h:

13.3.1. For vehicles of category M 5 _/ with a maximum engine power of no more
than 30 kW and a maximum speed not exceeding 130 km/h, the maximum
speed of the extra-urban cycle (part two) is limited to 90 km/h
until 1 July 1994,

13.3.2. For vehicles of category N . 6/ with a power-to-weight ratio of no

more than 30 kW/t 11 / and a maximum speed not exceeding 130 km/h,
the maximum speed of the extra-urban cycle (part two) is limited to
90 km/h until 1 January 1996 for vehicles of category | and until

1 January 1997 for vehicles of categories Il and Ill.

After these dates, vehicles which do not attain the acceleration and
maximum speed values required in the operating cycle must be
operated with the accelerator control fully depressed until they

once again reach the required operating curve. Deviations from the
operating cycle must be recorded in the test report.

5/ Except:
- vehicles designed to carry more than six occupants including
the driver,;
- vehicles whose maximum mass exceeds 2,500 kg.

6/ And those category M vehicles which are specified in note 5 /.

11/ Technically permissible laden mass as stated by the
manufacturer."
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Annex 2, amend to read:
Item 7 , should be deleted,;
Items 8., 8.1., 9. and 10. , renumber as items 7., 7.1., 8. and 9.;
Item 11. , should be deleted;
ltems 12. to 12.3. , renumber as items 10. to 10.3;;
Item 12.4. , should be deleted;
Items 13. to 17. , renumber as items 11. to 15;
Items 18. and 18.1. , renumber as items 16. and 16.1., and amend to read:
"16. Test type I:
16.1. Results of approval tests: Carried out according to annex 4: 2 |
CO: . e gltest or glkm 2/
(HC + NQ): . . . . . . . . o o gltest or glkm 2/
Particulates: . . . ... ..o gltest or g/km 2 /"
Items 18.2. to 18.6. , renumber as items 16.2. to 16.6.;
Items 19. to 19.3. , should be deleted;
Items 20. to 23. , renumber as items 17. to 20,

ltem 24. , renumber as item 21. and delete the text reading
"1 Photograph of the engine and its compartment.”

Annex 3, in the examples of the approval marks and in the captions below,
amend the approval No. "012439" to read "02 2439" (6 times), and the words
"01 series of amendments" amend to read "02 series of amendments." (three
times)

Annex 4,

Paragraph 7.1. , amend the reference to paragraph "6.6.2." to read
paragraph "6.2.2."
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Annex 5,

Paragraph 2.2. , amend to read:

"2.2. The type Il test

2.2.1. For Approval A, the type Il test shall be carried out immediately

after the completion of the urban cycle (part one) of the type |
test, with the engine at idle and without using the cold-start
device. Immediately before each measurement of carbon monoxide
content, an elementary urban cycle as described in annex 4,
paragraph 2.1. to this Regulation, shall be effected.

2.2.2. For Approval B, vehicles having a mass exceeding 3.5 tonnes, during
the test the environmental temperature must be between 293 and 303 K
(20 | and 30°C). The engine shall be warmed up until all
temperatures of cooling and lubrication means and the pressure of
lubrication means have reached equilibrium."

Paragraph 2.5.2.1. , amend to read:

"2.5.2.1. For Approval A, a measurement at setting used for type | test shall
be performed first;

For Approval B, vehicles having a mass exceeding 3.5 tonnes,
a measurement at the setting in accordance with the conditions fixed
by the manufacturer is performed first."

Annex 6, paragraph 2.1. , amend to read:

"2.1. The type Il test shall be carried out according to provisions given
in Table 1 of this Regulation."
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Paragraph 5.3.1.4.3.1. , in the table, for "Mass of particulates L3 (g/km)",
read "Mass of particulates L4 (g/km)" [concerns the English text only].

Paragraph 5.3.1.4.4. , second paragraph, amend to read:

"... (i.e. carbon monoxide and/or the combined mass of hydrocarbons and
nitrogen oxides and/or the mass of particulates), it shall be
immaterial ..."

Paragraph 7.1.1.2.2. , for "a flywheel of equivalent inertia higher than that
used” read "equivalent inertia higher than that used.”

Paragraph 7.1.1.2.3. , for "a flywheel of equivalent inertia lower than that
used” read “"equivalent inertia lower than that used.”

Paragraph 8.3.1.1.3.1. , in the table, for "Mass of nitrogen oxides L4 (g/km)"
read "Mass of particulates L4 (g/km)" [concerns the English text only].

Annex 4,

Insert the following new paragraph 4.1.4.5.

"4.1.4.5. 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).”

Paragraph 4.5.1. , in the list of "pure gases", insert the following:

Carbon monoxide (minimum purity 99.5%)
Propane (minimum purity 99.5%)".

Paragraph 5.1. |, delete "of the rotating masses".
Paragraph 5.2. , amend the reference to "4.1.4." to read "4.1.5.".
Annex 4, Appendix 2, paragraph 1.2.2. , amend to read:

if V. < 12 km/h:
P, will be between 0 and P , = KV,,® + 5% K\,® + 5% P\4,
(without being negative),

where K is a characteristic ...

Annex 4, Appendix 3

Paragraphs 5.1.2.2.6. and 5.2.2.2.3. , amend the reference to
paragraph "4.1.4.1." to read "4.1.4.2." (twice).

GE.95-21068
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Paragraph 5.4.1.2.7. , amend to read:

"5.4.1.2.7. Calculate the average force absorbed:

Fosd =M. T
where: M = ..."
Paragraph 5.4.2.2.1. , amend to read:

"5.4.2.2.1. Adjustment of the force on the rim at steady speed

On chassis dynamometer, the total resistance is of the

type:

Froad = Fingicateda + Fariving axie rolling

where:

Findicated - is the force absorbed by the dynamometer brake

(indicated on the display system);

Fraa: is the road load power defined in
paragraph 5.4.1.2.7.;

I:driving axle rolling : Sha” be

(a) measured on a chassis dynamometer if possible.
The test vehicle, gearbox in neutral position, is
driven by the chassis dynamometer at the test speed;
the total resistance of the driving axle is then
measured on the force indicating device of the
chassis dynamometer;

(b) determined on chassis dynamometer unable to work as a
generator.

For two-roller chassis dynamometers, the R r Value is
the one which is determined beforehand on the road.

For single-roller chassis dynamometers, the R r Vvalue
is the one which is determined on the road multiplied

by a coefficient (R) which is equal to the ratio

between the driving axle mass and the vehicle total

mass.

Note :  F giving axte rolling is obtained from the curve:
F =1 (V).

Methods (a) and (b) are valid for chassis
dynamometers with compensation of frictional losses."”
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Paragraph 5.4.2.2.4. , amend to read:

"5.4.2.2.4. Set the force F indicated on the absorption brake for the speed
chosen."

Paragraph 5.4.2.2.5. , replace "F " by "F igicaed

Annex 4, Appendix 6

Paragraph 3.2

, amend to read:

"3.2. Via a T-fitting, oxygen or synthetic air is added continuously to the
span gas flow until ...

Paragraph 4.1.1.

4.2.3." to read "4.4.1. and 4.4.2."

Annex 4, Appendix 8, paragraph 1.1. , amend to read:

"1.1. Mass emissions of gaseous pollutants shall be calculated by means of

the following equation:

Annex 7

Paragraphs 7.2.2. and 7.3.2 , amend the value "370 + 10 mm of H

m =V, XQ xk,xC x 10° (gltest)
when mass emissions are expressed in g/test;

m
M = - (9/km)
d

when emissions are expressed in g/km;

in these formulae:

m = mass emission of the pollutant (i) in g/test;
M = mass emission of the pollutant (i) in g/km;
V,

mix = Vvolume ...

"3.630 = O.1 kPa" (twice).

Paragraph 7.2.4 ., amend the value "50 mm H ,0" to read "0.490 kPa".

, amend the reference to paragraph numbers "4.2.2. and

,0" to read

Paragraph 7.3.5 ., amend the value "100 mm H ,0" to read "0.980 kPa".
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Paragraph 1.1., the third subparagraph correct to read:

to exhaust emission and durability of pollution control devices of all
vehicles of categories M, */ and N, */ equipped with compression-ignition
engines, and having at least four wheels.

It does not ...*

Annex 4-Appendix 8, page 121, the .first formula correct to read:

Voix X Q4 X ky x C; x 1076

Mi = d (1)

Annex 4-Appendix 8, page 123, thé first formula correct to read:

k, = 1
1 -0.0329 (H-10.71) (6)

GE.93-23138
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Reguilation No. 83

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

1. SCOPE
1.1. This Regulation applies:

to exhaust emissions and crankcase gaseous emissions of all vehicles of
categories M1 */ and N1 */, equipped with positive-ignition engines fuelled
with leaded petrol,

to exhaust emissions, crankcase gaseous emissions, evaporative emissions,
and durability of pollution-control devices of all vehicles of categories M1 */
and N1 */ equipped with positive-ignition engines fuelled with unleaded petrol,
and

to exhaust emission and durability of poliution control devices of all vehicles
of categories M1 -/ and N2 */ equipped with compression-ignition engines,
and having at least four wheels.

It does not apply to vehicles with an unladen mass of less than 400/kg, or to
vehicles with a design speed not exceeding 50 km/h.

At the request of the manufacturers, type-approval according to this Regulation
may be extended from M1 or N1 vehicles equipped with compression-ignition
engines which have already been type-approved to M2 or N2 vehicles having a
reference mass not exceeding 2,840 kg and meeting the conditions of
paragraph 7 (extension of approval).

1.2. Any Contracting Party applying the present Regulation can specify, in the
framework of its own national regulations, the classes of vehicles that must run on
unleaded petrol and comply with the paragraphs 5.3.1.4.2. and 8.3.1.1.2. of this
Regulation.

1.3. Paragraph 7.5. of the present Regulation, allows a manufacturer to ask for an
approval corresponding to the specifications (cf. para. 5.3.1.4.1.) for vehicles
designed to run on unleaded petrol notwithstanding the provisions of
paragraph 1.2. above.

1.4, The basic measurement methods in the present Regulation are taken from
Regulation No. 15, as amended by the 04 series of amendments; so all test
results obtained according to Regulation No. 15 as amended by the 04 series can
be used, whenever appropriate, when granting an approval according to this
Regulation.

Wi As defined in annex 7 of the Consolidated Resolution on the Construction of
Vehicles (R.E.3) (document TRANS/SC1/WP29/78/Amend.3).



E/ECE/324
E/ECE/TRANS/505 } Rev.1/Add.82/Rev.1
Regulation No. 83
page 8
1.5. More specifically, for cars designed to run on leaded petrol, the Regulation No. 15
as amended by the 04 series and this Regulation are identical, hence an approval
according to Regulation No. 15 as amended by the 04 series can be
automaticaily converted into an approval to this Regulation granted according to
paragraph 5.3.1.4.1.
2. DEFINITIONS
For the purposes of this Regulation:
2.1, "Approval of a vehicle" means the approval of a vehicle type with regard to the
limitation of the following conditions:
Limitation of emissions of gaseous pollutants by the engine and crankcase
emissions of vehicles fuelled with leaded petrol (Approval A);
Limitation of emissions of gaseous pollutants by the engine, evaporative
emissions, crankcase emissions and durability of pollution control devices of
vehicles fuelled with unleaded petrol (Approval B);
Limitation of emissions of gaseous and particulate pollutants, crankcase
emissions and durability of pollution control devices of vehicles fuelled with
diesel fuel (Approval C);
22 "Fuel requirement by the engine”, the type of fuel normally used by the engine:
leaded petrol,
unleaded petrol,
diesel fuel;
23. "Vehicle type" means a category of power-driven vehicles which do not differ in
such essential respects as:
2.3.1. the equivalent inertia determined in relation to the reference mass as prescribed
in annexes 4 and 4A, paragraph 5.1., to this Regulation, and,
2.3.2. the engine and vehicle characteristics as defined in paragraph 1 of annex 1 and
in annex 2 to this Regulation;
24, "Reference mass" means
the "unladen mass" of the vehicle increased by a uniform figure of 100 kg for
test according to annex 4,
the "unladen mass" of the vehicle increased by a uniform figure of 136 kg for
test equivalent according to annex 4A;
241. "Unladen mass" means the mass of the vehicle in running order without crew,

passengers or load, but with the fuel tank full and the usual set of tools and spare
wheel on board, where applicable;
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25. "Maximum mass" means the technically permissible maximum mass declared by
the vehicle manufacturer (this mass may be greater than the maximum mass
authorized by the national administration);

2.6. "Gaseous pollutants" means carbon monoxide, hydrocarbons (assuming a ratio of
CH, ), and oxides of nitrogen, the latter being expressed in nitrogen dioxide
(NO,) equivalent;

27. "Particulate pollutants" means components of the exhaust gas which are removed
from the diluted exhaust gas at a maximum temperature of 325 K (52° C) by
means of the filters described in annexes 4 and 4A;

2.8. "Exhaust emissions" means:

for positive-ignition engines, emissions of gaseous poliutants;
for compression-ignition engines, emissions of gaseous and particular pollutants;

2.9. "Evaporative emissions" means the hydrocarbon vapours lost from the fuel
system of a motor vehicle other than those from exhaust emissions:

29.1. "Tank breathing losses" are hydrocarbon emissions caused by temperature
changes in the fuel tank (expressed as C,H, ,, equivalent);

29.2. "Hot soak losses" are hydrocarbon emissions arising from the fuel system of a
stationary vehicle after a period of driving (expressed as C,H,,, equivalent).

2.10. "Engine crankcase" means the spaces in or external to an engine which are
connected to the oil sump by internal or external ducts through which gases and
vapours can escape;

211, "Cold start device" means a device which enriches the air/fuel mixture of the
engine temporarily. Thus, assisting engine start up;

212, "Off-road vehicle" means a vehicle which meets the conditions specified in
annex 10;

2.13. "Starting aid" means a device which assists engine start up without enrichment of

the air/fuel mixture of the engine, e.g. glow plug, injection timing change, etc.;
2.14. Engine capacity means;
2.14.1. For reciprocating piston engines, the nominal engine swept volume;

2.14.2, For rotary piston engines (Wankel), twice the nominal swept volume of a
combustion chamber per piston;

2.15, "Pollution control devices" means those components of a vehicle that control
and/or limit exhaust and evaporative emissions.
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3. APPLICATION FOR APPROVAL
Exhaust emissions, evaporative emissions and durability of pollution-control
devices according to the fuel requirements of the engine.

3.1. The application for approval of a vehicle type with regard to exhaust emissions,
evaporative emissions and durability of pollution control devices shall be
submitted by the vehicle manufacturer or by his authorized representative.

3.2. It shall be accompanied by the undementioned documents in triplicate and the
following particulars: ‘

3.2.1. a description of the engine type comprising all the particulars referred to in
annex 1;

3.2.2. drawings of the combustion chamber and of the piston, including the piston rings;

3.2.3. maximum lift of valves and angles of opening and closing in relation to dead
centres;

3.2.4. a description of the evaporation control system installed in the vehicle;

3.2.5. particulars concerning the vehicle as shown in annex 2;

3.2.6. in the case of vehicles equipped with positive-ignition engines, a statement of
whether either paragraph 5.1.2.1. (restricted orifice) or paragraph 5.1.2.2.
(marking) applies, and in the latter case, a description of the marking;

3.2.7. when appropriate, copies of other approvals with the relevant data for extensions
of approvals and establishment of deterioration factors.

3.3. A vehicle representative of the vehicle type to be approved shall be submitted to
the technical services responsible for conducting approval tests for the tests
referred to in paragraph 5 of this Regulation.

4, APPROVAL

41, If the vehicle type submitted for approval pursuant to this Regulation meets the
requirements of paragraphs 5 and 6 below, approval of that vehicle type shall be
granted.

42 An approval number shall be assigned to each type approved. Its first two digits
shall indicate the series of amendments incorporating the most recent major
technical amendments made to the Regulation at the time of issue of the
approval. The same Contracting Party shall not assign the same number to
another vehicle type.

43. Notice of approval or of extension or refusal of approval of a vehicle type

pursuant to this Regulation shall be communicated to the Parties to the
Agreement which apply this Regulation by means of a form conforming to the
model in annex 2 to this Regulation.
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4.3.1. In the event of amendment to the present Regulation, for example, if new limit
values are prescribed, the Parties to the Agreement shall be informed which
vehicle types already approved comply with the new provisions.

44, There shall be affixed, conspicuously and in a readily accessible place specified
on the approval form, to every vehicle conforming to a vehicle type approved
under this Regulation, an international approval mark consisting of:

441, a circle surrounding the letter "E" followed by the distinguishing number of the
country which has granted approval; '

442, the number of this Regulation, followed by the letter "R", a dash and the approval
number to the right of the circle described in paragraph 4.4.1.

443. The following additional symbols corresponding to emission level normally
required according to fuel requirements shall be affixed near the above approval
mark:

A - if corresponding to level of emissions of gaseous pollutants normally
required for an engine fuelled with leaded petrol,

B - if corresponding to the level of emissions of gaseous pollutants, crankcase
emissions, evaporative emissions and durability of pollution control devices
normally required for an engine fuelled with unleaded petrol;

C - if corresponding to the level of gaseous and particulate emissions, and
durability of pollution control devices normally required for an engine fuelled
with diesel fuel.

45, If the vehicle conforms to a vehicle type approved, under one or more other
Regulations annexed to the Agreement, in the country which has granted
approval under this Regulation, the symbol prescribed in paragraph 4.4.1. need
not be repeated; in such a case, the Regulation and approval numbers and the
additional symbols of all the Regulations under which approval has been granted
in the country which has granted approval under this Regulation shall be placed
in vertical columns to the right of the symbol prescribed in paragraph 4.4.1.

4.6. The approval mark shall be clearly legible and be indelible.
4.7. The approval mark shall be placed close to or on the vehicle data plate.
4.8. Annex 3 to this Regulation gives examples of arrangements of the approval mark.

' 1 for Germany, 2 for Francs, 3 for italy, 4 for the Netherlands, 5 for Sweden, 6 for Belgium, 7 for

Hungary, 8 for the Czech Republic, 9 for Spain, 10 for Yugoslavia, 11 for the United Kingdom, 12 for Austria,
13 for Luxembourg, 14 for Switzerland, 15 - (vacant), 16 for Norway, 17 for Finland, 18 for Denmark, 19 for
Romania, 20 for Poland, 21 for Portugal, 22 for Russian Federation, 23 for Greece and 26 for Slovenia.
Subsequent numbers shall be assigned to other countries in the chronological order in which they ratify the
Agreement concerning the Adoption for Uniform Conditions of Approval and Reciprocal Recognition of Approval
for Motor Vehicle Equipment and Parts, or in which they accede to that Agreement, and the numbers thus
assigned shall be communicated by the Secretary-General of the United Nations to the Contracting Parties to
the Agreement.
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5. SPECIFICATIONS AND TESTS 2
5.1. General

511, The components liable to affect the emission of gaseous pollutants shall be so
designed, constructed and assembled as to enable the vehicle, in normal use,
despite the vibration to which they may be subjected, to comply with the
provisions of this Regulation.

The technical measures taken by the manufacturer must be such as to ensure
that in conformity with the provisions of this Regulation, exhaust gas and
evaporative emissions are effectively limited throughout the normal life of the
vehicle and under normal conditions of use. For exhaust emissions, these
provisions are deemed to be met if the provisions of paragraphs 5.3.1.4. and
8.3.1.1. respectively are complied with.

If an oxygen sensor is used in the catalytic converter system, steps must be
taken to ensure that the stoichiometric air-fuel ratio (lambda) is maintained when
a certain speed is reached or when accelerating. However, temporary variations
in this ratio are permissible if they also occur during the test defined in
paragraphs 5.3.1. and 8.3.1. respectively, or if these variations are necessary for
safe driving and for the correct operation of the engine and of components which
affect pollutant emissions or if these variations are necessary for cold starting.

5.1.2. A vehicle equipped with a positive-ignition engine and fuelled with unleaded petrol
shall satisfy paragraphs 5.1.2.1. or 5.1.2.2. below.

51.2.1. Subject to paragraph 5.1.2.2,, the inlet orifice of the fuel tank shall be so designed
as to prevent the tank from being filled from a petrol pump delivery nozzle which
has an external diameter of 23.6 mm or greater.

5.1.2.2. Paragraph 5.1.2.1. shall not apply to a vehicle in respect of which both of the
following conditions are satisfied, i.e.:

5.1.2.2.1. the vehicle is so designed and constructed that no device designed to control the
emission of gaseous pollutants shall be adversely affected by leaded petrol, and;

2 As an alternative to the requirements of this section, vehicle manufacturers whose worldwide annual

production is less than 10,000 units may obtain type-approval on the basis of the corresponding technical
requirements in:

The Code of Federal Regulations, Title 40, Part 86, Subparts A and B, applicable to 1987 model year light
duty vehicles, revised as of 1 July 1989 and published by the US Government printing office, or;

The "Master Document”, in its final version dated 25 September 1987, prepared by the international
meeting in Stockholm on Air Pollution by Motor Vehicles, entitled “Control of Air Pollution from Motor
Vehicles - General Provisions for Emission Regulations for Light Motor Vehicles".
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5.1.22.2. the vehicle is conspicuously, legibly and indelibly marked with the symbol for
unleaded petrol, specified in ISO 2575-1982, in a position immediately visible to a
person filling the fuel tank. Additional markings are permitted.

5.2. Test procedure

Table 1 illustrates the various possibilities for type-approval of a vehicle.

5.2.1. With the exception of vehicles referred to in paragraph 5.3.1.4.1. (Approval A) and
paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B), positive-ignition vehicles
shall be subjected to the following tests:

Type | (verifying the average exhaust emissions after a cold start);
Type Ill (emissions of crankcase gases);

Type IV (evaporative emissions);

Type V (durability of pollution control devices).

5.2.2. The vehicles equipped with positive-ignition engines referred to in paragraph
5.3.1.4.1. (Approval A) and paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B)
shall be subjected to the following tests:

Type | (verifying the average exhaust emissions after a cold start);
Type |l (carbon monoxide emission at idling speed);
Type Il (emissions of crankcase gases).

5.2.3. With the exception of the vehicles referred to in paragraphs 5.3.1.4.3.2. and
5.3.1.4.3.3. (Approval C), vehicles equipped with compression-ignition engines
shall be subjected to the following tests:

Type | (verifying the average exhaust emissions after a cold start);
Type V (durability of pollution control devices).

5.2.4, The vehicles equipped with compression-ignition engines referred to in
paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. shall be subjected to the following test:

Type | (verifying the average exhaust emissions after a cold start - gaseous
poliutants only).
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5.3. Description of tests
5.3.1. Type | test (verifying the average exhaust emissions after a cold start)
5.3.1.1. Figure 2 illustrates the various possibilities for the type | test.

This test must be carried out on all vehicles referred to in paragraph 1, of a
maximum mass not exceeding 3.5 tonnes.

5.3.1.2. The vehicle is placed on a chassis dynamometer equipped with a means of load
and inertia simulation.

5.3.1.2.1. With the exception of the vehicles referred to in paragraphs 5.3.1.4.1.1. and
5.3.1.4.1.2. (Approval A), paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B)
and paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. (Approval C), a test lasting a total of
19 minutes and 40 seconds, made up of two parts, one and two, shall be carried
out without interruption.

The idling period between the last deceleration of the last elementary urban cycle
(part one) and the first acceleration of the extra-urban cycle (part two) may be
extended, with the manufacturer's approval, for an unsampled period of not more
than 20 seconds in order to facilitate adjustment of the test equipment.

5.3.1.2.2. Part one of the test is made up of four elementary urban cycles. Each
elementary urban cycle comprises 15 phases (idling, acceleration, steady speed,
deceleration, etc.).

5.3.1.2.3. Part two of the test is made up of one extra-urban cycle. The extra-urban cycle
comprises 13 phases (idling, acceleration, steady speed, deceleration, etc.).

5.3.1.2.4. For the vehicles referred to in paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2.
(Approval A), paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B) and
paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. (Approval C), a test lasting a total of
13 minutes and comprising only four elementary urban cycles (part one) shall be
carried out without interruption.

5.3.1.2.5. During the test, the exhaust gases shall be diluted and a proportional sample
collected in one or more bags. The exhaust gases of the vehicle tested shall be
diluted, sampled and analysed, following the procedure described below, and the
total volume of the diluted exhaust gases measured.

Not only the carbon monoxideu, hydrocarbon and nitrogen oxide emissions, but
also the particulate pollutant emissions from vehicles equipped with
compression-ignition engines must be recorded.

5.3.1.3. The test shall be carried out using the procedure described in annex 4. The

methods used to collect and analyse the gases and collect and weigh the
particulates must be as prescribed.
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53.1.4. Subject to the requirements of paragraphs 5.3.1.4.5. and 5.3.1.5. the test shall be
repeated three times. Except for the vehicles referred to in paragraphs
5.3.1.4.1.1. and 5.3.1.4.1.2. (Approval A), paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3.
(Approval B) and paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. (Approval C), for each
test the results shall be multiplied by the appropriate deterioration factors set out
in paragraph 5.3.5. The resulting masses of gaseous emissions and, in the case
of vehicles equipped with compression-ignition engines, the mass of particulates
obtained in each test must be less than the limits shown in the tables below for
the appropriate category of vehicle:
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FIGURE 1

Flow chart for the approval system

Type | tests (see paragraph 5.3.1.)

. Onetest EEC type-approval
es
o
yes
Vi > LIOL
[ no
Two tests
V, <085L yes
and vi[ + vil < 1,70 L
[ no
Vo> LIOL
1o Vi > L
and viz > L
I no
Three tests
V“ < L ycs
and V;J <L !
[
- Via> 1ILIOL
yes or vil =L
and Vo= L i
or Vaz L
and VaL
e
(Vi + Vo + Vu)/3 <L e
=
yes :
(Vi + Vo + V)73 > ILIL refused
]
- no
Options: )
To increase the number yes YV <L yes
of tests to 10 (n = 10) granted
(n = 10)
no



E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
page 18

} Rev.1/Add.82/Rev.1

5.3.1.4.1. Emission levels of gaseous pollutants normally required for
vehicles fuelled with leaded petrol (Approval A)

5.3.1.4.1.1. For all vehicles of category M1 equipped with a positive-ignition engine fuelied
with leaded petrol, the limits, as a function of given reference mass, shall be:

Reference mass Carbon monoxide Hydrocarbons and Oxides of
(Rm) (kg) L1 (g/test) Nitrogen combined
L2 (ghest)
Rm < 1020 58 19
1 020 < Rm < 1250 67 20.5
1 250 < Rm < 1470 76 22
1 470 < Rm < 1700 84 235
1 700 < Bm < 1930 93 25
1930 < Rm < 2150 101 26.5
2150 < Rm 110 28

5.3.1.4.1.2. For vehicles of category N1 equipped with a positive-ignition engine, fuelled with
leaded petrol, the limits are those specified in paragraph 5.3.1.4.1.1.; however,
the limits for the combined mass of hydrocarbons and nitrogen oxides (L2) are to
be multiplied by a factor of 1.25.

5.3.1.4.2. Emission levels of gaseous pollutants normally required for
vehicles fuelled with unleaded petrol (Approval B)

5.3.1.4.2.1. For all M1 vehicles equipped with a positive-ignition engine fuelled with unleaded
petrol (except for those defined in paragraph 5.3.1.4.2.2.), the limits shall be:

Carbon monoxide Hydrocarbons and Oxides of Nitrogen
L1 (g/km) combined
L2 (g/lkm)
2.72 0.97

5.3.1.4.2.2. For vehicles of category M1 equipped with a positive-ignition engine fuelled
with unleaded petrol, that are either:

off-road vehicles (as defined in paragraph 1 of annex 10),
vehicles with a maximum mass exceeding 2.5 tonnes,
vehicles designed to carry more than six occupants including the driver,

the limits to be applied are those specified in the table of paragraph
5.3.1.4.1.1. of this Regulation.

5.3.1.4.2.3. For vehicles of category N1 equipped with a positive-ignition engine fuelled
with unleaded petrol, the limits to be applied are those specified in the table of
paragraph 5.3.1.4.1.1. of this Regulation.
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5.3.1.4.3. Exhaust emission levels normally required for vehicles fuelled with diesel fuel

(Approval C)

5.3.1.4.3.1. For vehicles of category M1 equipped with a compression-ignition engine
fuelled with diesel fuel (except for those defined in paragraph 5.3.1.4.3.2., the

limits shall be:
Mass of carbon monoxide | Mass of hydrocarbons and nitrogen Mass of
L1 (g/km) oxides combined Particulates
L2 (g/km) L3 (g/km)
2.72 0.97 0.14

5.3.1.4.3.2. For vehicles of category M1 equipped with a compression-
ignition engine fuelled with diesel fuel, that are either:

off-road vehicles (as defined in paragraph 1 of annex 10),
vehicles with maximum mass exceeding 2.5 tonnes,
vehicles designed to carry more than six occupants including the driver,

the limits to be applied are those specified in the table of paragraph 5.3.1.4.1.1. of
this Regulation.

5.3.1.4.3.3. For vehicles of category N1 equipped with a compression-ignition engine fuelled
with diesel fuel, the limits to be applied are those specified in the table of
paragraph 5.3.1.4.1.1. of this Regulation.

5.3.1.4.4. Nevertheless, for each of the pollutants referred to in the foregoing paragraphs,
not more than one of the three results obtained may exceed by not more than
10% the limit prescribed in that paragraph for the vehicle concemed, provided the
arithmetical mean of the three results is below the prescribed limit.

Where the prescribed limits are exceeded for more than one pollutant (i.e. carbon
monoxide and/or the combined mass of hydrocarbons and nitrogen oxides and/or
nitrogen oxides), it shall be immaterial whether this occurs in the same test or in
different tests.”

5.3.1.45. The number of tests prescribed in paragraph 5.3.1.4. may, at the request of the
manufacturer, be increased to 10 provided that the arithmetical mean ( x,) of
the first three results obtained for each pollutant or combined total of two
pollutants falls between 100% and 110% of the limit.in this case, the decision,
after testing, shall depend exclusively on the average results obtained from all
10 tests ( x < L).

5.3.1.5. The number of tests prescribed in paragraph 5.3.1.4. shall be reduced in the
conditions hereinafter defined, where V, is the result of the first test and V, the

7 If one of the three results obtained for any of the pollutants exceeds by more than 10% the limit prescribed

in paragraph 5.3.1.4. for the vehicle concerned, the test may be continued as specified in paragraph 5.3.1.4.5.
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result of the second test for each pollutant or for the combined emission of two
pollutants subject to limitation.

5.3.1.5.1. Only one test shall be performed if the result obtained for each pollutant or for the
combined emission of two pollutants, subject to limitation, is less than or equal to
0.70L (i.e. V, < 0.70L).

5.3.1.5.2. If the requirement of paragraph 5.3.1.5.1. is not satisfied, only two tests shall be
performed if, for each poliutant, or for the combined emission of two pollutants
subject to limitation, the following requirements are met:

V, < 085L; V,+V, < 1.70L: V, < L

53.2. Type |l test (carbon monoxide emission test at idling speed)
5.3.2.1. With the exception of vehicles equipped with compression-ignition engines, this

test shall be carried out on all vehicles referred to in paragraphs 5.3.1.4.1.1. and
5.3.1.4.1.2. (Approval A), and paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3.
(Approval B).

5.3.2.2. When tested in accordance with conditions set out in annex 5, the carbon
monoxide content by volume of the exhaust gases emitted with the engine idling
must not exceed 3.5% at the settings used for the Type | test and must not
exceed 4.5% within the range of adjustments specified in annex 5.

5.3.23. Conformity with the last preceding requirement shall be checked by a test carried
out by the procedure described in annex 5 to this Regulation.

5.3.3. Type [l test (verifying emissions of crankcase gases)
5.3.3.1. This test shall be carried out on all vehicles referred to in paragraph 1. except

those having compression-ignition engines.

5.3.3.2. When tested in accordance with the conditions set out in annex 6, the crankcase
ventilation system must not permit the emission of any of the crankcase gases
into the atmosphere.

5.3.3.3. Conformity with the last preceding requirement shall be checked by a test carried
out by the procedure described in annex 6 to this Regulation.

5.3.4. Type |V test (determination of evaporative emissions)
5.3.4.1. This test shall be carried out on all vehicles referred to in section 1 except those

vehicles having compression-ignition engines and those vehicles referred to in
paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2. (Approval A) and paragraphs 5.3.1.4.2.2.
and 5.3.1.4.2.3. (Approval B).

5.3.4.2. When tested in accordance with the conditions set out in annex 7, evaporative
emissions shall be less than 2 g/test.
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5.3.5. Type V test (durability of poliution control equipment)
5.3.5.1. This test shall be carried out on all vehicles referred to in section 1, with the

exception of those vehicles referred to in paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2.
(Approval A), paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B) and
paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. (Approval C).

The test represents an endurance test of 80,000 km driven in accordance with a
programme described in annex 8 on a test track, on the road or on a chassis
dynamometer.

5.3.5.2. Notwithstanding the requirements of paragraph 5.3.5.1., a manufacturer may
choose to use the deterioration factors from the following table as an alternative
to the test set out in paragraph 5.3.5.1:

Deterioration Factors

Engine Category

CO HC + NOx Particulates
(1) Positive-ignition 1.2 1.2
(i) Compression-ignition 1.1 1.0 1.2

At the request of the manufacturer, the technical service may carry out the type |
test before the type V test has been completed using the deterioration factors in
the table above. On completion of the type V test, the technical service may then
amend the type-approval results, recorded in annex 2, by replacing the
deterioration factors in the table above with those measured in the type V test.

5.3.5.3. Deterioration factors shall be determined either by using the procedure set out in
paragraph 5.3.5.1. or by using the values in the table in paragraph 5.3.5.2. The
factors are used to establish compliance with the requirements of paragraphs
5.3.1.42,531.4.3, 83.1.1.2. and 8.3.1.1.3.

6. MODIFICATIONS OF THE VEHICLE TYPE

6.1. Every modification of the vehicle type shall be notified to the administrative
department which approved the vehicle type. The department may then either:

6.1.1. consider that the modifications made are unlikely to have an appreciable adverse
effect and that in any case the vehicle still complies with the requirement; or

6.1.2. require a further test report from the technical service responsible for conducting
the tests.
6.2. Confirmation or refusal of approval, specifying the alterations, shall be

communicated by the procedure specified in paragraph 4.3. above to the Parties
to the Agreement which apply this Regulation.
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6.3 The competent authority issuing the extension of approval shall assign a series
number to the extension and inform thereof the other Parties to the 1958
Agreement applying this Regulation by means of a communication form
conforming to the model in annex 2 to this Regulation.

7. EXTENSION OF APPROVAL

7.1. Extensions concerning exhaust emissions (type | and type Il tests)

74.1. Vehicle types of different reference masses

Approval granted to a vehicle type may, under the following conditions, be
extended to vehicle types which differ from the type approved only in respect of
their reference mass.

7.1.1.1. Vehicles other than those referred to in paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2.
(Approval A), paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B) and
paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. (Approval C).

Approvals may be extended only to vehicle types of a reference mass requiring
the use of the next higher equivalent inertia or any lower equivalent inertia.

7.1.1.2. Vehicles other than those referred to in paragraphs 5.3.1.4.1.1. and 5.3.1.4.1.2.
(Approval A), paragraphs 5.3.1.4.2.2. and 5.3.1.4.2.3. (Approval B) and
paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3. (Approval C).

7.1.1.2.1. Approval may be extended only to vehicle types of a reference mass requiring
merely the use of the next higher or next lower equivalent inertia.

7.1.1.2.2. If the reference mass of the vehicle type for which extension of the approval is
requested requires the use of a flywheel of equivalent inertia higher than that
used for the vehicle type already approved, extension of the approval shall be
granted.

7.1.1.2.3. If the reference mass of the vehicle type for which extension of the approval is
requested requires the use of a flywheel of equivalent inertia lower than that used
for the vehicle type already approved, extension of the approval shall be granted
if the masses of the pollutants obtained from the vehicle already approved are
within the limits prescribed for the vehicle for which extension of the approval is

requested.
7.2. Vehicle types with different overall gear ratios
7.2.1. Approval granted to a vehicle type may under the following conditions

be extended to vehicle types differing from the type approved only in respect of
their overall transmission ratios: ’
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72.1.1. For each of the transmission ratios used in the type | test, it shall be
necessary to detemine the proportion:

where V, and V, are respectively the speed at 1,000 rpm. of the engine of the
vehicle type approved and the speed of the vehicle type for which extension of
the approval is requested.

7.2.2. If for each gear ratio E < 8%, the extension shall be granted without repeating
the type | tests.

7.2.3. If for at least one gear ratio E > 8% and if for each gear ratio E < 13%, the
type | tests shall be repeated, but may be performed in a laboratory chosen by
the manufacturer subject to the approval of the administration granting
approval. The report of the tests shall be sent to the technical service
responsible for the type approval tests.

7.3. Vehicle types of different reference masses and different overall
transmission ratios

Approval granted to a vehicle type may be extended to vehicle types differing
from the approved type only in respect of their reference mass and their
overall transmission ratios, provided that all the conditions prescribed in
paragraphs 7.1. and 7.2. above are fulfilled.

74, Vehicle types equipped with a positive-ignition engine which presents only
differences about fuel requirements

A vehicle type equipped with a positive-ignition engine adjusted according to
the manufacturer's specifications to run on unleaded petrol, but for which the
emission level requirements correspond to the limits specified in paragraph
5.3.1.4.1.1. can be granted an "A" approval as provided for in paragraph 4.4.3.

In this case, approval shall be extended for the leaded petrol functioning
adjustments.

7.5. Note

When a vehicle type has been approved in accordance with the provisions of
paragraphs 7.1. to 7.4. above, this approval may not be extended to other

vehicle types.
7.6. Evaporative emissions (type IV_test)
7.6.1. Approval granted to a vehicle equipped with a control system for evaporative

emissions may be extended under the following conditions;
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7.6.1.1. The basic principle of fuel/air metering (e.g. single point injection, carburettor)
must be the same.
7.6.1.2. The shape of the fuel tank and the material of the fuel tank and liquid fuel hoses
must be identical. The cross-section and approximate hose length must be
identical, with the worst case (length of hoses) for a family which has been tested.
The technical service responsible for the type-approval tests shall decide whether
non-identical vapour/liquid separators are acceptable.
The fuel tank volume shall be within a range of + 10%. The setting of the tank
relief valve must be identical.
7.6.1.3. The method of storage of the fuel vapour must be identical, e.g. carbon trap form
and volume, storage substance, air filter (if used for evaporative emission control).
7.6.1.4. The fuel volume of the carburettor chamber must fall within a 10 millilitre range.
7.6.1.5. The method of purging the stored vapour must be identical (e.g. air flow, start
point or purge volume over driving cycle).
7.6.1.6. The method of sealing and venting of the carburettor must be identical.
7.6.2. Further notes:
0] Different engine sizes shall be allowed.
(ii) Different engine powers shall be allowed.
(i)  Automatic and manual gearboxes, two and four wheel transmissions shall
be allowed.
(iv)  Different body styles shall be allowed.
(v) Different sizes of wheels and tyres shall be allowed.
7.7. Durability of pollution control devices (type V test)
7.7.1. Approval granted to a vehicle type may be extended to different vehicle types,

provided that the engine/pollution control system combination is identical to that of
the vehicle already approved.

To this end, those vehicle types whose parameters described below are identical
to or remain within the limit values prescribed shall be considered as belonging to
the same engine/pollution control system combination:

7711, Engine:

Number of cylinders,

Engine capacity (+ 15%),
Configuration of the cylinder block,
Number of valves,

Fuel system,

Type of cooling system,
Combustion cycle.
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7.71.2. Pollution control system:

Catalytic converter:
Number of catalytic converters and elements,
Size and shape of catalytic converters (volume + 10%),
Type of catalytic activity (oxidizing, three-way, etc.),
Precious metal load (identical or higher),
Precious metal ratio (+ 15%),
Substrate (structure and material),
Cell density,
Type of casing for the catalytic converter(s),
Location of catalytic converter(s) (position and dimension in the exhaust
system that does not produce a temperature variation of more than 50 K
at the inlet to the catalytic converter).

Air injection:
With or without.
Type (pulsair, air pumps, etc.).

EGR (exhaust gas recycle) (with or without).

7.71.3. Inertia category: the inertia category immediately above and any equivalent
inertia category below.

7714 The durability test may be carried out by using a vehicle, the body style, gear box
(automatic or manual) and size of the wheels or tyres of which are different from
those of the vehicle type for which the type-approval is sought.

8. CONFORMITY OF PRODUCTION

8.1. Every vehicle bearing an approval mark as prescribed under this Regulation shall
conform, with regard to components affecting exhaust emissions and evaporation
emissions, to the vehicle type approved.

8.2. In order to verify conformity as prescribed in paragraph 8.1., a sufficient number
of random checks shall be made on serially-manufactured vehicles bearing the
approval mark required by this Regulation.

8.3. As a general rule, conformity of the vehicle with the approved type shall be
verified on the basis of the description given in the approval form and its annexes,
and if necessary a vehicle shall be subjected to all or some of the tests of types |,
I, Nl and IV referred to in paragraph 5.3.

8.3.1.  For verifying the conformity of the vehicle in a type | test, the following procedure
is adopted:
8.3.1.1. A vehicle shall be taken from the series and subjected to the test described in

paragraph 5.3.1. The deterioration factors shall be applied in the same way for
vehicles having category B or C approvals. However, the limits shown in
paragraph 5.3.1.4. shall be replaced by the following:
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8.3.1.1.1. Emissions levels of gaseous pollutants normally required for vehicles fuelled with
leaded petrol (Approval A)

8.3.1.1.1.1. The limits shown in paragraph 5.3.1.4.1.1. are replaced by:

Reference mass (Rm) Mass of carbon monoxide Mass of hydrocarbons and
(kg) L1 (g/test) nitrogen oxides combined
L2 (g/test)

Rm < 1020 - 70 23.8
1 020 < BRm < 1250 80 25.6
1250 < Bm < 1470 91 27.5
1 470 < Bm < 1700 101 29.4
1 700 < Rm < 1930 112 313
1930 < Bm < 2150 121 33.1
2 150 < Rm 132 35.0

8.3.1.1.1.2. The limits given in paragraph 5.3.1.4.1.2. are replaced by the limit values given in
the table of paragraph 8.3.1.1.1.1.; however, the values for combined mass of
hydrocarbon and nitrogen oxides are to be multiplied by a factor of 1.25.

8.3.1.1.2. Emission levels of gaseous pollutants normally required for vehicles fuelled with
unleaded petrol (Approval B)

8.3.1.1.2.1. The limits shown in paragraph 5.3.1.4.2.1. are replaced by:

Mass of carbon monoxide Mass of hydrocarbons and
L1 (g/km) nitrogen oxides combined
L2 (g/km)
3.16 1.13

8.3.1.1.2.2. The limits given in paragraph 5.3.1.4.2.2. are replaced by the limit values given
in the table of paragraph 8.3.1.1.1.1.

8.3.1.1.2.3. The limits given in paragraph 5.3.1.4.2.3. are replaced by the limit values given
in the table of paragraph 8.3.1.1.1.1.

8.3.1.1.3. Emission levels of gaseous pollutants normally required for vehicles fuelled
with diesel fuel (Approval C)

8.3.1.1.3.1. The limits shown in paragraph 5.3.1.4.3.1. are replaced by:
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Mass of carbon monoxide Mass of hydrocarbons Mass of nitrogen oxides
L1 (g/km) and nitrogen oxides combined L4 (g/km)
L2 (g/km)
3.16 1.13 0.18

8.3.1.1.3.2. The limits given in paragraph 5.3.1.4.3.2. are replaced by the limit values given
in the table of paragraph 8.3.1.1.1.1.

8.3.1.1.3.3. The limits given in paragraph 5.3.1.4.3.3. are replaced by the limit values given
in the table of paragraph 8.3.1.1.1.1.

8.3.1.2. If the vehicle taken from the series does not satisfy the requirements of
paragraph 8.3.1.1. above, the manufacturer may ask for measurements to be
performed on a sample of vehicles taken from the series and including the
vehicles originally taken. The manufacturer shall determine the size n of the
sample. Vehicles other than the vehicle originally taken shall be subjected to
a single type | test. The result to be taken into consideration for the vehicle
taken originally is the arithmetical mean of the three type | tests carried out on
the vehicle. The arithmetic mean (x) of the results obtained with the sample
and the standard deviation S ®, shall be determined for the carbon monoxide
emission, for the combined hydrocarbon and nitrogen oxides emissions and
the particulate emissions:

Production models are then deemed to conform if the following condition is
met:

x+k.S<L
Where

"L is the limit value laid down in paragraph 8.3.1.1. for the emissions of
carbon monoxide (L1), the combined emissions of hydrocarbons and
nitrogen oxides (L2) and the emissions of particulates (L4);

K" is the statistical factor depending on n and given in the following table:

—2,
s gopiX-X where x is any one of the individual
n-1 results obtained with the sample n.
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n 2 3 4 5 6 7 8 S 1

k 0.973 0.613 0.489 . 0.421 0.376 0.342 0.317 0.296 0.279

k 0.265 0.253 0.242 0.233 0.224 0.216 0.210 0.203 0.198

Ifn>20 k = 0.860
v n
8.3.2. In a type Il or type Il test carried out on a vehicle taken from the series, the

conditions laid down in paragraphs 5.3.2.2. and 5.3.3.2. above must be
complied with.

8.3.3. Notwithstanding the requirements of paragraph 3.1.1. of annex 4 to this
Regulation, the technical service responsible for verifying the conformity of
production may, with the consent of the manufacturer, carry out tests of types
I, 1, Il and IV on vehicles which have been driven less than 3,000 km.

8.4. When tested in accordance with annex 7, the average evaporative emissions
for all production vehicles of the type approved must be less than the limit
value specified in paragraph 5.3.4.2.

8.5. For routine end of production line testing, the holder of the approval may
demonstrate compliance by sampling vehicles which meet the requirements of
paragraph 7 of annex 7.

9. PENALTIES FOR NON-CONFORMITY OF PRODUCTION

9.1. The approval granted in respect of a vehicle type pursuant to this Regulation,
may be withdrawn if the requirements laid down in paragraph 8.1. above are
not complied with or if the vehicle or vehicles taken fail to pass the tests
prescribed in paragraph 8.3. above.

9.2. If a Party to the Agreement which applies this Regulation withdraws an
approval it has previously granted, it shall forthwith so notify the other
Contracting Parties applying this Regulation, by means of a communication
form conforming to the model in annex 2 to this Regulation.

10. MODIFICATION AND EXTENSION OF APPROVAL OF A VEHICLE TYPE

10.1. Every maodification of the vehicle type shall be notified to the administrative
department which approved the vehicle type. The department may then either:

10.1.1. Consider that the modifications made are unlikely to have an appreciable
adverse effect and that in any case the vehicle still complies with the
requirements; or
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10.1.2. Require a further test report from the technical service responsible for
conducting the tests.
10.2. Confirmation or refusal of approval, specifying the alterations shall be

communicated by the procedure specified in paragraph 4.3. above to the
Parties to the Agreement applying this Regulation.

10.3. The competent authority issuing the extension of approval shall assign a series
number for such an extension and inform thereof the other Parties to the 1958
Agreement applying this Regulation by means of a communication form
conforming to the model in annex 2 to this Regulation.

11. PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval completely ceases to manufacture a type of
vehicle approved in accordance with this Regulation, he shall so inform the
authority which granted the approval. Upon receiving the relevant
communication, that authority shall inform thereof the other Parties to the 1958
Agreement applying this Regulation by means of copies of the communication
form conforming to the model in annex 2 to this Regulation.

12. NAMES AND ADDRESSES OF TECHNICAL SERVICES RESPONSIBLE FOR
CONDUCTING APPROVAL TESTS, AND OF ADMINISTRATIVE
DEPARTMENTS

The Parties to the 1958 Agreement which apply this Regulation shall
communicate to the United Nations Secretariat the names and addresses of
the technical services responsible for conducting approval tests and of the
administrative departments which grant approval and to which forms certifying
approval or extension or refusal or withdrawal of approval, issued in other
countries, are to be sent.

13. TRANSITIONAL PROVISIONS RELATING TO APPROVED BOR C
VEHICLES
13.1 The following provisions shall remain applicable until 31 December 1994 for

vehicles newly put into service and type-approved before 1 July 1993:

13.1.1. At the request of the manufacturer, a test equivalent to the type | test for
verifying emissions after a cold start may be conducted according to the
requirements of paragraphs 13.1.1.1. and 13.1.1.2,, for the approval and
verification of production of category M1 vehicles equipped with an engine
whose capacity is greater than or equal to 1,400 cm® and fuelled with
unieaded petrol or with diesel fuel.

The technical service in this case shall carry out the equivalent test described
in annex 4A (EPA cycle) instead of that described in paragraph 5.3.1.

13.1.1.1. Approval B for category M1 vehicles equipped with an engine whose capacity
is greater than or equal to 1,400 cm® and fuelled with unleaded petrol.
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For this vehicle type-approval, the limit values specified in the tables in
paragraphs 5.3.1.4.2.1. are replaced by the following:

mass of carbon monoxide (L1):  2.11 g/km
mass of hydrocarbons (L2): 0.25 g/km
mass of nitrogen oxides (L3): 0.62 g/km

These limit values shall be deemed to be met if they are not exceeded by the
results of tests on a vehicle type when the masses of each pollutant are
mulitiplied by the appropriate deterioration factor from the following table:

Deterioration Factor
Emission Control System

cO HC NOx
Positive-ignition engine equipped
with oxidizing catalytic converter: 1.2 1.3 1.0
Positive-ignition engine not equipped
with catalytic converter: 1.2 1.3 1.0
Positive-ignition engine equipped
with a three-way catalytic converter: 1.2 1.3 1.1

13.1.1.2.  Approval C for category M1 vehicles equipped with an engine whose capacity
is greater than or equal to 1,400 cm® and fuelled with diesel fuel.

For this vehicle type-approval, the limit values specified in the table in
paragraph 5.3.1.4.3.1. are replaced by the following:

mass of carbon monoxide (L1): 2.11 g/km

mass of hydrocarbons (L2): 0.25 g/km
mass of nitrogen oxides (L3): 0.62 g/km
mass of particulates (L4): 0.124 g/km

These limit values shall be deemed to be met if they are not exceeded by the
results of tests on a vehicle type when the masses of each pollutant are
multiplied by the appropriate deterioration factor from the following table:

Deterioration Factor

Emission Control System
co HC NOx Particulates

1. Compression-ignition engine: 1.1 1.0 1.0 1.2

13.1.1.3. When a manufacturer has obtained evidence of deterioration factors specific to
the vehicle type using other certification procedures, those factors may be
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used as an altemative when establishing compliance with the limit values set
out in this paragraph.

13.1.1.4.  For the control of production conformity, vehicles may be taken from the series
and subjected to the test described in annex 4A.

13.1.1.4.1. A failed vehicle is one whose test results, when corrected by the deterioration
factors established for the type approved in accordance with the provisions of
section 13 exceed one or more of the limit values in paragraphs 13.1.1.1. and
13.1.1.2.

13.1.2. For the approval and production conformity of category M1 vehicles
(Approval B), other than those referred to in paragraphs 5.3.1.4.2.2. and
5.3.1.4.2.3., equipped with positive-ignition engines and a capacity of more
than 2,000 cm®, the test method shall be as described in paragraph 5.2.2.

13.1.2.1.  Subject to the requirements of paragraphs 5.3.1.4.5. and 5.3.1.5. the test shall
be performed three times. The mass of carbon monoxide, the combined mass
of hydrocarbons and nitrogen oxides and the mass of nitrogen oxides must be
less than the amounts approved shown in the table below for the
corresponding vehicle categories:

Engine Capacity Mass of Carbon Mass of Hydrocarbons Mass of Nitrogen
Monoxide and Nitrogen Oxides Oxides
combined
C (em?) L1 (ghest) L2 (ghest) L3 (gftest)
C > 2,000 25 6.5 3.5

13.1.2.2.  For the control of production conformity a vehicle shall be taken from the
senes and subjected to the test described in paragraph 5.2.2. However, the
limit values shown in paragraph 13.1.2.1. are replaced by the following
(production) values:

Engine Capacity Mass of Carbon Mass of Hydrocarbons Mass of Nitrogen
Monoxide and Nitrogen Oxides Oxides
. combined
C (em?) Lt (g/test) L2 (g/test) L3 (ghest)

C > 2,000 30 8.1 4.4
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13.1.3. Approvals B and C for category M1 vehicles equipped with an engine whose
capacity is less than 1,400 cm®.

13.1.3.1.  The limit values applicable to this category of vehicle are given in the following

table:
Engine Capacity Mass of Carbon Mass of Hydrocarbons Mass of Particulates °
Monoxide and Nitrogen Oxides
combined
C (cm?) L1 (gftest) ' L2 (gftest) L4(g/test)
C < 1,400 19 5 1.1

13.1.3.2.  For the control of production conformity the limit values applicable are shown
in the following table:

Engine Capacity Mass of Carbon Mass of Hydrocarbons Mass of Particulates *°
Monoxide and Nitrogen Oxides
combined
C (cm?) L1 (gtest) L2 (giest) L4 (ghest)
C < 1,400 22 5.8 1.4
13.1.4. At the manufacturer’s request, the tests carried out in accordance with these

requirements may be type-approved instead of the tests referred to in

13.2. Approval of vehicles equipped with direct injection compression-ignition
engines (with the exception of those vehicles referred to in
paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3)

Up to 1 July 1994 for type-approval and 31 December 1994 for the initial entry
into service, the limit values for the combined mass of hydrocarbons and
nitrogen oxides and for the mass of particulates of vehicles fitted with direct
injection compression-ignition engines, with the exception of the vehicles
referred to in paragraphs 5.3.1.4.3.2. and 5.3.1.4.3.3,, shall be those obtained
by multiplying the values L2 and L4 in the tables in paragraphs 5.3.1.4.3.1.
(type-approval) and 8.3.1.1.3.1. (conformity check) by a factor of 1.4.

®  For vehicles equipped with compression-ignition engines.

' For vehicles equipped with compression-ignition engines.
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13.3. B or C approval for vehicles with a maximum power of no more than 30 kW

and a maximum speed not exceeding 130 km/h
Up to 1 July 1994, the maximum speed of the extra-urban cycle (part two) for

this category of vehicle shall be limited to 90 km/h. Subsequently, the
requirements of annex 4, paragraph 2.3.2., shall be applicable.
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Annex 1

ESSENTIAL CHARACTERISTICS OF THE ENGINE AND
INFORMATION CONCERNING THE CONDUCT OF TESTS

The following information, when applicable, shall be supplied in triplicate and shall
include a summary.

If there are drawings, they shall be to an appropriate scale and show sufficient detail;
they shall be presented in A4 format or folded to that format. In the case of
microprocessor-controlled functions, appropriate operating information shall be supplied.

1. DESCRIPTION OF ENGINE

1.1. ManNUIACIUFET ... e earere e sree e

1.1.1. Manufacturer's engine code (as marked on the engine, or other means of
IAENHfICAtION) .o e

1.2. Internal combustion engine ...........cccoocie i s

1.2.1. Specific engine information ...

1.2.1.1. Working principle: positive-ignition/compression-ignition, four stroke/two
stroke 2/

1.2.1.2. Number, arrangement and firing order of cylinders:

1.2.1.2.1. Bore: ....cocccoiiiinenn. mm 3/

1.2.1.2.2. Stroke: ...ooccieeiiinen, mm 3/

1.2.1.3. Engine capacity: ........... cm® 4/

1214, Volumetric compression ratio 2/ .......ccoccoovvieiiecie e

1.2.1.5. Drawings of combustion chamber and piston crown: ............ccccccevvvivneennnn.

1.2.1.6. HAIE SPEEA: 2/ ...t e e e s e s retesesranne

1.2.1.7. Carbon monoxide content by volume in the exhaust gas with the engine
idling ......... % (according to the manufacturer's specifications 2/ ...............

1.2.1.8. Maximum net power. ................ kW at .............. min”'

1.2.2. Fuel: petrol, leaded/petrol, unleaded/diesel oil 1/

1.2.3. RON unleaded:

............................................................................................
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1.2.4, Fuel feed
1.2.4.1. By carburettor(s): yes/no 1/
1.24.1.1. MAKE(S): oot et e et n e
1.2.4.1.2. | L 2= ) ORI PRRON
1.2.4.1.3. NUMDET fIttEd: ..o s
1.2.4.1.4. AQIUSIMENLS 2/ .oviiiicee et s st s er s ara e e
1.24.1.41, JBES. et ettt re et s et e e nres
1.2.4.14.2. VENIUMS: .ot et s st ser et aer e eaneeane e
1.2.4.1.43. Float-cChamber [@VEL: ..........cccoviiriiicec et
1.2.4.1.44. MasSSs Of oAt ....c..ooicicc e
1.2.4.1.45. Float needle: ..o
1.2.4.1.5. Cold start system: manual/automatic 1/
1.2.4.1.5.1. Operating PriNCIPIE: .....cveiiiireiieiiier ettt e e e er e e see e
1.2.4.1.5.2. Operating limitS/SEHINGS: 1/ 2/ .ovvviieeiciceci et e s svene e
1.2.4.2. By fuel injection (compression-ignition only): yes/no 1/
1.2.4.2.1. System desSCripHON: ..........ccccciiiiniiiiiniie ettt
1.2.4.2.2. Working principle: direct injection/pre-chamber/swirl chamber: 1/
1.2.4.2.3. INJECLION PUMP: ...t PPN
1.2.4.2.3.1. MEKE(S): oottt e st e e ee et e n e e ere e ans
1.2.4.23.2. LY o= ) OO OO OO R OO
1.2.4.2.3.3. Maximum fuel delivery: 1/ 2/ ......... mm®/stroke or cycle at a pump speed

off e min” 1/ 2/
Or characteristic diagram ...........ccceeveiveiiiiiiiieceece e e st e eeeetreeereseeeeaeas

1.2.4.2.34. INJECHON tIMING: 2/ .o et
1.2.4.2.35. Injection advancCe CUIVE: 2/ ............cocoviiiiiinieeeeeeeeceeer e eee oot es e

1.2.4.2.3.6. Calibration procedure: test bench/engine 1/



B NS/505 } Rev.1/Add.82/Rev.

Regulation No. 83

Annex 1

page 36

1.2.4.2.4. Govemor

1.2.42.41. 17 =TSP UP ISP PP PTS IPP I PR
124242 Cut-0ff POINE .o s
1.2.42.42.1.  Cut-off point Under I0ad: ........cccevevcininiiiiii e min™
1.2.4.24.22.  Cut-off point without 10ad: .......cccecoeeiivnini e min™
1.2.4.2.4.3. IANG SPEEA: ..eovieiireeeieieeircreeriee st min™
1.2.4.2.5. [ Y L=To1 (oL £ OO P PP PP PP PPPPR
1.24.251. MAKE(S): .veeieerieieriie et e e s e
1.2.4.25.2. TYPE(S): wouerrerieeeeie et e e
1.2.4.2.5.3. Opening pressure: 2/ ............. kPa or characteristic diagram: ..................
1.2.4.2.6. Cold start system

1.2426.1. MAKE(S): -reeireereieriiieir et es ettt
1.2..4.2.6.2. B 1= OO OOPPIPPPPPPPO
1.2.4.2.6.3. DESCHAPLON: .oiviveeieeicre et e
1.24.27. Aucxiliary starting aid

1.2.4271. MAKE(S): .eeiiereeitriei e ettt trsre et et te e st e e e e e be e a e s e s e a e aa e aenae
1.2.4.2.7.2. TYPE(S): et s s
1.2.4.2.7.3. DESCHAPLION: ..iiiiiieee it
1.2.4.3. By fuel injection (positive-ignition only): yes/no 1/

1.2.4.3.1. System desCription: .......cccoviiiii i
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1.2.4.3.2. Working principle: intake manifold (single/multi-point)/ direct
injection/other (specify)
Control unit - type (or No.): )
Fuel regulator - type: )
Air flow sensor - type: )
Fuel distributor - type: ) information to be given
Pressure regulator - type: ) in the case of continuous
Microswitch - type: ) injection;
Idle adjusting screw - type: ) in the case of other
Throttle housing - type: ) systems, equivalent

Water temperature sensor - type: ) details
Air temperature sensor - type: )

Air temperature switch - type: )

Electromagnetic interference protection. Description and/or drawing .......
1.2.4.3.3. MaAKE(S): oo et s
1.2.4.3.4. LY 2= ) TR URRORORRRURRRPRRROON
1.2.4.3.5. Injectors: Opening pressure: 2/ ...... kPa or characteristic diagram: 2/ .....
1.2.4.3.6. INJECHION tIMING: ..o et r e e e e eereeeees
1.2.4.3.7. Cold Star SYSEM: ... e
1.2.4.3.7.1. Operating PrinCIPIE(S): ...vvecvi ittt e et e ree s
1.2.4.3.7.2. Operating IMits/Settings: 1/ 2/ .....c.oovvviiei e eee e e,
1.2.4.4. Feed pump:
1.24.4.1. Pressure: 2/ ................ kPa or characteristic diagram .............cccccceevrinnnn.
1.2.5. Ignition:
1.2.5.1. MAKE(S): e et e e
1.2.5.2. LY 2= ) RS ST UU PR SRR

1.2.5.3. WOTKING PANCIPIE: ..ottt e e e e e e e e
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1.2.5.4. IgNition advanCe CUIVE: 2/ ..........cieeiniininn s e e

1.2.5.5. Static ignition timing: 2/ ................. degrees before TDC ......ccccoeivvrenicn.

1.2.5.6. (070121 ot & o Lo 11 Ao F-Y o 1= OO POU P PIOP PP

1.2.5.7. DWEIFANGIE: 2/ ..eoeceiiiiiiiec ittt

1.2.5.8. Spark plugs:

1.2.5.8.1. Y o1 SOOI

1.2.58.2. 1Y/ 1= OO OISO PP PP PP PP

1.2.5.8.3. Spark plug gap setting: .................. mm

1.2.5.9. Ignition coil:

1.2.5.9.1. [ 1 (= RO TPPPPPP

1.2.5.9.2. LI 1= O OISR PP TP

1.2.5.10. Ignition condenser

1.2.5.10.1. Y= 1= P OO OSSP

1.2.5.10.2. LI o 1= OO PP PSP PP

1.2.6. Cooling system: (liquid/air) 1/

1.2.7. INtake SYSIEM: ....ooieiiiii

1.2.7.1. Pressure charger. yes/no 1/

1.2.7.1.1. MBKE(S): vvrvvververeiirtseesessessssesasseessssasssesessessssssssssstessssssssssnsssssssssessnsensssscaens

1.2.7.1.2. TYPE(S): crveerreecrrenimirirircie i st et ne

1.2.7.1.3. Description of the system (maximum charge pressure: ................ kPa,
WASIEQALE) ..ooccviciiiiniii i

1.2.7.2. Intercooler: yes/no 1/

1.2.7.3. Description and drawings of inlet pipes and their accessories (plenum
chamber, heating device, additional air intakes, etc.): .......ccccevviiiiiinnnen,

1.2.7.3.1. Intake manifold description (include drawings and/or photographs): .........

1.2.7.3.2. Air filter, drawings: ........ccccoevvrrevininiennne. , or




S /505 } Rev.1/Add 82/Rev.1

Regulation No. 83

Annex 1

page 39
1.2.7.3.2. Air filter, drawings: ..........cccevriviinninnen, , or
1.2.7.3.2.1. MAKE(S): .eeeireieeieeeirirree s ertiee ettt e e e e e s e s e s ennaees e aa e
1.2.7.3.2.2. LY o 11 ) O PP P PP PP OP
1.2.7.3.3. Intake silencer, drawings: ...........cccccevvnnee. , or
1.2.7.3.3.1. MAKE(S): woiieireiiriiiirieiire et eeeesee s s tree e ser s ee e s e e e e en e s bb et a e sr b e s e aenres
1.2.7.3.3.2. LY 2= £ S PP O PPOTORPPPP
1.2.8. Exhaust system:
1.2.8.1. Description and drawings of the exhaust system: ............c.cccccciniiinnininne,
1.2.9. Valve timing or equivalent data:
1.2.9.1. Maximum lift of valves, angles of opening and closing, or timing details of

altermnative distribution systems, in relation to dead centres: ......................
1.2.9.2. Reference and/or setting ranges: 1/ ..o
1.2.10. Lubricant used:
1.2.10.1. MAKE: .ot ea e e bbb n b
1.2.10.2. LI L O OO OO U U O PP PRI
1.2.11. Measures taken against air pollution:
1.2.11.1. Device for recycling crankcase gases (description and drawings): ............
1.2.11.2. Additional pollution control devices (if any, and if not covered by another
REAAING): ..oo e e srrre s e naeas

1.2.11.2.1. Catalytic converter:' yes/no 1/
1.2.11.2.1.1. Number of catalytic converters and elements: ...........coccccvieviiiiinininn e,
1.2.11.2.1.2. Dimensions and shape of the catalytic converter(s) (volume,...): ...............
1.2.11.2.1.3. Type of catalytic action: ...
1.2.11.2.1.4. Total charge of precious metal: ..o
1.2.11.21.5. Relative concentration: ... e e

1.2.11.2.1.6. Substrate (structure and matenial): .............ccccoeeieviieie e
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1.2.11.2.1.7.
1.2.11.2.1.8.

1.2.11.2.1.9.

1.2.11.2.1.10.
1.2.11.2.1.10.1.
1.2.11.2.1.10.2.
1.2.11.2.2.
1.2.11.2.2.1.
1.2.11.2.3.
1.2.11.2.3.1.

1.2.11.2.4.

1.2.11.2.5.
1.211.26.1.
1.2.11.2.5.2.

1.2.11.2.5.3.

1.2.11.2.5.4.

1.2.11.2.6.

} Rev.1/Add.82/Rev.1

Cell ABNSItY: .oocveiiceiier e s e
Type of casing for catalytic converter(s): .........ccccvvviiniinininie e,

Positioning of the catalytic converter(s) (place and reference distances in
the exhaust SYStEM): ....c.coiiiii i e

OXYgen SENSOT: tYPE ....ociiiiiiiiiiii i e e
Location of OXygen SENSOE ........cccviimiiniirinen e e
Control range of OXYgeNn SENSOI: .......ccooevviemriiiirciie e
Air injection: yes/no 1/

Type (pulse air, air PUMP,...)0 e e
EGR: yes/no 1/

Characteristics (flow,...): ..o e

Evaporative emission control system. Complete detailed description of
the devices and their state of tune:

Drawing of the evaporative control system: ...........cccccoocniiinnneinnn,
Drawing of the carbon canister: ...........cccoevveviniinciniie e
Drawing of the fuel tank with indication of capacity and material: .............
Particulate trap: yes/no 1/

Dimensions and shape of the particulate trap (capacity): .........cccocvueeennn.
Type of particulate trap and design: .........cccceiviiiiiiiiic e

Location of the particulate trap (reference distances in the exhaust
L ] (11 1) O P RUTOROS RPN

Regeneration system/method. Description and drawing: .........c.cccccvvnnenee.

Other systems (description and working): .......c.cccoieeirerniineecnnirenn e
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2. ADDITIONAL INFORMATION ON TEST CONDITIONS
2.1. Information to be supplied for the tests described in annex 4A
2.1.1. Gear change-over points (from first to second gear, etc): ......cccccvvveeenneen.

2.1.2. Cold Start ProCEAUIE: ........coiiie et

1/ Strike out what does not apply.

2/ Specify the tolerance.
3/  This value must be rounded off to the nearest tenth of a millimetre.
4/ This value must be calculated with = 3,1416 and rounded off, to the nearest cm®.
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Annex 2
(maximum format: A4 (210 x 297 mm))
COMMUNICATION

issued by: Name of administration

Concemning: 2/ APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITELY DISCONTINUED

of a vehicle type with regard to the emission of pollutants by the engine: emission levels
according to the approval A/B/C 2/ pursuant to Regulation No. 83

Approval No. ........... Extension No. ............
1. Category of the vehicle type (M1, N1, etC): ..oooviriiiiei e,
2. Engine fuel requirements: leaded petrol/unieaded petrol/

IESEI FUBE 2/ .o ettt e et e e e s ee s s bt a b bt aemerbaerane
3. Trade name or mark of the VEhICIE: .......c.cccvviiiiiie e
4. Vehicle type: ......cccovveiinviiiein i, ENGINe type: ...
5. Manufacturer's name and address: ...........ccoveiiiiiiiiiiniie e
6. If applicable, name and address of manufacturer's representative: .............c.ooceuu....
7. ENGINE CAPACIEY (CIM>): oottt ettt et e e e et e et et e ee e ee e s et e ee e s e neeaneaee

8. Unladen mass of the VENICIE: ... e
8.1 Reference mass of the VEhICIE: ..........c.ocoveeiiiiiiiii e
9. Maximum mass Of the VENICIE: .........ccoviiriiiiic e
10. Number of seats (including the AriVer): ..........cciiviiiii e

11.  If necessary, off road vehicles (in conformity with the
requirements of annex 10): 2/ YES/NO: .......cceoovvviviiiviiiieceee e




E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
Annex 2

page 43

} Rev.1/Add.82/Rev.1

12. Transmission:
12.1. Manual or automatic or continuously variable transmission: 2/ 3/ ........cc.ccoeevvvevrn.n.
12.2, NUMDEr Of GEATr rAtIOS: .....cccviuiieiieeicecie e oo et

12.3. Transmission ratio of gearbox: 2/

FIrSt QEar N/V: ..o ettt ettt et e et
SECONA GEAT NIV ...ttt e e s e e ee e e s
THIrd GEAN N/V: oottt ee e ees s et e e s
FOUMh GEAr N/V: ...ttt e
FIfth GEAI N/V: oot et et ee e
Final drive ratio: ..o e
Tyres: AIMENSIONS: ..ottt r e,
dynamic rolling Circumference: ...........c..cocvvvveeiviininiceeee e
Wheel drive: front, rear, 4 X 4: 2/ ..o
12.4. Check of performance referred to in paragraph 3.1.6.
of annex 4 to this REGUIALION: ..........c.ouiiiiieeieceeeeee e,
13.  Vehicle submitted for teSt ON: .........coooiiviiiiiic e
14.  Technical service conducting approval teStS: ........ocvvveeeeeroeee oo
15.  Date of report issued by that SEIVICE: ..........c.cooveieeeeieeeeecoeeeee e,
16.  Number of report issued by that SEIVICE: ......c.oooveeeeeeee oo
17. Approval granted/refused/extended/Withdrawn: 2/ ............o.cccoeoeveeoceoveeeeeeeeee,

18.  Results of approval tests carried out in accordance with
annex 4/annex 4A: 2/

Equivalent inertia Mass: ..........ccoooviiiiiieiiiii e, kg
Absorbed power Pa (aNNEX 4): .....cooveeeoeeeeeeee oo, kW at 50 km/h 2/
Absorbed power Pa (annex 4A): ........ccooeeemveeomeeeeeeeeeeoe kW at 80.5 km/h 2/
Method Of SEHING: .......c.oooriiie e,

18.1. Test type I: Carried out according to annex 4: 2/

Limit values required for
the emission level:

CO: i, g/test or g/km 2/ CO: e, g/test or g/km 2/
[ [0) H g/test or g/km 2/ NOX: e g/test 2/
(HC + NOx): ...... g/test or g/km 2/ (HC + NOx): ............. g/test or g/km 2/

Particulates: ....... g/test or g/km 2/ Particulates: ............. g/test or g/lkm 2/
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18.2. Test carried out according to annex 4A 2/
Test equivalent to Type I:

Results of tests calculated with deterioration factors:
CO: gkm HC: ... gkm  NOX: .o, g/km
Particulates: ................... g/km
Limit values:
CO: 2.11. g/km HC: 0.25 g/km NOx: 0.62 g/km Particulates: 0.124 g/km
18.3. Test type II: 2/
CO: e, % at idling speed: ................ min” (measured at the exhaust).
18.4. Test type lll: 2/

18.5. Testtype IV: 2/ ..oovvviiinecnne g/test

18.6. Test type V: 2/
Durability
type of durability test: 80,000 km/not applicable: 2/
deterioration factors (DF): calculated/fixed: 2/

Specify the values

19.  Gas sampling SYSEM USEA: ........cociiiiiiiiii e
19.1. PDP/C;VS: OO OO P VPP
19,2, CFV/CV S 2 ittt ettt a e e a e ae st eesae e sae et e e anss e e nneenees
19.3. CFO/CVS: 2/ oo ettt sttt e e e et t e et s e st e e sr s eensneeanes
20. Position of approval mark on VEhiCle: .........ccovvviiiiiiiiie e
21, PlACE: .ot et e r e e e e e et r e e e e et e e e e e e e e e e ee et ae e bttt e e eas
22. Date ....cccoovviiiiiiiiiie,

23. Signature ........cocciiiniini
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24. The following documents, bearing the approval number shown above, are annexed
to this communication:

1 copy of annex 1 to this Regulation completed and with the drawings and
diagrams referred to attached;

1 Photograph of the engine and its compartment.

1/ Distinguishing number of the country which has granted/extended/
refused/withdrawn approval (see approval provisions in the Regulation).

2/ Strike out what does not apply.

3/ In the case of vehicles equipped with automatic-shift gear-boxes, give all
pertinent technical data.
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Annex 3
ARRANGEMENTS OF THE APPROVAL MARK
Vehicles approved to the emission levels of gaseous pollutants normally required for

feeding the engine with leaded petrol - approval A - including also, if necessary, some
vehicles that satisfied the same requirement levels but capable of running on unleaded

sA
7 _ <
¢ (E 42]&83 R - 012439
1 S

a = 8 mm min.

The above approval mark affixed to a vehicle in conformity with paragraph 5.3.1.4.1.
shows that the vehicle type concermed has been approved in the Netherlands (E4),
pursuant to Regulation No. 83 level A under approval No. 012439. The first two digits of
the approval number indicate that Regulation No. 83 already included the 01 series of
amendments when the approval was granted.

Vehicles approved to the emission levels of gaseous pollutants required for feeding the
engine with unleaded petrol - approval B

B

P
.r__
5

83 R- 012439

a = 8 mm min.

The above approval mark affixed to a vehicle in conformity with paragraph 5.3.1.4.2.
shows that the vehicle type concerned has been approved in the Netherlands (E4),
pursuant to Regulation No. 83 level B under approval No. 012439. The first two digits of
the approval number indicate that Regulation No. 83 already included the 01 series of
amendments when the approval was granted.
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Vehicles approved to the emission levels of gaseous pollutants required for feeding the
engine with diesel fuel - approval C

-

|
Al

-y

wi|w

[

:;_—83 R- 012439

a = 8 mm min.

The above approval mark affixed to a vehicle in conformity with paragraph 5.3.1.4.3.
shows that the vehicle type concemed has been approved in the Netherlands (E4),
pursuant to Regulation No. 83 level C under approval No. 012439. The first two digits of
the approval number indicate that Regulation No. 83 already included the 01 series of
amendments when the approval was granted.
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Annex 4
TYPE | TEST
(Verifying exhaust emissions after a cold start)

1. INTRODUCTION

This annex describes the procedure for the type | test defined in paragraph 5.3.1
of this Regulation. :

2. OPERATING CYCLE ON THE CHASSIS DYNAMOMETER

2.1. Description of the cycle

The operating cycle on the chassis dynamometer shall be that indicated in the
appendix 1 to this annex.

2.2. General conditions under which the cycle is carried out

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.

2.3. Use of the gearbox

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

2.3.2. 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.

2.3.3. 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 appendix 1 to
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
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the beginning of the next following period of steady speed. The tolerances given
in 2.4 below shali apply.

2.3.4. Vehicles equipped with an overdrive which 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).

24. Tolerances

24.1. 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 6.5.3 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.

2.4.2. The time tolerances shall be + 0.1 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 No. 3, 5 and 7 of the extra-urban cycle (part
two).

2.4.3. The speed and time tolerances shall be combined as indicated in appendix 1 to

this annex.
3. VEHICLE AND FUEL
3.1. Test vehicle

3.1.1.  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.

3.1.2.  The exhaust device shall not exhibit any leak likely to reduce the ‘quantity of gas
collected, which quantity shall be that emerging from the engine.

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

3.1.4. 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.

' It should be noted that the time of two seconds allowed includes the time for changing the combination and,

if necessary, a certain amount of latitude to catch up with the cycle.



E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
Annex 4

page 50

} Rev.1/Add.82/Rev.1

3.1.5. 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 4.1.1. of
this annex.

3.1.6. 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.

3.2. Fuel
The appropriate reference fuel as defined in annex 9 to this Regulation shall be
used for testing.

4, TEST EQUIPMENT

4.1, Chassis dynamometer

4.1.1. The dynamometer must 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,

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.

4.1.2. 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.

4.1.3. It must be equipped with means to simulate inertia and load. These simulators
are connected to the front roller in the case of a two-roller dynamometer.

41.4. Accuracy

4.1.4.1. It shall be possible to measure and read the indicated load to an accuracy of
+ 5%.

4.1.4.2. In the case of a dynamometer with a fixed load curve, the accuracy of the load
setting at 80 km/h must be £ 5%. In the case of a dynamometer with adjustable
load curve, the accuracy of matching dynamometer load to road load must be 5%
at 100, 80, and 60 km/h and 10% at 20 km/h. Below this, dynamometer
absorption must be positive.

4.1.4.3. The total inertia of the rotating parts (including the simulated inertia where
applicable) must be known and must be within + 20 kg of the inertia class for the
test.
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4.1.4.4. 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.

4.1.5. Load and inertia setting

4.1.5.1. 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. The means by which this load is
determined and set are described in appendix 3.

4.1.5.2. 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 100,
80, 60 and 40 and 20 km/h. The means by which these loads are determined
and set are described in appendix 3.

4.1.5.3. Inertia

Dynamometers with electric inertia simulation must be demonstrated to be
equivalent to mechanical inertia systems. The means by which equivalence is
established are described in appendix 4.

4.2, Exhaust gas-sampling system

4.2.1.  The exhaust gas-sampling system is designed to enable the measurement of the
true mass emissions of vehicle exhaust. The system that shall be used is the
constant volume sampler (CVS) system. This requires that the vehicle exhaust be
continuously diluted with ambient air under controlled conditions. In the constant
volume sampler concept of measuring mass emissions, two conditions must be
satisfied, the total volume of the mixture of exhaust and dilution air must be
measured and a continuously proportional sample of the volume must be
collected for analysis. Mass emissions are determined from the sample
concentrations, corrected for the pollutant content of the ambient air and the
totalized flow over the test period.

The particulate poliutant emission level is determined by using suitable filters to
collect the particulates from a proportional part flow throughout the test and
determining the quantity thereof gravimetrically in accordance with

paragraph 4.3.2,

4.2.2.  The flow through the system shall be sufficient to eliminate water condensation at
all conditions which may occur during a test, as defined in appendix 5 to this
annex.

4.2.3.  Figure 1 gives a schematic diagram of the general concept. Appendix 5 gives
examples of three types of constant volume sampler system which satisfy the
requirements of this annex.

4.2.4. The gas and air mixture shall be homogeneous at point S2 of the sampling probe.
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4.2.5. The probe shall extract a true sample of the diluted exhaust gases.

4.2.6. The system shall be free of gas leaks. The design and materials shall be such
that the system does not influence the pollutant concentration in the diluted
exhaust gas. Should any component (heat exchanger, blower, etc.) change the
concentration of any pollutant gas in the diluted gas, the sampling for that
pollutant shall be carried out before that component if the problem cannot be
corrected.

42.7. |f 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.

4.2.8. Static pressure variations at the tailpipe(s) of the vehicle shall remain within
+ 1.25 kPa of the static pressure variations measured during the dynamometer
driving cycle and with no connection to the tailpipe(s). Sampling systems capable
of maintaining the static pressure to within £ 0.25 kPa are used if a written
request from a manufacturer to the administration granting the approval
substantiates the need for the closer tolerance. The back-pressure shall be
measured in the exhaust pipe as near as possible to its end or in an extension
having the same diameter.

42.9. The various valves used to direct the exhaust gases must be of a
quick-adjustment, quick-acting type.

4.2.10. The gas samples are collected in sample bags of adequate capacity. These bags
must be made of such materials as will not change the pollutant gas by more than
+ 2% after 20 minutes of storage.

4.3, Analytical equipment

4.3.1. Provisions
4.3.1.1. Pollutant gases shall be analysed with the following instruments:

Carbon monoxide (CO) and carbon dioxide (CO,) analysis: analysers shall be of
the non-dispersive infra-red (NDIR) absorption type.

Hydrocarbons (HC) analysis - spark-ignition engines: the analyser shall be of the
flame ionization (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 ionization 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,).
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Diagram of exhaust gas sampling system
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Nitrogen oxide (NOx) analysis: the analyser shall be either of the
chemiluminescent (CLA) or of the non-dispersive ultra-violet resonance absorption
(NDUVRY) type, both with an NOx-NO converter.

Particulates:

Gravimetric determination of the particulates collected. These particulates shall in
each case be collected by two series-mounted filters in the sample gas flow. The
quantity of particulates collected by each pair of fiiters shall be as follows:

M=Vmix m = m=dexVeg |
x d

V..
ep mix
where:
Vep: flow through filters;
Vmix . flow through tunnel;
M: particulate mass (g/km);
M limit* limit mass of particulates (limit mass in force, g/lkm);
m: mass of particulates collected by filters (g);
d distance corresponding to the operating cycle (km).
The particulates sample rate (VepN mix) shall be adjusted so that for
M= Mlimit' 1 <m < 5 mg (when 47 mm filters are used).

The filter surface shall consist of a material that is hydrophobic and inert towards
the components of the exhaust gas (fluorocarbon coated glass fibre filters or
equivalent).

4.3.1.2. Accuracy

The analysers shall have a measuring range compatible with the accuracy
required to measure the concentrations of the exhaust gas sample pollutants.

Measurement error shaill not exceed + 3% disregarding the true value of the
calibration gases.

For concentrations of less than 100 ppm the measurement error must not exceed
+ 3 ppm.

The ambient air sample shall be measured on the same analyser and range as
the corresponding diluted exhaust sample.
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Measurement of the particulates collected shall have a guaranteed accuracy of
1 ug.

The microgram balance used to determine the weight of all filters shall have a
precision (standard deviation) and readability of 1 pg.

4.3.1.3. lce-trap

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

4.3.2. Particular requirements for compression-ignition engines

A heated sample line for a continuous HC-analysis with the flame ionization
detector (HFID), including recorder (R) shall be used. The average concentration
of the measured hydrocarbons shall be determined by integration. Throughout
the test, the temperature of the heated sample line shall be controlled at 463 K
(190°C) £ 10 K. The heated sampling line shall be fitted with a heated filter (F,)
99% efficient with particle > 0.3 um 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.

The particulate sampling unit shall consist of a dilution tunnel, a sampling probe,
a filter unit, a partial-flow pump, and flow rate regulators and measuring units.
The particulate-sampling part flow is drawn through two series-mounted filters.
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 and an air/exhaust gas mixture
temperature of 325 K (52° C) is not exceeded at the sampling point. The
temperature of the gas flow in the flow meter may not fluctuate by more

than £ 3 K, nor may the mass flow rate fluctuate by more than + 5%. Should the
volume of flow change unacceptably as a result of excessive filter loading, the
test must be stopped. When it is repeated, the rate of flow must be decreased
and/or a larger filter used. The filters shall be removed from the chamber no
earlier than an hour before the test begins.

The necessary particle filters shall be conditioned (as regards temperature and
humidity) in an open dish which has been protected against dust ingress for at
least 8 and for not more than 56 hours before the test in an air-conditioned
chamber. After this conditioning the uncontaminated filters will be weighed and
stored until they are used.
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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;

a stabilized filter is placed in a sealed filter holder assembly which is then
immediately placed in a sample line through which there is no flow.

4.3.3. Calibration
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.

The calibration method to be used is described in appendix 6 to this annex for
the analysers referred to in paragraph 4.3.1. above.

4.4, Volume measurement

4.4.1. The method of measuring total dilute exhaust volume incorporated in the
constant volume sampler shall be such that measurement is accurate to + 2%.

4.4.2 Constant volume sampler calibration

The constant volume sampler system volume measurement device shall be
calibrated by a method sufficient to ensure the prescribed accuracy and at a
frequency sufficient to maintain such accuracy.

An example of a calibration procedure which will give the required accuracy is
given in appendix 6 to this annex. The method shall utilize a flow metering
device which is 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.

4.5, Gases

451, 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% volume;
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purified oxygen (purity > 99.5% vol 0,);

purified hydrogen (and mixture containing helium) (purity < 1ppm C, < 400
ppm CO,).

452, Calibration and span gases

Gases having the following chemical compositions shall be available:mixtures of:
C;H, and purified synthetic air (see paragraph 4.5.1 of this annex);
CO0 and purified nitrogen;
CO0, and purified nitrogen;
NO and purified nitrogen.

(The amount of NO, contained in this calibration gas must not exceed 5% of the
NO content.)

The true concentration of a calibration gas must be within £ 2% of the stated
figure.

The concentrations specified in appendix 6 to this annex may also 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%.

4.6. Additional equipment

4.6.1. Temperatures

The temperatures indicated in appendix 8 to this annex shall be measured with
an accuracy of + 1.5 K.

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

4.6.3. Absolute humidity

The absolute humidity (H) must be measurable to within + 5%.
47. The exhaust gas-sampling system must be verified by the method described in

paragraph 3 of appendix 7 to this annex. The maximum permissible deviation
between the quantity of gas introduced and the quantity of gas measured is 5%.
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5. PREPARING THE TEST

5.1. Adjustment of inertia_simulators to the vehicle's translatory inertias

An inertia simulator shall be used enabling a total inertia of the rotating masses
to be obtained proportional to the reference mass within the following limits:

Reference mass of vehicle Equivalent inertias

RW I

(kg) (kg)

RW < 750 680

750 < RW < 850 800

850 < RW < 1020 910

1020 < RW < 1250 1130

1250 < RW < 1470 1 360

1470 < RW < 1700 1 590

1700 < RW < 1930 1810

1930 < RW < 2150 2 040

2150 < RW < 2380 2 270

2380 < RW < 2610 2270

2610 < RW 2270

5.2. Setting of dynamometer

The load shall be adjusted according to methods described in paragraph 4.1.4.
above.

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

5.3. Conditioning of vehicle

5.3.1. For compression-ignition engine vehicles for the purpose of measuring
particulates, at most 36 hours and at least 6 hours before testing, the part two
cycle described in appendix 1 shall be used. Three consecutive cycles shall be
driven. The dynamometer setting shall be indicated in paragraphs 5.1. and 5.2.

After this preconditioning, specific for compression-ignition engines, and before
testing, compression-ignition and positive-ignition engine vehicles shall be kept
in a room in which the temperature remains relatively constant between 293
and 303 K (20 and 30e 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.

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.

5.3.2. The tyre pressure 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% from the manufacturer's recommended setting in the
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case of a two-roller dynamometer. The actual pressure used shall be recorded
in the test report.

6. PROCEDURE FOR BENCH TESTS
6.1. Special conditions for carrying out the cycle
6.1.1. During the test, the test cell temperature must be between 293 K (20° C) and

303 K (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:

5.5 <H < 12.2 g H,0kg dry air

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

6.1.3. The test shall be carried out with the bonnet raised unless this is technically
impossible. An auxiliary ventilating device acting on the radiator (water-cooling)
or on the air intake (air-cooling) may be used if necessary to keep the engine
temperature normal.

6.1.4. During the test, the speed shall be recorded against time so that the
correctness of the cycles performed can be assessed.

6.2. Starting-up the engine

6.2.1. 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.

6.2.2. The engine shall be kept idling for a period of 40 seconds. The first cycle shall
begin at the end of the aforesaid period of 40 seconds at idle.

6.3. Idling
6.3.1. Manual-shift or semi-automatic gearbox

6.3.1.1.  During periods of idling the clutch shall be engaged and the gears in neutral.

6.3.1.2.  To enable the accelerations to be performed according to the normal cycle, the
vehicle shall be placed in first gear, with the clutch disengaged, five seconds
before the acceleration following each idling period of the elementary urban
cycle (part one).

6.3.1.3.  The first idling period at the beginning of the urban cycle (part one) shall consist

of six seconds of idling in neutral with the clutch engaged and five seconds in
first gear with the clutch disengaged.
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The two idling periods referred to above shall be consecutive. The idling period
at the beginning of the extra-urban cycle (part two) shall consist of 20 seconds
of idling in first gear with the clutch disengaged.

6.3.1.4.  For the idling periods during each elementary cycle (part one) the
corresponding times shall be 16 seconds in neutral and 5 seconds in first gear
with the clutch disengaged.

6.3.1.5. The idling period between two successive elementary cycles (part one) shall
comprise 13 seconds in neutral with the clutch engaged.

6.3.1.6. At the end of the deceleration period (halt of the vehicle on the rollers) of the
extra-urban cycle (part two), the idling period shall consist of 20 seconds in
neutral with the clutch engaged.

6.3.2. 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. or if the selector can
actuate the overdrive, if any.

6.4. Accelerations

6.4.1. Accelerations must be so performed that the rate of acceleration is as constant
as possible throughout the phase.

6.4.2. If an acceleration cannot be carried out in the prescribed time, the extra time
required shall be deducted from the time allowed for changing the combination,
if possible, and in any case from the subsequent steady-speed period.

6.4.3. Automatic-shift gearboxes

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

6.5. Deceleration

6.5.1. All decelerations of the elementary urban cycle (part one) 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 10 kmv/h.

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.

6.5.2. If the period of deceleration is longer than that prescribed for the corresponding
phase, the vehicle's brakes shall be used to enable the timing of the cycle to be
complied with.
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6.5.3. If the period of deceleration is shorter than that prescribed for the corresponding
phase, the timing of the theoretical cycle shali be restored by constant speed or
idling period merging into the following operation.

6.5.4. 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.

6.6. Steady speeds

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

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

7. PROCEDURE FOR SAMPLING AND ANALYSIS

71. Sampling

Sampling shall begin at the beginning of the first elementary urban cycle as
defined in paragraph 6.6.2. and shall end on conclusion of the final idling period
in the extra-urban cycle (part two) or of the final idling period of the last
elementary urban cycle (part one) depending on the type of test carried out.

7.2. Analysis
7.21. 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. The
spent particulate filters shall be taken to the chamber no later than one hour
after conclusion of the test on the exhaust gases and shall there be conditioned
for between 2 and 36 hours and then be weighed.

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

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

7.2.4. The analysers’ zeros shall then be rechecked. If the reading differs by more
than 2% of the range from that set in paragraph 7.2.2, the procedure shall be
repeated.

7.2.5. The samples shall then be analysed.

7.2.6. After the analysis, zero and span points shall be rechecked using the same

gases. If these rechecks are within 2% of those in paragraph 7.2.3, the
analysis shall be considered acceptable.
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7.2.7. At all points in this section, the flow-rates and pressures of the various gases
must be the same as those used during calibration of the analysers.

7.2.8. The figure adopted for the content of the gases in each of the poliutants
measured shall be that read off after stabilization 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 appendix 5 to this annex.

8. DETERMINATION OF THE QUANTITY OF GASEOUS AND PARTICULATE
POLLUTANTS EMITTED

8.1. The volume considered

The volume to be considered shall be corrected to conform to the conditions of
101.33 kPa and 273.2 K.

8.2. 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 (C0) d = 1.25 g/l

in the case of hydrocarbons (CH, g;) d = 0.619 g/l,

in the case of nitrogen oxides (NO,) d = 2.05 g/I.
The mass m of particulate poilutant emissions from the vehicle during the test
shall be defined by weighing the mass of particulates collected by the two
filters, m1 by the first filter, m2 by the second filter:

if 0.95 (M1 + m2) <m1, m =m1,

if0.95 (M1 + m2) > m1, m =m1 + m2,

if m2 > m1, the test is cancelled.

Appendix 8 to this annex gives calculations relative to the various methods,
followed by examples, to determine the quantity of gaseous pollutants emitted.
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Annex 4

Appendix 1

BREAKDOWN OF THE OPERATING CYCLE USED FOR THE TYPE 1 ‘TEST

OPERATING CYCLE

The operating cycle, made up of a part one (urban cycle) and part two
(extra-urban cycle), is illustrated in figure 1/1.

ELEMENTARY URBAN CYCLE (PART ONE)
See figure 1/2 and table 1.2.

Breakdown by phases

Time %
IAliNG oo, 60 s 30.8)
Idling, vehicle moving, clutch ) 35.4
engaged on one combination .... 9s 46)
Gear-shift ........c..ccccevevivviininnnnnn. 9s 4.1
Accelerations ...........cccocevvvvenne. 36 s 18.5
Steady-speed periods ................ 57s 29.2
Decelerations ..........ccc.ccovuvvenenns 25s 12.8
195 s 100.0
Breakdown by use of gears
ING e, 60 s 30.8)
Idling, vehicle moving, clutch ) 35.4
engaged on one combination .... 9s 46)
Gear-shift ........cccoveiveiiiinin, 8s 4.1
Firstgear .......c..ocoecvicievinerenn, 24s 12.3
Second gear .........ccocveeerveennnnn, 53s 27.2
Third gear ........ccccoeevvvnniien e, 41s 21.0
195 s 100.0
General information
Average speed during test ......................... 19 km/h
Effective running time ................c.ccooevne, 195 s
Theoretical distance covered per cycle ...... 1.013 km

Equivalent distance for the four cycles ...... 4.052 km
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Fiqure 1/1

Operating cycle for the type 1 test
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Fiqure 1/2

Elementary urban cycle for the type 1 test
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3. EXTRA-URBAN CYCLE (PART TWO)
See Figure 1/3 and Table 1.3.
3.1 Breakdown by phases
Time %
Idling: 20s 5.0
Idling, vehicle moving, clutch engaged on
one combination: 20s 5.0
Gear-shift: 6s 1.5
Accelerations: 103 s 25.8
Steady-speed periods: 209 s 52.2
Decelerations: 42 s 10.5
400 s 100%
3.2 Breakdown by use of gears
Idling: 20s 5.0
Idling, vehicle moving, clutch engaged on
one combination: 20s 5.0
Gear-shift: 6s 1.5
First gear: 5s 1.3
Second gear: 9s 2.2
Third gear: 8s 2.0
Fourth gear: ~ 99s 24.8
Fifth gear: 233 s 58.2
400 s 100%
3.3 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? *
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Figure 1/3

Extra-urban cycle (part two) for the type 1 test
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4, EXTRA-URBAN CYCLE (LOW-POWERED VEHICLES)
See Figure 1/4 and Table 1.4.
4.1 Breakdown by phases
Time %
Idling: 20s 5.0
Idling, vehicle moving, clutch engaged on
one combination: 20s 5.0
Gear-shift: 6s 1.5
Accelerations: 72s 18.0
Steady-speed periods: 252 s 63.0
Decelerations: 30s 7.5
400 s 100%
4.2 Breakdown by use of gears
idling: 20 s 5.0
Idling, vehicle moving, clutch engaged on
one combination: 20s 5.0
Gear-shift: 6s 1.5
First gear: 5s 1.3
Second gear: 9s 2.2
Third gear: 8s 2.0
Fourth gear: 99 s 24.8
Fifth gear: 233 s 58.2
400 s 100%
43 General information
Average speed during test: 59.3 km/h
Effective running time: 400 s
Theoretical distance covered per cycle: 6.594 km
Maximum speed: 90 km/h
Maximum acceleration: , 0.833 m/s?

Maximum deceleration: -1.389 m/s®
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Figure 1/4
Extra-urban cycle (low-powered vehicles) (part two) for the type 1 test
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Annex 4 - Appendix 2

CHASSIS DYNAMOMETER

1. DEFINITION OF A CHASSIS DYNAMOMETER WITH FIXED LOAD CURVE
1.1 Introduction

In the event that the total resistance to progress on the road cannot be
reproduced on the chassis dynamometer between speeds of 10 and 100 km/h, it
is recommended that a chassis dynamometer having the characteristics defined
below should be used.

1.2 Definition
1.2.1. 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.

1.2.2. Once the load at 80 km/h has been set by one of the methods described in
paragraph 3, K can be determined from P = KV°.

The power absorbed (P,) by the brake and the chassis internal frictional effects
from the reference setting to a vehicle speed at 80 km/h, shall be as follows:

IfV > 12 km/h:
P, = KV° £ 5% KV® £ 5% PV,,
(without being negative).
If V<12 km/h:
3

P P = o,
will be between O and = KV12+ 5% KV12 + 5% PV80, where K is a

characteristic of the chassis dynamometer and PV80 is the power
absorbed at 80 km/h.

2. METHOD OF CALIBRATING THE DYNAMOMETER

2.1 Introduction

This appendix describes the method to be used to determine the power absorbed
by a dynamometric brake. The power absorbed comprises the power absorbed
by frictional effects and the power 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 dynamometer is then disconnected: the
rotational speed of the driven roller decreases.
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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.

2.2 Calibration of the power indicator to 80 km/h as a function of the power absorbed
The following procedure shall be used (see also figure 2/1).

2.2.1. 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.

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

2.2.3. Use the fly-wheel or any other system of inertia simulation for the particular

inertia class to be used.

Figure 2/1

Diagram illustrating the power absorbed by the chassis dynamometer

Power absorbed (P,)
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224, Bring the dynamometer to a speed of 80 km/h.

2.2.5. Note the power indicated (Pi).

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.

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

2.2.9. 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 road powers used.

2.2.11. Calculate the power absorbed, using the formula:

2
p, =My V1 - V)
20001

P,=  power absorbed in kW,

M, = equivalent inertia in kg (excluding the inertial effects of the free rear
roller),
V, = initial speed in m/s (85 km/h = 23.61 m/s),

V, = final speed in m/s (75 km/h = 20.83 m/s),

—
1l

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

2212 Figure 2/2 shows the power indicated at 80 km/h in terms of power absorbed at
80 km/h.
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Figure 2/2

Power indicated at 80 km/h in terms of power absorbed at 80 km/h

Power indicated (P,) § P,
in kW

3,00 +
200 4+

l.oo -

P,

+ + 4 4 S
1.00 2,00 3.00 4,00 in kW
Power absorbed (P,)

2.2.13. The requirements of paragraphs 2.2.3. to 2.2.12. shall be repeated for all inertia
classes to be used.

2.3 Calibration of the power indicator as a function of the absorbed power for other
speeds

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

24 Verification of the power-absorption curve of the dynamometer from a reference
setting at a speed of 80 km/h

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

242, Adjust the dynamometer to the absorbed power (P,) at 80 km/h.
243, Note the power absorbed at 100, 80, 60, 40 and 20 km/h.

24.4, Draw the curve P,(V) and verify that it corresponds to the requirements of
paragraph 1.2.2. of this appendix.

245, Repeat the procedure set out in paragraphs 2.4.1. to 2.4.4. for other values of
power P, at 80 km/h and for other values of inertias.

25 The same procedure must be used for force or torque calibration.
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3. SETTING OF THE DYNAMOMETER
3.1 Vacuum method
3.1.1. Introduction

This method is not a preferred method and should be used only with fixed load
curve shape dynamometers for determination of load setting at 80 km/h and
cannot be used for vehicles with compression-ignition engines.

3.1.2. Test instrumentation
The vacuum (or absolute pressure) in the vehicle’s intake manifold shall be
measured to an accuracy of + 0.25 kPa. It shall be possible to record this
reading continuously or at intervals of no more than one second. The speed
shall be recorded continuously with a precision of + 0.4 km/h.

3.1.8. Road test

3.1.3.1.  Ensure that the requirements of paragraph 4 of appendix 3 to this annex are met.

3.1.3.2.  Drive the vehicle at a steady speed of 80 km/, recording speed and vacuum (or
absolute pressure) in accordance with the requirements of paragraph 3.1.2.

3.1.3.3.  Repeat procedure set out in 3.1.3.2. three times in each direction. All six runs
must be completed within four hours.

3.1.4, Data reduction and acceptance criteria

3.1.4.1.  Review results obtained in accordance with paragraphs 3.1.3.2. and 3.1.3.3.
(speed must not be lower than 49.5 km/h or greater than 50.5 km/h for more
than one second). For each run, read vacuum level at one-second intervals,
calculate mean vacuum ( v) and standard deviation (s). This calculation shall
consist of no less than 10 readings of vacuum.

3.1.42. The standard deviation must not exceed 10% of mean ( V) for each run.

3.1.4.3.  Calculate the mean value ( v) for the six runs (three runs in each direction).

3.1.5. Dynamometer setting

3.1.5.1.  Preparation

Perform the operations specified in paragraphs 5.1.2.2.1. to 5.1.2.2.4. of
appendix 3 to this annex.

3.1.5.2 Load setting

After warm-up, drive the vehicle at a steady speed of 80 km/h and adijust
dynamometer load to reproduce the vacuum reading ( v) obtained in accordance
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with paragraph 3.1.4.3. Deviation from this reading shall be no greater than
0.25 kPa. The same instruments shall be used for this exercise as were used
during the road test.
3.2 Other setting methods
The dynamometer setting may be carried out at a constant speed of 80 km/h in
accordance with the requirements of appendix 3 to this annex.
3.3 Alternative method
With the manufacturer's agreement, the following method may be used:
3.3.1. The brake is adjusted so as to absorb the power exerted at the driving wheels at
a constant speed of 80 km/h in accordance with the following table:
Reference mass of vehicle: RW Power absorbed by the dynamometer: P,
(ka) (kW)
RW < 750 4.7
750 < RW < 850 5.1
850 < RW < 1020 5.6
1020 < RW < 1250 6.3
1250 < RW < 1470 7.0
1470 < RW < 1700 7.5
1700 < RW < 1930 8.1
1930 < RW < 2150 8.6
2150 < RW < 2380 9.0
2380 < RW < 2610 9.4
2610 < RW 9.8
3.3.2. 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 the table in paragraph 3.3.1 shall be multiplied by the factor 1.3.
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Annex 4 - Appendix 3

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

1. 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 4.1.5. of this
annex.

2. DEFINITION OF THE ROAD

The road shall be level and sufficiently long to enable the measurements specified
below to be made. The slope must be constant to within + 0.1% and must not
exceed 1.5%.

3. ATMOSPHERIC CONDITIONS

3.1 Wind

Testing must 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 must be less than 2 m/s. Wind velocity shall be measured
0.7 m above the road surface.

3.2. Humidity
The road shall be dry.

3.3. Pressure - Temperature

Air density at the time of the test must not deviate by more than + 7.5% from the
reference conditions, P = 100 kPa and T = 293.2 K.

4, VEHICLE PREPARATION
41, 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% of the initial tread depth.

42 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),
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front axle geometry,

brake adjustment (elimination of parasitic drag),
lubrication of front and rear axles,

adjustment of the suspension and vehicle level, etc.

4.3. Preparation for the test

4.3.1. 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.

4.3.2. In the case of road tests, the windows of the vehicle shall be closed. Any covers
of air climatization systems, headlamps, etc. shall be in the non-operating
position.

4.3.3. The vehicle shall be clean.

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

5. METHODS

51. Energy variation during coast-down method

51.1. On the road
5.1.1.1. 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%.
5.1.1.2. Test procedure
5.1.1.2.1. Accelerate the vehicle to a speed 10 km/h greater than the chosen test speed V.
5.1.1.2.2. Place the gearbox in 'neutral’ position
5.1.1.2.3. Measure the time taken (t) for the vehicle to decelerate from

V,=V+AVkm/htoV, =V - AV km/h,
where AV < 5 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,.
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5.1.1.2.6. Repeat these tests several times such that the statistical accuracy (p) of the
average

1 n
T=--. E1Ti is equal to or less than 2% (p < 2%)
n i=

The statistical accuracy (p) is defined by:

where:
t = coefficient given by the table below,

s = standard deviation,

n = number of tests. n (Ti-T)°
S = E ------------
i=1 n-1
n 4 5 6 7 8 9 10 11 12 13 14 15
t 3.2 2.8 2.6 2.5 2.4 2.3 2.3 2.2 2.2 2.2 2.2 2.2
t
1.6 1.25 | 1.06 | 094 | 085 | 077 | 0.73 | 0.66 | 0.64 | 0.61 | 059 | 0.57
n
5.1.1.2.7. Calculate the power by the formula:
M-V AV
N
500T

where:

P is expressed in kW,

\Y = speed of the test in m/s,

A V = speed deviation from speed V, in m/s.

M = reference mass in kg,

T = time in seconds.
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5.1.2.

On the dynamometer

5.1.2.1.

5.1.2.2.
51.2.21.

5.1.222.

51.2.2.3.

5.1.2.2.4.

5.1.2.2.5.

5.1.2.2.6.

5.2.

Measurement equipment and accuracy

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 5.1.1.2. (with the exception of
paragraphs 5.1.1.2.4. and 5.1.1.2.5.), replacing M by | in the formula set out
in paragraph 5.1.1.2.7.

Adjust the brake setting to meet the requirement of paragraph 4.1.4.1. of this
annex.

Torgue measurements method at constant speed

5.2.1.

52.1.1.

52.1.2
52.1.2.1.

52.1.2.2.

52.1.2.3.

On the road

Measurement equipment and error

Torque measurement shall be carried out with an appropriate measuring
device accurate to within 2%.

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

Record the torque C,, and speed over a period of at least 10 s by means of
class 1,000 instrumentation meeting ISO standard No. 970.

Differences in torque C, and speed relative to time shall not exceed 5% for
each second of the measurement period.




52.1.24.

5.2.1.2.5.
5.2.1.2.6.
5.2.2.

522.1.

52.2.2.
52.2.2.1.
5.2.2.2.2.

5.2.2.23.

5.3.

5.3.1.

5.3.2.
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The torque C,, is the average torque derived from the following formula:

1 t+At

[opp— ]‘ C(t)dt

Carry out the test in the opposite direction, i.e. C,,.
Determine the average of these two torques C,, and C,, i.e. C,.

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 brake setting to meet the requirements of paragraph 4.1.4.1. of
this annex.

Integrated torque over variable driving pattern

This method is a non-obligatory complement to the constant speed method
described in paragraph 5.2. above.

In this dynamic procedure, the mean torque value M is determined. This is
accomplished by integrating the actual torque values with respect to time
during operation of the test vehicle with a defined driving cycle. The
integrated torque is then divided by the time difference.

The result is:

1 t,
Y [— f M(t) . dt (with M(t) > 0)
t,

M is calculated from six sets of results.

It is recommended that the sampling rate of M be not less than two samples
per second.
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5.3.3. Dynamometer setting
The dynamometer load is set by the method described in paragraph 5.2. If
M dynamometer does not then match M road, the "brake" inertia setting
shall be adjusted until the values are equal to within + 5%.
Note: This method can be used only for dynamometers with electrical inertia
simulation or fine adjustment.
5.3.4. Acceptance criteria
Standard deviation of six measurements must not exceed 2% of the mean
value.
5.4. Method of deceleration measurement by gyroscopic platform
541. On the road
54.1.1. Measurement equipment and error
Speed shall be measured with an error lower than 2%.
Deceleration shall be measured with an error lower than 1%.
The slope of the road shall be measured with an error lower than 1%.
Time shall be measured with an error lower than 0.1 s.
The level of the vehicle shall be measured on a reference horizontal ground;
as an altemative, it is possible to have the slope of the road (o,).
541.2 Test procedure
54.121. Accelerate the vehicle to a speed 5 km/h greater than the chosen test speed:

V.
5412.2. Record the deceleration between V + 0.5 km/h and V - 0.5 km/h.

5.4.1.2.3. Calculate the average deceleration attributed to the speed V by the formula:

£
Tf%f ¥, (t)dt-(g.sin a,)
[s]
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where:
;, = average deceleration value at the speed V in one
direction of the road,
t = time between V + 0.5 km/h and V - 0.5 km/h,

¥,(t) = deceleration recorded with the time,

g =981 ms?

54.1.24. Perform the same test in the other direction: v,
5.4.1.2.5. Calcuate the average of - for test i.
P = Yl + YZ
! 2
5.4.1.2.6. Perform a sufficient number of tests as specified in paragraph 5.1.1.2.6,

replacing T by I" where:

T =

ik

> T
1=1

54.1.2.7. Calculate the average force absorbed F=M ' T .
where:
M = vehicle reference mass in kg.

I' = average deceleration calculated beforehand.

54.2. Dynamometer method

54.21. Measurement equipment and error

The measurement instrumentation of the dynamometer itself shall be used as
defined in paragraph 2 of appendix 2 to this annex.

5.4.2.2. Test procedure

54221, Adjustment of the force on the rim at steady speed
On chassis dynamometer, the total resistance is of the type:
(Fiotad = (Fingicated) + (Fdriving axle rolling)! with

(Ftotal) = (Froad)'
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(Findicaiad) = (Froad) - (Fdriving axle ro||ing)’

where:

(Finacatea) IS the force indicated on the force indicating

device of the chassis dynamometer,

(Froaa) is known,

(Fdriving axle rolling) can be:

- measured on chassis dynamometer able to work as a generator.

The text vehicle, gearbox in neutral position, is driven by the chassis
dynamometer at the test speed; the rolling resistance of the driving axle is
then measured on the force indicating device of the chassis
dynamometer,

- determined on chassis dynamometer unable to work as a generator.
For two-roller chassis dynamometers, the Ry value is the one which is
determined beforehand on the road.

For single-roller chassis dynamometers the Ry value is the one which is
determined on the road multiplied by a coefficient (R) which is equal to
the ratio between the driving axie mass and the vehicle total mass.

Note:

Ry is obtained from the curve: F = f(V).

54222. Calibrate the force indicator for the chosen speed as defined in paragraph 2

of appendix 2 to this annex.

5.4.2.2.3. Perform the same operations as in paragraphs 5.1.2.2.2.1. t0 5.1.2.2.4.
above.

5.4.22.4. Set the force F, = F - F on the indicator for the speed chosen.

54.225. Carry out a sufficient number of tests as indicated in paragraph 5.1.1.2.6.
above, replacing T by F,.
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Annex 4 - Appendix 4

VERIFICATION OF INERTIAS OTHER THAN MECHANICAL
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.

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=ly=\l, v+F,

where:

F = force at the surface of the roller(s),

I = total inertia of the dynamometer (equivalent inertia of the vehicle: cf.
table in 5.1),

ly = inertia of the mechanical masses of the dynamometer,

Y = tangential acceleration at roller surface,

F, = inertia force.

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

Thus, total inertia is expressed -as follows:
Fl
I=I,+—

' Y

where:
I, 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.
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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.

2.2. Specification for the calculation of total inertia

The test and calculation methods must make it possible to determine the total
inertia | with a relative error (A I/1) of less than 2%.

3. SPECIFICATION

3.1. The mass of the simulated total inertia | must remain the same as the theoretical
value of the equivalent inertia (see paragraph 5.1. of this annex) within the following
limits:

3.1.1.  x 5% of the theoretical value for each instantaneous value;

3.1.2. * 2% of the theoretical value for the average value calculated for each sequence of
the cycle.

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

changes.
4, VERIFICATION PROCEDURE
41. Verification is carried out during each test throughout the cycle defined in

paragraph 2.1. of this annex.

4.2, However, if the requirements of paragraph 3 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.

5. TECHNICAL NOTE

Explanation of drawing-up working equations.

5.1. Equilibrium of the forces on the road:

de1
dt

+k,Jr, %etz +tky Myr, +k, F,r,

CR=k,Jr,
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5.2. Equilibrium of the forces on dynamometers with mechanically simulated inertias:

Cm=k,Jr,

=k, Jr,

TR dwm
dt

Rm

de 1,
dt

k, r,+k,F_r,

de 1
de + ky Iyr, + k;F,r,

5.3. Equilibrium of the forces of dynamometers with non-mechanically simulated inertias:

Ce = k,Jr,

= k,Jr,

In these formulae:

CR =

Cm =

Ce =

Jr1 =

Jr, =

JBmM =

JRe =

JRe ﬂg

dt 3 Re

de 1

~ac ky (I,y + F))r, + k,F_r,

engine torque on the road,

engine torque on the dynamometer with mechanically
simulated inertias,

engine torque on the dynamometer with electrically simulated
inertias,

moment of inertia of the vehicle transmission brought back to
the driving wheels,

moment of inertia of the non-driving wheels,

moment of inertia of the dynamometer with mechanically
simulated inertias,

moment of mechanical inertia of the dynamometer with
electrically simulated inertias,

mass of the vehicle on the road,

equivalent inertia of the dynamometer with mechanically
simulated inertias,
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5.4.

I = mechanical inertia of the dynamometer with electrically
simulated inertias,

F = resultant force at stabilized speed,

C, =  resultant torque from electrically simulated inertias,

F, = resultant force from electrically simulated inertias,

do1 =  angular acceleration of the driving wheels,

gg)d_tg =  angular acceleration of the non-driving wheels,

g& =  angular acceleration of the mechanical dynamometer,

d_vc\j/te_ = angular acceleration of the electrical dynamometer,

Y ) = linear acceleration,

r, =  radius under load of the driving wheels,

r, = radius under load of the non-driving wheels,

Rm =  radius of the rollers of the mechanical dynamometer,

Re = radius of the rollers of the electrical dynamometer,

K, =  coefficient dependent on the gear reduction ratio and the
various inertias of transmission and ’efficiency’,

k, = ratio transmission : ‘efficiency’

K, = ratio transmission ’'efficiency’.

Assuming the two types of dynamometer (5.2 and 5.3) are made equal and
simplified, one obtains:

ks(I,'Yy+F) r,=kI'y" I,

hence,
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Annex 4 - Appendix 5

DEFINITION OF GAS-SAMPLING SYSTEMS
INTRODUCTION

There are several types of sampling devices capable of meeting the
requirements set out in paragraph 4.2 of annex 4. The devices described in
paragraphs 3.1, 3.2 and 3.3 shall be deemed acceptable if they satisfy the main
criteria relating to the variable dilution principle.

In its communications, the laboratory shall mention the system of sampling used
when performing the test.

CRITERIA RELATING TO THE VARIABLE-DILUTION SYSTEM FOR
MEASURING EXHAUST-GAS EMISSIONS

Scope

This section shall specify the operating characteristics of an exhaust-gas
sampling system intended to be used for measuring the true mass emissions of
a vehicle exhaust in accordance with the provisions of this Regulation.

The principle of variable-dilution sampiing for measuring mass emissions shall
require three conditions to be satisfied:

The vehicle exhaust gases shall be continuously diluted with ambient air under
specified conditions;

The total volume of the mixture of exhaust gases and dilution air shall be
measured accurately;

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.

In addition, where vehicles are equipped with compression-ignition engines,
their particulate emissions shall be plotted.

Technical summary

Figure 5/1 gives a schematic diagram of the sampling system.

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.
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222 The exhaust-gas sampling system shall be so designed as to make it possible
to measure the average volume concentrations of the CO,, CO, HC and NOX,
and, in addition, in the case of vehicles equipped with compression-ignition
engines, of the particulate emissions, contained in the exhaust gases emitted
during the vehicle testing cycle.

2.2.3. The mixture of air and exhaust gases shall be homogeneous at the point where
the sampling probe is located (see paragraph 2.3.1.2.).

224 The probe shall extract a representative sample of the diluted gases.

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

2.2.6. 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.

2.2.7. If the vehicle tested is equipped with an exhaust system with several outlets,
the connecting tubes shall be connected by a manifold installed as near as
possible to the vehicle.

2.2.8. The gas samples shall be collected in sampling bags of adequate capacity so
as not to hinder the gas flow during the sampling period. These bags shall be
made of matenrials which will not affect the concentration of pollutant gases (see
paragraph 2.3.4.4.).

229. 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 (see paragraph 2.3.1.1.).
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Figure 5/1
Diagram of a variable-dilution system for measuring exhaust gas emissions
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2.3. Specific requirements

2.3.1. Exhaust-gas collection and dilution device

23.1.1. The connecting tube between the vehicle exhaust outlets and the mixing
chamber shall be as short as possible; it shall in no event

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;

change the nature of the exhaust gas.

23.1.2. Provision shall be made for a mixing chamber in which the vehicle exhaust
gases and the dilution air are mixed so as to produce a homogeneous mixture
at the chamber outlet.

The homogeneity of the mixture in any cross-section at the location of the
sampling probe shall not vary by more than + 2% from the average of the
values obtained for at least five points located at equal intervals on the diameter
of the gas stream. In order to minimize 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 inside the mixing chamber shall not
differ by more than + 0.25 kPa from atmospheric pressure.

2.3.2. Suction device/volume measuring device

This device may have a range of fixed speeds as to ensure sufficient flow to
prevent any water condensation. This result is generally obtained by keeping
the concentration of CO, in the dilute exhaust-gas sampling bag lower than 3%
by volume.

2.3.3. Volume measurement

2.3.3.1. The volume measuring device shall retain its calibration accuracy to within £ 2%
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, a cyclone separator may be used to protect the volume measuring
device. '

2332 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% of a given temperature
variation (value measured in silicone oil).
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2.3.3.3. The pressure measurements shall have a precision and an accuracy
of £ 0.4 kPa during the test.
2.3.34. The measurement of the pressure difference from atmospheric pressure shall

be taken upstream from and, if necessary, downstream from the volume
measuring device.

2.3.4. Gas sampling
23.4.1. Dilute exhaust gases

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

2.3.4.1.2. The flow-rate shall not deviate from the average by more than £ 2%.

2.3.4.1.3. The sampling rate shall not fall below 5 litres per minute and shall not exceed
0.2% of the flow-rate of the dilute exhaust gases.

2.3.4.1.4. An equivalent limit shall apply to constant-mass sampling systems.
234.2. Dilution air

2.3.4.2.1. 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).

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

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

2.3.4.3. Sampling operations

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

2.3.4.3.2. Filters may be used in order to extract the solid particles from the sample.
2.3.4.3.3. Pumps are required in order to convey the sample to the sampling bag(s).

2.3.4.3.4. Flow control valves and flow-meters are needed in order to obtain the flow-rates
required for sampling. :

2.3.4.3.5. 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).

2.3.4.3.6. The various valves used for directing the sampling gases shall be of the
quick-adjusting and quick-acting type.
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2344 Storage of the sample

The gas samples shall be collected in sampling bags of adequate capacity so
as not to reduce the sampling rate. The bags shall be made of a material such
as will not change the concentration of synthetic poliutant gases by more than
+ 2% after 20 minutes.

2.4, Additional sampling unit for the testing of vehicles equipped with a
compression-ignition engine

241. Unlike the taking of gas samples from vehicles equipped with spark-ignition
engines, the hydrocarbon and particulate sampling points are located in a
dilution tunnel.

242 In order to reduce heat losses in the exhaust gases between the exhaust outlet
and the dilution tunnel inlet, the pipe may not be more than 3.6 m long, or
6.1 m long if heat insulated. Its internal diameter may not exceed 105 mm.

243. Predominantly turbulent flow conditions (Reynolds number > 4000) shall apply
in the dilution tunnel, which shall consist of a straight tube of
electrically-conductive material, in order to guarantee that the diluted exhaust
gas is homogeneous at the sampling points and that the samples consist of
representative gases and particulates. The dilution tunnel shall be at least
200 mm in diameter and the system shall be earthed.

24.4. The particulate sampling system shall consist of a sampling probe in the dilution
tunnel and two series-mounted filters. Quick-acting valves shall be located both
up and downstream of the two filters in the direction of flow.

The configuration of the sample probe shall be as indicated in Figure 5/2.
2.4.5. The particulate sampling probe shall meet the following conditions:

It shall be installed in the vicinity of the tunnel centreline, roughly ten tunnel
diameters downstream of the gas inlet, and have an internal diameter of at least
12 mm.

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

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

24.7. 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.
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2.4.8. All heated parts shall be maintained at a temperature of 473 K (200° C) + 10 K
by the heating system.
2.4.9. 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
paragraph 2.3.3.1. so as to ensure that the flow rate in the system is constant
and the sampling rate accordingly proportional.
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Figure 5/2

Particulate sampling probe configuration
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DESCRIPTION OF THE DEVICES

Variable dilution device with positive displacement pump (PDP-CVS) (Figure 5/3)

The positive displacement pump - constant volume sampler (PDP-CVS) 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.

Figure 5/3 is a schematic drawing of such a sampling system. Since various
configurations can produce accurate results, exact conformity with the drawing 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.

The sampling equipment consists of:

A filter (D) for the dilution air, which can be preheated if necessary. This filter
shall consist of activated charcoal sandwiched between two layers of paper, and
shall be used to reduce and stabilize the hydrocarbon concentrations of ambient
emissions in the dilution air;

A mixing chamber (M) in which exhaust gas and air are mixed homogeneously;

A heat exchanger (H) 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 designed
operating temperature. This device shall not affect the pollutant concentrations
of diluted gases taken off after for analysis;

A temperature control system (TC), used to preheat the heat exchanger before
the test and to control its temperature during the test, so that deviations from the
designed operating temperature are limited to + 6° C;

The positive displacement pump (PDP), producing a constant-volume flow of the
air/exhaust-gas mixture; the flow capacity of the pump must be large enough to
eliminate water condensation in the system under all operating conditions which
may occur during a test; this can be generally ensured by using a positive
displacement pump with a flow capacity:

twice as high as the maximum flow of exhaust gas produced by accelerations of
the driving cycle, or

sufficient to ensure that the CO, concentration in the dilute-exhaust sample bag
is less than 3% by volume;

A temperature sensor (T,) (accuracy and precision + 1 K), fitted at a point
immediately upstream of the positive displacement pump; it must be designed to
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monitor continuously the temperature of diluted exhaust-gas mixture during the
test;

3.1.3.7. A pressure gauge (G,) (accuracy and precision + 0.4 kPa) fitted immediately
upstream of the positive displacement pump and used to register the pressure
gradient between the gas mixture and the ambient air;

3.1.3.8.  Another pressure gauge (G,) (accuracy and precision + 0.4 kPa) fitted so that
the differential pressure between pump inlet and pump outlet can be registered:

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

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

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

3.1.3.12.  Flow controllers (N), to ensure a constant flow of the gas samples taken during
the course of the test from sampling probes S, and S, and flow of the gas
samples must be such that, at the end of each test, the quantity of the samples
is sufficient for analysis (~.10 litres per minute);

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

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

3.1.3.15. Gas-tight, quick-lock coupling elements (Q) between the quick-acting valves and
the sampling bags; the coupling shall close automatically on the sampling-bag
side; as an alternative, other ways of transporting the samples to the analyzer
may be used (three-way stopcocks, for instance);

3.1.3.16. Bags (B), for collecting samples of the diluted exhaust gas and of the dilution air
during the test; they shall be 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 (for instance: laminated
polyethylene/polymide films, or fluorinated polyhydrocarbons);

3.1.3.17. A digital counter (C), to register the number of revolutions performed by the
positive displacement pump during the test.

3.1.4, Additional equipment required when testing compression-ignition- engined
vehicles

To comply with the requirements of paragraphs 4.3.1.1. and 4.3.2. of this annex
the additional components within the dotted lines in Figure 5/3 shall be used
when testing compression-ignition-engined vehicles:
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Fh is a heated filter,
S, is a sampling point close to the mixing chamber,
Vi, is a heated multiway valve,
Q is a quick connector to allow the ambient air sample BA to be analysed
on the HFID,

HFID is a heated flame ionization analyzer,

R and | are a means of integrating and recording the instantaneous hydrocarbon
concentrations,

Lh is a heated sample line.

All heated components must be maintained at 463 K (190°C) + 10 K.
Particulate sampling system

S, Sampling probe in the dilution tunnel,

F, Filter unit consisting of two series-mounted filters; switching arrangement for
further parallel-mounted pairs of filters,

Sampling line,
Pumps, flow regulators, flow measuring units.

3.2. Critical-flow venturi dilution device (CFV-CVS) (Figure 5/4)

3.2.1. The use of a critical-flow venturi in connection with the CVS sampling procedure
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. Fiow 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. 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.
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3.2.2. Figure 5/4 is a schematic drawing of such a sampling system. Since various
configurations can produce accurate results, exact conformity with the drawing is not
essential. Additional components such as instruments, valve, solenoids, and switches
may be used to provide additional information and co-ordinate the functions of the
component system.

3.2.3. The collecting equipment consists of:

3.2.3.1. A filter (D) for the dilution air, which can be preheated if necessary: the filter shall
consist of activated charcoal sandwiched between layers of paper, and shall be used
to reduce and stabilize the hydrocarbon background emission of the dilution air;

3.2.3.2. A mixing chamber (M), in which exhaust gas and air are mixed homogeneously;
3.2.3.3. A cyclone separater (CS), to extract particles;

3.2.3.4. Two sampling probes (S, and S,), for taking samples of the dilution air, as well as of
the diluted exhaust gas;

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

3.2.3.6. A filter (F), to extract solid particles from the gas flows diverted for analysis;

3.2.3.7. Pumps (P), to collect part of the flow of air and diluted exhaust gas in bags during the
test;

3.2.3.8. A flow controller (N), to ensure a constant flow of the gas samples taken in the
course of the test from sampling probe S,; the flow of the gas samples must be such
that, at the end of the test, the quantity of the samples is sufficient for analysis (~10
litres per minute);

3.2.3.9. A snubber (PS), in the sampling line;
3.2.3.10. Flow meters (FL), for adjusting and monitoring the flow of gas samples during tests;

3.2.3.11. Quick-acting solenoid valves (V), to divert a constant flow of gas samples into the
sampling bags or the vent;

3.2.3.12. Gas-tight, quick-lock coupling elements (Q), between the quick-acting valves and the
sampling bags; the couplings shall close automatically on the sampling-bag side. As
an alternative, other ways of transporting the samples to the analyzer may be used
(three-way stopcocks, for instance).

3.2.3.13. Bags (B) for collecting samples of the diluted exhaust gas and the dilution air during
the tests; they shall be 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 (for instance: laminated
polyethylene/polyamide films, or fluorinated polyhydrocarbons);
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3.2.3.14. A pressure gauge (G), which shall be precise and accurate to within + 0.4 kPa;

3.2.3.15. A temperature sensor (T), which is precise and accurate to within + 1 K and has a
response time of 0.1 seconds to 62% of a temperature change (as measured in
silicon oil);

3.2.3.16. A measuring critical-flow venturi tube (MV), to measure the flow volume of the
: diluted exhaust gas;

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

3.2.3.18. The capacity of the CFV-CVS system must be such that, under all operating
conditions which may possibly occur during a test, there will be no condensation of
water. This is generally ensured by using a blower whose capacity is:

3.2.3.18.1. twice as high as the maximum flow of exhaust gas produced by accelerations of the
driving cycle; or

3.2.3.18.2. sufficient to ensure that the CO, concentration in the dilute exhaust sample bag is
less than 3% by volume.

3.2.4, Additional equipment required when testing compression-ignition- engined vehicles

To comply with the requirements of paragraphs 4.3.1.1. and 4.3.2. of this annex, the
additonal components shown within the dotted lines of Figure 5/4 shall be used
when testing compression-ignition-engined vehicles.

Fh is a heated filter,

S, is a sample point close to the mixing chamber,

Vh is a heated multiway valve,

Q Itf\ a Sg:({:)k connector to allow the ambient air sample BA to be analysed on
€ )

HFID is a heated flame ionization analyzer,

R and | are a means of integrating and recording the instantaneous hydrocarbon
concentrations,

Lh is a heated sample line.

All heated components shall be maintained at 463 K (190°C) £ 10 K.

If compensation for varying flow is not possible, then a heat exchanger (H) and
temperature control system (TC) as described in paragraph 3.1.3. of this appendix

will be required to ensure constant flow through the venturi (MV) and thus
proportional flow through S,.
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Particulate sampling system
S, Sampling probe in dilution tunnel,

F, Filter unit, consisting of two series-mounted filters; switching unit for further
parallel-mounted pairs of filters,

Sampling line,

Pumps, flow regulators, flow measuring units.

3.3. Variable dilution device with constant flow control by
orifice (CFO-CVS) (Figure 5/5) only for vehicles equipped with spark-ignition
engines

3.3.1. The collection equipment consists of:

3.3.1.1. A sampling tube connecting the vehicle’s exhaust pipe to the device itself;

3.3.1.2. A sampling device consisting of a pump device for drawing in a diluted mixture of
exhaust gas and air;

3.3.1.3. A mixing chamber (M) in which exhaust gas and air are mixed homogeneously;

3.3.14. A heat exchanger (H) of a capacity sufficient to ensure that throughout the test the
temperature of the air/fexhaust-gas mixture measured at a point immediately before
the flow-rate measuring device is within £ 6 K of the designed operating
temperature. This device shall not alter the pollutant concentration of diluted gases
taken off for analysis.

Should this condition not be satisfied for certain poliutants, sampling will be effected
before the cyclone for one or several considered pollutants.

If necessary, a device for temperature control (TC) is used to preheat the heat
exchanger before testing and to keep up its temperature during the test at = 6 K of
the designed operating temperature;

3.3.1.5.  Two probes (S, and S,) for sampling by means of pumps (P) flow-meters (FL) and,
if necessary, filters (F) allowing for the collection of solid particles from gases used
for the analysis; '

3.3.1.6. One pump for dilution air and another one for diluted mixture;

3.3.1.7. A volume-meter with an orifice;
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A temperature censor (T,) (accuracy and precision £ 1 K), fitted at a point
immediately before the volume measurement device; it shall be designed to
monitor continuously the temperature of the diluted exhaust-gas mixture during
the test;

A pressure gauge (G,) (accuracy and precision + 0.4 kPa) fitted immediately
before the volume meter and used to register the pressure gradient between the
gas mixture and the ambient air;

Another pressure gauge (G,) (accuracy and precision + 0.4 kPa) fitted so that the
differential pressure between pump inlet and pump outlet can be registered;

Flow controllers (N) to ensure a constant uniform flow of gas samples taken
during the course of the test from sampling outlets S, and S,. The flow of the gas
samples shall be such that, at the end of each test, the quantity of the samples is
sufficient for analysis (~.10 litres per minute);

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

Three-way valves (V) to divert a constant flow of gas samples into the sampling
bags or to the outside vent;

Gas-tight, quick-lock coupling elements (Q) between the three-way valves and the
sampling bags; the coupling shall close automatically on the sampling-bag side.
Other ways of transporting the samples to the analyzer may be used (three-way
stopcocks, for instance);

Bags (B) for collecting samples of diluted exhaust gas and of dilution air during
the test. They shall be 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 (for instance: laminated
polyethylene/polyamide films, or fluorinated polyhydrocarbons).
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Annex 4 - Appendix 6

METHOD OF CALIBRATING THE EQUIPMENT
1. ESTABLISHMENT OF THE CALIBRATION CURVE

1.1. Each normally used operating range is calibrated in accordance with the
requirements of paragraph 4.3.3. of this annex by the foliowing procedure:

1.2. 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% of the full scale.

1.3. The calibration curve is calculated by the least squares method. If the resulting
polynomial degree is greater than 3, the number of calibration points must be at
least equal to this polynomial degree plus 2.

1.4. The calibration curve shall not differ by more than 2% from the nominal value of
each calibration gas.

1.5. 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.
1.6. If it can be shown to the satisfaction of the technical service that altemative
technology (e.g. computer, electronically controlled range switch, etc.) can give

equivalent accuracy, then these altematives may be used.

1.7. Verification of the calibration

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

1.7.2.  The calibration shall be checked by using a zero gas and a span gas whose
nominal value is within 80-95% of the supposed value to be analysed.

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




E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
Annex 4-Appendix 6
page 110

} Rev.1/Add.82/Rev.1

1.7.4. 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%.

2. CHECKING FOR FID HYDROCARBON RESPONSE

2.1. Detector response optimization

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

2.2, Calibration of the HC analyser

The analyser should be calibrated using propane in air and purified synthetic air.
See paragraph 4.5.2. of this annex (calibration and span gases).

Establish a calibration curve as described in paragraphs 1.1. to 1.5. of this
appendix.

2.3. Response factors of different hydrocarbons and recommended limits

The response factor (Rf), for a particular hydrocarbon species is the ratio of the
FID C1 reading to the gas cylinder concentration, expressed as ppm C1.

The concentration of the test gas must be at a level to give a response of
approximately 80% of full-scale deflection, for the operating range. The
concentration must be known, to an accuracy of + 2% in reference to a
gravimetric standard expressed in volume. In addition, the gas cylinder must 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

Propylene and purified air 0.90 < Rf < 1.00

Toluene and purified air 0.90 < Rf £ 1.00
Relative to a response factor (Rf) of 1.00 for propane and purified air.

24. Oxygen interference check and recommended limits

The response factor shall be determined as described in paragraph 2.3. above.
The test gas to be used and recommended response factor range are:;

Propane and nitrogen 0.95 <Rf<1.05
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EFFICIENCY TEST OF THE NO, CONVERTER

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 6/1 and the procedure described below,
the efficiency of converters can be tested by means of an ozonator.

Calibrate the CLD in the most common operating range following the
manufacturer's specifications using zero and span gas (the NO content of which
shall amount to about 80% of the operating range and the NO, concentration of
the gas mixture shall be less than 5% of the NO concentration). The NO,
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 gas flow until
the concentration indicated is about 10% less than the indicated calibration
concentration given in 3.1. 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% (minimum 10%) of the calibration concentration given
in paragraph 3.1. 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 3.2. above passes through the converter into the detector. Record the
indicated concentration (b).
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Figure 6/1
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3.6. With the ozonator deactivated, the flow of oxygen or synthetic air is also shut off.
The NO, reading of the analyser must then be no more than 5% above the figure
given in paragraph 3.1. above.

3.7. The efficiency of the NO, converter is calculated as follows:
Efficiency (%) = (1 + 2-0) x 100

3.8. The efficiency of the converter shall not be less than 95%.

3.9. The efficiency of the converter shall be tested at least once a week.
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4. CALIBRATION OF THE CVS SYSTEM

4.1. The CVS system shall be calibrated by using an accurate flow-meter and a
restricting device. The flow through the system must be measured at various
pressure readings and the control parameters of the system measured and
related to the flows.

411, 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 paragraphs 4.2.2.
and 4.2.3. of this annex.

41.2. The following sections 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.

4.2, Calibration of the positive displacement pump (PDP)

421, The following calibration procedure outlines the equipment, the test
configuration and the various parameters which 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 which is the value of a specific combination of
pump parameters. The linear equation which 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 must be performed.

422 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 must be maintained to ensure the accuracy and
integrity of the calibration curve:

42.21. The pump pressures must be measured at tappings on the pump rather than
at the external piping on the pump inlet and outiet. 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:

4222 Temperature stability must 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;

42.23. All connections between the flow-meter and the CVS pump shall be free of
any leakage.
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4.2.3. During an exhaust emission test, the measurement of these same pump
parameters enables the user to calculate the flow-rate from the calibration
equation.

42.3.1. Figure 6/2 of this appendix shows one possible test set-up. Variations are
permissible, provided that they are approved by the administration granting the
approval as being of comparable accuracy. If the set-up shown in appendix 5,
figure 5/3, is used, the following data shall be found within the limits of
precision given:
barometric pressure (corrected) (Pg) + 0.03 kPa
ambient temperature (T) + 02K
air temperature at LFE (ETI) + 0.15 K
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) + 02K
air temperature at CVS pump outlet (PTO) +0.2 K
pressure depression at CVS pump inlet (PP1) + 0.22 kPa
pressure head at CVS pump outlet (PPO) + 0.22 kPa
pump revolutions during test period (n) +1 rev
elapsed time for period (minimum 250 s) (t) +0.1s

4232 After the system has been connected as shown in figure 6/2 of this appendix,
set the variable restrictor in the wide-open position and run the CVS pump for
20 minutes before starting the calibration.

4233 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.
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Figure 6/2
PDP-CVS calibration configuration

Variable-flow
restrictor

Surge
e control
v valve (snubber)
iPTI
Temperature
indicator i
" {pTO ! :
. t
il
b
.

elapsed time , R

-

i

{

Revolutions ;
3 !

|

=

4.2.4. Data analysis
4241, 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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42.4.2. The air flow-rate is then converted to pump flow (V,) in m*rev at absolute
pump inlet temperature and pressure.

Q Tp 101.33
n 2732 Pp

V0=

where:
V, = pump flow-rate at T, and P, given in m*/rev,
Q, = air flow at 101.33 KPa and 273.2 K given in m*/min,
T, = pump inlet temperature (K),
P, = absolute pump inlet pressure (KPa),
= pump speed in revolutions per minute.
To compensate for the interaction of pump speed pressure variations at the
pump and the pump slip rate, the correlation function (X,) 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:

A B,
P

_ 1
X, = —

e
where:

X, = correlation function,

A P, = pressure differential from pump inlet to pump outlet (kPa),

P, = absolute outlet pressure (PPO + Pg)(kPa).

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

V,=D,-M(X,)
n=A-B(AP)

D,, M, A and B are the slope-intercept constants describing the lines.
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Figure 6/3

CFV-CVS calibration configuration
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4243. A CVS system that has multiple speeds must be calibrated on each speed
used. The calibration curves generated for the ranges shall be approximately
parallel and the intercept values (D,) shall increase as the pump flow range
decreases.

If the calibration has been performed carefully, the calculated values from the
equation will be within + 0.5% 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.

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

43.1. Calibration of the CFV is based upon the flow equation for a critical venturi:
K, . P
VT
where:
Q, = 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.

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

43.3. Measurements for flow calibration of the critical flow venturi are required and
the foliowing data shall be found within the limits of precision given:
barometric pressure (corrected) (Pg) + 0.03 kPa,

LFE air temperature, flow-meter (ETI) ' +0.15 K,
pressure depression upstream of LFE (EP!) + 0.01 kPa,
pressure drop across (EDP) LFE matrix + 0.0015 kPa,

air flow (Q,) + 0.5%,
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CFV inlet depression (PPI) + 0.02 kPa,
temperature at venturi inlet (T,) + 0.2 K.
434, The equipment shall be set up as shown in figure 3 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.

4.3.5. 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.

4.3.6. The flow restrictor shall be varied and at least eight readings across the critical

flow range of the venturi shall be made.

4.3.7. The data recorded during the calibration shall be used in the foliowing
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:

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 ventun 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 become unchoked and K, decreases. The resultant K, changes are

not permissible.

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% of the average K, take corrective
action.
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Annex 4 - Appendix 7

TOTAL SYSTEM VERIFICATION

1. To comply with the requirements of paragraph 4.7. of this annex, 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 formulae in appendix 8 to this annex 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.

2. METERING A CONSTANT FLOW OF PURE GAS (CO OR C,H,) USING A
CRITICAL FLOW ORIFICE DEVICE

2.1. A known quantity of pure gas (CO or C,H,) 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% 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.

3. METERING A LIMITED QUANTITY OF PURE GAS (CO OR C,H,;) BY MEANS
OF A GRAVIMETRIC TECHNIQUE

3.1. The following gravimetric procedure may be used to verify the CVS system. The
weight of a small cylinder filled with either carbon monoxide or propane is
determined with a precision of £001 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 nomally used for exhaust-gas
analysis. The results are then compared to the concentration figures computed
previously.
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Annex 4 - Appendix 8

CALCULATION OF THE MASS EMISSIONS OF POLLUTANTS
1. GENERAL PROVISIONS

Emissions of gaseous poliutants shall be calculated by means of the following
equation: .
Vaix X Q; X kp x 107

d (1)

M,

where:
M = mass emission of the pollutant i in grams per test,

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

Q = 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,

C = concentration of the poliutant 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.

1.2. VOLUME DETERMINATION

1.2.1. 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.

1.2.2. 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,xN
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.
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1.2.3. Correction of the diluted exhaust-gas volume to standard conditions

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

Py - P
Vux = VX K x 21 (@)
TP
in which:
273.2 K )
= = 2.6961 (K x kPa*
1 101.33 kPa 6961 (K x kpa™) 3)
where
P; =  barometric pressure in the test room in kPa,
P, = vacuum at the inlet to the positive displacement pump in kPa relative to
the ambient barometric pressure,
T, = average temperature of the diluted exhaust gas entering the positive

displacement pump during the test (K).

1.3. CALCULATION OF THE CORRECTED CONCENTRATION OF POLLUTANTS
IN THE SAMPLING BAG

1
c,=¢C, - Cd(l - -513) (4)

where:
C = 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,
Cy=  concentration of pollutant i in the air used for dilution, expressed in ppm,
DF = dilution factor.

The dilution factor is calculated as follows:

DF = 13.4 (5)

Copz * (Cyo + Cgp) 1074
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In this equation:

Ceon = concentration of CO, in the diluted exhaust gas contained in the
sampling bag, expressed in % volume,

Cuc = concentration of HC in the diluted exhaust gas contained in the
sampling bag, expressed in ppm carbon equivalent,

Cwo = concentration of CO in the diluted exhaust gas contained in the
sampling bag, expressed in ppm.

1.4, DETERMINATION 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:

kn = T=570329 1(H—10.71) ©)
in which;
6.2 X X

where: = Py - 113; x lf:x 113(‘)1‘2 ©
H = absolute humidity expressed in grams of water per kilogram of dry air,
R, = relative humidity of the ambient air expressed as a percentage,
P, = saturation vapour pressure at ambient temperature expressed in kPa,
P = atmospheric pressure in the room, expressed in kPa.

1.5. EXAMPLE

1.5.1. Data

1.56.1.1.  Ambient conditions:

ambient temperature: 23° C = 297.2 K,

barometric pressure: P, = 101.33 kPa,

relative humidity: R, = 60%,

saturation vapour pressure: P, = 3.20 kPa of H,0 at 23° C.
1.5.1.2. Volume measured and reduced to standard conditions (para. 1)

V =51.961 m*
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1.5.1.3. Analyser readings:

Diluted exhayst sample Dilution-air sample
HC 1/ 92 ppm 3.0 ppm
CcoO 470 ppm 0 ppm
NO, 70 ppm 0 ppm
CoO, 1.6% vol 0.03% vol

1/ in ppm carbon equivalent.

1.5.2. Calculation

1.56.2.1. Humidity correction factor (k,,) (see formula (6))
6.211 x R, x P,

H:
Py - Py x R, x 1072
- 6.211 x60 x3.2
101.33 - (3.2 x 0.60)
H = 11,9959
k, = 1
H 7 -0.0329 x (H-10.71)
k. = 1
H
1 -0.0329 x (11.9959 - 10.71)
ky = 1.0442

1.56.2.2. Dilution factor (DF) (see formula (5))

DF = 13.4
Copz + (Cye + Cop) X 1074
DF = 13.4
1.6 + (92 +4.70) x 107¢
DF = 8.091

1.56.2.3. Calculation of the corrected concentration of pollutants in the sampling bag:

HC, mass emissions (see formulae (4) and (1))




E/ECE/324 }
E/ECE/TRANS/505 Rev.1/Add.82/Rev.1

Regulation No. 83
Annex 4-Appendix 8

page 125
c,=¢, - cyf1 - X
1 e d DF
1
C; =92 -3(1 -
1 ( 8.091)
C, = 89.371
= 1
MHC - CHC X Vmix X QHC _d
Q. = 0.619
M, = 89.371 x 51.961 x 0.619 x 10 x %
2.
Myc = d88 g/ km

CO, mass emissions (see formula (1))

Mm=meVm1xemx—3

Qo = 1.25

My = 470 x 51,961 x 1.25 x 107 x %

My = 30d.5 g/ km

NO,, mass emissions (see formula (1))

1

Mo =meme1xemxkaxa

x

Opo, = 2.05

My =70 X 51,961 x 2.05 X 1.0442 x 10 x 'cli
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My, = ? ';9 g/ km
2. SPECIAL PROVISIONS FOR VEHICLES EQUIPPED WITH COMPRESSION-
IGNITION ENGINES
To calculate HC-mass emission for compression-ignition engines, the average
HC concentration is calculated as follows:
t;
f Cuc - dt (7)
o~ tl
Ce t, - 4
where:
ty
f Cye - dt = integral of the recording of the heated FID during the test
1 (tz-t1)1
C, = concentration of HC measured in the diluted exhaust in
ppm of C,
C, is substituted for C,¢ in all relevant equations.
22 Determination of particulates

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

(Vmix * Vep) X Pe
Vepxd

Mp =

where exhaust gases are vented outside tunnel:

Mp:__‘/_"_'ix_x_%
Vep X

where exhaust gases are retumed to the tunnel,
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where:

Vi Volume of diluted exhaust gases (see para. 1.1.), under standard

conditions,

Vep: Volume of exhaust gas flowing through particulate filter under standard
conditions,

P, Particulate mass collected by filters,

d: Distance corresponding to the operating cycle in km,

M, Particulate emission in g/km.
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Annex 4A
TEST EQUIVALENT TO THE TYPE | TEST FOR VERIFYING
EMISSIONS AFTER A COLD START
1. INTRODUCTION

The present annex describes the procedure to be followed for the type | test as
defined in paragraph 13 of this Regulation.

2. OPERATING CYCLE ON THE CHASSIS DYNAMOMETER

2.1. Description of cycle

The operating cycle to be applied on the chassis dynamometer is that indicated in
the table depicted in the graph in appendix 1 to this annex.

2.2. General_conditions
Preliminary test cycles shall be run if the best operation of the gas and brake
pedals has to be determined, so that the effective cycle corresponds to the
theoretical cycle within the prescribed limits.

2.3. Transmissions

2.3.1. All test conditions, except as noted, will be run according to the manufacturer’s
recommendations.

2.3.2. Vehicles equipped with free wheeling or overdrive, except as noted, will be tested
with these features operated according to the manufacturer's recommendations.

2.3.3. Idle modes are to be run with automatic transmission in "drive" and the wheels
braked: manual transmissions to be in gear with the clutch disengaged except in
the first idle mode.

The vehicle must be driven with minimum accelerator pedal movement to maintain
the desired speed.

2.3.4. Acceleration must be smooth, following representative gear speeds and
procedures. For manual transmissions, the operator must release the accelerator
pedal during each gear change and complete the change in the minimum amount
of time. If the vehicle cannot accelerate at the specified rate, it is to be operated
at maximum available power until its speed reaches the value prescribed for that
time in the driving schedule.
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23.5. The deceleration modes must be run in gear using brakes or accelerator pedal as
necessary to maintain the desired speed. Manual transmission vehicles must
have the clutch engaged and must not change gears from the previous mode. For
those modes which decelerate to zero, manual transmission clutches must be
depressed when the speed drops below 24.1 km/h, when engine roughness is
evident, or when engine stalling is imminent.

2.3.6. Manual transmission

2.3.6.1. In the case of test vehicles equipped with manual transmission, the transmission
must be shifted according to the procedures recommended by the manufacturer,
subject to the agreement of the technical service responsible for the tests.

2.4. Tolerances

2.4.1. The dynamometer driving schedule is listed in appendix 1. The driving schedule
is defined by a smooth trace drawn through the specified speed versus time
relationships. It consists of a non-repetitive series of idle, acceleration, cruise, and
deceleration modes of various time sequences and rates.

2.4.2. The speed tolerances are:

The upper limit is 3.2 km/h higher than the highest point on the trace within
one second of the given time;

The lower limit is 3.2 km/h lower than the lowest point on the trace within one
second of the given time;

Speed variations greater than the tolerances (such as may occur during gear
changes) are acceptable provided they do not occur for more than 2 seconds
on any occasion;

Speeds lower than those prescribed are acceptable provided the vehicle is
operated at maximum available power during such occurrences;

The speed tolerance must be as specified above, except the upper and lower
limits which are 6.4 km/h;

The following figures show the range of acceptable speed tolerances for
typical points. Figure A is typical of portions of the speed curve which are
increasing or decreasing throughout the 2-second time interval. Figure B is
typical of portions of the speed curve which include a maximum or minimum.
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3. VEHICLE AND FUEL
3.1. Test vehicles
3.1.1. )
3.1.2. )
3.1.38. ) Idem sections 3.1.1. to 3.1.6. of annex 4.
3.1.4. )
3.1.5. )
3.1.6. )
3.2. Fuel

The appropriate reference fuel as defined in annex 9 must be used for testing,
or the equivalent reference fuels used by the competent authorities in

Community export markets.
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4, TEST EQUIPMENT
4.1. Chassis dynamometer
411, 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 fix load curve shape,

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 adjustable load curve may be considered as having a
fixed load curve if they meet the requirements of a fixed load curve
dynamometer and are used as a fixed load curve dynamometer.

: g } Idem sections 4.1.1., 4.1.2, and 4.1.3. of annex 4.
4.1.4, Accuracy

41.4.1. Idem 4.1.4.1. annex 4.

4142, In the case of a dynamometer with a fixed load curve, the accuracy of
matching dynamometer load to road must be 5% at 80.5 km/h.

In the case of a dynamometer with adjustable load curve, the accuracy of
matching dynamometer load to road must be 5% at 80.5, 60 and 40 kmvh and
10% at 20 km/h. -Below this, dynamometer absormption must be positive.

4.1.43.

41.4.4. }m.m sections 4.1.4.3. and 4.1.4.4. of annex 4.

4.1.5, Load and inertia setting

41.51. Dynamometers with fixed load curve: the load simulator must be adjusted to
absorb the power exerted on the driving wheels at a steady speed of 80.5
km/h. The altemative means by which this load is determined and set are
described in appendix 2, paragraph 3 and appendix 3.

415.2. Dynamometers with adjustable load curve: the load simulator must be
adjusted in order to absorb the power exerted on the driving wheels at steady
speeds of 20, 40, 60 and 80.5 km/h. The means by which these loads are
determined and set are described in appendix 2, paragraph 3 and appendix 3.

4.1.5.3. Idem section 4.1.5.3. of annex 4.
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4.2.
4.3.
44,
45,
4.6.
4.7.

5.

5.1.

R o e T ]

PREPARING THE TEST

Idem sections 4.2. to 4.7. of annex 4.

Adjustment of inertia simulators to the vehicle's translatory inertias

Reference mass of the vehicle

(kg)

Pr<
480 < Pr<
540 < Prg
600 < Pr<
650 < Pr<
710 < Pr<
770 < Pr<
820 < Pr<
880 < Pr<
940 < Pr<

990 < Pr<1 050
1050<Pr<1110
1110<Pr<1 160
1160 < Pr<1 220
1220 <Pr<1280
1280 <Pr<1330
1330 <Pr<1390
1390 < Pr<1 450
1450 < Pr<1 500
1600 < Pr<1 560
1660 < Pr<1620
1620 <Pr<1670
1670 <Pr<1730
1730 <Pr<1790
1790 <Pr<1870
1870 < Pr<1980
1980 <Pr<2100
2100<Pr<2210
2210 <Pr<2320
2320 < Pr<2440

2440 < Pr

480
540
600
650
710
770
820
880
940
990

Equivalent inertia mass
(kg)

450
510
570
620
680
740
800
850
910
960
1020
1080
1130
1190
1250
1 300
1 360
1 420
1 470
1 630
1690
1640
1700
1760
1810
1930
2 040
2150
2270
2 380
2 490

Flywheels, electrical or other means of simulating test mass as shown in the
table may be used. If the equivalent test mass specified is not available on
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the dynamometer being used, the next higher equivalent test mass (not
exceeding 115 kg) available is to be used.

Note: The reference mass of the vehicle is the mass of the vehicle in running
order less the uniform mass of the driver and increased by a uniform mass of

136 kg.
5.2. Idem section 5.2, of annex 4.
53. Conditioning of vehicle
5.3.1. Before the test, the vehicle must be kept in a room in which the temperature

remains relatively constant between 293 K and 303 K (20 and 30° C).

This conditioning must continue for at least six hours if the engine oil
temperature is measured or for at least 12 hours if it is not.

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

5.3.2. Idem section 5.3.2. of annex 4.

6. PROCEDURE FOR BENCH TESTS

6.1. )

6.1.2. ) ldem sections 6.1. to 6.1.4. of annex 4.

6.1.3. )

6.1.4. )

6.2. Test and sampling

6.2.1. The vehicle must be stored prior to the emission test in such a manner that

precipitation (e.g. rain or dew) does not occur on the vehicle. The complete
dynamometer test consists of a cold start drive of 12.1 km and simulates a hot
start drive of 12.1 km. The vehicle is allowed to stand on the dynamometer
during the 10-minute time period between the cold and hot start tests. The
cold start test is divided into two periods. The first period, representing the
cold start "transient" phase, terminates at the end of the deceleration which is
scheduled to occur at 505 seconds of the driving schedule. The second
period, representing the "stabilized" phase, consists of the remainder of the
driving schedule including engine shutdown. The hot start test similarly
consists of two periods. The first period, representing the hot start “transient"
phase, terminates at the same point in the driving schedule as the first period
of the cold start test. The second period of the hot start test, "stabilized"
phase, is assumed to be identical to the second period of the cold start test.
Therefore the hot start test terminates after the first period (505 seconds) is
run.
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6.2.2. The following steps shall be taken for each test:

6.2.2.1. Place drive wheels of vehicle on dynamometer without starting engine. Reset
and engage the roll revolution counter.

6.2.2.2. Open the vehicle engine compartment cover and position the cooling fan.

6.2.2.3. With the sample selector valves in the "standby" position, connect evacuated
sample collection bags to the dilute exhaust and dilution air sample collection
systems.

6.2.2.4. Start the CVS (constant volume sampler) (if not already on), the sample
pumps, the temperature recorder, the vehicle cooling fan and the heated
hydrocarbon analysis recorder (diesel only). (The heat exchanger of the
constant volume sampler if used, should be preheated to its operating
temperature.) The diesel hydrocarbon analyser continuous sample line and
filter (if applicable) should be preheated to 463 K + 10 K (190° C + 10° C).

6.2.2.5. Adjust the sample flow-rates to the desired flow-rate (minimum of 0.28 m>/h)

and set the gas flow measuring devices to zero.

Note: CFV-CVS sample flow-rate is fixed by the venturi design.

6.2.2.6. Attach the flexible exhaust tube to the vehicle tailpipe(s).

6.2.2.7. Start the gas flow measuring device, position the sample selector valves to
direct the sample flow into the "transient" exhaust sample bag and the
“transient" dilution air sample bag (turn on the diesel hydrocarbon analyser
system integrator and mark the recorder char, if applicable), position the
values during sampling in such a way that the transient phase is directed on to
the particulate filters, tum the key and start the engine.

6.2.2.8. Fifteen seconds after the engine starts, place the transmission in gear.

6.2.2.9. Twenty seconds after the engine starts, begin the initial vehicle acceleration of
the driving schedule.

6.2.2.10.  Operate the vehicle according to the dynamometer driving schedule.

6.2.2.11. At the end of the deceleration which is scheduled to occur at 505 seconds,
simultaneously switch the sample flows from the "transient" to the "stabilized"
bags, in such a way that they pass through the particulate filters for the
stabilized flows, switch off gas-flow measuring device No. 1 (and the diesel
hydrocarbon integrator No. 1) (mark the diesel hydrocarbon recorder chart)
and start gas-flow measuring device No. 2 (and diesel hydrocarbon integrator
No. 2). Before the acceleration which is scheduled to occur at 510 seconds,
record the measured roller or shaft revolutions and reset the counter or switch
to a second counter. As soon as possible transfer the "transient" exhaust and
dilution air samples to the analytical system and process the samples so as to



6.2.2.12.

6.2.2.13.

6.2.2.14,

6.2.2.15.

6.2.2.16.

6.2.2.17.

6.2.2.18.
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obtain a stabilized reading of the exhaust sample on all analysers within
20 minutes of the end of the sample collection part of the test.

Tum the engine off 2 seconds after the end of the last deceleration (at
1,369 seconds).

Five seconds after the engine stops running, simuitaneously turn off gas-flow
measuring device No. 2 (and diesel hydrocarbon integrator No. 2) (mark the
hydrocarbon recorder chan, if applicable) close the valves for the stabilized-
phase particulate filters and place the sample selector valves in the "standby"
position. Record the measured roller or shaft revolutions and reset the
counter. As soon as possible transfer the "stabilized" exhaust and dilution air
samples to the analytical system and process the samples so as to obtain a
stabilized reading of the exhaust sample on all analysers within 20 minutes of
the end of the sample collection part of the test.

Immediately after the end of the sample period turn off the cooling fan and
close the engine compartment cover.

Tumn off the CVS or disconnect the exhaust tube from the tailpipe of the
vehicle.

Repeat the steps in paragraphs 6.2.2.2. to 6.2.2.10. for the hot-start test,
except that only one evacuated sample bag is required for sampling exhaust
gas and one for dilution air.

In the case of vehicles equipped with a compression-ignition engine similarly
only one pair of particulate filters is needed for the hot-start test.

The key-on operation set described in paragraph 6.2.2.7 shall begin between 9
and 11 minutes after the end of the sample period for the cold-start test.

At the end of the deceleration, which is scheduled to occur at 505 seconds,
simultaneously tum off gas-flow measuring device No. 1 (and diesel
hydrocarbon integrator No. 1) (mark the diesel hydrocarbon recorder chart, if
applicable) close the valves for the particulate filter and place the sample
selector valve to the "standby" position (engine shutdown does not form part of
the hot-start test sampling period).

Record the measured roller or shaft revolutions.

As soon as possible transfer the hot start "transient” exhaust and dilution air
samples to the analytical system and process the samples in order to obtain a
stabilized reading of the exhaust sample on all analysers within 20 minutes of
the end of the sample collection part of the test.
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6.3. Engine starting and restarting
6.3.1. Petrol-engined vehicles
This section applies to petrol-engined vehicles.
6.3.1.1. The engine must be started according to the manufacturer's instructions as set

out in the handbook for series-produced vehicles. The initial 20-second idle
period begins when the engine starts.

6.3.1.2. Choke operation

Vehicles equipped wih automatic chokes must be operated according to the
manufacturer's instructions as set out in the handbook for series-produced
vehicles.

Vehicles equipped with manual chokes must be operated according to the
manufacturer’s instructions as set out in the handbook for series-produced

vehicles.

6.3.1.3. The transmission must be placed in gear 15 seconds after the engine is
started. If necessary, braking may be employed to keep the drive wheels from
turning.

6.3.1.4. The operator may use the choke, accelerator pedal, etc. where necessary to

keep the engine running.

6.3.1.5. If the manufacturer's instructions as set out in the handbook for
series-produced vehicles do not specify a warm engine starting procedure, the
engine (automatic-and-manual-choke engines) must be started by depressing
the accelerator pedal about half way and letting the engine turn over until it
starts.

6.3.2. Diesel vehicles

The engine must be started according to the manufacturer's instructions as set
out in the handbook for series-produced vehicles. The initial 20-second idle
period begins when the engine starts. The transmission must be placed in
gear 15 seconds after the engine is started. If necessary, braking may be
employed to keep the drive wheels from turning.

6.3.3. if the vehicle does not start after 10 seconds’ use of the starter, the attempt is
to cease and the reason for failure to start determined. The gas flow
measuring device on the constant volume sampler (usually a revolution
counter) or CFV (and the hydrocarbon integrator when testing diesel vehicles)
must be turned off and the sampler selector valves placed in the "standby"
position during this diagnostic period. In addition, either the CVS should be
turned off, or the exhaust tube disconnected from the tailpipe during the
diagnostic period. If failure to start is due to an operational error, the vehicle
must be rescheduled for testing from a cold start.




6.3.3.1.

6.3.3.2.

6.3.4.

6.3.5.

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.

7.7.
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If a failure to start occurs during the cold portion of the test and is caused by a
vehicle malfunction, corrective action of less than 30 minutes duration may be
taken and the test continued. All sampling system(s) must be reactivated at
the same time as the engine begins to turn. When the engine starts, the
driving schedule timing sequence begins. If failure to start is caused by
vehicle malfunction and the vehicle cannot be started, the test is void.

If a failure to start occurs during the hot start portion of the test and is caused
by vehicle malfunction, the vehicle must be started within one minute of key
on. All sampling system(s) must be reactivated at the same time as the
engine begins to turn. When the engine starts, the driving schedule timing
sequence begins. If the vehicle cannot be started within one minute of key on,
the test is void.

If the engine "false starts" the operator must repeat the recommended starting
procedure (such as resetting the choke, etc.).

Stalling

If the engine stalls during an idle period, the engine must be restarted
immediately and the test continued. If the engine cannot be started soon
enough to allow the vehicle to follow the next acceleration as prescribed, the
driving schedule indicator must be stopped. When the vehicle restarts, the
driving schedule indicator must be reactivated.

If the engine stalls during some operating mode other than idle, the driving
schedule must be stopped; the vehicle is then restarted and accelerated to the
speed required at that point in the driving schedule and the test continued.

If the vehicle will not restart within one minute, the test is void.
PROCEDURE FOR ANALYSES

Idem section 7.2.2. of annex 4.

Idem section 7.2.3. of annex 4.

Idem section 7.2.4. of annex 4.

Idem section 7.2.5. of annex 4,

Idem section 7.2.6. of annex 4.

ldem section 7.2.7. of annex 4.

ldem section 7.2.8. of annex 4.
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7.8. The spent particulate filters shall be taken to the chamber no later than one
hour after conclusion of the test on the exhaust gases and shall there be
conditioned for between 2 and 56 hours, and then be weighed.

8. DETERMINATION OF THE QUANTITY OF GASEOUS AND PARTICULATE
POLLUTANTS EMITTED

8.1.

8.2 } Idem sections 8.1. and 8.2. of annex 4.
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Annex 4A - Appendix 2

CHASSIS DYNAMOMETER
1. DEFINITION
1.1 Introduction
In the event that the total resistance to progress on the road cannot be
reproduced on the chassis dynamometer between speeds of 10 and

80.5 kmv/h, it is recommended that a chassis dynamometer having the
characteristics defined below should be used.

2. METHOD OF CALIBRATING THE DYNAMOMETER

2.1. ldem paragraph 2.1. of appendix 2 to annex 4

2.2. Calibrating the power indicator to 80.5 km/h

22.1. The dynamometer must be calibrated at least once each month or

performance verified at least once each week with a view to calibration if
required. Calibration must be carried out at 80.5 km/h in accordance with the
procedure described below. The measured absorbed power comprises the
power absorbed by frictional effects and the power absorbed by the power
absorption device. The dynamometer is driven above the test speed range.
The device used for starting up the dynamometer is then disengaged from
the dynamometer and the roller(s) is (are) allowed to coast down. The kinetic
energy of the roller is dissipated by the power absorption device and frictional
effects. This method disregards variations in the internal friction of the rollers
when carrying a load or running free. The frictional effects of the rear roll
shall be disregarded when this is free.

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

22.1.2. Place a vehicle on the dynamometer or use another method of starting up the
dynamometer.

22.1.8. Engage the flywheel or other system of inertia simulation for the most

common vehicle mass category for which the dynamometer is used.
In addition other vehicle mass categories may be calibrated, if desired.

22.14. Drive the dynamometer up to 80.5 km/h.
2.2.1.5. Record indicated road power.
2.2.1.6. Drive the dynamometer up to 96.9 knvh.

221.7. Disengage the device used to drive the dynamometer.
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2.2.1.8. Record the time for the dynamometer drive roller to coast down from
88.5 km/h to 72.4 km/h.
2219 Adjust the power absorption device to a different level.

2.2.1.10. Repeat operations of paragraphs 2.2.1.1. to 2.2.1.9. above a sufficient
number of times to cover the range of absorbed power used.

| 22.1.11, Calculate the power absorbed. See paragraph 2.2.3.

22.1.12. Plot power indicated at 80.5 km/h versus absorbed power (as shown in
figure A).
222 The performance check consists of conducting a dynamometer coastdown at

one or more inertia-horsepower settings and comparing the coastdown time
to that recorded during the last calibration. If the coastdown times differ by
more than 1 s a new calibration is required.

2.2.3. Calculations

The power actually absorbed by the dynamometer is calculated from the
following equation:

Vi - V§

= g2
3 2 000 ¢

where:

Pa = power (kW)

W = equivalent inertia (kg)

V, = initial velocity (m/s)

V, = final velocity (m/s)

t = elapsed time for rollers to coast from 88.5 to 72.4 km/h.
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2.3. Idem paragraph 2.3. of appendix 2 to annex 4.
3. SETTING OF THE DYNAMOMETER

3.1. Vacuum Method

3.1.1. Introduction

This method is not a preferred method and should be used only with fixed
load curve shape dynamometers for determination of load setting at
80.5 km/h and cannot be used for vehicles with compression-ignition engines.

3.1.2. Test Instrumentation
The vacuum (or obsolute pressure) in the vehicle’s intake manifold shall be
measured to an accuracy of + 0.25 kPa. It shall be possible to record this
reading continuously or at intervals of no more than 1 second. The speed
shall be recorded continuously with a precision of + 0.4 km/h.

3.1.3. Road Test

3.1.3.1. Ensure that the requirements of paragraph 4 of appendix 3 to this annex are
met.
3.1.3.2. Drive the vehicle at a steady speed of 80.5 km/h, recording speed and

vacuum (or absolute pressure) within the requirements of paragraph 3.1.2.

3.1.33. Repeat procedure of paragraph 3.1.3.2. three times in each direction. All six
runs must be completed within four hours.
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3.1.4. Data Reduction and Acceptance Criteria

3.1.4.1. Review results obtained in accordance with paragraphs 3.1.3.2. and 3.1.3.3.
(speed must not be lower than 79.5 km/h or greater than 81.0 km/h for more
than 1 second). For each run, read vacuum level at 1 second intervals,
calculate mean vacuum ( v) and standard deviation(s); this calculation shall
consist of no less than 10 readings of vacuum.

3.1.4.2. The standard deviation shall not exceed 10% of mean ( v) for each run.

3.1.43. Calculate the mean value ( v) for the six runs (three runs in each direction).

3.1.5. Dynamometer setting

3.1.5.1. Preparation

Perform the operations specified in paragraphs 5.1.2.2.1. to 5.1.2.2.4. of
appendix 3 to this annex.

3.1.5.2. Power absorption device setting

After warm-up, drive the vehicle at a steady speed of 80.5 km/h and adjust
power absorption device to reproduce the vacuum reading (v) obtained in
accordance with paragraph 3.1.4.3. Deviation from this reading shall be no
greater than 0.25 kPa. The same instruments shall be used for this exercise
as were used during the road test.

3.2. Other setting methods

The dynamometer may be carried out at a constant speed of 80.5 km/h in
accordance with the provisions of appendix 3 to this annex.

3.3. Altemative method

3.3.1. The power absorption device is adjusted to reproduce power absorbed at
80.5 km/h true speed. The dynamometer power absorption must take into
account friction.

The following method has been established for small twin-roll dynamometers
having a nominal roll diameter of 220 mm and a nominal roll spacing of

432 mm and large single-roll dynamometers having a nominal roll-diameter of
1,219 mm. Dynamometers with other roll specifications may be used if
approved by the technical service.

3.3.2. The dynamometer road load setting is determined from the equivalent test
mass, the reference frontal area, the body shape, the vehicle protuberances
and the tyre type according to the following equations.




E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
Annex 4A-Appendix 2
page 149

} Rev.1/Add.82/Rev.1

3.3.2.1. For light-duty vehicles to be tested on a twin-roller dynamometer:

P,=aA +P +tw

P, = setting at 80.5 km/h (kW)

A = the vehicle reference frontal area (m?). The vehicle reference frontal
area is defined as the area of the orthogonal projection of the vehicle
including tyres and suspension components, but excluding vehicle
protuberances, on to a plane perpendicular to both the longitudinal
plane of the vehicle and the surface upon which the vehicle is
positioned. Measurements of this area are computed to the nearest
hundredth of a square metre using a method approved in advance by
the technical service responsible for the tests.

P = the protuberance power correction factor from table 1 of this section
w = vehicle equivalent test mass (kg)

a = 3.45 for fastback-shaped vehicles: = 4.01 for all other light-duty
vehicles

t = 0.0 for vehicles equipped with radial-ply tyres:
= 4.93 x 10™ for all other vehicies

A vehicle is considered to have a fastback shape if the rearward projection of
that portion of the rear surface (A2) which slopes at an angle of less than 20°
from the horizontal is at least 25% as large as the vehicle reference frontal
area. [n addition, this surface must be smooth, continuous, and free from
any local transitions greater than 4°. An example of a fastback shape is
presented in figure 1.

Side view
s <20°

Rear view

A, >0.25A

Figure 1




E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
Annex 4A-Appendix 2

} Rev.1/Add.82/Rev.1

page 150
TABLE 1
Protuberance power (P) versus total protuberance frontal area (Ap)
Ap (m?) P
Ap < 0.03 0.0
0.03 < Ap < 0.06 0.30
0.06 < Ap < 0.08 0.52
0.08 < Ap < 0.11 0.75
0.11 <Ap<0.14 0.97
014 <Ap<0.17 1.19
0.17<Ap<0.19 1.42
0.19 < Ap< 0.22 1.64
0.22 < Ap< 0.25 1.87
0.25<Ap<0.28 2.09
0.28 < Ap 2.31
The protuberance frontal area, Ap, is defined in a manner analogous to the
definition of the vehicle reference frontal area, i.e. the total area of the
orthogonal projections of the vehicle mirrors, handles, roof racks, and other
protuberances on to a plane perpendicular to both the longitudinal plane of
the vehicle and the surface upon which the vehicle is positioned. A
protuberance is defined as any fixture attached to the vehicle protruding more
than 2.54 cm from the vehicle surface and having a projected area greater
than 0.00093 m® with the area calculated by a method approved in advance
by the technical service responsible for the tests. Included in the total
protuberance frontal area are all fixtures which occur as standard equipment.
The area of any optional equipment is also included if it is expected that
more than 33% of the vehicle range sold will be equipped with this option.
3.3.2.2. The dynamometer power absorber setting for light-duty vehicles is rounded
off to the nearest 0.1 kW.
3.3.2.3. The equation to be used for testing light-duty vehicles on a single large-rolier

dynamometer is as follows:
PA=aA+P +(822x 10" + 0.33 t)w

All symbols in the above equation are defined in section 3.3.2.1.
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Annex 4A - Appendix 3

RUNNING RESISTANCE - ROAD MEASUREMENT AND C/D SETTING

(Idem appendix 3 to annex 4)
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Annex 4A - Appendix 4

VERIFICATION OF INERTIAS OTHER THAN MECHANICAL

(Idem appendix 4 of annex 4)
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Annex 4A - Appendix 5

DESCRIPTION OF SAMPLING SYSTEMS FOR GASEOUS
AND PARTICULATE POLLUTANTS

This appendix is identical to annex 4, appendix 5, except for:

Paragraph 2.2.4., amend as follows:

'2.2.4 The particulate sampling system consists of a sampling probe in the dilution
tunnel and three filter units comprising two series-mounted filters towards
which the sample gas flow can be directed during a test phase. The sample
gas flows pass successively through the three filter units during the ’transient
after cold start’, 'stabilized after cold start’ and 'transient after hot start’
phases.”

Paragraph 3. becomes:
"3. DESCRIPTION OF THE DEVICES

The systems coincide with those described in annex 4, appendix 5,

paragraph 3, with the exception that in each case three sample bags for
exhaust gas samples and ambient air samples are arranged in paraliel in such
a way that they can in tum have the sample gas flow directed towards them
via quick-acting valves.

Accordingly, in the tests on vehicles equipped with diesel engines, three pairs
of particulate measurement filters are arranged in parallel.”
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Annex 4A - Appendix 6

METHOD OF CALIBRATING THE EQUIPMENT

(Idem appendix 6 to annex 4)
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Annex 4A - Appendix 7

TOTAL SYSTEM VERIFICATION

(Idem appendix 7 to annex 4)
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Annex 4A - Appendix 8

CALCULATION OF THE MASS EMISSIONS OF POLLUTANTS

1. The mass emissions of pollutants are calculated by the following equation:

Mi=0.43 —dertlis | g 57 Mum * M,
SCT + Ss SH’I‘ + Ss
where:
Mi = mass emission of the pollutant, i, in grams per kilometre

M. = mass emission of the pollutant, i, in grams, during the first phase (transient

cold)

M, = mass emission of the pollutant, i, in grams, during the last phase (transient
hot)

M. = mass emission of the pollutant, i, in grams, during the second phase
(stabilized)

S, = distance (in km) which has been run during the first phase

S, = distance (in km) which has been run during the last phase
S, = distance (in km) which has been run during the second phase
2. The mass emissions of pollutants are calculated by means of the following:
Mi=V_ xQxk,xC x10°
where:
Mi = mass emission of the poliutant, i, in grams, per phase

V..x = Vvolume of the diluted exhaust gas, expressed in litres, per phase and
corrected to standard conditions (273.2 K and 101.33 kPa)

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

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

C, = concentration of the pollutant, i, in the diluted exhaust gas expressed in
parts per million and corrected by the amount of the pollutant, i, contained in
the dilution air.
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3. Special provisions relating to vehicles equipped with compression-ignition engines
3.1. HC measurement

The HC emissions in the individual phases shall be determined in accordance with
annex 4, appendix 8, paragraph 2.1.

3.2. Particulate measurement

The particulate emissions in the individual phases shall be determined in accordance
with annex 4, appendix 8, paragraph 2.2.

The total emission shall be calculated in accordance with paragraph 1 of this
appendix.
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Annex 4A - Appendix 9

CONFORMITY OF PRODUCTION

Cumulative number Pass decision Fall decision
of vehicles tested (number of fallures) {number of fallures)
1 v 2
2 A} 2
3 i 2
4 v 2
5 0 2
6 0 6
7 1 7
8 2 8
9 2 8
10 3 9
1 3 9
12 4 10
13 4 10
14 5 1
15 5 1
16 6 12
17 6 12
18 7 13
19 7 13
20 8 14
21 8 14
22 9 15
23 ] 15
24 10 16
25 1 16
26 1 17
27 12 17
27 12 18
28 13 19
29 13 19
30 14 20
31 14 20
32 15 21
33 15 21
34 16 22
35 16 22
36 17 23
37 17 23
38 18 24
39 18 24
40 19 25
41 19 26
42 20 26
43 21 27
44 21 27
45 22 28
46 22 28
47 23 29
48 23 22
49 24 30
50 24 30
51 25 31
52 25 31
53 26 32
54 26 32
55 27 33
56 27 33
57 28 33
58 28 33
59 32 33
60

v

2

Saries not able to pass at this stage.

Series not able to tail at this stage.
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SAMPLING PLAN FOR USE WITH ANNEX 4A TEST

Series
accepted

the limit values
been complied with i

NSEEEENEE Test one other
vehicle

nurber of times :
en one limit value has
been exceeded (and not complied
th before) lower than or
equal to the pass

One or all limit

No
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Annex 5
TYPE Il TEST

(Carbon monoxide emission test at idling speed)
1. INTRODUCTION

This annex describes the procedure for the type Il test defined in
paragraph 5.3.2. of this Regulation.

2. CONDITIONS OF MEASUREMENT

2.1. The fuel shall be the reference fuel, specifications for which are given in
annex 9 to this Regulation.

2.2. The type |l test shall be carried out immediately after the completion of the
urban cycle (part one) of the type | test, with the engine at idle and without
using the cold-start device. Immediately before each measurement of
carbon monoxide content, an elementary urban cycle as described in
annex 4, paragraph 2.1. to this Regulation, shall be effected.

2.3. In the case of vehicles with manually-operated or semi-automatic-shift
gearboxes, the test shall be carried out with the gear lever in the "neutral"
position and with the clutch engaged.

24, In the case of vehicles with automatic-shift gear-boxes, the test shall be
carried out with the gear selector in either the "neutral" or the "parking"
position.

25. Components for adjusting the idling speed

25.1. Definition

For the purposes of this Regulation, "components for adjusting the idling
speed" means controls for changing the idling conditions of the engine
which may be easily operated by a mechanic using only the tools described
in paragraph 2.5.1.1. In particular, devices for calibrating fuel and air flows
are not considered as adjustment components if their setting requires the
removal of the set-stops, an operation which cannot normally be performed
except by a professional mechanic.

2.5.1.1 Tools which may be used to control components for adjusting the idling
speed:. screwdrivers (ordinary or cross-headed), spanners (ring, open-end
or adjustable), pliers, Allen keys.

2.5.2. Determination of measurement points

25.21. A measurement at the setting used for the type | test shall be performed
first.
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25.2.2. For each adjustment component with a continuous vanation, a sufficient
number of characteristic positions shall be determined.

25.2.3. The measurement of the carbon-monoxide content of exhaust gases shall
be carried out for all the possible positions of the adjustment components,
but for components with a continuous variation only the positions defined in
paragraph 2.5.2.2. shall be adopted.

2524, The type |l test shall be considered satisfactory if one or both of the two
following conditions is met:

2.5.24.1. none of the values measured in accordance with paragraph 2.5.2.3.
exceeds the limit values;

25242, the maximum content obtained by continuously varying one of the
adjustment components while the other components are kept stable does
not exceed the limit value, this condition being met for the various
combinations of adjustment components other than the one which was
varied continuously.

2.5.2.5. The possible positions of the adjustment components shall be limited:

25.25.1. on the one hand, by the larger of the following two values: the lowest idling
speed which the engine can reach; the speed recommended by the
manufacturer, minus 100 revolutions per minute;

2.5.25.2. on the other hand, by the smallest of the following three vaiues: the highest
speed the engine can attain by activation of the idling speed components;
the speed recommended by the manufacturer, plus 250 revolutions per
minute; the cut-in speed of automatic clutches.

25.2.6. in addition, settings incompatible with correct running of the engine shall not
be adopted as measurement settings. In particular, when the engine is
equipped with several carburettors all the carburettors shall have the same
setting.

3. SAMPLING OF GASES

3.1. The sampling probe shall be placed in the pipe connecting the exhaust with
the sampling bag and as close as possible to the exhaust.

3.2. The concentration in CO (C,,) and CO, (C,,,) shall be determined from the
measuring instrument readings or recordings, by use of appropriate
calibration curves.

3.3. The corrected concentration for carbon monoxide regarding four-stroke

engines is:
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c - 15
co COIL = Cop ————— (% vol)
Coo * Crx,
3.4. The concentration in C,, (see paragraph 3.2.) measured according to the

formulae contained in paragraph 3.3. need not be corrected if the total of the
concentrations measured (C,, + C,,) is at least 15 for four-stroke engines.
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Annex 6
TYPE Ill TEST
(Verifying emissions of crankcase gases)

1. INTRODUCTION
This annex describes the procedure for the type 1l test defined in paragraph
5.3.3. of this Reguiation.

2. GENERAL PROVISIONS

2.1. Test Il shall be carried out on the vehicle with positive-ignition engine
subjected to the type | and the type Il test.

2.2 The engines tested shall include leak-proof engines other than those so
designed that even a slight leak may cause unacceptable operating faults
(such as flat-twin engines).

3. TEST CONDITIONS

3.1. Idling shall be regulated in conformity with the manufacturer's
recommendations.

3.2. The measurements shall be performed in the following three sets of

conditions of engine operation:

Condition No. Vehicle speed (km/h)
1 ldling
2 502
3 502
Condition No. Power absorbed by brake
1 Nil
2 That corresponding to the settings for type | tests
3 That for conditions No. 2, multiplied by a factor of 1.7
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TEST METHOD

For the operation conditions as listed in paragraph 3.2. above, reliable
function of the crankcase ventilation system shall be checked.

METHOD OF VERIFICATION OF THE CRANKCASE VENTILATION
SYSTEM

The engine’s apertures shall be left as found.

The pressure in the crankcase shall be measured at an appropriate location.
It shall be measured at the dipstick hole with an inclined-tube manometer.

The vehicle shall be deemed satisfactory if, in every condition of
measurement defined in paragraph 3.2. above, the pressure measured in
the crankcase does not exceed the atmospheric pressure prevailing at the
time of measurement.

For the test by the method described above, the pressure in the intake
manifold shall be measured to within + 1 kPa.

The vehicle speed as indicated at the dynamometer shall be measured to
within + 2 km/h.

The pressure measured in the crankcase shall be measured to within
+ 0.01 kPa.

If in one of the conditions of measurement defined in paragraph 3.2. above,
the pressure measured in the crankcase exceeds the atmospheric pressure,
an additional test as defined in paragraph 6 shall be performed if so
requested by the manufacturer.

ADDITIONAL TEST METHOD
The engine’s apertures shall be left as found.

A flexible bag impervious to crankcase gases and having a capacity of
approximately five litres shall be connected to the dipstick hole. The bag
shall be empty before each measurement.

The bag shall be closed before each measurement. It shall be opened to
the crankcase for five minutes for each condition of measurement
prescribed in paragraph 3.2. above.

The vehicle shall be deemed satisfactory if, in every condition of
measurement defined in paragraph 3.2., no visible inflation of the bag
occurs.
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6.5. Remark

6.5.1. If the structural layout of the engine is such that the test cannot be
performed by the methods described in paragraphs 6.1. to 6.4. above, the
measurements shall be effected by that method modified as follows:

6.5.2. Before the test, all apertures other than that required for the recovery of the
gases shall be closed;

6.5.3. The bag shall be placed on a suitable take-off which does not introduce any

additional loss of pressure and is installed on the recycling circuit of the
device directly at the engine-connection aperture.
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TYPE (Il TEST

See
detail (i)

1)

L--f\ \

See 3
detail (i)“eee
]
Take-off H
. " Crank- : -
(a) direct recycling at case (b) Indirect recycling

slight vacuum at slight vacuum

(i) Connection of
take-off and bag

Vent

Control
valve

Control valve

K——-J \e———

(c) Double-circuit direct recycling (d) Venting of crank case with

control valve (the bag must
be connected to the vent)
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Annex 7
TYPE IV TEST
Determination_of evaporative emissions from vehicles
equipped with positive-ignition engines
1. INTRODUCTION

This annex describes the procedure of the type IV test according to

paragraph 5.3.4. of this Regulation. This procedure describes a method for the
determination of the loss of hydrocarbons by evaporation from the fuel systems of
vehicles equipped with spark-ignition engines.

2. DESCRIPTION OF TEST
2.1. The evaporative emission test (Figure 7/1) shall consist of four phases:

test preparation

tank breathing loss determination

urban (part one) and extra-urban (part two) driving cycle
hot soak loss determination.

2.2. Mass emissions of hydrocarbons from the tank breathing loss and the hot soak
loss phases shall be added together to provide an overall result for the test.

3. VEHICLE AND FUEL
3.1. Vehicle

3.1.1.  The vehicle shall be in good mechanical condition and have been run in and
driven at least 3,000 km before the test. The evaporative emission control system
shall be connected and functioning correctly over this period and the carbon
canister subjected to normal use, neither undergoing abnormal purging nor
abnormal loading.

3.2. Fuel

3.2.1. The appropriate reference fuel shall be used as defined in annex 9 to this
Regulation.

4, TEST EQUIPMENT

41. Chassis dynamometer

The chassis dynamometer shall meet the requirements of annex 4.
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FIGURE 7/1

Determination of evaporative emissions

3,000 km run-in period (no excessive purge/load)
Steam clean of vehicle (if necessary)

. Purge canister by driving or air purge at 293 10 303
Vehicle preconditioning K (20-30 *C) ambient. 2 x diurnal heat build (refer-
ence fuel 289 K(16°C) =+ 1 K. At = 14K 2« 0,5
K).

1 part one + 2 part two driving cycles. Soak

S minutes maximum

Ambient temperature 293 to 303 K (20-30 *C)
Soak period 10-36 hours

v

40 % + 2 % of nominal tank capacity

Fuel drain Fuel temperature 283 10 287 K (10-14 *C)
fuel tank fill

: Fuel temperature 289 K (16 *C) £ | K test begins
Diurnal test 289 t0 303 K a T:14 £ 0,5 K over 60 £ 2 minutes
(16-30°C)in 1 hour :

| hour maximum

Dynamometer test 1 part one + 1 part two driving cycles

7 minutes maximum
2 minutes from engine switch off

v
Starting temperature inside shed is 2 minimum of
Hot soak in chamber ; . 296 K (23°C). Maximum temperature 304 K
| hour 296 to 304 K (23-31 *C) (31 °C)

'

Test result (grams) = diumal result (grams) + hot
End soak result (grams)
Note:
1. Evaporative emission control families ~ details clarified.
2. Exhaust emissions may be measured during dynamometer test, but thgse
are not used for legislative purposes. Exhaust emission legislative

test remains separate.
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4.2. Evaporative emission measurement enclosure

4.2.1.  The evaporative emission measurement enclosure shall be a gas-tight rectangular
measuring chamber able to contain the vehicle under test. The vehicle shall be
accessible from all sides and the enclosure when sealed shall be gas-tight in
accordance with appendix 1 of this annex. The inner surface of the enclosure
shall be impermeable to hydrocarbons. At least one of the surfaces shall
incorporate a flexible impermeable material to allow the equilibration of pressure
changes resulting from small changes in temperature. Wall design shall be such
as to promote good dissipation of heat. The temperature of the wall shall not drop
below 293 K (20°C) at any point during testing.

4.3. Analvtical Systems

4.3.1. Hydrocarbon analyser

4.3.1.1. The atmosphere within the chamber shall be monitored using a hydrocarbon
detector of the flame ionization detector (FID) type. Sample gas shall be drawn
from the midpoint of one side wall or roof of the chamber and any bypass flow
shall be retumed to the enclosure, preferably to a point immediately downstream
of the mixing fan.

4.3.1.2. The hydrocarbon analyser shall have a response time to 90% of final reading of
less than 1.5 s. Its stability shall be better than 2% of full scale at zero and at
80 + 20% of full scale over a 15 minute period for all operational ranges.

4.3.1.3. The repeatability of the analyser expressed as one standard deviation shall be
better than 1% at zero and at 80 + 20% of full scale on all ranges used.

4.3.1.4. The operational ranges of the analyser shall be chosen to give best resolution
over the measurement, calibration and leak-checking procedures.

4.3.2. Hydrocarbon analyser data recording system

4.3.2.1. The hydrocarbon analyser shall be fitted with a device to record electrical signal
output either by strip chart recorder or other data processing system at a
frequency of at least once per minute. The recording system shall have operating
characteristics at least equivalent to the signal being recorded and shall provide a
permanent record of results. The record shall show a positive indication of the
beginning and end of the fuel tank heating and hot soak periods together with the
time elapsed between start and completion of each test.

4.4, Fuel tank heating

4.4.1.  The fuel in the vehicle tank(s) shall be heated by a controllable source of heat:
for example, a heating pad of 2,000 W capacity is suitable. The heating system
shall apply heat evenly to the tank walls beneath the level of the fuel so as not to
cause local overheating of the fuel. Heat shall not be applied to the vapour in the
tank above the fuel.
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4.4.2  The tank heating device shall make it possible to heat the fuel in the tank evenly
by 14 K from 289 K (16°C) within 60 minutes, with the temperature sensor
position as in paragraph 5.1.1. The heating system shall be capable of controlling
the fuel temperature to + 1.5K of the required temperature during the tank heating
process.

45, Temperature recording

4.5.1.  The temperature in the chamber shall be recorded at two points by temperature
sensors which are connected so as to show a mean value. The measuring points
shall be extended approximately 0.1 m into the enclosure from the vertical centre
line of each side wall at a height of 0.9 m + 0.2 m.

4.5.2. The temperatures of the fuel tank(s) shall be recorded by means of the sensor
positioned in the fuel tank as indicated in paragraph 5.1.1.

4.5.3. Temperatures shall throughout the evaporative emission measurements be
recorded or entered into a data processing system at a frequency of at least once
per minute.

4.5.4. The accuracy of the temperature recording system shall be within + 1.0 K and the
temperature shall be capable of being resolved to 0.4 K.

4.5.5. The recording or data processing system shall be capable of resolving time to
+ 15 seconds.

4.6. Fans

4.6.1  The use of one or more fans or blowers with the shed door(s) open should enable
the concentration of hydrocarbons in the chamber to be reduced to the ambient
hydrocarbon level.

4.6.2.  The chamber shall have one or more fans or blowers of a possible capacity of 0.1
to 0.5 m®s™ by means of which the atmosphere in the enslosure can be
thoroughly mixed. It shall be possible to attain an even temperature and
hydrocarbon concentration in the chamber during measurements. The vehicle in
the enclosure shall not be subjected to a direct stream of air from the fans or
blowers.

4.7. Gases

4.7.1.  The following pure gases shall be available for calibration and operation.
Purified synthetic air:
(Purity: <1 ppm C,, equivalent, < 1 ppm CO, < 400 ppm CO,, < 0.1 ppm NO);
Oxygen content between 18 and 21% by volume.
Hydrocarbon analyser fuel gas:

(40 £ 2% hydrogen, and balance helium with less than 1 ppm C,, equivalent
hydrocarbon, and less than 400 ppm CQO,).
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Propane (C,H,):
99.5% minimum purity.

4,7.2. Calibration and span gases shall be available containing mixtures of propane
(C;H,) and purified synthetic air. The true concentrations of a calibration gas must
be within + 2% of the stated figures. The accuracy of the diluted gases obtained
when using a gas divider shall be to within + 2% of the true value. The
concentrations specified in appendix 1 may also be obtained by the use of a gas
divider using synthetic air as the diluent gas.

4.8, Additional Equipment

4.8.1. The absolute humidity in the test area must be measurable to within + 5%.
4.8.2. The pressure within the test area must be measurable to within + 0.1 kPa.
5. TEST PROCEDURE

51. Test preparation

5.1.1.  The vehicle shall be mechanically prepared before the test as follows:
The exhaust system of the vehicle must not exhibit any leaks.
The vehicle may be steam-cleaned before the test.

The fuel tank of the vehicle shall be equipped with a temperature sensor to enable
the temperature to be measured at the midpoint of the fuel in the fuel(s) tank
when filled to 40% of its(their) capacity.

Additional fittings, adaptors of devices shall be fitted to allow a complete draining
of the fuel tank.

5.1.2. The vehicle shall be taken into the soak area where the ambient temperature is
between 293 and 303 K (20°C and 30°C).

5.1.3. The carbon canister of the vehicle shall be purged by driving the car for
30 minutes at 60 km/h at the dynamometer setting prescribed in annex 4,
appendix 2, or by passing air (at room temperature and humidity) through the
canister at a flow rate which is identical to the actual air flow through the canister
when operating the car at 60 km/h. The canister shall be subsequently loaded
with two diurnal emissions tests.

5.1.4. The fuel tank(s) of the vehicle shall be emptied using the fuel tank drain(s)
provided. This must be done so as not abnormally to purge nor abnormally to
load the evaporative control devices fitted to the vehicle. Removal of the fuel
cap(s) will normally be sufficient to achieve this.
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5.1.5. The fuel tank(s) shall be refilled with the specified test fuel at a temperature of
between 283 and 287 K (10°C and 14°C) to 40% + 2% of its(their) normal fuel
capacity. The vehicles fuel cap(s) shall not be replaced at this point.

5.1.6. In the case of vehicles fitted with more than one fuel tank, all the tanks shall be
heated in the same way, as described below. The temperatures of the tanks shall
be identical to within + 1.5 K.

5.1.7. The fuel may be artificially heated to the starting temperature of 289 K (16°C)
+1K.

5.1.8 As soon as the fuel reaches a temperature of 287 K (14°C), the fuel tank(s) shall
be sealed. When the temperature of the fuel tank reaches 289 K (16°C) + 1 K a
linear heat build of 14 K + 0.5 K over a period of 60 + 2 minutes begins. The
temperature of the fuel during the heating shall conform to the function below to
within + 1.5 K.

T, = T, +02333 t

where:

T, = required temperature (K)

T, = initial temperature of tank (K)

t = time from start of the tank heat build in minutes

The elapsed time of the heat build and temperature rise shall be recorded.

5.1.9.  After a period of not more than one hour, the operations of fuel draining and filling
shall begin as indicated in paragraphs 5.1.4., 5.1.5, 5.1.6. and 5.1.7.

5.1.10. Within two hours of the end of the first tank heating period the second fuel tank
heating operation shall begin as specified in paragraph 5.1.8. and shall be
completed with the recording of the temperature rise and elapsed time of the heat
build.

5.1.11. Within one hour of the end of the second tank heat build the vehicle shall be
placed on a chassis dynamometer and shall be driven through one part one and
two part two driving cycles. Exhaust emissions are not sampled during this
operation.

5.1.12. Within five minutes of completing the preconditioning operation specified in
paragraph 5.1.11. the engine bonnet shall be completely closed and the vehicle
driven off the chassis dynamometer and parked in the soak area. The vehicle
shall be parked for a minimum of 10 hours and a maximum of 36 hours. The
engine oil and coolant temperatures must have reached the temperature of the
area within + 2 K at the end of the period.
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5.2. Tank breathing evaporative emission test

5.2.1. The operation described in paragraph 5.2.4. may begin not less than nine hours
nor more than 35 hours after the preconditioning driving sequence.

5.2.2. The measuring chamber shall be purged for several minutes immediately before
the test until a stable background is obtained. The chamber mixing fan(s) shall
also be switched on at this time.

5.2.3. The hydrocarbon analyser shall be zeroed and spanned immediately before the
test.

5.2.4. The fuel tank(s) shall be emptied as indicated in paragraph 5.1.4. and refilled with
test fuel at a temperature of between 283 and 287 K (10°C and 14°C) to 40 + 2%
of normal volumetric capacity. The fuel cap(s) of the vehicle shall not be fitted at
this point.

5.2.5. In the case of vehicles fitted with more than one fuel tank, all the tanks shall be
heated in the same way, as described below. The temperatures of the tanks shall
be identical to within + 1.5 K.

5.2.6. The test vehicle shall be brought into the test enclosure with the engine switched
off and the windows and luggage compartment open. The fuel tank sensors and
the fuel tank heating device, if necessary, shall be connected. Recording of the
fuel temperature and the air temperature within the enclosure shall begin
immediately. If still operating, the purging fan shall be switched off at this time.

5.2.7. The fuel may be artifically heated to the starting temperature of 289 K (16°C)
+1K

5.2.8. As soon as the fuel temperature reaches 287 K (14°C), the fuel tank(s) shall be
sealed, and the chamber sealed so that it is gas-tight.

5.2.9. As soon as the fuel reaches a temperature of 289 K (16°C) + 1 K:

The hydrocarbon concentration, barometric pressure and the temperature shall be
measured to give the initial readings C,,¢;, P, and T, for the tank heat build test.

A linear heat build of 14 K + 0.5 K over a period of 60 + 2 minutes shall begin.
The temperature of the fuel during the heating shall conform to the function below
to within + 1.5 K.

T =T, + 02333t
where:
T, = required temperature (K)
T, = initial temperature of tank (K)

t = time from start of the tank heat build in minutes




E/ECE/324
E/ECE/TRANS/505
Regulation No. 83
Annex 7

page 175

} Rev.1/Add.82/Rev.1

5.2.10. The hydrocarbon analyser shall be zeroed and spanned immediately before the
end of the test.

5.2.11. If the temperature has risen by 14 K + 0.5 K over the 60 + 2 minute period of the
test the final hydrocarbon concentration in the enclosure shall be measured (C,,c ).
The time or elapsed time of this together with the final temperature and barometric
pressure T, and P, for the hot soak shall be recorded.

5.2.12. The heat source shall be turned off and the enclosure door unsealed and opened.
The heating device and temperature sensor shall be disconnected from the
enclosure apparatus. The vehicle doors and luggage compartment may now be
closed and the vehicle removed from the enclosure with the engine switched off.

5.2.13. The vehicle shall be prepared for the subsequent driving cycles and hot soak
evaporative emission test. The cold start test shall follow the tank breathing test
within a period of not more than one hour.

5.2.14. The technical service may consider that the design of the vehicle’s fuel system
may allow losses to the outside atmosphere at some point. In this case an
engineering analysis shall be carried out to the satisfaction of the technical service
to establish that vapours are vented to the carbon canister and that these vapours
are adequately purged during vehicle operation.

53. Driving Cycle

5.3.1. The determination of evaporative emissions shall conclude with the measurement
of hydrocarbon emissions over a 60 minute hot soak period following four
elementary urban cycles (part one) and one extra-urban driving cycle (part two).
Following the tank breathing losses test, the vehicle is pushed or otherwise
manoeuvred on to the chassis dynamometer with the engine switched off. It is
then driven through four elementary urban cycles (part one) and one extra-urban
cycle (part two) as described in annex 4. Exhaust emissions may be sampled
during this operation but the results shall not be used for the purpose of exhaust
emission type approval (type | test).

54, Hot soak evaporative emissions test

5.4.1. Before the completion of the test run the measuring chamber shall be purged for
several minutes until a stable hydrocarbon background is obtained. The
enclosure mixing fan(s) shall also be turned on at this time.

5.4.2. The hydrocarbon analyser shall be zeroed and spanned immediately prior to the
test.

5.4.3. Atthe end of the driving cycle the engine bonnet shall be completely closed and
all connections between the vehicle and the test stand disconnected. The vehicle
shall then be driven to the measuring chamber with a minimum use of the
accelerator pedal. The engine shall be turned off befure any part of the vehicle
enters the measuring chamber. The time at which the engine is switched off shall
be recorded on the evaporative emission measurement data recording system
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and temperature recording shall begin. The vehicle’'s windows and luggage
compartments shall be opened at this stage, if this is not already the case.

5.4.4. The vehicle shall be pushed or otherwise moved into the measuring chamber with
the engine switched off.

5.4.5. The enclosure doors shall be closed and sealed gas-tight within two minutes of
the engine being switched off and within seven minutes of the end of the driving
cycle.

5.4.6. The start of a 60 + 0.5 minute hot soak period shall begin when the chamber is
sealed. The hydrocarbon concentration, temperature and barometric pressure
shall be measured to give the initial readings C,,c, P, and T, for the hot soak test.
These figures shall be used in the evaporative emission calculation (paragraph 6).
The ambient shed temperature T shall not be less than 296 K (23°C) and no more
than 304 K (31°C) during the 60 minute hot soak period.

5.4.7. The hydrocarbon analyser shall be zeroed and spanned immediately before the
end of the 60 + 0.5 minute test period.

5.4.8. Atthe end of the 60 + 0.5 minute test period the hydrocarbon concentration in the
chamber shall be measured. The temperature and the barometric pressure shall
also be measured. These are the final readings C,,.,, P, and T, for the hot soak
test used for the calculation in section 6. This completes the evaporative
emission test procedure.

6. CALCULATION

6.1. The evaporative emission tests described in section 5 shall allow the hydrocarbon
emissions from the tank breathing and hot soak phases to be calculated.
Evaporative losses from each of these phases shall be calculated using the initial
and final hydrocarbon concentrations, temperatures and pressures in the
enclosure, together with the net enclosure volume.

The following formula shall be used:

Cuc.e «+ Pe Cyey + Py

M,.=K.V. 10"

T, T,
where
M.c = mass of hydrocarbon emitted over the test phase (grammes)
C.c = measured hydrocarbon concentration in the enclosure (ppm(volume) C,
equivalent)
V. = net enclosure volume in cubic metres corrected for the volume of the

vehicle, with the windows and the luggage compartment open. If the
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volume of the vehicle is not determined a volume of 1.42 m® is

Subtracted.
T = ambient chamber temperature, K
P = barometric pressure in kPa
H/C = hydrogen to carbon ratio
k = 1212 + H/C)
when:

i is the initial reading

f is the final reading

H/C is taken to be 2.33 for tank breathing losses
H/C is taken to be 2.20 for hot soak losses.

6.2. Overall results of test

The overall hydrocarbon mass emission for the vehicle is taken to be:

Moa = My + Mg

where:
Mwa = overall mass emissions of the vehicle (grammes)
M;y = hydrocarbon mass emission for the tank heat build (grammes)
My = hydrocarbon mass emission for the hot soak (grammes).
7. CONFORMITY OF PRODUCTION
71. For routine end of production line testing, the holder of the approval may

demonstrate compliance by sampling vehicles which shall meet the following
requirements.

7.2. Test for leakage

7.2.1.  Vents to the atmosphere from the emission control system shall be isolated.
7.2.2. A pressure of 370 + 10 mm of H,O shall be applied to the fuel system.

7.2.3. The pressure shall be allowed to stabilize prior to isolating the fuel system from
the pressure source.
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7.2.4. Following isolation of the fuel system, the pressure shall not drop by more than
50 mm of H,O in five minutes.

7.3. Tests for venting

7.3.1.  Vents to the atmosphere from the emission control shall be isolated.
7.3.2. A pressure of 370 + 10 mm of H,O shall be applied to the fuel system.

7.3.3. The pressure shall be allowed to stabilize prior to isolating the fuel system from
the pressure source.

7.3.4. The venting outlets from the emission control systems to the atmosphere shall be
reinstated in the production conditions.

7.3.5. The pressure of the fuel system shall drop to below 100 mm H,O in not less than
30 seconds but within two minutes.

7.4, Purge test

7.4.1. Equipment capable of detecting an airflow rate of 1.0 litre per minute shall be
attached to the purge inlet and a pressure vessel of sufficient size to have
negligible effects on the purge system shall be connected by means of a
switching valve to the purge inlet, or alternatively.

7.4.2. The manufacturer may use a flow meter of his own choice, if acceptable to the
competent authority.

7.4.3. The vehicle shall be operated in such a manner that any design feature of the
purge system which might restrict purge operation will be detected and the
circumstances noted.

7.4.4.  Whilst the engine is operating within the bounds noted in paragraph 7.4.3. above,
the air flow shall be determined by either of the following:

7.4.4.1. if the device indicated in paragraph 7.4.1. is switched-in, a pressure drop from
atmosphernic to a level indicating that a volume of 1.0 litres of air has flowed into
the evaporative emission control system within one minute shall be observed, or;

7.4.4.2. if an alternative flow measuring device is used, a reading of no less than 1.0 litre
per minute shall be detectable.

7.5. The competent authority which has granted type-approval may at any time verify
the conformity control methods applicable to each production unit.

7.5.1.  The inspector shall take a sufficiently large sample from the series.

7.5.2. The inspector may test these vehicles by application of either paragraphs 8.4, or
8.5. of this Regulation.
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7.5.3. If in pursuance of paragraph 8.5. of this Regulation, the vehicle test results fall
outside the agreed limits of paragraph 5.3.4.2. of this Regulation, the
manufacturer may request that the approval procedure referred to in
paragraph 8.4. of this Regulation shall be applied.

7.5.3.1. The manufacturer shall not be allowed to adjust repair or modify any of the
vehicles, unless they fail to comply with the requirements of paragraph 8.4. of this
Regulation and unless such work is documented in the manufacturer's vehicle
assembly and inspection procedures.

7.5.3.2. The manufacturer may request a single re-test for a vehicle whose evaporative
emission characteristics are likely to have changed due to his actions as specified
in paragraph 7.5.3.1. above.

7.6. If the requirements of paragraph 7.5. above are not met, the competent authority

shall ensure that all necessary steps are taken to re-establish conformity of
production as rapidly as possible.
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Annex 7 - Appendix 1

CALIBRATION OF EQUIPMENT FOR EVAPORATIVE EMISSION TESTING

1. CALIBRATION FREQUENCY AND METHODS

1.1. Al equipment shall be calibrated before its initial use and then calibrated as often
as necessary and in any case in the month before type-approval testing. The
calibration methods to be used are described in this appendix.

2. CALIBRATION OF THE ENCLOSURE

2.1. Initial determination of enclosure internal volume

2.1.1. Before its initial use, the intemal volume of the chamber shall be determined as
follows. The internal dimensions of the chamber shall be carefully measured,
allowing for any irregularies such as bracing struts. The intenal volume of the
chamber shall be determined from these measurements.

2.1.2 The net internal volume shall be determined by subtracting 1.42 m® from the
internal volume of the chamber. Alternatively the volume of the test vehicle with
the luggage compartment and windows open may be used instead of the 1.42 m’.

2.1.3 The leak proofness of the chamber shall be checked as specified in paragraph 2.3.
below. If the propane mass does not agree with the injected mass to within + 2%
then corrective action is required.

2.2. Determination of chamber background emissions

This operation shall determine whether the chamber contains any materials that
emit significant amounts of hydrocarbons. The check shall be carried out when the
enclosure is brought into service, after any operations in it which may affect
background emissions and at least once per year.

2.2.1. Calibrate the analyser (if required), then zero and span.

2.2.2. Purge the enclosure until a stable hydrocarbon reading is obtained. The mixing fan
shall be tumed on if this is not already the case.

2.2.3. Seal the chamber and measure the background hydrocarbon concentration,
temperature and barometric pressure. These are the initial readings C,,c; P, et T,
used in the enclosure background calculation.

22.4. The enclosure shall be allowed to stand undisturbed with the mixing fan(s) on for a
period of four hours.

2.2.5. At the end of this time the same analyser shall be used to measure the

hydrocarbon concentration in the chamber. The temperature and the barornetric
pressure shall also be measured. These are the final readings C,c; P,and T,
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2.2.6. The change in mass of hydrocarbons in the enclosure over the time of the test
shall be calculated as indicated in paragraph 2.4. The background emission of the
enclosure shall not exceed 0.4g.

2.3. Calibration and hydrocarbon retention test of the chamber.

The calibration and hydrocarbon retention test in the chamber shall provide a check
on the calculated volume (para. 2.1) and also measure any leak rate.

2.3.1. Purge the enclosure until a stable hydrocarbon concentration is reached. Turn on
the mixing fan, if it has not already been done. The hydrocarbon analyser shall be
zeroed, calibrated if required, and spanned.

2.3.2. Seal the enclosure and measure the background concentration, temperature and
barometric pressure. These are the initial readings Cic. P, and T, used in the
enclosure calibration.

2.3.3. Inject a quantity of approximately 4 g of propane into the enclosure. The mass of
propane shall be measured to an accuracy of + 5% of the measured value.

2.3.4. Allow the contents of the chamber to mix for five minutes and then measure the
hydrocarbon concentration, temperature and barometric pressure. These are the
final readings C,,c; T, and P, for the calibration of the enclosure.

2.3.5. Using the readings taken in paragraphs 2.3.2 and 2.3.4 above and the formula set
out in paragraph 2.4. below calculate the mass of propane in the enclosure. This
shall be within + 2% of the mass of propane measured in paragraph 2.3.3.

2.3.6. Allow the contents of the chamber to mix for a minimum of four hours. At the end
of this period measure and record the final hydrocarbon concentration, temperature
and barometric pressure.

2.3.7. Calculate, using the formula set out in paragraph 2.4, below, the hydrocarbon mass
from the readings taken in paragraphs 2.3.6. and 2.3.2. above. The mass shall not
differ by more than 4% from the hydrocarbon mass given in paragraph 2.3.5.
above.

2.4, Calculations

The calculation of net hydrocarbon mass change within the enclosure shall be used
to determine its hydrocarbon background and leak rate. Initial and final readings of
hydrocarbon concentration, temperature and barometric pressure shall be used in
the following formula to calculate the mass change.

M =k . V. 10-4 CHC.f - Pf _ C‘HC‘.f " Pi
HC Tf T
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M,. = hydrocarbon mass in grammes.
C. = Hydrocarbon concentration in the enclosure (ppm carbon (note ppm
carbon = ppm propan ex 3))
\ =  enclosure volume in cubic metres.
T = ambient temperature in the enclosure, K.
P = barometric pressure, kPa.
k = 17.6
when;

3.1.

3.3.

i is the initial reading
f is the final reading
CHECKING OF FID HYDROCARBON ANALYSER (flame ionization detector)

Detector response optimization

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

Calibration of the HC analyser

The analyser shall be calibrated using propane in air and purified synthetic air.
See annex 4, paragraph 4.5.2. (calibration gases).

Establish a calibration curve as described in paragraphs 4.1 and 4.5. of this
appendix.

Oxyaen interference check 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% of full-scale deflection, for the operating ranges normally used.
The concentration must be known to an accuracy of + 2% in reference to a
gravimetric standard expressed in volume.

In addition the gas cylinder shall be preconditioned for 24 hours at a temperature
between 293 and 303 K (20° C and 30° C).
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Response factors shall be determined when introducing an analyser into service
and thereafter at major service intervals.

The reference gas to be used is propane with balance purified air which shall be
taken to give a response factor of 1.00.

The test gas to be used for oxygen interference and the recommended response
factor range are given below:

Propane and nitrogen 0.95 < Rf < 1.05
4. CALIBRATION OF THE HYDROCARBON ANALYSER

Each of the normally used operating ranges shall be calibrated by the following
procedure.

4.1. The calibration curve shall be established by at least five calibration points spaced
as evenly as possible over the operating range. The nominal concentration of the
calibration gas with the highest concentrations shall be at least 80% of the full
scale.

4.2. The calibration curve shall be calculated by the method of least squares. If the
resulting polynomial degree is greater than 3, then the number of calibration points
shall be at least the number of the polynomial degree plus 2.

4.3. The calibration curve shall not differ by more than 2% from the nominal value of
each calibration gas.

4.4. Using the coefficients of the polynomial obtained in paragraph 3.2, a table of
indicated reading against true concentration shall be drawn up in steps of no
greater than 1% of full scale. This is to be carried out for each analyser range
calibrated. The table shall also contain other relevant data such as;

Date of calibration.
Span and zero potentiometer readings (where applicable).
Nominal scale.

Reference data of each calibration gas used.

The actual and indicated value of each calibration gas used together with the
percentage differences.

FID fuel and type.
FID air pressure.

FID sample pressure.
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45. Ifit can be shown to the satisfaction of the technical service that alternative
technology (e.g. computer, electronically controlled range switch) can give
equivalent accuracy, then those alternatives may be used.
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Annex 8

DESCRIPTION OF THE ENDURANCE TEST FOR VERIFYING THE DURABILITY OF
POLLUTION CONTROL DEVICES

1. INTRODUCTION
This annex describes the test for verifying the durability of pollution control devices
equipping vehicles with positive-ignition or compression-ignition engines during an
endurance test of 80,000 km.

2. TEST VEHICLE

2.1.  The vehicle shall be in good mechanical order. The engine and the pollution
control devices shall be as new.

The vehicle may be the same as that presented for the Type 1 test; this test shall
be carried out after the vehicle has run at least 3,000 km of the endurance test.

3. FUEL

The endurance test shall be conducted with commercially available unleaded petrol
or diesel fuel.

4. VEHICLE MAINTENANCE AND ADJUSTMENTS

Maintenance, adjustments and the use of the test vehicle’s controls shall be those
recommended by the manufacturer.

5. VEHICLE OPERATION ON TRACK, ROAD OR ON CHASSIS DYNAMOMETER

5.1. Operating cycle

During operation on track, road or on chassis dynamometer, the distance shall be
covered according to the driving schedule (Figure 8/1) described below:

the endurance test schedule shall be composed of 11 cycles covering 6 km
each,

during the first nine cycles, the vehicle shall be stopped four times in the
middle of the cycle, with the engine idling each time for 15 seconds,

normal acceleration and deceleration,
five decelerations in the middle of each cycle, dropping from cycle speed to

32 km/h; the vehicle shall be gradually accelerated again until cycle speed is
atttained,
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0.6

0 and 6 kilometres

5.3

4.7

4,2

Figure 8/1

Driving schedule

Decelerate

to 32km/h
then accelerate
to lap speed

Start — Finish
Stop

then acceterate
to lap speed

Decelerate

to 32 km/h
then accelerate
to lap speed

Stop
then accelerate
to lap speed

Decelerate
to 32 km/h
then accelerate
to lap speed

Stop

then acceierate
to lap speed

3,5 Stop

then accelerate
1o lap speed

2,1 Decelerate
to J2kmsh
then accelerate
to lap speed

31 Decelerate
to 32 km/h
then accelerate
to lap speed
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the tenth cycle shall be carried out at a steady speed of 89 km/h,

the eleventh cycle shall begin with maximum acceleration from stop point up to
113 km/h. Half-way, braking shall be employed normally until the vehicle
comes to a stop. This shall be followed by an idle period of 15 seconds and a
second maximum acceleration.

The schedule shall then be restarted from the beginning. The maximum speed of
each cycle is given in the following table;

Table 8.1

Maximum speed of each cycle

Cycle Cycle speed in km/h

64
48
64
64
56
48
56
72
56
89
113

OCO~NIOINPLWN =

—t b
- O

5.1.1. At the request of the manufacturer, an alternative road test schedule may be used.
Such alternative test schedules shall be approved by the technical service in
advance of the test and shall have substantially the same average speed,
distribution of speeds, number of stops per kilometre and number of accelerations
per kilometre as the driving schedule used on track or chassis dynamometer, as
detailed in paragraph 5.1. and Table 8.1.

5.1.2.  The durability test, or if the maufacturer has chosen it, the modified durability test
shall be conducted until the vehicle has covered a minimum of 80,000 km.

5.2 Test equipment

5.2.1. Chassis dynamometer

5.2.1.1. When the endurance test is performed on a chassis dynamometer, the
dynamometer shall enable the cycle described above in paragraph 5.1 to be
carried out. In particular, it shall be equipped with systems simulating inertia and
resistance to progress.
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5.2.1.2. The brake shall be adjusted in order to absorb the power exerted on the driving
wheels at a steady speed of 80 km/h. Methods to be applied to determine this
power and to adjust the brake shall be the same as those described in annex 4,
appendix 3 to this Regulation.

5.2.1.3. The vehicle cooling system shall enable the vehicle to operate at temperatures
similar to those obtained on road (oil, water, exhaust system, etc.).

5.2.1.4. Certain other test bench adjustments and features shall be deemed to be identical,
where necessary, to those described in annex 4 to this Regulation (inertia, for
example, which may be mechanical or electronic).

5.2.1.5. The vehicle may be moved, where necessary, to a different dynamometer in order
to conduct emission measurement tests.

5.2.2. Operation on track or road

When the durability test is completed on track or road, the vehicle’s reference
mass shall be at least equal to that retained for tests conducted on a chassis
dynamometer.

6. MEASURING EMISSIONS OF POLLUTANTS

At the start of the test (0 km), and every 10,000 km (+ 400 km) or more frequently,
at regular intervals, until 80,000 km, have been covered, exhaust emissions shall
be measured in accordandce with the type 1 test as defined in paragraph 5.3.1. of
this Regulation. The limit values to be complied with shall be those laid down in
paragraph 5.3.1.4.2.1. or paragraph 5.3.1.4.3.1. of this Regulation. However, the
exhaust emissions may also be measured in accordance with the provisions of
paragraph 13.1 of this Regulation.

All exhaust emissions results shall be plotted as a function of the running distance
on the system rounded to the nearest kilometre and the best fit straight lines fitted
by the method of least squares drawn through all these data points. This
calculation will not take into account test resuits at 0 km.

The data will be acceptable for use in the calculation of the deterioration factor
only if the interpolated 6,400 km and 80,000 km points on this line are within the
above-mentioned limits.

The data shall still be acceptable when a best fit straight line crosses an
applicable limit with a negative slope (the 6,400 km interpolated point is higher
than the 80,000 km interpolated point) but the actual 80,000 km data point is
below the limit.

A multiplicative exhaust emission deterioration factor (DEF) shall be calculated for
each pollutant as follows:
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DEF = —
Mi,
where:
Mi, = mass emission of the pollutant i in grammes per km interpolated to
6,400 km.
Mi, = mass emission of the pollutant i n grammes per km interpolated to
80,000 km,

These interpolated values shall be given to a minimum of four places to the right
of the decimal point before dividing one by the other to determine the deterioration
factor.

The result shall be rounded to three places to the right of the decimal point. If a
deterioration factor is less than one, it shall be deemed to be equal to one.
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Annex 9

SPECIFICATIONS OF REFERENCE FUELS

1. TECHNICAL DATA OF THE REFERENCE FUEL TO BE USED FOR TESTING VEHICLES

EQUIPPED WITH POSITIVE-IGNITION ENGINES

CEC Reference fuel RF-01-A-84. Type: Premium petrol, leaded 2/,5/

Nature of lead alkyl

Carbon/hydrogen ratio

not specified

S.0

Limits and ASTM method" ISO method
units 4/
Research octane number min. 98.0 D 2699 5164 - 1977
Density at 15°C min. 0.741 kg/ D 1298 3675 - 1976
max. 0.755 kg/1
Reid vapour pressure min. 0.56 bar D 323 3007 - 1986
max. 0.64 bar
Distillation 1/ D 86 3405 - 1975
initial boiling point min. 24°C
max. 40°C
10% vol. point min. 42°C
max. 58°C
50% vol. point min. 90°C
max. 110°C
90% vol. point min. 150°C
max. 170°C
final boiling point min. 185°C
max. 205°C
Residue max. 2% vol.
Hydrocarbon analysis: D 1319 DIS 3837
olefins max. 20% vol.
aromatics max. 45% vol.
saturates balance
Oxidation stability 3/ min. 480 minutes D 525 DP 7536
Existent gum max. 4 mg/100 ml D 381 6246 - 1981
Sulphur content Max. 0.04% mass D 1266, D 2622 or 2192 - 1984
2785
Lead content min. 0.10 g/l D 3341 3830 - 1981
max. 0.40 g/l
Nature of scavenger motor mix

* Acronym of the American Society for Testing Materials, 1916 Race Street, Philadelphia, Pennsylvania

19105, United States of America.
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1/ The figures quoted show the evaporated quantities (% recovered + % loss).

2/ The blending of this fuel should only involve use of conventional European
refinery components.

3/ The fuel may contain oxidation inhibitors and metal de-activators normally
used to stabilize refinery gasoline streams, but detergent/dispersant additives and solvent
oils must not be added.

4/ The values quoted in the specification are "true values". In establishment of
their limit values the terms of ASTM D 3244 "Defining a basis for petroleum products
quality disputes" have been applied and in fixing a minimum value, a minimum difference
of 2R above zero has been taken into account; in fixing a maximum and minimum value,
the minimum difference is 4R (R = reproducibility).

Notwithstanding this measure, which is necessary for statistical reasons, the
manufacturer of a fuel should nevertheless aim at a zero value where the stipulated
maximum value is 2R and at the mean value in the case of quotations of maximum and
minimum limits.

Should it be necessary to clarify the question as to whether a fuel meets the
requirements of the specification, the terms of ASTM D 3244 should be applied.

5/ When a manufacturer recommends the use of an oil-petrol mixture, for
example, in the case of a two-stroke engine, the type of oil recommended in the
concentration indicated by the manufacturer shall be added to this reference fuel. If no
recommendation is made for a two-stroke engine, the reference oil CEC RL 58, a copy of
the specifications for which is attached, shall be used in a 2% concentration.
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2. TECHNICAL DATA OF THE REFERENCE FUEL TO BE USED FOR TESTING

VEHICLES EQUIPPED WITH POSITIVE-IGNITION ENGINES

Reference fuel: CEC RF-08-A-85

Type: Premium petrol, unleaded #/

Limits and units 2/ ISO method ASTM method 3/
minimum maximum
Research octane number | 95.0 ISO 5164-1977* D 1699
Motor octane number 85.0 ISO 5163-1977 D 2700
Density at 15°C 0.748 0.762 ISO 3675-1976 D 1298
Reid vapour pressure 0.56 bar 0.64 bar ISO 3007-1986 D 323
Distillation: 4/ 24°C 40°C ISO 3405-1975** D 86
- initial boiling point 42°C 58°C D 86
- 10% vol point 90°C 110°C D 86
- 50% vol point 155°C 189°C D 86
- 90% vol point 190°C 215°C D 86
- final boiling point 2% D 86
Residue D 1319
Hydrocarbon analysis: 20% vol DIS 3837
- olefins
- aromatics (including
max. 5% vol
benzene 1/ 45% vol 1/ D 3606/D 2267
- saturates balance D 1319
Carbon/hydrogen ratio ratio ratio
Oxidation stability 5/ 480 min. DO 7536 D 525
Existent gum 4 mg/100 ml | 1SO 6246-1981 D 381
Sulphur content 0.04% mass | 1SO 2192-1984 D 1266/D 2611/D 2785
Copper corrosion at 50°C 1 ISO 2160-1985 D 130
Lead content 0.005 g/1 D 3237
Phosphorus content 0.0013 ¢/l SO 3830-1981 D 3231

* Under revision DIS 5164 equivalent to ASTM 2699-1986.

** Under revision.

#/ Addition of oxygenates prohibited.

Notes

1/ The blending of this fuel should only involve use of conventional European refinery

components.

2/ Fuel may contain additives in usually marketed concentrations.

The values quoted in the specification are "true values". In establishment of their limit values
the terms of ASTM D 3244 "Defining a basis for petroleum product quality disputes” have been
applied and in fixing a maximum value, a minimum difference of 2R above zero has been taken
into account; in fixing a maximum and minimum value, the minimum difference is

4R (R = reproducibility).
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Notwithstanding this measure, which is necessary for statistical reasons, the
manufacturer of a fuel should nevertheless aim at a zero value where the stipulated
maximum value is 2R and at the mean value in the case of quotations of maximum and
minimum limits. '

Should it be necessary to clarify the question as to whether a fuel meets the
requirements of the specification, the terms of ASTM D 3244 should be applied.

3/ Equivalent ISO methods will be adopted when issued for all properties listed
above.

4/ The figures quoted show the total evaporated quantities (% recovered + %
loss).

5/ The fuel may contain oxidation inhibitors and metal de-activators normally

used to stabilize refinery gasoline streams, but detergent/dispersant additives and solvent
oils must not be added.
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3. TECHNICAL DATA OF THE REFERENCE FUEL TO BE USED FOR TESTING VEHICLES
EQUIPPED WITH A COMPRESSION-IGNITION ENGINE

CEC Reference fuel RF-03-A-84 1/

Type: Diesel fuel

Limits and units 2/ SO method ASTM method 3/
Cetane number 4/ min. 49 DIS 5165" D 613
max. 53 ISO 3675-1976
Density 15°C (kg/1) min. 0.835 D 1298
max. 0.845
Distitlation: 5/ SO 3405-1975™*
- 50% point min. 245°C D 86
- 90% point min. 320°C
max. 340°C
- final boiling point max. 370°C
Flash point min. 55°C ISO 2719-1973 D 93
CFPP min. - EN 116 (CEN)
max. -5°C
Viscosity 40°C min. 2.5 mm?g
max. 3.5 mm¥g
Sulphur content 6/ min. (to be reported) ISO 2192-1984 D 1266/D 2622
max. 0.3% mass D 2785
Copper corrosion max. 1 ISO 2160-1985 D 130
Conradson carbon residue (10% DR) max. 0.2% mass ISO 6615-1982 D 189
Ash content max. 0.01% mass 1SO 6245-1982 D 482
Water content max. 0.05% mass ISO 3733-1976 D 95/D 1744
Neutralization (strong acid) number max. 0.20 mg KOH/g | 1SO 6618-1987
Oxidation stability 7/ max. 2.5 mg/100 ml D 2274
Additives 8/ -

* Under revision DIS 5165 equivalent to ASTM D 613.
** Under revision.
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Notes

1/ If the thermal efficiency of an engine or vehicle needs to be calculated, the
calorific value of the fuel can be obtained from the following formula:

Specific energy (calorific value) (net) MJ/kg =
(46.423 - 8.792d° + 3.170d) (1 - (x +y + 8)) + 9.420s - 2.499x
where:

d is the density at 288 K (15°C)

x is the proportion by mass of water (percentage divided by 100)

y is the proportion by mass of ash (percentage divided by 100)

s is the proportion by mass of sulphur (percentage divided by 100).

2/ The values quoted in the specification are "true values”. In establishment of
their limit values the terms of ASTM D 3244 "Defining a basis for petroleum product quality
disputes" have been applied and in fixing a minimum value, a minimum difference of 2R
above zero has been taken into account; in fixing a maximum and minimum value, the
minimum difference is 4R (R = reproducibility).

Notwithstanding this measure, which is necessary for statistical reasons, the
manufacturer of fuel should nevertheless aim at a zero value where the stipulated
maximum value is 2R and at the mean value in the case of quotations of maximum and
minimum limits.

Should it be necessary to clarify the question as to whether a fuel meets the
requirements of the specification, the terms of ASTM D 3244 should be applied.

3/ Equivalent 1ISO methods will be adopted when issued for all properties listed
above.

4/ The range for cetane is not in accordance with the requirement of a minimum
range of 4R. However, in cases of dispute between fuel supplier and fuel user, the terms
in ASTM D 3244 can be used to resolve such disputes provided replicate measurements,
of sufficient number to achieve the necessary precision, are made in preference to single
determinations.

5/ The figures quoted show the evaporated quantities (percentage recovered +
percentage loss).

6/ At the request of the manufacturer, diesel fuel with a 0.056% mass maximum
sulphur content may be used to represent future market fuel quality, both for type approval
and for conformity of production testing.

7/ Even though oxidation stabiity is controlled, it is likely that shelf life will be
limited. Advice should be sought from the supplier as to storage conditions and life.

8/ This fuel should be based on straight run and cracked hydrocarbon distillate

components only; desulphurization is allowed. It must not contain any metallic additives or
cetane improver additives.
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Annex 10
M1 and N1 CATEGORIES OF "OFF-ROAD VEHICLES"
DEFINITIONS AND PROCEDURES*
1. CATEGORIES M1G and N1G - OFF-ROAD VEHICLES
1.1. Definition

M1 and N1 off-road vehicles mean vehicles which meet the specifications of this
paragraph, tested under the conditions defined in paragraphs 1.2. and 1.3.

1.1.1. Vehicles in category N1 with a maximum mass not exceeding two tonnes and
motor vehicles in category M1 are considered to be off-road vehicles if they
have:
at least one front axle and at least one rear axle designed to be driven
simultaneously, including vehicles where the drive to one axle can be
disengaged,

at least one differential locking mechanism or at least one mechanism having a
similar effect, and

if they can climb a 30% gradient calculated for a solo vehicle.

In addition, they must satisfy at least five of the following six requirements:
the front incidence angle must be at least 25°,
the rear incidence angie must be at least 20°,
the ramp angle must be at least 20°,
the ground clearance under the front axie must be at least 180 mm,
the ground clearance under the rear axle must be at least 180 mm,

the ground clearance between the axles must be at least 200 mm.

* As defined in Annex 7 of the Consolidated Resolution on the Construction of
Vehicles (R.E.3) (document: TRANS/SC1/WP29/78/Amend.3).
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1.1.2. Vehicles in category N1 with a maximum mass exceeding two tonnes are
considered to be off-road vehicles either if all their wheels are designed to be
driven simultaneously, including vehicles where the drive to one axle can be
disengaged, or if the following three requirements are satisfied:

at least one front axle and at least one rear axle are designed to be driven
simultaneously, including vehicles where the drive to one axle can be
disengaged,

there is at least one differential locking mechanism or at least one
mechanism having a similar effect,

they can climb a 25% gradient calculated for a solo vehicle.
2. LOAD AND CHECKING CONDITIONS

2.1. Vehicles in category N1 with a maximum mass not exceeding two tonnes and
vehicles in category M1 must be in running order, namely with coolant fluid,
lubricants, fuel, tools, spare-wheel and a driver considered to weigh a standard
75 kilograms.

2.2. Motor vehicles other than those referred to in 2.1 must be loaded to the
technically permissible maximum mass stated by the manufacturer.

2.3. The ability to climb the required gradients (25% and 30%) is verified by simple
calculation. In exceptional cases, however, the technical services may ask for a
vehicle of the type concerned to be submitted to it for an actual test.

24, When measuring front and rear incidence angles and ramp angles, no account is
taken of underrun protective devices.

3. DEFINITIONS AND SKETCHES OF FRONT AND REAR INCIDENCE ANGLES,
RAMP ANGLE AND GROUND CLEARANCE

3.1. ‘Front incidence angle" means the maximum angle between the ground plane
and planes tangential to the tyres of the front wheels, under a statics load, such
that no point of the vehicle ahead of the front axle is situated below these planes
and no rigid part of the vehicle, with the exception of any steps, is situated below
these planes.
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3.2. "Rear incidence angle" means the maximum angle between the ground plane
and planes tangential to the tyres of the rear wheels, under a static load, such
that no point of the vehicle behind the rearmost axle is situated below these
planes and no rigid part of the vehicle is situated below these planes.

3.3. "Ramp angle" means the minimum acute angle between two planes,
perpendicular to the median longitudinal plane of the vehicle, tangential to the
tyres of the front wheels and to the tyres of the rear wheels respectively, under a
static load, the intersection of which touches the rigid underside of the vehicle
apart from the wheels. This angle defines the steepest ramp over which the
vehicle can pass.

ICJD

3.4. "Ground clearance between the axles" means the shortest distance between the
ground plane and the lowest fixed point of the vehicle.

Multi-axle bogies are considered to be a single axle.
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3.5. "Ground clearance beneath an axle" means the distance beneath the highest
point of the arc of a circle passing through the centre of the tyre footprint of the
wheels on one axle (the inner wheels in the case of twin tyres) and touching the
lowest fixed point of the vehicle between the wheels. No rigid part of the vehicle
may project into the shaded area of the diagram. Where appropriate, the ground
clearance of several axles is indicated in accordance with their arrangement, for
example 280/250/250.

|
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4, Combined description

The symbols M and N may be combined with the symbol G. For example, an N1
category vehicle adapted for off-road use may be described by the symbol N1G.
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