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Regul ation No. 24

UNI FORM PROVI SI ONS CONCERNI NG,

THE APPROVAL OF COVPRESSION IGNITION (C.1.) ENG NES W TH REGARD TO
THE EM SSI ON OF VI SI BLE POLLUTANTS

THE APPROVAL OF MOTOR VEHI CLES W TH REGARD TO THE | NSTALLATI ON OF
C.1. ENG NES OF AN APPROVED TYPE

THE APPROVAL OF MOTOR VEH CLES EQUI PPED WTH C. 1. ENG NES W TH
REGARD TO THE EM SSI ON OF VI SI BLE POLLUTANTS BY THE ENG NE

THE MEASUREMENT OF POVER OF C.1. ENG NE
SCOPE

Thi s Regul ation applies to,

PART 1|. The emi ssion of visible exhaust pollutants fromC.|.
engi nes which are intended for fitting to road
vehi cl es.

PART 11. The installation into road vehicles of C. 1. engines

that have been type approved to Part | of this
Regul ati on.

PART 111. The emission of visible exhaust pollutants froma notor
vehicle that is fitted with an engi ne that has not been
separately type approved to Part | of this Regulation

The secondary scope of this Regulation is the ECE procedure to be
appl i ed when only the power output by CI. engines is to be
measur ed.

DEFI NI TI ONS COWON TO PARTS |, Il and I

For the purpose of this Regulation the followi ng definitions are
conmmon to Parts |, Il and I11:

"Net power" neans the power of a C.I. engine as defined in annex 10
to this Regul ation;

"Conpression ignition (C.1.) engine" neans an engi ne whi ch operates
on the conpression-ignition principle (e.g. D esel engine);
"Cold-start device" nmeans a device which by its operation
tenmporarily increases the anount of fuel supplied to the engine and
is intended to facilitate starting of the engine;
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2.5 "Opacineter" means an instrument for continuous nmeasurement of the
|ight absorption coefficients of the exhaust gases emtted by
vehicles, as specified in annex 8 to this Regulation

2.6 "Maxi rum r at ed speed" neans nmaxi num speed permitted by the governor
at full | oad;

"Mnimumrated speed" neans,
2.7.1 either the higest of the follow ng three engi ne speedst
45 per cent of maxi num net power speed
1000 rpm
m ni mum speed pernmitted by the idling contro

2.7.2 or such | ower speed as the manufacturer may request.

PART | - EM SSI ON OF VI SI BLE EXHAUST POLLUTANTS FROM C. . ENG NES

3. DEFI NI TI ONS
For the purpose of Part | of this Regul ation

3.1 Approval of a C.I. engine neans the approval with regard to the
limtation of the emi ssion of visible exhaust pollutants fromthe
engi ne,

3.2 "Engi ne type" neans a category of a C.1. engine for installation in
a notor vehicle which does not differ in such essenti al
characteristics as those defined in annex 1 to this Regul ation
except for nodifications as permtted by paragraphs 7.2 and 7.3 of
this Regul ati on,

3.3 "An engine representative of the type to be approved" neans the
engi ne whi ch devel ops the highest net power within the engine type,

3.4 O her applicable definitions to this Part | are given in paragraph
2 to this Regul ation

4. APPLI CATI ON FOR APPROVAL

4.1 Enmi ssion of visible pollutants

4.1.1 The application for approval of an engine type with regard to the

limtation of the em ssion of visible pollutants fromthe engi ne
shal |l be subnmitted by the engi ne manufacturer or by his duly
accredited representative or a vehicle nmanufacturer.

4.1.2 It shall be acconpani ed by the followi ng docunents in triplicate:
description of the engine conprising all the relevant particulars
referred to in annex 1 to this Regul ation
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An engi ne representative of the engine type to be approved, shal
with the equi pnent prescribed in annex 1 to this Regul ation be
submitted to the technical service conducting the approval tests
defined in paragraph 6 to this Regul ation

When determning the em ssion of visible pollutants, the

measur enents shall be made by the two nethods described in annexes
4 and 5 to this Regulation relating respectively to tests at steady
speeds and to tests under free accel eration

When determ ning the em ssion of visible pollutants the power and
fuel consunption of the sane engine submitted for approval shall be
measured according to annex 10 to this Regul ation

Engi ne Power

The manufacturer or his duly accredited representative nmay request
that nmeasurenent only of engine power be perforned. In this case:
The manufacturer shall conplete annex 1 to this Regulation with the
information specially related to power neasurenent i.e. all points
not preceded by the letter E

An engi ne corresponding in all aspects to the description report in
that annex 1 shall be submitted to the technical service for tests
described in annex 10 to this Regulation. Such tests shall only be
carried out on the test bench,

Where at the request of the manufacturer or his duly accredited
representatives, only engine power tests in accordance w th annex
10 are perforned, these will not be considered as approval tests
but an official statement of the test results according to the
appendi x of annex 10 to this Regulation will be issued.

APPROVAL

If the engine submtted for approval pursuant to this Regulation
meets the requirenents of paragraph 6 bel ow, approval of the engine
type shall be granted.

An approval nunber shall be assigned to each engine type approved
.Its first two digits (at present 03 corresponding to the 03 series
of anmendnments which entered into force on 20 April 1986) shal

i ndicate the series of anmendnents incorporating the nost recent
maj or techni cal anendnments nade to the Regul ation at the tine of

i ssue of the approval. The sanme Contracting Party nmay not assign
the sane nunber to another engine type.
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5.3 Noti ce of approval or of extension or of refusal of approval of an
engi ne type pursuant to this Regul ation shall be conmunicated to
the Parties to the Agreenent applying this Regul ation by neans of a
formconfornming to the nodel in annex 2 to this Regul ation

5.4 There shall be affixed, conspicuously and in a readily accessible
pl ace specified on the approval form to every engine confornmng to
an engi ne type approved under this Regulation an internationa
approval nmark consisting of:

5.4.1 A circle surrounding the letter "E" followed by the distinguishing
nunber of the country which has granted approval; 1/

5.4.2 The nunber of this Regulation, followed by the letter "R', a dash

and the approval nunber to the right of the circle prescribed in
par agraph 5.4.1,

5.4.3 The foll owi ng additional synbol, a rectangle surrounding a figure
expressing in m! the absorption coefficient obtained, at the tine
of approval, during the tests under free accel eration and
determ ned by the procedure described in annex 5 of this
Regul ati on.

5.4.4 Alternatively instead of affixing these approval narks and synbol s
to the engine the manufacturer may deci de that each engi ne type
approved under this Regul ation shall be acconpani ed by a docunent
giving this information so that the approval marks and synbol can
be attached to the vehicle in accordance with paragraph 14.4 of
this Regul ati on.

1/ One for the Federal Republic of Germany, 2 for France, 3 for
Italy, 4 for the Netherlands, 5 for Sweden, 6 for Belgium 7 for Hungary, 8
for Czechoslovakia, 9 for Spain, 10 for Yugoslavia, 11 for the United
Ki ngdom 12 for Austria, 13 for Luxenbourg, 14 for Switzerland, 15 for the
German Denocratic Republic, 16 for Norway, 17 for Finland, 18 for Dennark,
19 for Romania, 20 for Poland and 21 for Portugal. Subsequent nunbers shal
be assigned to other countries in the chronol ogical order in which they
ratify or accede to the Agreenent concerning the Adoption of Uniform
Condi tions of Approval and Reciprocal Recognition of Approval for Motor
Vehi cl e Equi pnent and Parts, and the nunbers thus assigned shall be
communi cated by the Secretary-General of the United Nations to the
Contracting Parties to the Agreenent.
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If the engine conforms to a type approved, under one or nore other
Regul ati ons annexed to the Agreenment, in the country which has
granted approval under this Regul ation, the synbol prescribed in
paragraph 5.4.1 need not be repeated: in such a case, the
Regul ati on and approval nunbers of all the Regul ati ons under which
approval has been granted in the country which has granted
approval under this Regulation shall be placed in vertical colums
to the right of the synmbol prescribed in paragraph 5.4.1

The approval mark shall be clearly |egible and be indelible.

The approval mark shall be placed close to the engine
identification figures provided by the manufacturer

Annex 3 to this Regulation gives exanples of the arrangenments of

t he approval nark.

SPECI FI CATI ONS AND TESTS

Gener al

The conponents liable to affect the em ssion of visible pollutants
shal | be so designed, constructed and assenbled as to enable the
engine in normal use, despite the vibration to which it may be
subj ected, to conply with the provisions of this Regul ation
Specifications concerning cold-start devices

The col d-start device shall be so designed and constructed that it

cannot be brought into or kept in action when the engine is
runni ng nornal ly.

The provisions of paragraph 6.2.1 above shall not apply if at

| east one of the followi ng conditions is net:

The |ight absorption coefficient of the gases enitted by the
engi ne at steady speeds when neasured by the procedure prescribed
in annex 4 to this Regulation with the cold-start device
operating, is within the limts prescribed in annex 7 to this
Regul ati on.

Keeping the cold-start device in operation causes the engine to
stop within a reasonable tine.

If necessary any vehicle related part of the system may be
simul ated for the approval test.

Specifications concerning the em ssion of visible pollutants

The em ssion of visible pollutants by the engine submtted for
approval shall be neasured by the nmethods described in annexes 4
and 5 to this Regul ation.
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6. 3.

2

.4.2

The power of the engine submtted for approval shall be within the
tol erances specified under paragraph 3.1.5 of annex 4 to this
Regul ati on.

The em ssion of visible pollutants, as neasured by the nethod
described in annex 4 to this Regulation, shall not exceed the
limts prescribed in annex 7 to this Regul ation

At the request of the manufacturer additional tests described in
annexes 4 and 5 shall be perforned to obtain free accel eration

val ues for derivatives of the approved engine permtted by
paragraphs 7.2. and 7.3. of this Regulation

If the engine manufacturer desires to have the visible pollutants
measured over a snaller range of torque and/or speed than is

al | oned by paragraph 7.3. of this Regulation, then the approval of
the engine type will be for the limted range of torque and speed.
If at a later stage it is desired to extend the approval of the
engine to cover the whole of the torque/speed range all owed by
paragraph 7.3. of this Regulation then a further engi ne would have
to be submtted for test so that the visible pollutants can be
established for that part of the | oad/speed range which has
previously been omitted.

If in order to neet sone parts of the torque and speed ranges it
is necessary to have additional specifications then these shall be
declared in the format of annex 1 and attached to the

docunent ation subnitted

The val ue of the free accel eration absorption coefficient

all ocated to the engine will be appropriately chosen in accordance
with its rated speed and torque fromthe matrix of val ues
established by the nethod in annex 5 to this Regul ation

In the case of engines with an exhaust-driven supercharger the
absorption coefficient nmeasured under free accel eration shall not
exceed the limt prescribed in annex 7 for the nom nal flow val ue
correspondi ng to the maxi num absorption coefficient measured
during the tests at steady speeds, plus 0.5 m'.

Equi val ent measuring instruments shall be allowed. If an

i nstrument other than those described in annex 8 to this

Regul ation is used, its equival ence for the engi ne considered
shall be required to be proved.
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MODI FI CATI ON OF THE ENG NE TYPE AND EXTENSI ON OF APPROVAL

Every nodification of an engine within an engine type with regard
to the characteristics in annex 1, shall be notified to the

adm ni strative departnent which approved the engine type. Details
of these nodifications shall be declared in the format of annex 1.
Wthin the constraints inposed by paragraphs 7.2 and 7.3, the
departnent may then either:

Consi der that the nodifications made are unlikely to have an
appreci abl e adverse effect, and that in any case the engine stil
complies with the requirenents, or

Require a further test report fromthe technical service
responsi bl e for conducting the test.

For the purposes of this Regulation with regard to the eni ssion of
visible pollutants the nodifications nmay be classified as foll ows:

(1) Modi fications which require a new approval with
tests.

(2) Modi fications which require a new approval wi thout
tests.

(3) Modi fications which may require new tests however

wi t hout new approval
(4) Modi fi cations which do not require conpl enentary
tests or new approvals.
The above classifications (1), (2), (3) and (4) are nmarked on each
line of the correspondi ng characteristics in annex 1.
Irrespective of these classifications in paragraph 7.2 a new
approval, with tests, i.e. Cassification (1), will automatically
be required unless the engine also respects the foll ow ng
condi tions:
Maxi mum r at ed speed not greater than 100 per cent nor |ess
than 75 per cent of that of the engine in the approval test,
M ni mum rat ed speed not |ess than that of the engine in the
approval test,
Torque rating not greater than 100 per cent, nor |less than 70
per cent of that of the engine at that speed in the approva
test,
St eady state absorption values are not greater than 1.1 tines
the val ues obtained in the approval test and do not exceed
the prescribed limts in annex 7,
Exhaust back pressure not greater than that of the engine in
the type approval test,
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7.4

7.5

7.6

7.7

Exhaust system vol ume does not differ by nore than 40 per

cent,

I ntake depression not greater than that of the engine in the

type approval test,

Monent of inertia of a new conbined flywheel and transm ssion

is within 15 per cent of the engine flywheel and transm ssion

syst em appr oved.

Not e: In all cases the engine in the approval test neans

"an engi ne representative of the type to be approved" as

defined in paragraph 3. 3.
If the manufacturer requests to cover the range of de-rated and
de- speeded engines allowed for in paragraph 7.3 of Part | of this
Regul ation, tests shall also be carried out over the speed range
defined in paragraph 2.2 of annex 5 with the engine reset to give
90 per cent, 80 per cent and 70 per cent of the full power. If the
engi ne i s de-speeded then the m ni nrum speed defined in paragraph
2.2 of annex 5 to this Regulation shall be calculated fromthe
derivative with the | owest nmaxi num power speed. If the engine
manuf acturer desires to have the visible pollutants measured over
a smal |l er range of torque and/or speed than is all owed by
paragraph 7.3 of Part | of the Regulation, then the approval of
the engine type will be for the limted range of torque and/or
speed.
For such nodifications further tests must be carried out to
establish free accel erati on snoke values in accordance with
paragraph 6.3.1 of this Regulation unless these val ues can be
established fromtests already carried out as all owed under
par agr aph 6. 3. 4.
Confirmation or refusal of approval, specifying the alterations,
shal | be comruni cated by the procedure specified in paragraph 5.3
above to the Parties to the Agreenent which apply this Regul ation.
The conpetent authority issuing the extension of approval shal
assign a series nunber to each conmunication formdrawn up for
such an extensi on.
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CONFORM TY OF PRODUCTI ON

Every engine identified by an approval mark and/or docunent as
prescri bed under paragraph 5.4 of this Regulation shall conform
with regard to conponents affecting the em ssion of visible
pollutants, to the engine type approved.

In order to verify conformity as prescribed in paragraph 8.1
above, an engine shall be taken fromthe series.

Conformty of the engine with the type approved shall be verified
on the basis of the description given in the approval form
according to annex 2 to this Regulation. In addition, verifying
tests shall be carried out in the follow ng conditions:

An engi ne which has not been run in shall be subjected to the test
under free acceleration prescribed in annex 5 to this Regulation
The engi ne shall be deened to conformto the approved type if the
absorption coefficient determ ned does not exceed by nore than
0.5m! the figure shown in the approval mark or docunment for that
engi ne (see paragraph 8.1 above). On the request of the

manuf acturer, commercially available fuel may be used rather than
the reference fuel

If the figure determined in the test referred to in paragraph
8.3.1 above exceeds by nore than 0.5ni' the figure shown in the
approval docunent for that engine, the engine shall be subjected
to the test at steady speeds over the full |oad curve as
prescribed in annex 4 to this Regulation. The em ssion |evels
shall not exceed the limts prescribed in annex 7 to this
Regul ati on.

PENALI TI ES FOR NON- CONFORM TY OF PRODUCTI ON

The approval granted in respect of an engine type pursuant to this
Regul ation may be withdrawn if the requirenents laid down in
paragraph 8.1 above are not conplied with or if the engi ne has
failed to pass the test prescribed in paragraph 8.3 above.

If a Party to the Agreenent which applies this Regulation

wi thdraws an approval it has previously granted, it shal

forthwith so notify the other Contracting Parties to the Agreenent
whi ch apply this Regul ation, by neans of a copy of the approva
formbearing at the end, in large letters, the signed and dated
annot ati on " APPROVAL W THDRAWN"
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10.

11.

12.

12.1

12. 2

12.3

13.
13.1
13.1.1

PRODUCTI ON DEFI NI TELY DI SCONTI NUED

If the holder of the approval conpletely ceases production of the
engi ne approved in accordance with this Regulation, he shall so
informthe authority which granted the approval. Upon receiving
the rel evant comunication, that authority shall informthereof
the other Parties to the Agreenent applying this Regul ation, by
means of a copy of the approval formbearing at the end, in large
|l etters, the signed and dated annotati on "PRODUCTI ON

DI SCONTI NUED" .

NAMES AND ADDRESSES OF TECHNI CAL SERVI CES RESPONSI BLE FOR
CONDUCTI NG APPROVAL TESTS, AND OF ADM NI STRATI VE DEPARTMENTS
The Parties to the Agreenent which apply this Regul ation shal
comrunicate to the United Nations Secretariat the nanmes and
addresses of the technical services responsible for conducting
approval tests and or the adm nistrative departnents which grant
approval and to which forns certifying approval or extension or

refusal or w thdrawal of approval, issued in other countries, are
to be sent.

PART || - THE | NSTALLATI ON ON ROAD VEH CLES OF TYPE APPROVED C. | .
ENG NES

DEFI NI TI ONS

For the purpose of Part Il of this Regulation

"Approval of a vehicle" neans the approval of a vehicle type with

regard to the installation of type approved engines for the
limtation of the em ssion of pollutants fromthe engine,
"Vehicle type" nmeans a category of power-driven vehicles which do

not differ in such essential respects as the vehicle and engi ne
characteristics defined in annex 1 to this Regulation,

O her definitions applicable to this Part Il are contained in
paragraph 2 of this Regulation

APPLI CATI ON FOR APPROVAL

Enmi ssion of visible pollutants

The application for approval of a vehicle type with regard to the
installation of the C.I. engine for the linmtation of the em ssion

of visible pollutants fromthe engine shall be submtted by the
vehi cl e manufacturer or by his duly accredited representative.
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It shall be acconpanied by the followi ng docunents in triplicate;
description of the vehicle conprising all the relevant vehicle and
engine particulars referred to in annex 1 to the Regul ation, and
type approval comrunication for the engine in annex 2 together
with those docunents |isted under item 19 of annex 2. Wen filling
in annex 1 only the itens which differ fromthose of the engine
type approval need be conpl et ed.

A vehicle representative of the vehicle type to be approved, shal
be submitted to the technical services conducting the approva

test defined in paragraph 15 to this Regulation

APPROVAL

If the vehicle submtted for approval pursuant to this Regul ation
meets the requirenents of paragraph 15 bel ow, approval for the
vehicl e type shall be granted.

An approval nunber shall be assigned to each vehicle type
approved. Its first two digits (at present 03 corresponding to the
03 series of anendnents which entered into force on 20 April 1986)
shall indicate the series of anendnents incorporating the nost
recent nmmjor technical anendnents nmade to the Regulation at the
time of issue of the approval. The sane Contracting Party nay not
assign the sanme nunber to anot her vehicle type.

Noti ce of approval or of extension or of refusal of approval of a
vehicle type pursuant to this Regulation, shall be conmunicated to
the Parties to the Agreenent applying this Regul ation, by neans of
a formconformng to the nodel in annex 2 to this Regul ation.
There shall be affixed, conspicuously and in a readily accessible
pl ace specified on the approval form to every vehicle confornng
to a vehicle type approved under this Regulation an internationa
approval nmark consisting of:

A circle surrounding the letter "E" followed by the distinguishing
nunber of the country which has granted approval, 1/

The nunber of this Regulation, followed by the letter "R', a dash
and the approval nunber to the right of the circle prescribed in
par agraph 14.4. 11

See footnote on page 4.
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14. 4.3

14.

14.

14.

14.

15.
15.

5

15.2

15.

15.

15.

2

2

2

2

1

The foll owi ng additional synbol a rectangle surrounding a figure
expressing in m' the absorption coefficient determned during the
test under free acceleration, in annex 5 of this Regulation

If the vehicle conforns to a type approved, under one or nore

ot her Regul ations annexed to the Agreenent, in the country which
has granted approval under this Regul ation, the synbol prescribed
in paragraph 14.4.1 need not be repeatedy in such a case, the
Regul ati on and approval nunbers and the additional synbols of al
the Regul ati ons under which approval has been granted in the
country whi ch has granted approval under this Regul ation shall be
pl aced in vertical colunms to the right of the synbol prescribed
in paragraph 14.4.1

The approval nmark and the additional synbol shall be clearly

| egi bl e and be indelible.

The approval mark shall be placed close to or on the vehicle data
pl ate affixed by the manufacturer

Annex 3 to this Regulation gives exanples of the arrangenments of
the approval mark and of the additional synbol.

SPECI FI CATI ONS AND TESTS

Gener a

The diesel engine fitted on the vehicle shall be of a type
approved under Part | of this Regulation. The conponents liable to
affect the em ssion of visible pollutants shall be so designed,
constructed and assenbled as to enable the vehicle, in normal use,
despite the vibration to which it nmay be subjected, to conmply with
the provisions of this Regulation

Specifications concerning cold-start devices

The col d-start device shall be so designed and constructed that it

cannot be brought into or kept in action when the engine is
runni ng nornal ly.

The provisions of paragraph 15.2.1 above shall not apply if at

| east one of the following conditions is net:

The |ight absorption coefficient of the gases enitted by the
engi ne at steady speeds when neasured by the procedure prescribed
in annex 4 to this Regulation with the cold-start device
operating, is within the Iimts prescribed in annex 7 to this
Regul ati on.



15.2.2.2

15.3
15.3.1

16.
16.1

16.1.1

16.1.2

16. 2

16. 3

17.
17.1

17.2

17.3
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Keeping the cold-start device in operation causes the engine to
stop within a reasonable tine.
Installation

The installation of the engine shall respect in particular the
following limtations with respect to the type approval of the
engi ne:
I nt ake depression shall not exceed that of the type approved
engi ne
Exhaust back pressure shall not exceed that of the type
approved engi ne
Exhaust systemvolume is within + 40 per cent of the type
approved engi ne
Monent of inertia of the conbined flywheel and transm ssion
is within + 15 per cent of the type approved engine.

MODI FI CATI ON OF THE VEH CLE TYPE AND EXTENSI ON OF APPROVAL

Every nodification of the vehicle type with regard to the
characteristics in annex 1 shall be notified to the adm nistrative
departnent which approved the vehicle type. The departnment may
then either:

Consi der that the nodifications made are unlikely to have an
appreci abl e adverse effect, and that the vehicle still conplies
with the requirenents; or

Require a further test report fromthe technical service
responsi bl e for conducting the tests.

Confirmation or refusal of approval, specifying the alterations,
shal | be comuni cated by the procedure specified in paragraph 14.3
above to the Parties to the Agreenent which apply this Regul ation.
The conpetent authority issuing the extension of approval shal
assign a series nunber to each conmunication formdrawn up for
such an extension.

CONFORM TY OF PRODUCTI ON

Every vehicle identified by an approval mark and/or docunent in
the case of the engine type installed as prescribed under

par agraphs 5.4 and 14.4 of this Regulation shall conformwth
regard to conponents affecting the enmi ssion of visible pollutants
to the vehicle type approved.

In order to verify conformity as prescribed in paragraph 17.1
above, a vehicle shall be taken fromthe series.

Conformity of the vehicle with the type approved shall be verified
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17.3.1

17.3.2

18.
18.

18.

1

2

on the basis of the description given in the approval form
according to annex 2 to this Regulation. In addition, verifying
tests shall be carried out in the follow ng conditions:

A vehicle with an engi ne which has not been run-in shall be
subjected to the test under free acceleration prescribed in annex
5 to this Regul ation. The vehicle shall be deemed to conformto
the vehicle type approved if the absorption coefficient detern ned
does not exceed by nore than 0.5 ni' the figure shown in the
approval mark or docunent (see paragraph 17.1 above). On the
request of the nmanufacturer comrercially available fuel may be
used rather than the reference fuel. In the case of dispute,
reference fuel has to be used.

If the figure determined in the test referred to in paragraph

17. 3.1 above exceeds by nmore than 0.5 ni' the figure shown in the
approval nmark or docunment (see paragraph 17.1 above) the engi ne
shal |l be subjected to the test at steady speeds over the full-Ioad
curve as prescribed in annex 4 to this Regulation. The visible

em ssion | evels shall not exceed the linits prescribed in annex 7
to this Regul ation.

PENALTI ES FOR NON- CONFORM TY OF PRODUCTI ON

The approval granted in respect of a vehicle type pursuant to this
Regul ation may be withdrawn if the requirenents laid down in
paragraph 17.1 above are not conplied with or if the vehicle has
failed to pass the tests prescribed in paragraph 17.3 above.

If a Party to the Agreenent which applies this Regulation

wi thdraws an approval it has previously granted, it shal
forthwith so notify the other Contracting Parties to the Agreenent
whi ch apply this Regul ation, by neans of a copy of the approva
formbearing at the end, in large letters, the signed and dated
annot ati on " APPROVAL W THDRAWN"
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PRODUCTI ON DEFI NI TELY DI SCONTI NUED

If the holder of the approval conpletely ceases production of the
vehi cl e approved in accordance with this Regulation, he shali so
informthe authority which granted the approval. Upon receiving
the rel evant comunication, that authority shall informthereof
the other Parties to the Agreenent applying this Regul ation, by
means of a copy of the approval formbearing at the end, in large
|l etters, the signed and dated annotati on "PRODUCTI ON

DI SCONTI NUED" .

NAMES AND ADDRESSES OF TECHNI CAL SERVI CES RESPONSI BLE FOR
CONDUCTI NG APPROVAL TESTS, AND OF ADM NI STRATI VE DEPARTMENTS
The Parties to the Agreenent which apply this Regul ation shal
comrunicate to the United Nations Secretariat the names and
addresses of the technical services responsible for conducting
approval tests and of the adm nistrative departnents which grant
approval, and to which forns certifying approval or extension or

refusal or w thdrawal of approval, issued in other countries, are
to be sent.
PART |1l - EM SSION OF VI SI BLE EXHAUST POLLUTANTS FROM A MOTOR

VEHI CLE WHOSE ENG NE HAS NOT BEEN SEPARATELY APPROVED

DEFI NI TI ONS
For the purposes of Part |1l of this Regul ation
"Approval of a vehicle" neans the approval of a vehicle type with

regard to limtation of the emi ssion of visible pollutants from
t he engi ne;
"Vehicle type" nmeans a category of power-driven vehicles which do

not differ in such essential respects as the vehicle and engi ne
characteristics as defined in annex 1 to the Regul ation

O her definitions applicable to this Part IIl are contained in
paragraph 2 of this Regulation

APPLI CATI ON FOR APPROVAL

The application for approval of a vehicle type with regard to
limtation of the em ssion of pollutants fromthe engine shall be
submitted by the vehicle manufacturer or by his duly accredited
representative

It shall be acconpani ed by the undernenti oned docunments in
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22.2.1

22.3

23.
23.1

23.2

23.3

23.4

23.4.1

23.4.2

triplicate and the followi ng particul ars:

A description of the vehicle and engine type conprising all the
particulars referred to in annex 1.

An engi ne and the equi pnent prescribed in annex 1 to the

Regul ation for fitting it to the vehicle to be approved shall be
submitted to the technical service conducting the approval tests
defined in paragraph 24 of the Regul ation. However, if the

manuf acturer so requests and the technical service conducting the
approval tests agrees, a test nay be carried out on a vehicle
representative of the vehicle type to be approved.

APPROVAL

If the vehicle submtted for approval pursuant to this Regul ation
meets the requirenents of paragraph 24 bel ow, approval of that
vehicl e type shall be granted.

An approval nunber shall be assigned to each vehicle type
approved. Its first two digits (at present 03 corresponding to the
03 series of anmendnents which entered into force on 20 April 1986)
shal |l indicate the series of anendnents incorporating the nost
recent nmmjor technical anendnents nmade to the Regulation at the
time of issue of the approval. The sane Contracting Party nay not
assign the sanme nunber to anot her vehicle type.

Noti ce of approval or of extension or of refusal of approval of a
vehicle type pursuant to this Regul ation shall be comrunicated to
the Parties to the Agreenent applying this Regul ation by neans of
a formconformng to the nodel in annex 2 to this Regul ation.
There shall be affixed, conspicuously and in a readily accessible
pl ace specified on the approval form to every vehicle confornng
to a vehicle type approved under this Regul ation an internationa
approval nmark consisting of:

A circle surrounding the letter "E'" followed by the distinquishing
nunber of the country which has granted approval, |/

The nunber of this Regulation, followed by the letter "R', a dash
and the approval nunber to the right of the circle prescribed in
par agraph 5. 4. 1.

See footnote on page 4.
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23.

23.

23.

23.

24.
24.
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24.2

24.

24.
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24.
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The foll owi ng additional synbols a rectangle surrounding a figure
expressing in m! the corrected absorption coefficient obtained,
at the tine of approval, during the test under free accel eration,
and determined at the tine of approval by the procedure described
in annex 5, paragraph 3.2, to this Regulation

If the vehicle conforns to a vehicle type approved, under one or
nmore ot her Regul ati ons annexed to the Agreenent, in the country
whi ch has granted approval under this Regul ation, the synbol
prescribed in paragraph 23.4.1 need not be repeated; in such a
case, the Regul ation and approval nunbers and the additiona
synbols of all the Regul ati ons under whi ch approval has been
granted in the country which has granted approval under this
Regul ation shall be placed in vertical colums to the right of the
synbol prescribed in paragraph 23.4.1

The approval nmark and the additional synbol shall be clearly

| egi bl e and be indelible.

The approval mark shall be placed close to or on the vehicle data
pl ate affixed by the manufacturer

Annex 3 to this Regulation gives exanples of the arrangenments of
the approval mark and of the additional synbol.

SPECI FI CATI ONS AND TESTS

Gener a

The conponents liable to affect the emi ssion of pollutants shal

be so designed, constructed and assenbled as to enable the
vehicle, in normal use, despite the vibration to which it may be
subj ected, to conply with the provisions of this Regul ation
Specifications concerning cold-start devices

The col d-start device shall be so designed and constructed that it
cannot be brought into or kept in action when the engine is

runni ng nornal ly.

The provisions of paragraph 24.2.1 above shall not apply if at

| east one of the followi ng conditions is net:

The |ight absorption coefficient of the gases enitted by the
engi ne at steady speeds when neasured by the procedure prescribed
in annex 4 to this Regulation with the cold-start device in
operation, is within the Ilimts prescribed in annex 7 to this
Regul ati on.

Keeping the cold-start device in operation causes the engine to
stop within a reasonable tine.



E/ ECH 324

E/ ECE/ TRANS/ 505

} Rev. 1/ Add. 23/ Rev. 2

Regul ati on No. 24

page 18

24.3
24.3.1

24.3.2

24.3.3

24.3. 4

25.
25.1

25.1.1

25.1.2

25.2

25.3

Speci fications concerning the eni ssion of visible pollutants

The em ssion of visible pollutants by the vehicle type subnmitted
for approval shall be nmeasured by the two nethods described in
annexes 4 and 5 to this Regulation, relating respectively to tests
at steady speeds and to tests under free accel eration.

The em ssion of visible pollutants, as neasured by the nethod
described in annex 4 to this Regulation, shall not exceed the
limts prescribed in annex 7 to this Regulation

In the case of engines with an exhaust-driven supercharger the
absorption coefficient nmeasured under free accel eration shall not
exceed the limt prescribed in annex 7 for the nom nal flow val ue
correspondi ng to the maxi num absorption coefficient measured
during the tests at steady speeds, plus 0.5 mi %

Equi val ent measuring instrunments shall be allowed. If an

i nstrument other than those described in annex 8 to this
Regul ation is used, its equival ence for the engi ne considered
shall be required to be proved.

MODI FI CATI ON OF THE VEH CLE TYPE AND EXTENSI ON OF APPROVAL

Every nodification of the vehicle or conponent type with regard to
the characteristics in annex 1 to this Regulation shall be
notified to the adm nistrative departnent which approved the
vehicle type. The departnent may then either

Consi der that the nodifications made are unlikely to have an
appreci abl e adverse effect, and that in any case the vehicle stil
complies with the requirenents, or

Require a further test report fromthe technical service
responsi bl e for conducting the test.

Confirmation or refusal of approval, specifying the alterations,
shal | be comruni cated by the procedure specified in paragraph 23.3
above to the Parties to the Agreenent which apply this Regul ation.
The conpetent authority issuing the extension of approval shal
assign a series nunber to each conmunication formdrawn up for
such an extension.
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CONFORM TY OF PRODUCTI ON

Every vehicl e bearing an approval mark as prescribed under this
Regul ation shall conform with regard to conponents affecting the
em ssion of visible pollutants by the engine, to the vehicle type
appr oved.

In order to verify conformity as prescribed in paragraph 26.1
above, a vehicle bearing the approval mark required by this

Regul ation shall be taken fromthe series

Conformity of the vehicle with the type approved shall be verified
on the basis of the description given in the approval form In
addition, verifying tests shall be carried out in the follow ng
condi tions:

A vehicle which has not been run in shall be subjected to the test
under free acceleration prescribed in annex 5 to this Regulation
The vehicle shall be deened to conformto the type approved if the
absorption coefficient determ ned does not exceed by nore than

0.5 m! the figure shown in the approval mark (see paragraph 26.1
above). On the request of the nanufacturer, commercially avail abl e
fuel may be used rather than the reference fuel. In the case of

di spute, reference fuel has to be used.

If the figure determined in the test referred to in paragraph
26.3.1 above exceeds by nore than 0.5 mi ! the figure shown in the
approval mark, the engine of the vehicle shall be subjected to the
test at steady speeds over the full-load curve, as prescribed in
annex 4 to this Regulation. The visible em ssion | evels shall not
exceed the limts prescribed in annex 7 to this Regulation

PENALTI ES FOR NON- CONFORM TY OF PRODUCTI ON

The approval granted in respect of a vehicle type pursuant to this
Regul ation may be withdrawn if the requirenents laid down in

par agraph 26.1 above are not conplied with or if the vehicle or
vehi cl es taken have failed to pass the tests prescribed in

par agr aph 26. 3 above.

If a Party to the Agreenent which applies this Regulation

wi thdraws an approval it has previously granted, it shal

forthwith so notify the other Contracting Parties to the Agreenent
whi ch apply this Regul ation, by neans of a copy of the approva
formbearing at the end, in large letters, the signed and dated
annot ati on " APPROVAL W THDRAWN"
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28.

29.

PRODUCTI ON DEFI NI TELY DI SCONTI NUED

If the holder of the approval conpletely ceases production of a
vehi cl e approved in accordance with this Regul ation, he shall so
informthe authority which granted the approval. Upon receiving
the rel evant comunication, that authority shall informthereof
the other Parties to the Agreenent applying this Regul ation, by
means of a copy of the approval formbearing at the end, in large
|l etters, the signed and dated annotati on "PRODUCTI ON

DI SCONTI NUED" .

NAMES AND ADDRESSES OF TECHNI CAL SERVI CES RESPONSI BLE FOR
CONDUCTI NG APPROVAL TESTS, AND OF ADM NI STRATI VE DEPARTMENTS

The Parties to the Agreenent which apply this Regul ation shal
comrunicate to the United Nations Secretariat the nanmes and
addresses of the technical services responsible for conducting
approval tests and of the adm nistrative departnents which grant
approval and to which forns certifying approval or extension or
refusal or w thdrawal of approval, issued in other countries, are
to be sent.
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Annex 1

ESSENTI AL CHARACTERI STI CS OF THE VEHI CLE AND THE C. 1. ENGQ NE
AND | NFORVATI ON CONCERNI NG THE CONDUCT OF TESTS |/ 6/

Description of the vehicle

Make
Type
Name and address of manufacturer

Engi ne Type and approval No.

1. Description of engine

=
o g A W N

=
\I

1.10
1.11
1.12
1.13

The letter "E' preceding figures neans:

Make
Trade mark

Name and address of manufacturer

Type(s)

Cycl e: four-stroke/two-stroke/others 2/
Bor e: e . . . . . . . . .. mm

St r oke: . e . . . . . . . . M
Cylinder capacity . . . . cm?

Nunber and | ayout of cylinders and firing order
Conbusti on system description

Drawi ngs of conbusti on chanber and piston crown
Conpression ratio: 3/

M ni mum cross-section area of inlet and outlet ports 3/

em ssi on approval

infornation to be supplied for

}Rev. 1/ Add. 23/ Rev. 2

(2)
(4)
(2)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(3)
(3)
(3)

When no letter precedes the figures, it means: information to be supplied

in any case.
For footnotes, see end of this annex.
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2. Cooling system Liquid/air cooling 2/

2.1 Characteristics of liquid-cooling system

2.1.1 Nature of liquid . e e e e e e s (3)
2.1.2 Crculating punp: 2/ description or make(s) and type(s) . . (3)
2.1.3 Radi ator/fan systens description . . . . . . . . . . . . . (3)
2.1.4 Drive ratio 2/ . . . . . . . . . . . ..o (3)
2.1.5 Max. Tanperature at outlet 3/ . . . . . . . . . . . 'C . . .(3)
2.2 Characteristics of air-cooling system

2.2.1 Bl ower system characteristics or nake(s) and type(s) . . . (3)
2.2.2 Drive ratio(s) 2/ . . . . . . . . . . ..o (3)
2.2.3 Tenperature regul ating systens Yes/No 2/ - Brief description (3)
2.2. 4 Ai r ducting: description: . (3)
2.2.5 Max. tenperature at a characteristic place: 4/ . . . C.. . (3
3. Air intake system and fuel feed

3.1 Air intake system

3.1.1 Description and drawings of air intake systemand its accessories

(heating device, intake silencers, air filter, etc.) or make(s) and
type(s) if the test is nade with conplete systemas supplied by the

vehi cl e manufacturer, in a vehicle or on a test bench: . . . (3)
3.1.2 Maxi mum pernitted depression of air intake at a characteristic place

(specify location of neasurenent): 3/ 4 . . . . . . . . kPa (3)
3.2 Pressure charger: 2/ Yes/No (1)
3.2.1 Description of the pressure charger system. . . . . . . . . (3)
3.2 Characteristics or make(s) and type(s): . . . . . . . . . . (3)
3.2.3 Max. tenmperature of the air at the outlet of the intake

intercooler: 3/ 4/ . . . . . . . . . . . . . .. ... "C (3)

I nj ection system

3.3

3.3.1 Low pressure section

3.3.1.1 Fuel feed

3.3.1.2 Characteristic pressure or nake(s) and type(s) . . . . . . . (3)
3.3.2 H gh pressure section

3.3.2.1 Description of the injection system

3.3

.2.1.1 Punp: description or make(s) and type(s) . . . . . . . . . . (3)
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.1.2 Delivery . . . .m? per stroke at engi ne speed of
.o .rpmat full injection or characteristic
diagram 2/ 3/ 4/ e e e e (3)

Mention the nethod useds on engi ne/on punp bench 2/
I f boost control is supplied, state the characteristic fuel delivery
and boost pressure versus engi ne speed.

.1.3 Static injection timng 3/ 4 . . . . . . . . . . . . . . .. (3)
.1.4 Autonatic injection advance range 3/ e e e e e (3)
I nj ection piping
1 Length 3/ 4/ e e e e e s (3)
Internal dianmeter 3/ 4/ e e e e e (3)
I nj ector(s)
1 Make(s): e e e s e (3)
Type(s): e e e e e s (3)
3 Qpening pressure: 3/ . . . . . . L0 0 Mpa (3)
CGover nor
1 Description of the governor systemor neke(s) and type(s) . (3)
Speed at which cut-off starts under full-load: 3/ 4/
rpm(nmaxi mumrated speed) . . . . . . . . . . . . . (3)
.3 Maxi mum no- | oad speed: 3/ 4/ e e e e e rpm (3)
.4 Idling speed: 3/ 4/ . . . . . . . . . . . . . . . .. rpm (3)
Cold start system
Description or make(s) and type(s) e e e e e (3)
Addi tional anti-snoke devices (if any, and if not covered by anot her
headi ng) :
Description of characteristics e e e e e (3)

Val ve tining
Maxi mum i ft of valves and angl es of opening and closing in relation

to dead centres (nonminal values) 3/ 4 . . . . . . . . . . . (3)

Exhaust system 2/
Description of exhaust equiprment if the test is nmade with the

conpl et e exhaust equi pnent provided by the engine or vehicle
manuf act ur er

Specify the back pressure at nmaxi num net power and the |ocation of
measurenent . . . . . . . . . . . . . . . . . . . . . kPa (3)
Indicate the effective volunme of the

exhaust 3/ 4/ . . . . . . . . . L L cn?
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5.2 If the test bench equiprent is used, specify the back
pressure at nmaxi num net power and the | ocation
of measur enment e e e e . ... ... ... .. kPa (3)
Indicate the effective volunme of the
exhaust 3/ 4/ . . . . . . . . . . . . . . . ... .... cm?
6. Lubrication system
6.1 Description of system . . . . . . . . . . . . . . . . . .. (3)
6.2 Circul ating punps 2/ Yes/ No
Description or make(s) and type(s) e e e e e (3)
6.3 Ol cooler: 2/ Yes/No
Description or make(s) and type(s) e e e (3)
6.4 M xture with fuel: 2/ Yes/No
(Lubrication oil/fuel ratio) . . . . . . . . . . . . . . .. (3)
O her engine driven auxiliaries
7.1 Auxiliaries necessary for the operation of the engine on test bench
ot her than the fan
State characteristics, or nmake(s) and type(s) . . . . . . . (3)
1.1 Cenerator/Alternators 2/ Yes/No 2/ e e e e e (4)
O her 2/ e e e e e e s e (3)
7.2 Additional auxiliaries in operation when test is conducted in a
vehicl e
State characteristics, or nmake(s) and type(s) . . . . . . . (4)
7.3 Transm ssi on
State monent of inertia of conbined flywheel and transnission at
condition when no gear is engaged 4/ . . . . . . . . . . . (3)
or description, make(s) and type(s) (for torque
converter) . . . . . . L Lo e e (3)
8. Engi ne perfornmance (declared by the manufacturer)
8.1 Idling speed: 3/ . . . . . . . . . . . . . . . . . . . rpm (3)
8.2 Maxi mumrated speed: 3/ . . . . . . . . . . . . . . . rpm (3)
8.3 Mnimumrated speed: 3/ . . . . . . . . . . . . . . . rpm (3)
8.4 Max. net torque of engine on bench: 3/ . . . Nmat . . . . rpm
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i ndi cate power absorbed by fan .

Test on bench

kWat . . rpm
kW

Decl ared powers at the points of neasurenent referred to in annex 4,

par agraph 2.2 shal

Tabl e

1

be stated in table 1.

Decl ared speeds and powers of the engi ne/vehicle 2/

subm tted for approva

(Speeds to be agreed with the test authority)

Measur enent
points 5/

Engi ne speed:

(rpm

n

Power: P */
kw

Net power according to annex 10.

In the case of non-conventiona

engi ne types and systens,

particul ars equivalent to those referred to here shall be supplied by the

manuf act ur er.

2/
3/
4/
5/
6/

dat a- set shal

Stri ke out what does not apply.

Speci fy the tol erance.

Specify the range if applicable.

See annex 5, paragraph 2.2.
For the engine representative of the type to be approved, a conplete

this data-set need to be suppli ed.

be supplied. For nodified engines,

only data which differ from
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Annex 2

(Maxi mum format: A4(210 x 297 nm))

Conmruni cati on concer ni ng:
either: approval ,

refusal of approval
ext ensi on of approval
approval wi thdrawn,
production definitely discontinued. 2/

of a vehicle/engine type 2/ with regard to eni ssions

or: neasurenment of power of the engine only, pursuant to

Regul ation No. 24

Approval No. . . . Ext ensi on No .
1. Trade nane or mark of the vehicle: 3/
9. Trade nanme or mark of engine:
3. Vehicle type: 3/ C e e e e e
10. Engine type: . . . . . . . . . Engine approval No. 3/
11. Manuf acturer’s name and address: e
12. If applicable, nane and address of the manufacturer's representative:
13. Vehi cl e/ engi ne submitted for approval on: 2/
14. Techni cal Service responsible for conducting approval tests:
15. Date of report issued by that service:
16. Nunber of report issued by that service:
17. Test results

For footnotes see end of this annex
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11.1 Em ssi ons 2/
11.1.1 Tests at steady speeds: Vehicle on roller dynanoneter/engine
on test bench 2/
Engi ne Nomi nal Measur ed
Measur ermrent speed P0\|;ver flow absorption
poi nts n G val ues
(rpm (kvy (litres/sec) (m-1
1
2
3
4
5
6
For engi ne type approval, power absorbed by the fan during the
tests: 3/ . kw
11.1.2. Free acceleration tests
11.1.2.1. Engine test in accordance with annex 5 3/

Per cent age of Per cent age of Measur ed Corrected
maxi mum maxi mum t or que absorption absor ption
rpm 4/ at rpmstated m Y/ val utla val _ule

m m
100 100
90 100
100 90
90 90
100 80
90 80
11.1.2.2. Engine test according to this Regulation, part |, or vehicle test

according to part 111 3/

Corrected absorption val ue: m !

Rpm at start: rpm

11.2 St at ed net maxi num power 3/ kW at rpm
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18. Make and type of opacineter:
19. Principal characteristics of engine type

Engi ne working principle: four-stroke/two-stroke 2/

Nunber and | ayout of cylinders:
Cyl i nder capacity:
Fuel feed: direct

cn’

injection/indirect injection 2/

Super char gi ng equi prentt YES/ NO 2/

14. Approval granted/refused/ ext ended/ wi t hdrawn 2/

20. Reason(s) for extension of approval

21. Pl ace

22. Dat e:

23. Si gnat ur e: e e e e e e e s

24. A list of the docunents contained in the approval file transmtted

to the adm nistrative service which has granted approval is annexed

to this comrunication.

|/ Nanme of the adm nistration.

2/ Strike out what does not apply.

3/ Conplete or enter "not applicable", according to type of approva

r equest ed.

4/ The lower limt may be that stated by the manufacturer in accordance

vith this Regul ati on,

part

| 1

par agr aph 6. 3. 4.
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ARRANGEMENTS OF APPROVAL MARKS

Model A

(See paragraphs 5.8, 14.8 and 23.8 of this Regul ation)

b

o

b3 1.30

| e = 24 R-032439

8 mm min
& mm min

[ 1]
nu

The above approval mark affixed to an engi ne/vehicle shows that, pursuant
to Regul ation No. 24, the engine/vehicle concerned has, with regard to the
em ssion of visible pollutants by the engi ne, been approved in the Netherlands
(E 4) under approval nunber 032439; the Regulation, at the time of approval
i ncluded already the 03 series of amendnents. The corrected absorption
coefficient is 1.30 nmi! (in the case of a vehicle approval).

Model B

(See paragraphs 5.5, 14.5 and 23.5 of this Regul ation)

= @D . 24,130 032439
o 33 001628

a = 8 mmmin

The above approval mark affixed to an engi ne/ vehicle shows that the type
concerned has been approved in the Netherlands (E 4), pursuant to Regul ations
Nos. 24 and 33. */ The approval numbers indicate that, at the dates when the
respective approvals were given, Regulation No. 24 included already the 03
series of anendnments, but Regulation No. 33 was in its original form

) The latter nunber is given as an exanple only.
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Annex 4
TEST AT STEADY SPEEDS OVER THE FULL- LOAD CURVE

| NTRODUCTI ON
Thi s annex describes the nethod of determ ning em ssions of visible
pollutants at different steady speeds over the full-load curve.

The test nay be carried out either on an engine or on a vehicle.
MEASUREMENT PRI NCI PLE

The opacity of the exhaust gases produced by the engine shall be
measured with the engine running under full-load and at steady
speed.

A sufficient nunber of nmeasurenents will be carried out ranging
bet ween the maxi numrated speed and the mninumrated speed. The
extrene points of neasurenent shall be situated at the limts of the
interval defined above and one point of neasurement will coincide
with the speed at which the engi ne devel ops its nmaxi mum power and
the speed at which it devel ops maxi num t or que.

TEST CONDI TI ONS

Vehicle or endine

The engine or the vehicle shall be subnitted in good nechanica
condition. The engi ne shall have been run in.

The engine shall be tested with the equi pment prescribed in annex 1

to this Regul ation.

The settings of the engine shall be those prescribed by the
manuf act urer and shown in annex 1 to this Regul ation

In the case of a test on an engine the power of the engine shall be
measured in accordance with annex 10 to this Regul ation, but the
tol erances of paragraph 3.1.5 of this annex shall apply. In the case
of a test on a vehicle it should be established that the fuel flow
is not less than that declared by the manufacturer

The power of the engine neasured at the test bench during the test
at steady speeds of the full load curve may differ fromthe power
specified by the manufacturer as foll ows:

Maxi mum Power + 2 per cent

at the other neasurenment + 6 per cent

poi nts - 2 per cent.



E/ ECE/ 324
E/ECE/TRANS/SOS}Rev.1/Add.23/Rev.2

Regul ati on No. 24
Annex 4
page 2

3.1.6 The exhaust device shall not have any orifice through which the
gases emtted by the engine mght be diluted. In cases where an
engi ne has several exhaust outlets, these shall be connected to a
single outlet in which the opacity neasurenent shall be nade.

3.1.7 The engi ne shall be in the nornmal working condition prescribed by
the manufacturer. In particular, the cooling water and the oil shal
each be at the nornal tenperature prescribed by the manufacturer

3.2 Fuel
The fuel shall be the reference fuel whose specifications are given
in annex 6 to this Regul ation.

3.3 Test |aboratory

3.3.1 The absolute tenperature T of the air |/ at the inlet to the engine
measured within 0.15 mupstream of the point of entry to the air
cleaner, or if no air cleaner is used, within 0.15 mof the air

inlet horn, expressed in degrees Kelvin, and the atnospheric
pressure ps, expressed in Kilopascals, shall be neasured, and the
at mospheric factor fa shall be determ ned according to paragraph
6.4.2.1 of annex 10 to this Regulation which corresponds to the
following provisions:

3.3.1.1 Nat ural | y-aspi rated and mechani cal | y- super char ged engi nes:

ta = (50) x (50)”

3.3.1.2 Tur bo- super charged engine with or without cooling of inlet air:

( (298

3.3.2 For a test to be recognized as valid, the paraneter fa shall be such
that 0. 98 < fa < 1.02

3.4 Sanpling and neasuring apparatus
The |ight-absorption coefficient of the exhaust gases shall be
measured with an opacineter satisfying the conditions laid down in
annex 8 and installed in conformty with annex 9 to this Regul ation

L/ The test nay be carried out in air-conditioned test roons where the
at nospheric conditions may be controll ed.
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EVALUATI ON OF THE ABSORPTI ON CCEFFI Cl ENT

For each of the engi ne speeds at which the absorption coefficient is
measur ed pursuant to paragraph 2.2 above, the nominal gas flow shal
be cal cul ated by neans of the follow ng fornul ae:

for two-stroke engi nes G =V.n/60
for four-stroke engines G = V.n/120
in which:

G = nominal gas flow, in litres per second (I/s)

V = cylinder capacity of the engine, inlitres (1)

n engi ne speed, in revolutions per minute (mn "%

Where the value of the nonminal flowis not one of those given in

that table in annex 7 to this Regulation, the limt value applicable
shal | be obtained by interpolation on the principle of proportiona
parts.
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Annex 5
TEST UNDER FREE ACCELERATI ON

TEST CONDI TI ONS

The test shall be carried out on an engine installed on a test
bench or on a vehicle.

If the engine test is a bench test it shall be carried out as
soon as possible after the test for neasurenent of opacity under
full load at steady speed. In particular, the cooling water and
the oil shall be at the normal tenperatures stated by the
manuf act urer.

If the test is carried out on a stationary vehicle the engine
shall first be brought to normal operating conditions during a
road run or on a dynamc test. The test shall be carried out as
soon as possible after conpletion of this warm ng up peri od.

The conbusti on chanber shall not have been cooled or fouled by a
prol onged period of idling preceding the test.

The test conditions prescribed in annex 4, paragraphs 3.1, 3.2
and 3.3, shall apply.

The conditions prescribed in annex 4, paragraph 3.4, with regard
to the sanpling and neasuring apparatus shall apply.

TEST METHODS

The free acceleration visible pollutants shall be neasured with
the engine in the maxi mumrated speed and maxi num power

condi ti on.

At the request of the manufacturer, neasurenments shall also be
made over a matrix of up to five other power/speed conbi nations
for the de-speeded and de-rated engine to cover the range of
speed and power allowed for in paragraph 6.3.4. of part | of this
Regul ati on covering the nodification of an engine type. In this
case the steady state visible pollutants will also be nmeasured
with the engine rated at these other points, by the nethod
described in annex 4 of this Regulation, to enable the free

accel eration absorption coefficient to be corrected in accordance
wi th paragraph 3 of this annex. These val ues shall be recorded in
table 2 of annex 2 of this Regul ation.

The di agram bel ow shows the six possible nmeasuring points of the
matri x and the range of power and speed governed by each point.
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100 %
80 % 100 %
W -
S
E o 0%
g c
JE,,,,:::::j_,F’,,-*"*E o
EPEED
percent of maxi num per cent of nmaxi num torque at
rated speed that speed
1 100 100
2 90 100
3 100 90
4 90 90
5 100 80
6 90 80

Each neasuring point governs the power and speed area to the |left
of and bel ow that point and is the neasuring point for any engine
rated in that area. For exanple the neasuring point at "A" which
is for the 90 per cent full load |ine and 100 per cent rated
speed applies to the rated power/speed area bounded by ABCD on
t he di agram

2.3 If the test is a bench test the engine shall be disconnected from
the brake, the latter being replaced either by the rotating parts
driven when no gear is engaged or by an inertia substantially
equi valent to that of the said parts (see paragraph 7.3 of annex
1 to this Regulation).
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If the test is carried out on a vehicle the gear-change contro
shall be set in the neutral position and the drive between engine
and gear-box engaged.

Wth the engine idling, the accelerator control shall be operated
qui ckly, but not violently, so as to obtain maxi mum delivery from
the injection punp. This position shall be maintained unti
maxi mum engi ne speed i s reached and the governor cones into
action. As soon as this speed is reached the accel erator shall be
rel eased until the engine resunes its idling speed and the

opaci neter reverts to the correspondi ng conditions.

The operation described in paragraph 2.5 above shall be repeated
not less than six tines in order to clear the exhaust system and
to allow for any necessary adjustnent of the apparatus. The

maxi mum opacity val ues read in each successive accel eration shal
be noted until stabilized val ues are obtained. No account shal

be taken of the values read while, after each acceleration, the
engine is idling. The values read shall be regarded as stabilized
when four of them consecutively are situated within a band width
of 0.25 mi! and do not form a decreasing sequence. The absorption
coefficient XMto be recorded shall be the arithnetical nean of

t hese four val ues.

Engines fitted with an air pressure-charger shall be subject,
where appropriate, to the follow ng special requirenents:

In the case of engines with an air pressure-charger which is
coupled or driven nechanically by the engine and is capabl e of
bei ng di sengaged, two conpl ete measurenent cycles with
prelimnary accel erations shall be carried out, the air pressure-
charger being engaged in one case and di sengaged in the other

The neasurenent result recorded shall be the higher of the two
results obtained; and

In cases where the engine has several exhaust outlets, the tests
shall be carried out with all the outlets joined in an adequate
devi ce ensuring mxture of the gases and ending in a single
orifice. Free acceleration tests, however, nay be carried out on
each outlet. In this case the value to be used for cal cul ating
the correction to the absorption coefficient shall be the
arithmetical mean of the values recorded at each outlet, and the
test shall be regarded as valid only if the extrene val ues
measured do not differ by nore than 0.15 m? .
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3.

3.

.1

2

DETERM NATI ON OF THE CORRECTED VALUE OF THE ABSORPTI ON
COEFFI Cl ENT

Appl i cabl e where steady speed absorption coefficient has been
effectively established on the same engi ne derivative.

Not ati on

X m= val ue of the absorption coefficient under free
accel eration neasured as prescribed in paragraph 2.4
of this annex;

X = corrected value of the absorption coefficient under
free accel eration;

Swu= val ue of the absorption coefficient neasured at steady
speed (annex 4, paragraph 2.1) which is closest to the
prescribed lint value corresponding to the same nom na
flow

S, = val ue of the absorption coefficient prescribed in annex

4, paragraph 4.2, for the nomnal flow corresponding to
t he point of neasurement which gave the value S .
The absorption coefficients being expressed in m-! the corrected
value X | is given by the snaller of the follow ng two
expr essi ons:

S
X0 = S—LXM or XL = Xu + 05

M
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Annex 6
SPECI FI CATI ONS OF REFERENCE FUEL PRESCRI BED FOR APPROVAL
TESTS AND TO VERI FY CONFORM TY OF PRODUCTI ON

Property Limits and Units ASTM Met hod 1/
Density at 15°C mn. 0.835 kg/l D 1298
max. 0.845 kg/1
Cet ane i ndex mn. 51 D 976
max. 57
Distillation (2) D 86
50% Vol . poi nt mn. 245°C
90% Vol . point mn. 320°C
max. 340
Fi nal boiling point max. 370°C
Viscosity at 40°C mn. 2.5 m? /s D 445
max. 3.5 mm? /s
Sul phur cont ent mn. 0.20% mass D 1266, D 2622,
max. 0.50 or D 2785
Fl ash poi nt mn. 55°C D 93
Cold filter plugging point max.-5 ‘C CEN Draft Pr EN116
or 1P309
Conr adsor carbon residue max. 0.20% nass D 189
on 10% di st. residue
Ash cont ent max. 0.01% nass D 482
Wat er content max. 0.05% mass D 95 or D 1744
Copper corrosion 100°C max. 1 D 130

Neutralization (Strong acid) nunber nmax. 0.20 ng KOH/ g D 974

I/ Initials of the Arerican Society for Testing and Materials,
1916 Race St., Phil adel phia, Pennsylvania 19103, United States of Anmerica.
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Note |:

Not e 2:

Not e 3:

Not e 4:

Not e 5:

Equi val ent 1SO nethods will be referred to when issued for al
properties listed above.

The figures quoted show the total evaporated quantities (per cent
recovered + per cent |o0ss).

This fuel may be based on straight run and cracked distillates;
desul phurization is allowed. It nust not contain any netallic
addi tives.

The val ues quoted in the specification are "true values". In
establishment of their Iimt values the terms of ASTM D 3244
"Defining a Basis for Petrol eum Product Quality D sputes" have
been applied and in fixing a maxi mum val ue, a m ni nrum di f ference
of 2R above zero has been taken into account; in fixing a maxi mum
and m ni mum value, the mninumdifference is 4R (R =
Reproducibility). Notwi thstanding this neasure, which is
necessary for statistical reasons, the manufacturer of a fue
shoul d neverthel ess aimat a zero value where the stipul ated
maxi mum val ue is 2R and at the nean value in the case of

quot ations of maximumand mninumlimts. Should it be necessary
to clarify the question as to whether a fuel neets the
requirenents of the specification, the terns of ASTM D 3244
shoul d be appli ed.

If it is required to calculate the Thernal Efficiency of an

engi ne or vehicle, the calorific value of the fuel can be
calculated from Specific energy (calorific value) (net)

M)/ kg = (46.423 - 8.792d 2 + 3.170d)

(1 - (x +y +5s)) + 9.420s - 2.499x where:

dis the density at 15°C

X is the proportion by nmass of water (per cent divided by 100)

y is the proportion by nmass of ash (per cent divided by 100)

s is the proportion by mass of sul phur (per cent divided by 100).
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Annex 7
LIMT VALUES APPLI CABLE FOR THE TEST AT STEADY SPEEDS

Nori nal flow G Absorptionrﬁq?fficient k

litres/second m -2
42 2.26
45 2.19
50 2.08
55 1.985
60 1.90
65 1.84
70 1.775
75 1.72
80 1. 665
85 1.62
90 1.575
95 1.535
100 1. 495
105 1. 465
110 1.425
115 1.395
120 1.37
125 1. 345
130 1.32
135 1.30
140 1.27
145 1.25
150 1.225
155 1.205
160 1.19
165 1.17
170 1. 155
175 1.14
180 1.125
185 1.11
190 1. 095
195 1.08
200 1. 065

Not es Al t hough the above val ues are rounded to the nearest 0.01 or 0.005, this

does not nean that the neasurenents need to be nmade to this degree of accuracy.
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Annex 8
CHARACTERI STI CS OF OPACI METERS

SCOPE
Thi s annex defines the conditions to be net by opacineters used
in the tests described in annexes 4 and 5 to this Regul ation

BASI C SPECI FI CATI ON FOR OPACI METERS

The gas to be neasured shall be confined in an enclosure having a
non-reflecting internal surface.

In deternmining the effective length of the light path through the
gas, account shall be taken of the possible influence of devices
protecting the light source and the photoelectric cell. This
effective length shall be indicated on the instrunent.

The indicating dial of the opacineter shall have two neasuring
scal es, one in absolute units of Iight absorption fromO to « (m
1) and the other linear fromO to 100; both scal es shall range
fromO at total light flux to full scale at conpl ete obscuration

CONSTRUCTI ON SPECI FI CATI ONS

Gener al

The design shall be such that under steady-speed operating
conditions the snoke chanber is filled with snmoke of uniform
opacity.

Snoke chanber and opaci neter casing

The i npi ngenent on the photoelectric cell of stray light due to
internal reflections or diffusion effects shall be reduced to a
m nimum (e.g. by finishing internal surfaces in matt black and by
a suitable general |ayout).

The optical characteristics shall be such that the conbi ned
effect of diffusion and reflection does not exceed one unit on
the linear scale when the snoke chanber is filled with snoke
havi ng an absorption coefficient near 1.7 m ™.

Li ght source

The Iight source shall be an incandescent lanp with a col our
tenperature in the range 2,800 to 3, 250°K.

Recei ver

The receiver shall consist of a photoelectric cell with a
spectral response curve sinmlar to the photopic curve of the
hunman eye (nmaxi num response in the range 550/570 nm |ess than 4
per cent of that maxi mum response bel ow 430 nm and above 680 nnj.

The construction of the electrical circuit, including the
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3.5

3. 5.

1

.2

.3

.2

.3

indicating dial, shall be such that the current output fromthe
photoel ectric cell is a linear function of the intensity of the
Iight received over the operating-tenperature range of the
phot oel ectric cell.

Measuring scales

The |ight-absorption coefficient k shall be cal cul ated by the
formila o = o €e*-, where L is the effective length of the
light path through the gas to be neasured, o4 the incident flux
and o the energent flux. Wen the effective length L of a type of
opaci net er cannot be assessed directly fromits geonetry, the
effective length L shall be deternined
Ei ther by the method described in paragraph 4. of this annex;
or
Through correlation with another type of opacinmeter for which
the effective length is known.
The rel ati onship between the 0-100 |inear scale and the |ight-

absorption coefficient k is given by the formula

(o N
T Ho 100

where Nis a reading on the linear scale and k the corresponding
val ue of the absorption coefficient.

The indicating dial of the opacineter shall enable an absorption
coefficient of 1.7 m "' to be read with an accuracy of 0.025 m %

Adj ustnent _and calibration of the neasuring apparatus

The electrical circuit of the photoelectric cell and of the

i ndicating dial shall be adjustable so that the pointer can be
reset at zero when the light flux passes through the snoke
chamber filled with clean air or through a chanber having

i dentical characteristics.

Wth the | anp switched off and the electrical neasuring circuit
open or short-circuited, the reading on the absorption-
coefficient scale shall be & | and it shall remain at S with
the measuring circuit reconnected.

An internediate check shall be carried out by placing in the
snoke chanber a screen representing a gas whose known |ight-
absorption coefficient k, measured as described in paragraph
3.5.1 is between 1.6 m-! and 1.8 m 1. The value of k nust be
known to within 0.025 m"1
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The check consists in verifying that this value does not differ
by nmore than 0.05 m ! fromthat read on the opacineter indicating
dial when the screen is introduced between the source of |ight
and t he photoelectric cell

3.7 Opaci neter response

3.7.1 The response tinme of the electrical nmeasuring circuit, being the
time necessary for the indicating dial to reach 90 per cent of

full-scal e deflection on insertion of a screen fully obscuring
the photoelectric cell, shall be 0.9 to 1.1 second.

3.7.2 The danping of the electrical neasuring circuit shall be such
that the initial overswi ng beyond the final steady reading after
any nonentary variation in input (e.g. the calibration screen)
does not exceed 4 per cent of that reading in linear scale units.

3.7.3 The response tinme of the opaci neter which is due to physica
phenomena in the snoke chanber is the tine taken fromthe start
of the gas entering the chanber to conplete filling of the snoke
chamber; it shall not exceed 0.4 second.

3.7.4 These provisions shall apply solely to opacineters used to
measur e opacity under free accel eration

3.8 Pressure of the gas to be neasured and of scavending air

3.8.1 The pressure of the exhaust gas in the snoke chanber shall not

differ by nore than 75 nmm (water gauge) fromthe atnospheric
pressure.

3.8.2 The variations in the pressure of the gas to be neasured and of
the scavenging air shall not cause the absorption coefficient to
vary by more than 0.05 m !
absorption coefficient of 1.7 m~

in the case of a gas having an
1

3.8.3 The opaci neter shall be equi pped with appropriate devices for
measuring the pressure in the snoke chanber.

3.8.4 The Iimts of pressure variation of gas and scavenging air in the
snoke chanber shall be stated by the manufacturer of the
appar at us.

3.9 Tenperature of the gas to be measured

3.9.1 At every point in the snoke chanber the gas tenperature at the

i nstant of neasurenment shall be between 70°C and a maxi mum
tenperature specified by the opaci neter manufacturer such that
the readings over the tenperature range do not vary by nore than
0.1 m ! when the chanber is filled with a gas having an
absorption coefficient of 1.7 m™! .

3.9.2 The opaci neter shall be equi pped with appropriate devices for
measuring the tenperature in the snoke chanber.
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4.
4.1
4.1.1

.1

.2

EFFECTI VE LENGTH "L" OF THE OPACI METER

Genera

In sone types of opacinmeter the gas between the |ight source and
the photoelectric cell, or between transparent parts protecting
the source and the photoelectric cell, is not of constant
opacity. In such cases the effective length L shall be that of a
columm of gas of uniform opacity which gives the sane absorption
of light as that obtained when the gas is normally admtted into
t he opaci net er.

The effective length of the light path is obtained by conparing
the reading N of the opacineter operating normally with the
reading N, obtained with the opacineter nodified so that the test
gas fills a well defined length Lg

It will be necessary to take conparative readings in quick
succession to deternmine the correction to be made for shifts of
zero.

Met hod of assessnent of L

The test gas shall be exhaust gas of constant opacity or a light-
absorptive gas of a gravinetric density simlar to that of
exhaust gas.

A colum of length Ly of the opacineter, which can be filled
uniformy with the test gas, and the ends of which are
substantially at right angles to the light path, shall be
accurately determined. This length L, shall be close to the
effective length of the opacineter.

The nean tenperature of the test gas in the snoke chanber shal

be neasured.

I f necessary, an expansion tank of sufficient capacity to danp
the pul sations and of conpact design nmay be incorporated in the
sampling line as near to the probe as possible. A cooler may al so
be fitted. The addition of the expansion tank and of the cooler
shoul d not unduly disturb the conposition of the exhaust gas.

The test for deternmining the effective length shall consist in
passing a sanple of test gas alternately through the opacineter
operating normally and through the sanme apparatus nodified as

i ndi cated in paragraph 4.1.2.

The opaci neter readings shall be recorded continuously during the
test with a recorder whose response time is equal to or shorter
than that of the opacineter.

Wth the opacineter operating normally, the reading on the linear
scale of opacity is N and that of the nean gas tenperature
expressed in Kelvin degrees is T.



E/ ECE/ 324
E/ECE/TRANS/SOS}Rev.1/Add.23/Rev.2

Regul ati on No. 24
Annex 8
page 5

4.2.5.3 Wth the known length Ly filled with the sane test gas, the
reading on the linear scale of opacity is Ny and that of the
mean gas tenperature expressed in Kelvin degrees is T g

4.2.6 The effective length will be
N
log (1-—
T
L = e 100

= L
To No

og (1-%)
%9\ 10

4.2.7 The test shall be repeated with at |east four test gases giving
readi ngs evenly spaced between the readings 20 and 80 on the
|inear scale.

4.2.8 The effective length L of the opacineter will be the arithnetic
average of the effective | engths obtained as stated in paragraph
4.2.6. for each of the gases.
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Annex 9
| NSTALLATI ON AND USE OF THE OPACI METER

SCOPE
This annex specifies the installation and use of opacineters for
the tests described in annexes 4 and 5 to this Regul ation

SAMPLI NG OPACI METER

Installation for steady-speed tests

The ratio of the cross-sectional area of the probe to that of the
exhaust pipe shall not be less than 0.05. The back pressure
measured in the exhaust pipe at the opening of the probe shal

not exceed 75 mm (water gauge).

The probe shall be a tube with an open end facing forwards in the
axi s of the exhaust pipe, or of the extension pipe if one is
required. It shall be situated in a section where the
distribution of snoke is approximtely uniform To achieve this,
the probe shall be placed as far downstreamin the exhaust pipe
as possible, or, if necessary, in an extension pipe so that, if D
is the dianeter of the exhaust pipe at the opening, the end of
the probe is situated in a straight portion at least 6 Din

| ength upstream of the sanpling point and 3 Din length
downstream |If an extension pipe is used, no air shall be allowed
to enter the joint.

The pressure in the exhaust pipe and the characteristics of the
pressure drop in the sanpling line shall be such that the probe
collects a sanple sensibly equivalent to that which would be
obt ai ned by isokinetic sanpling.

If necessary, an expansion tank of conpact design and of
sufficient capacity to danp the pul sations nay be incorporated in
the sanpling line as near to the probe as possible. A cooler my
al so be fitted. The design of the expansion tank and cool er shal
not unduly disturb the conposition of the exhaust gas.

A butterfly valve or other neans of increasing the sanpling
pressure may be placed in the exhaust pipe at |east three 3 D
downstream from the sanpling probe

The connecting pi pes between the probe, the cooling device, the
expansion tank (if required) and the opacineter shall be as short
as is possible while satisfying the pressure and tenperature
requirenents prescribed in annex 8, paragraphs 3.8. and 3.9. The
pi pe shall be inclined upwards fromthe sanpling point to the
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2.2

2.3

2.4

opaci neter, and sharp bends where soot might accunul ate shall be
avoi ded. If not enbodied in the opacineter, a by-pass val ve shal
be provided upstream

A check shall be carried out during the test to ensure that the

requi renents of annex 8, paragraph 3.8., concerning pressure and
those of annex 8, paragraph 3.9., concerning the tenperature in

the measuring chanber are observed

Installation for tests under free acceleration

The ratio of the cross-sectional area of the probe to that of the
exhaust pipe shall not be less than 0.05. The back pressure
measured in the exhaust pipe at the opening of the probe shal

not exceed 75 mm (water gauge).

The probe shall be a tube with an open end facing forwards in the
axi s of the exhaust pipe, or of the extension pipe if one is
required. It shall be situated in a section where the
distribution of snoke is approximtely uniform To achieve this,
the probe shall be placed as far downstreamin the exhaust pipe
as possible or, if necessary, in an extension pipe so that, if D
is the dianeter of the exhaust pipe at the opening, the end of
the probe is situated in a straight portion at least 6 Din

| ength upstream of the sanpling point and 3 Din length
downstream |If an extension pipe is used, no air shall be allowed
to enter the joint.

The sanpling systemshall be such that at all engi ne speeds the
pressure of the sanple at the opacineter is within the lints
specified in annex 8, paragraph 3.8.2. This may be checked by
noting the sanple pressure at engine idling and maxi nrum no-| oad
speeds. Depending on the characteristics of the opacineter,
control of sanple pressure can be achieved by a fixed restriction
or butterfly valve in the exhaust pipe or extension pipe.

Whi chever nmethod is used, the back pressure neasured in the
exhaust pipe at the opening of the probe shall not exceed 75 mm
(wat er gauge).

The pi pes connecting with the opacineter shall also be as short
as possible. The pipe shall be inclined upwards fromthe sanpling
point to the opaci neter, and sharp bends where soot night
accunul ate shall be avoi ded. A by-pass valve may be provided
upstream of the opacineter to isolate it fromthe exhaust-gas

fl ow when no neasurenent is being nade.
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FULL- FLOW OPACI METER

The only general precautions to be observed in steady-speed and
free-accel eration tests are the foll ow ng:

Joints in the connecting pipes between the exhaust pipe and the
opaci neter shall not allow air to enter from outside.

The pi pes connecting with the opaci neter shall be as short as
possi bl e, as prescribed in the case of sanpling opacineters. The
pi pe systemshall be inclined upwards fromthe exhaust pipe to
the opaci neter, and sharp bends where soot m ght accunul ate shal
be avoi ded. A by-pass valve nay be provided upstream of the
opacineter to isolate it fromthe exhaust-gas flow when no
measur enent i s being nade.

A cooling systemmay al so be required upstream of the opacineter.
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Annex 10
"ECE" METHOD OF MEASURI NG THE NET PONER COF C.|I. ENG NES

PURPCSE

These provisions apply to the nethod for representing the curve
of the power at full load of an internal conbustion engine as a
function of engine speed.

SCOPE
This nethod applies to internal conbustion engines used for the
propul sion of the vehicles covered by this Regul ati on and
Regul ation No. 15 (E ECE/ 324-E/ ECE/ 505/ Rev. |/ Add. 14/ Rev. 3).
The engi nes belong to one of the follow ng categories:
Reci procating piston engines (positive ignition or conpression
ignition) excluding free piston engines;
Rot ary pi ston engi nes.
These engines may be naturally aspirated or supercharged.

DEFI NI TI ONS

For the purposes of these provisions,

"Net power" neans the power obtained on a test bench at the end
of the crankshaft or its equivalent 1/ at the corresponding

engi ne speed with the auxiliaries listed in table 1;

"Standard production equipnent” means any equi pnent provi ded by

the manufacturer for a particul ar engine application

ACCURACY COF MEASUREMENTS

Tor que

+ 1 per cent of neasured torque. 2/
Engi ne speed

+ 0.5 per cent of neasured speed.

I f power neasurenent can be carried out only on an engine wth
the gear-box nounted, the efficiency of the gear-box shall be
taken into account.

The torque neasuring systemshall be calibrated to take friction
| osses into account. The accuracy in the |ower half of the
measuring range of the dynanoneter bench nmay be + 2 per cent of
measur ed torque
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Fuel consunption

+ 1 per cent of neasured consunption

Fuel tenperature

+2 K4.5

Air tenperature

+ 2K

Baronetric pressure

+ 100 Pa

Pressure in intake duct (see note la to table 1)
+ 50 Pa

Pressure in exhaust duct (see note Ib to table 1)
+ 200 Pa

TEST FOR MEASURI NG NET ENA NE POVER
Auxi li ari es
Auxiliaries to be fitted

During the test, the auxiliaries necessary for the engine
operation in the intended application (as listed in table 1)
shall be installed on the test bench as far as possible in the
same position as in the intended application.

Auxiliaries to be renoved

Certain vehicle accessories necessary only for the operation of
the vehicle and which may be nobunted on the engine shall be
renoved for the test. The foll owi ng non-exhaustive list is given
as a sanpl e.

Air conpressor for brakes;

Power steering conpressor;

Suspensi on conpressor;

Air-conditioning system
Wher e accessories cannot be renpved, the power they absorb in the
unl oaded condition nmay be determ ned and added to the neasured
engi ne power.
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Auxiliaries to be fitted for the test to determ ne net power of

engi ne

Auxi liaries

Fitted for net power test

1

I nt ake System

I nt ake mani fol d
Crankcase emi ssion control
system

Air filter
I nt ake sil encer
Speed |limting device

Yes, standard production equi pment

Yes, standard production equi pment
la/

2

I nducti on heating device of
i ntake nmanifold

Yes, standard production equi pnent.
If possible, to be set in the nost
favourabl e position

3

Exhaust system

Exhaust purifier
Exhaust nanifol d
Super char gi ng device
Connecti ng pi pes |b/
Sil encer |b/

Tai | pipe Lb/

Exhaust brake 2/

Yes, standard production equi pnent.

4

Fuel supply punmp 3/

Yes, standard production equi pnent.

Car bur et t or

El ectronic control system
air flow neter, etc
(if fitted)

Pressure reducer
Evapor at or
M xer

Yes, standard production equi pnent.

Equi pnent for gas engines
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NO. Auxi liaries

Fitted for net power test

6 Fuel injection equiprent
(petrol and diesel)

Prefilter

Filter

Punmp

H gh pressure pipe

I nj ector

Air intake valve, 4/ if

fitted

El ectronic control system

air flow neter, etc

(if fitted)

CGovernor/control system

Automatic full-1oad stop
for the control rack
dependi ng on at nospheric
condi tions

Yes, standard production equi pnent.

7 Li qui d cool i ng equi prent

Engi ne bonnet
Bonnet air outl et

Radi at or

Fan 5/ 6/

Fan cow
Water punp
Thernostat 7/

Yes, 5/ standard production
equi pnent

8 Ai r cooling

Cowl
Bl oner 5/ 6/

Tenperature regul ati ng device

Yes, standard production equi pment

Yes, standard production equi pment

9 El ectrical equi pnent

Yes, 8/ standard production
equi pnent
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NO. Auxiliaries Fitted for net power test
10 Super char gi ng equi prent
(if fitted)
Conpressor driven either
directly by the engine,
and/ or by the exhaust
gases Yes, standard production equi pment
Charge air cool er 9/
Cool ant punp or fan
(engi ne driven)
Cool ant fl ow control
devices (if fitted)
11 Auxiliary test bench fan Yes, if necessary
12 Anti -pol |l ution devices 10/ Yes, standard production equi pment
La/ The conplete intake systemshall be fitted as provided for the

i nt ended application
Where there is a risk of an appreciable effect on the engine
power ;
In the case of two-stroke and positive-ignition engines;
When t he manufacturer requests that this should be done.
In other cases, an equivalent system may be used and a check shoul d be nade
to ascertain that the intake pressure does not differ by nore than 100 Pa
fromthe Iinmt specified by the nmanufacturer for a clean air filter
I b/ The conpl ete exhaust systemshall be fitted as provided for the
i nt ended application
Where there is a risk of an appreciable effect on the engine
power ;
In the case of two-stroke and positive ignition engines;
When t he manufacturer requests that this should be done.
In other cases, an equivalent systemmay be installed provided the pressure
measured at the exit of the engi ne exhaust system does not differ by nore
than 1,000 Pa fromthat specified by the manufacturer. The exit fromthe
engi ne exhaust systemis defined as a point 150 nm downstream fromthe
termnation of the part of the exhaust system nounted on the engine.
2/ If an exhaust brake is incorporated in the engine, the throttle
val ve nust be fixed in a fully open position
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3/ The fuel feed pressure nmay be adjusted, if necessary, to
reproduce the pressures existing in the particul ar engine application
(particularly when a "fuel return" systemis used).

4/ The air intake valve is the control valve for the pneunmatic
governor of the injection punp. The governor of the fuel injection equipnent
may contain other devices which may affect the anmount of injected fuel

5/ The radiator, the fan, the fan cowl, the water punp and the
thernostat shall be located on the test bench in the sane relative positions
as on the vehicle. The cooling liquid circulation shall be operated by the
engi ne water punp only.

Cooling of the liquid my be produced either by the engine
radi ator or by an external circuit, provided that the pressure | oss of this
circuit and the pressure at the punp inlet remain substantially the sane as
those of the engine cooling system The radiator shutter, if incorporated,
shall be in the open position

Where the fan, radiator and cow system cannot conveniently be
fitted to the engine, the power absorbed by the fan when separately nounted
inits correct position in relation to the radiator and cowm (if used), nust
be determ ned at the speeds corresponding to the engi ne speeds used for
measur enent of the engine power either by calculation from standard
characteristics or by practical tests. This power, corrected to the standard
at nospheric conditions defined in paragraph 6.2, should be deducted fromthe
corrected power.

6/ Where a di sconnectable or progressive fan or blower is
incorporated, the test shall be nade with the di sconnectable Fan (or bl ower)
di sconnected or with the progressive fan or blower running at maxi mum slip.

7/ The thernostat may be fixed in the fully open position

8/ M ni mrum power of the generators the power of the generator shal
be limted to that necessary for the operation of accessories which are
i ndi spensabl e for the operation of the engine. If the connection of a
battery is necessary, a fully charged battery in good order nust be used

9/ Charge air-cool ed engi nes shall be tested with charge air
cooling, whether liquid- or air-cooled, but if the engi ne manufacturer
prefers, a test bench system nmay replace the air-cooled cooler. In either
case, the neasurenent of power at each speed shall be nmade with the sane
pressure drop and tenperature drop of the engine air across the charge air
cool er on the test bench systemas those specified by the manufacturer for
the system on the conpl ete vehicle.

10/ They may include, for exanple, EGR */ system catalytic
convertor, thermal reactor, secondary air supply system and fuel evaporation
protecting system
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5.1.3 Conpression ignition engine starting auxiliaries
For the auxiliaries used in starting conpression ignition
engi nes, the two followi ng cases shall be considered:
(a) Electrical starting. The generator is fitted and suppli es,
where necessary, the auxiliaries indispensable to the operation

of the engine;

(b) Starting other than electrical. If there are any
electrically operated accessories indispensable to the operation
of the engine, the generator is fitted to supply these
accessories. Oherwise, it is renoved.

In either case, the systemfor producing and accunul ating the
energy necessary for starting is fitted and operates in the
unl oaded condition

5.2. Setting conditions
The setting conditions for the test to determ ne the net power
are indicated in table 2.

TABLE 2 - Setting conditions

1 Setting of
carburettor(s)

2 Setting of injection In accordance with the
manuf acturer's production
speci fications and used without

further alteration for the

punp delivery system

3 Ignition or injection
timng (timng curve)

particul ar application
4 CGovernor setting

5 Anti - pol | ution devices

*/ Exhaust gas recircul ation
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5.3
5.3.1

5.3.2

5.3.6

5.83.7

5.3.8

Test conditions
The net power test shall consist of a run at full throttle for

positive-ignition engines and at fixed full-load fuel injection
punp setting for diesel engines, the engine being equipped as
specified in table 1.

Performance data shall be obtained under stabilizing operating
conditions with an adequate fresh air supply to the engine. The
engi nes nmust have been run-in in accordance with the

manuf acturer's recomendati ons. Conbustion chanbers may contain
deposits, but in limted quantity. Test conditions, such as inlet
air tenperature, shall be selected as near to reference
conditions (see 6.2) as possible in order to mninize the
magni t ude of the correction factor.

The tenperature of the inlet air to the engine (anbient air)
shal | be neasured within 0.15 mupstreamof the point of entry to
the air cleaner, or, if no air cleaner is used, within 0.15 m of
the air inlet horn. The thernonmeter or thernocouple shall be
shi el ded fromradiant heat and placed directly in the air stream
It shall also be shielded fromfuel sprayback. A sufficient
nunber of locations shall be used to give a representative
average inlet tenperature.

No data shall be taken until torque, speed and tenperatures have
been mai ntai ned substantially constant for at least 1 mn.

The engi ne speed during a run or reading shall not deviate from
the selected speed by more than + 1 per cent or + 10 min’'

whi chever is greater.

observed brake | oad, fuel consunption and inlet air tenperature
data shall be taken sinultaneously and shall be the average of
two stabilized consecutive val ues which do not vary nore than 2
per cent for the brake |oad and fuel consunption.

The tenperature of the coolant at the outlet fromthe engine
shall be kept within + 5 K, fromthe upper thernostatically-
controll ed tenperature specified by the manufacturer. If no
tenperature is specified by the nanufacturer, the tenperature
shall be 353 K+ 5 K. For air-cool ed engines, the tenperature at
a point indicated hy the nmanufacturer shall be kept within -20°K
of the maxi mum val ue specified by the manufacturer in the
reference conditions.

The fuel tenperature shall be neasured at the inlet to the
carburettor or at the fuel injection systemand nmaintained within
the linmts established by the engi ne manufacturer
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The tenperature of the lubricating oil neasured in the oil sunp
or at the outlet fromthe oil cooler, if fitted, shall be
mai ntained within the limts established by the engine
manuf act ur er.
An auxiliary regulating systemmy be used if necessary to
mai ntain the tenperatures within the limts specified in
paragraphs 5.3.7., 5.3.8. and 5.3.09.
The fuel shall be one available on the nmarket w thout any
suppl enentary snoke suppressant additives. In any case of
di spute, the reference fuel shall be:
(a) Diesel engines, as defined by CEC */ in CEC RF-03- A-80;
(b) Positive ignition engines, as defined by CEC RF-01-A-80.
Test procedure

Measurenents shall be taken at a sufficient nunber of engine
speeds to define correctly the power curve between the | owest and
t he hi ghest engi ne speeds recommended by the nanufacturer. This
range of speeds nust include the speed of revolution at which the
engi ne produces its maxi num power. The average of at |east two
stabilized measurenents is to be determ ned

Data to be recorded

Data to be recorded are those indicated in the appendix to this
annex.

PONER CORRECTI ON FACTORS
Definition
The power correction factor is the coefficient a by which the
measured power nust be nultiplied to determnine the engi ne power
under the reference atnmospheric conditions specified in paragraph
6. 2.
Po = a0 P
wher e
P, is the corrected power (i.e. power under reference atnospheric
condi tions);

g is the correction factor ( a 5 or a 4)

P is the measured power (test power).

Eur opean Co-ordi nati ng Council for the Devel opment of Perfornmance
Tests for Lubricants and Engi ne Fuel s.
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6. 2. Ref erence at nospheric conditions
6.2. 1. Tenperature (T, ): 298 K (25°C)
6. 2. 2. Dry pressure (P, ): 99 kPa
Note: The dry pressure is based on a total pressure of 100 kPa
and a water vapour pressure of 1 kPa.
6. 3. Test atnospheric conditions
The atnospheric conditions during the test shall be the
fol | owi ng:
6.3. 1. Tenperature (T)
For positive-ignition engines 288 K< T < 308 K
For diesel engines 283 K< T< 313 K
6. 3. 2. Pressure (Ps)
80 kPa < Py < 110 kPa
Determination of correction factor a 5 and @ g 1/
6.4.1. Naturally aspirated or supercharged positive-ignition engine -

Factor a g4:
The correction factor 0 4 is obtained by applying the fornula:

(99)[2 (D 0.6 g/

P) = (298)

a =

wher e

P, is the total dry atnospheric pressure in kilopascals (kPa);
that is to say, the total barometric pressure mnus water vapour
pressure:

T is the absolute tenperature in Kelvins (K) of the air drawn in
by the engine.

Conditions to be conplied with in the |aboratory

For a test to be valid, the correction factor a 5 nmust be such
t hat

0.93 < a4 <1.07

If these limits are exceeded, the corrected val ue obtained shal
be given and the test conditions (tenperature and pressure)
precisely stated in the test report.

I/ The tests may be carried out in air-conditioned test roons where the
at mospheric conditions may be controll ed.

2/ In the case of engines fitted with automatic air tenperature
control, if the device is such that at full load at 25°C no heated air is
added, the test shall be carried out with the device fully closed. If the
device is still operating at 25°C then the test is made with the device-

operating normally and the exponent of the tenperature termin the
correction factor shall be taken as zero (no tenperature correction).
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6. 4. 2. Di esel engines - Factor a 4

The power correction factor ( @ 4 ) for diesel engines at

constant fuel rate is obtained by applying the fornmula:
— fm
a d — (fa)

wher e
f o is the atnospheric factor;
f mis the characteristic paraneter for each type of engine and
adj ust nent .
6.4.2.1. Atnospheric factor f ,

This factor indicates the effects of environmental conditions
(pressure, temperature and humidity) on the air drawn in by the
engi ne.
The at nospheric factor forrmula differs according to the type of
engi ne.

6.4.2.1.1. Naturally aspirated and mechanical |y supercharged engi nes.

@) G

6.4.2.1.2. Turbocharged engines with or without cooling of inlet air

- (23)0.7 (L)

6.4.2. 2. Engi ne factor f,
fmis a function of q. (fuel flow corrected) as foll ows:
fm=0.036 q. - 1.14

wher e
Qe = alr
wher e
“q" is the fuel flowin mlligramme per cycle per litre of tota

swept volume (ng/(l.cycle)).

“won

r' is the pressure ratio of conpressor outlet and conpressor
inlet (r =1 for naturally aspirated engines)

This fornmula is valid for a value interval of g, included

bet ween 40 ng/ (l.cycle) and 65 ng/ (l.cycle).

For q. values lower than 40 ng/(l.cycle), a constant val ue of
f nequal to 0.3 (f ,,=0.3) will be taken

For g, val ues higher than 65 ng/(l.cycle), a constant val ue of

f nequal to 1.2 (f ,, = 1.2) will be taken (see the figure bel ow):
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6.4.2. 3. Conditions to be conplied with in the |aboratory
For a test to be valid, the correction factor a 4 nmust be such
t hat 0.9 <a4=<11
If these limts are exceeded, the corrected val ue obtai ned shal
be given and the test conditions (tenperature and pressure)
precisely stated in the test report.
7. TEST REPORT
The test report shall contain the results and all the
calculations required to find the net power, as listed in the
appendi x to this annex, together with the characteristics of the
engine listed in annex 1 to this Regul ation
8. MODI FI CATI ON OF ENG NE TYPE
Any nodification of the engine with regard to the characteristics
listed in annex 1 to this Regul ation nust be reported to the
conpetent adnministration. That administration nay then either
8.1 Consi der that the nodifications nade are not liable to have any
substantial effect on the power of the engine, or
8.2 Request a further determ nation of the engine power. through the
carrying-out of such tests as are deened necessary.
9. TOLERANCES FOR MEASURI NG THE NET POVER
9.1. The net power of the engine nmeasured by the technical service may
differ by + 2 per cent fromthe net power specified by the
manuf acturer, with a tolerance of 1.5 per cent for the engine
speed.
9. 2. The net power of an engine at a production confornmity test may

differ by 5 per cent fromthe net power at a type approval test.
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Annex 10 - Appendi x

}Rev. 1/ Add. 23/ Rev. 2

This information is to be supplied by the manufacturer sinultaneously with

the identification sheet constituting annex 1 to the Regul ation
under this Regulation is a bench test of the engine,

conpl eted by the | aboratory performng the test.
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Test conditions

Pressures neasured at naxi num power
1 Tot al
Wat er vapour pressure . . . . . . . . . Pa
Exhaust pressure e e e . . . . . . . . Pa

baronetric pressure . . . . . . . Pa

Tenper atures neasured at naxi mum power

intake air C e e e e K

outl et of the engine intercooler

cool ing fl uid:

engi ne cooling fluid outlet

reference point in the case of air cooling
| ubr Kcat hdgcat &€ poi nt of neasur enent)

f uel

fuel punp inlet

fuel - consunpti on nmeasuring device

Characteristics of the dynanoneter:
Make:

Type:

Model :

Strike out what does not apply.

If the test
this form shal

KL/
KL/
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2. Fuel

2.1 For positive-ignition engines operating on liquid fuel

2.1.1 Make:

2.1.2 Speci ficati on: e

2.1.3 Anti-knock additive (lead, etc.)

2.1.3.1 Type: . .o

2.1.3. Contents e (o T

2.1.4 Cct ane nunber RON: e e e e e e (ASTM D 26 99-70)
2.1.4.1 Specific density: . g/cm?® at 288 K
2.1. 4. Lower calorific val ue: .. . . . . Kkikg

2.2 For positive-ignition engines operating on gaseous fue

2.2.1 Make:

2.2.2 Speci ficati on:

2.2.3 St orage pressure: e o Fo14
2.2. 4 Utilization pressure: N o= 1
2.2.5 Lower calorific val ue: e o o o o . . . Ki kg

2.3 For conpression-ignition engi nes operating on gaseous fuels
2.3.1 Feed system gas

2.3.2 Speci fication of gas used:

2.3.3 Fuel oil/gas proportion: .

2.3. 4 Lower calorific val ue: e o o o o . . . Kdkg

2.4 For conpression-ignition engines operating on liquid fue

2.4.1 Make: C e e e

2.4.2 Speci fication of fuel used:

2.4.3 Cet ane i ndex (ASTM D 976-71) e e e e

2.4.4 Specific density: . . . . . . . . . . . . g/lcm?® at 288 K
2.4.5 Lower calorific val ue: e o o o o . . . Ki kg

3. Lubri cant

3. Make:

3. Speci ficati on:

3. SAE vi scosity:
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Detailed results of neasurenents

.1 Statements of results of net power neasurenent test */

Engi ne speed, min'!

Measured torque, Nm

Measured power, kW

Measured fuel flow, g/kwh

Measured snoke index, m?! 1/

Baronetric pressure, kPa

WAt er vapour pressure, kPa

Inlet air tenperature, K

Power to be added for
S ) No. 1
auxiliaries in excess of
table 1, kW No. 2
No. 3

Power correction factor

Corrected brake power, kW
(with/without 2/ fan)

Power of fan, kW

(to be subtracted if fan not fitted)

Net power, kW

Net torque, Nm

Corrected specific fuel consunption g/ kwh 3/

Srmoke i ndex nit

Cooling liquid tenperature at outlet, K

Lubricating oil tenperature at neasuring

poi nt, K

Air tenperature after supercharger, K 4/

Fuel tenperature at injection punmp inlet,

K

Air tenperature after charge air cooler,

K 4/

Pressure after supercharger, kPa 4/

Pressure after charge air cooler, kPa

Notes i n next page
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*/ The characteristic curves of the net power and the net torque shall be
drawn as a function of the engi ne speed.

~

Only for diesel engines.

Strike out what does not apply.

/ Cal cul ated with the net power for conpression-ignition and positive-
ignition engines, in the latter case nultiplied by the power correction

W 1N I

factor.
4/ I f applicable.

4.2 Maxi mum net powers e e e . . o ..o .. kwat . mn
4.3 Maxi num net torques . . . . . . . . . . . . Nmat .. min?
5. Engi ne subnitted for testing on

6. Techni cal service conducting tests




