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Paragraph 1. footnote 1/, amend to read:

"1/ In conformty with annex 7 of the Consolidated Resolution on the
Construction of Vehicles (R E 3), (TRANS/ WP, 29/78/ Rev. 1/ Arend. 2)"

Paragraph 2., anend to read:
" 2. DEFI NI TI ONS AND ABBREVI ATl ONS

For the purposes of this Regul ation

2.1, "test cycle" neans a sequence of test points each with a defined speed
and torque to be followed by the engi ne under steady state (ESC test)
or transient operating conditions (ETC, ELR test);

2.2. "approval of an engine (engine famly)" means the approval of an
engi ne type (engine famly) with regard to the |evel of the enission
of gaseous and particul ate pollutants;

2.3. "di esel engi ne" neans an engi ne whi ch works on the conpression-
ignition principle;
"gas engi ne" neans an engine, which is fuelled with natural gas (NG
or liquid petroleumgas (LPG

2.4, "engi ne type" nmeans a category of engines which do not differ in such
essential respects as engine characteristics as defined in annex 1 to
this Regul ation;

2.5. "engi ne fam |ly" nmeans a manufacturers groupi ng of engi nes which
through their design as defined in annex 1, appendix 2 to this
Regul ati on, have sinilar exhaust em ssion characteristics; al
menbers of the family nust conply with the applicable emission limt

val ues;
2.6. "parent engi ne" nmeans an engi ne selected froman engine famly in such
a way that its em ssions characteristics will be representative for

that engine fanmly

2.7. "gaseous pol |l utants” means carbon nonoxi de, hydrocarbons (assum ng a
ratio of CHygs for diesel, CH, 55 for LPG and CH, g3 for NG (NVHC)),
net hane (assuming a ratio of CHy; for NG and oxides of nitrogen, the
| ast - naned bei ng expressed in nitrogen dioxide (NG) equivalent;
"particulate pollutants" neans any material collected on a specified
filter mediumafter diluting the exhaust with clean filtered air so
that the tenperature does not exceed 325 K (52°C)

2.8. "snoke" means particles suspended in the exhaust stream of a diese
engi ne whi ch absorb, reflect, or refract |ight;

2.9. "net power" means the power in ECE kW obtained on the test bench at
the end of the crankshaft, or its equivalent, neasured in accordance
with the nmethod of neasuring power as set out in Regulation No. 24.
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"decl ared maxi mum power (Pmx)" neans the nmaxi mum power in ECE kW (net
power) as declared by the manufacturer in his application for
approval ;

"per cent |oad" neans the fraction of the maxinmum avail abl e torque at
an engi ne speed;

"ESC test" neans a test cycle consisting of 13 steady state nodes to
be applied in accordance with paragraph 5.2. of this Regul ation

"ELR test" neans a test cycle consisting of a sequence of |oad steps
at constant engi ne speeds to be applied in accordance with
paragraph 5.2. of this Regul ation;

"ETC test" neans a test cycle consisting of 1800 second-by-second
transient nodes to be applied in accordance with paragraph 5.2. of
this Regul ation;

"engi ne operating speed range" neans the engi ne speed range, nost
frequently used during engine field operation, which |lies between the
| ow and hi gh speeds, as set out in annex 4 to this Regul ation;

"l ow speed (njo)" mMeans the | owest engine speed where 50 per cent of
t he decl ared maxi mum power occurs;

"high speed (npn)" means the highest engine speed where 70 per cent of
the decl ared maxi mum power occurs;

"engi ne speeds A, B and C' neans the test speeds within the engine
operating speed range to be used for the ESC test and the ELR test, as
set out in annex 4, appendix 1 to this Regul ation;

"control area" neans the area between the engi ne speeds A and C and
between 25 to 100 per cent | oad;

"reference speed (nre)" means the 100 per cent speed value to be used
for denormalizing the relative speed values of the ETC test, as set
out in annex 4, appendix 2 to this Regulation;

"opaci neter" nmeans an instrunent designed to neasure the opacity of
snoke particles by nmeans of the light extinction principle;

"NG gas range" neans one of the Hor L range as defined in European
St andard EN 437, dated Novenber 1993;

"self adaptability" neans any engi ne device allow ng the air/fue
ratio to be kept constant;

"recalibration" neans a fine-tuning of a NG engine in order to
provi de the sanme performance (power, fuel consunption) in a different
range of natural gas;

"Wobbe I ndex (lower W; or upper Wi)" neans the ratio of the
corresponding calorific value of a gas per unit volunme and the square
root of its relative density under the sanme reference conditions:

gas gas

W = H X '\/r air / r
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2.26.

2.27.

2.28. 1.

2.28. 2.

"é-shift factor (Sg)" means an expression that describes the required
flexibility of the engine managenment system regarding a change of the
excess-air ratio @ if the engine is fuelled with a gas conposition
different frompure nmethane (see annex 8 for the calculation of Sg).

"EEV' means Enhanced Environnental ly Friendly Vehicle which is a type
of vehicle propelled by an engine conplying with the perm ssive
enmission limt values given in row C of the Tables in

paragraph 5.2.1. of this Regul ation;

"Def eat Device" nmeans any el ement of engine or vehicle design, which
measures or senses vehicle speed, engine speed, gear used,
tenperature, intake pressure or any other parameter, with a viewto
activating, nodul ating del aying or deactivating the operation of any
conmponent of the enission control system so that the effectiveness
of the em ssion control systemis reduced under conditions
encountered in normal vehicle use.

Such a device will not be regarded as a defeat device if:

the need for the device is justified tenporarily to protect the
engi ne against intermttent operating conditions that could lead to
damage or failure and no other neasures are applicable for the same
pur pose which do not reduce the effectiveness of the em ssion
control system

the device operates only when needed during engi ne starting and/ or
war m ng-up and no ot her measures are applicable for the same purpose

whi ch do not reduce the effectiveness of the em ssion contro
system

Net power [% of net P ...]

100 _ﬁu Pmax
% of Progn -

ides Mo A B c
Engine speed

Nref Npj

Figure 1. Specific definitions of the test cycles
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2.29. Synmbol s and Abbrevi ations
2.29. 1. Synbol s for Test Paraneters
Synbol Uni t Term
Ap nt Cross sectional area of the isokinetic
sanpl i ng probe
At ne Cross sectional area of the exhaust pipe
CEge - Et hane effici ency
CEm - Met hane efficiency
C1 - Carbon 1 equival ent hydrocarbon
conc ppm/ vol % Subscri pt denoting concentration
Do /s Intercept of PDP calibration function
DF - Dilution factor
D - Bessel function constant
E - Bessel function constant
E, g/ kW I nterpol ated NO; eni ssion of the control
poi nt
fa - Laboratory atnospheric factor
fe st Bessel filter cut-off frequency
Fen - Fuel specific factor for the cal cul ati on of

wet concentration for dry concentration

Fs - St oi chionetric factor

Ga rw kg/ h Intake air nmass flow rate on wet basis

Gy rD kg/ h Intake air mass flow rate on dry basis

Gw kg/ h Dilution air mass flow rate on wet basis

Georw kg/ h Equi val ent diluted exhaust gas nmass fl ow
rate on wet basis

G kg/ h Exhaust gas mass flow rate on wet basis

G kg/ h Fuel mass flow rate

Grorw kg/ h Di | uted exhaust gas nmmss flow rate on wet
basi s

H M)/ n# Calorific value

Hrer g/ kg Ref erence val ue of absolute humdity
(10. 719/ kQg)

Ha g/ kg Absol ute hum dity of the intake air

Hy g/ kg Absol ute humdity of the dilution air

HTCRAT nmol / nol Hydr ogen-to-Carbon ratio

i - Subscri pt denoting an individual node

K - Bessel constant

k m? Li ght absorption coefficient

Ku b - Humi dity correction factor for NG for
di esel engines

Kh e - Humi dity correction factor for NO for gas
engi nes

Ky CFV calibration function

Kwa - Dry to wet correction factor for the intake
air

Kwd - Dry to wet correction factor for the
dilution air

Kwe - Dry to wet correction factor for the
di l uted exhaust gas

Kw - Dry to wet correction factor for the raw
exhaust gas

L % Percent torque related to the maxi mum

torque for the test engine
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Synbol Uni t Term

La m Ef fective optical path |ength

m Sl ope of PDP calibration function

Mass g/h or g Subscri pt denoting em ssions mass flow
(rate)

Vb L kg Mass of the dilution air sanple passed
through the particulate sanpling filters

My ngy Particul ate sanple nass of the dilution air
coll ected

M ngy Parti cul ate sanple nass coll ected

M, o ngy Particul ate sanmple nmass collected on
primary filter

M b g Particul ate sampl e mass col |l ected on back-
up filter

Msam kg Mass of the diluted exhaust sanple passed
through the particulate sanpling filters

Msec kg Mass of secondary dilution air

Mrorw kg Total CVS nass over the cycle on wet basis

Mrorwi kg | nst ant aneous CVS nass on wet basis

N % Opacity

Np - Total revolutions of PDP over the cycle

Np, i - Revol utions of PDP during a tinme interval

n mnt Engi ne speed

Np s1 PDP speed

Nhi mnt Hi gh engi ne speed

Nio mnt Low engi ne speed

Ny ef mnt Ref erence engi ne speed for ETC test

Pa kPa Saturation vapour pressure of the engine
intake air

Pa kPa Absol ute pressure

Ps kPa Total at nospheric pressure

P4 kPa Saturation vapour pressure of the dilution
air

Ps kPa Dry at nospheric pressure

P1 kPa Pressure depression at punp inlet

P(a) kw Power absorbed by auxiliaries to be fitted
for test

P( b) kw Power absorbed by auxiliaries to be renoved
for test

P(n) kw Net power non-corrected

P(m kw Power neasured on test bed

U - Bessel constant

Q nt/s CVS volunme flow rate

q - Dilution ratio

r - Rati o of cross sectional areas of
i soki netic probe and exhaust pipe

R % Rel ative hum dity of the intake air

Ry % Rel ative humidity of the dilution air

Ry - FI D response factor

f kg/ n# density

S kw Dynanonet er setting

S mt | nst ant aneous snoke val ue

S - é-shift factor

T K Absol ute tenperature

Ta K Absol ute tenperature of the intake air
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Synbol Uni t Term

t s Measuring tine

te S El ectrical response tine

ts S Filter response tinme for Besse

ty S Physi cal response tine

At S Tine interval between successive snpbke data
(= 1/sanpling rate)

At S Tine interval for instantaneous CFV flow

0] % Snoke transmttance

Vo nmt/rev PDP volunme flow rate at actual conditions

W - Wobbe i ndex

Wit kWh Actual cycle work of ETC

Wet kWh Ref erence cycle work of ETC

WF - Wei ghting factor

WFe - Ef fective wei ghting factor

Xo nm/rev Calibration function of PDP volune fl ow
rate

Yi mt 1 s Bessel averaged snoke val ue

Synbol s for t

CH,
CoHe

CsHg
CcO

DOP
CO;
HC
NVHC

NOX
NO
NG,
PT

Abbr evi ati ons

CFV
CLD
ELR
ESC
ETC
FI D
GC

HCLD
HFI D
LPG
NDI R
NG

NMC

he Cheni cal Conponents

Met hane

Et hane

Pr opane

Car bon nonoxi de

Di -octyl phtal ate

Car bon di oxi de

Hydr ocar bons

Non- net hane hydrocar bons

Oxi des of nitrogen
Nitric oxide

Ni t rogen di oxi de
Particul ates

Critical flow venturi

Chem | um nescent detector

Eur opean Load Response Test

Eur opean Steady State Cycle

Eur opean Transient Cycle

Fl ame | onisation Detector

Gas Chromat ogr aph

Heat ed Chemi | um nescent Detector
Heat ed Fl ame |onisation Detector
Li quefi ed Petrol eum Gas

Non- Di spersive Infrared Anal yser
Nat ural Gas

Non- Met hane Cutter
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Paragraph 3.2., anend to read:

"3. 2. Application for approval of a vehicle type in respect of its engi ne"

Insert new paragraphs 3.3. to 3.2.1., to read:

"3.3. Application for approval for a vehicle type with an approved engi ne

3.3.1. The application for approval of a vehicle with regard to em ssion of
gaseous and particulate pollutants by its approved di esel engine or
engine famly and with regard to the level of the enission of gaseous
pollutants by its approved gas engine or engine famly nust be
submitted by the vehicle manufacturer or a duly accredited
representative

3.3.2. It nmust be acconpani ed by the necessary docunents in triplicate and
the follow ng particul ars:

3.3.2.1. a description of the vehicle type and of engine-related vehicle parts
conprising the particulars referred to in annex 1, as applicable, and
a copy of the approval comrunication form (annex 2a) for the engine
or engine famly, if applicable, as a separate technical unit which
is installed in the vehicle type."

Paragraph 3.3. (forner), should be del eted.

Paragraph 4.1., anend to read:

"4, 1. Uni versal fuel approva

A universal fuel approval is granted subject to the follow ng
requirenents

4.1.1. pursuant to paragraphs 3.1. or 3.2. of this Regulation neets the
requi renents of paragraphs 5 and 6 bel ow, approval of that type of
engi ne or the vehicle nust be granted.

4.1.2. In the case of natural gas the parent engine should denpnstrate its
capability to adapt to any fuel composition that nmay occur across the
market. In the case of natural gas there are generally two types of

fuel, high calorific fuel (Hgas) and low calorific fuel (L-gas), but
with a significant spread within both ranges; they differ
significantly in their energy content expressed by the Wbbe | ndex
and in their é-shift factor (Ss). The fornulae for the calcul ation
of the Wobbe index and Sz are given in paragraphs 2.25 and 2.26. The
conposition of the reference fuels reflects the variations of those
par anet er s.

The parent engine nust nmeet the requirements of this Regulation on
the reference fuels QR0 and &5, as specified in annex 6, w thout any
readjustnent to the fuelling between the two tests. However, one
adaptation run over one ETC cycle wi thout neasurenent is permtted,
after the change of the fuel. Before testing, the parent engi ne nust
be run-in using the procedure given in paragraph 3 of appendix 2 to
annex 4.
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In the case of an engine fuelled with natural gas which is self-
adaptive for the range of H gases on the one hand and the range of
L-gases on the other hand, and which switches between the H range and
the L-range by nmeans of a switch, the parent engine nust be tested on
the two relevant reference fuels as specified in annex 6 for each
range, at each position of the switch. The fuels are G0 (fuel 1)
and &3 (fuel 2) for the H-range of gases, &3 (fuel 1) and G25

(fuel 2) for the L-range of gases. The parent engi ne nust neet the
requi renents of this Regulation at both positions of the switch

wi t hout any readjustment to the fuelling between the two tests at
each position of the switch. However, one adaptation run over one
ETC cycle without neasurenent is pernmtted, after the change of the
fuel. Before testing the parent engine nmust be run-in using the
procedure given in paragraph 3 of appendix 2 to annex 4.

On the manufacturer's request the engine may be tested on a third
fuel (fuel 3) if the é-shift factor (Ss) |ies between those of the
fuels G0 and &5, e.g. when fuel 3 is a market fuel. The results of
this test nay be used as a basis for the evaluation of the conformty
of the production.

The ratio of em ssion results "r" nust be deterni ned for each
pol lutant as foll ows:

em ssionresult onreference fuel 2
em ssionresult onreferencefuel 1

or,
fa = em ssion result onreference fuel 2
em ssion result onreference fuel 3

and,
‘b = em ssion result onreference fuel 1

em ssion result on reference fuel 3

In the case of LPG the parent engi ne should denpnstrate its
capability to adapt to any fuel conposition that nay occur across the
market. In the case of LPG there are variations in Cg/ C conposition.
These variations are reflected in the reference fuels. The parent
engi ne should neet the em ssion requirenments on the reference fuels A
and B as specified in annex 7 without any readjustnent to the
fuelling between the two tests. However, one adaptation run over one
ETC cycle without neasurenent is permtted, after the change of the
fuel. Before testing the parent engine nmust be run-in using the
procedure defined in paragraph 3 of appendix 2 to annex 4.

The ratio of em ssion results nmust be deterni ned for each

pol lutant as follows:

r

r_emission result on reference fuel 2
emisson result on reference  fud 1
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I nsert new paragraphs 4.2. to 4.3.2., to read:

"4, 2.

4.2.1. 1.

4.2.1.2.

Granting of a fuel range restricted approval

At the present state of technology it is not yet possible to nmake

| ean-burn natural gas engi nes self-adaptive. Yet these engines offer
an advantage in efficiency and CO, enmission. |If a user has the
guarantee of a supply of fuel of uniformconposition, he may opt for
a |l ean-burn engine. Such an engine could be given a fuel-restricted

approval. In the interest of international harnonisation it is
regarded desirable that a specinmen of such an engine is granted
i nternational approval. Fuel restricted variants would then need to

be identical except for the contents of the database of the ECU of
the fuelling system and such parts of the fuelling system (such as
injector nozzles) that need to be adapted to the different fuel flow

Fuel range restricted approval is granted subject to the foll ow ng
requi renents

Exhaust em ssions approval of an engine running on natural gas and
laid out for operation on either the range of H gases or on the range
of L-gases

The parent engine nust be tested on the two relevant reference fuels
as specified in annex 6 for the relevant range. The fuels are Q0
(fuel 1) and &3 (fuel 2) for the Hrange of gases, &3 (fuel 1) and
&5 (fuel 2) for the L-range of gases. The parent engine nust neet
the emi ssion requirements without any readjustnent to the fuelling
between the two tests. However, one adaptation run over one ETC
cycle without neasurenent is permitted, after the change of the fuel
Before testing the parent engine nmust be run-in using the procedure
defined in paragraph 3 of appendix 2 to annex 4.

On the nmanufacturer's request it may be tested on a third fue

(fuel 3) if the é-shift factor (Ss) lies between those of the fuels
&0 and &3, or &3 and G25 respectively, e.g. when fuel 3 is a

mar ket fuel. The results of this test may be used as a basis for the
eval uation of the conformity of the production

The ratio of em ssion results "r" nust be determ ned for each

pol lutant as foll ows:

em ssion result on reference fuel 2
em ssion result on reference fuel 1

or,
fa = em ssion result onreference fuel 2
em ssion result onreference fuel 3
and,
‘b = em ssion result onreference fuel 1

em ssion result on reference fuel 3
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Upon delivery to the custoner the engi ne nmust bear a | abel (see
paragraph 4.11.) stating for which range of gases the engine is
approved.

Exhaust em ssions approval of an engine running on natural gas or LPG
and laid out for operation on one specific fuel conposition

The parent engine nust neet the em ssion requirenments on the
reference fuels G0 and G25 in the case of natural gas, or the
reference fuels A and B in the case of LPG as specified in annex 7
Between the tests fine-tuning of the fuelling systemis all owed.

This fine-tuning will consist of a recalibration of the fuelling
dat abase, without any alteration to either the basic control strategy
or the basic structure of the database. |If necessary the exchange of

parts that are directly related to the amount of fuel flow (such as
injector nozzles) is allowed.

If the manufacturer so desires the engine nay be tested on the
reference fuels G0 and &3, or &3 and &5, in which case the
approval is only valid for the H-range or the L-range of gases
respectively.

Upon delivery to the custonmer the engi ne nust bear a | abel (see
paragraph 5.1.5.) stating for which fuel conposition the engine has
been cali brated.

Exhaust em ssions approval of a nmenber of a fanily

Wth the exception of the case nentioned in paragraph 4.3.2., the
approval of a parent engine nust be extended to all fam |y nenbers

wi thout further testing, for any fuel conposition within the range
for which the parent engi ne has been approved (in the case of engines
described in paragraph 4.2.2) or the sane range of fuels (in the case
of engines described in either paragraphs 4.1. or 4.2) for which the
parent engi ne has been approved.

Secondary test engine

In case of an application for approval of an engine, or a vehicle in
respect of its engine, that engine belonging to an engine famly, if
the approval authority determines that, with regard to the selected

parent engine the submitted application does not fully represent the
engine famly defined in the Regul ation, appendix 1, an alternative

and, if necessary, an additional reference test engi ne may be

sel ected by the approval authority and tested."

Paragraph 4.2. (fornmer), renunber as paragraph 4.4., and anmend to read:

"4. 4.

An approval nunber shall be assigned to each type approved.

Its first two digits (at present 03, corresponding to 03 series
of amendnents which entered into force on [..... ]) shall indicate
the series ...."

Par agraphs 4.3. and 4.4. (forner), renumber as paragraphs 4.5. and 4.6.
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Paragraph 4.4.1. (former), renumber as 4.6.1., and footnote 4/, amend to read:

"4/ 1 for Germany, .... 24 for Ireland, 25 for Croatia, 26 for Slovenia

27 for Slovakia, 28 for Belarus, 29 for Estonia, 30 (vacant), 31 for Bosnia
and Herzegovina, 32 for Latvia, 33 (vacant), 34 for Bulgaria, 35-36 (vacant),
37 for Turkey, 38-39 (vacant), 40 for the forner Yugoslav Republic of
Macedoni a, 41 (vacant), 42 for the European Conmunity (Approvals are granted
by its Menber States using their respective ECE synbol), 43 for Japan, 44
(vacant), 45 for Australia and 46 for Ukraine. Subsequent nunbers shall be
assigned to other countries in the chronol ogical order in which they ratify or
accede to the Agreement Concerning the Adoption of Uniform Technica
Prescriptions for Weel ed Vehicles, Equi pment and Parts which can be Fitted
and/ or be Used on Wheel ed Vehicles and the Conditions for Reciproca
Recogniti on of Approvals Ganted on the Basis of these Prescriptions, and the
nunbers thus assigned .....

Paragraph 4.4.2., renunber as paragraph 4.6. 2.

Paragraph 4.4.3., renunber as paragraph 4.6.3., and amend to read:

"4.6. 3. However, the approval mark nust contain an additional character after
the letter "R', the purpose of which is to distinguish the em ssion
limt values for which the approval has been granted. For those
approval s issued to indicate conpliance with the lints contained
in Row A of the relevant table(s) in paragraph 5.2.1., the letter "R

will be followed by the Roman nunber "I". For those approvals issued
to indicate conpliance with the limts contained in Row Bl of the

rel evant table(s) in paragraph 5.2.1., the letter "R'" will be

foll owed by the Roman number "I11". For those approvals issued to

indicate conpliance with the limts contained in Row B2 of the
rel evant table(s) in paragraph 5.2.1., the letter "R" will be

followed by the Roman nunber "II11". For those approvals issued to
i ndicate conpliance with the limts contained in Row C of the
rel evant table(s) in paragraph 5.2.1., the letter "R'" will be

foll owed by the Roman nunber "[|V"

4.6.3.1. For NG fuelled engines the approval mark nust contain a suffix after
the national synbol, the purpose of which is to distinguish which
range of gases the approval has been granted. This mark will be as
fol | ows;

4.6.3.1.1. Hin case of the engine being approved and calibrated for the H
range of gases;

4.6.3.1.2. L in case of the engine being approved and calibrated for the L-
range of gases;

4.6.3.1.3. HL in case of the engine being approved and calibrated for both the
H-range and L-range of gases;

4.6.3.1.4. H in case of the engine being approved and calibrated for a
speci fic gas conposition in the Hrange of gases and transformabl e
to another specific gas in the H-range of gases by fine tuning of
t he engi ne fuelling;
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Par agr aph
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Lt in case of the engine being approved and calibrated for a

speci fic gas conposition in the L-range of gases and transformabl e
to another specific gas in the L-range of gases after fine tuning
of the engine fuelling;

HLt in the case of the engine being approved and calibrated for a
specific gas composition in either the H-range or the L-range of
gases and transformable to another specific gas in either the H
range or the L-range of gases by fine tuning of the engine
fuelling.™”

4.5. (forner), renumber as paragraph 4.7., and anend to read:

"4.7.

If the vehicle or engine confornms to an approved type under one or
nore other Regul ati ons annexed to the Agreenent, in the country which
has granted approval under this Regul ation, the synbol prescribed in
paragraph 4.6.1. need not be repeated. 1In such a case, the

Regul ati on and approval nunbers and the additional synbols of all the
Regul ati ons under which approval has been granted under this

Regul ation shall be placed in vertical colums to the right of the
synmbol prescribed in paragraph 4.6.1."

Paragraphs 4.6. to 4.8.2., renunber as paragraphs 4.9. to 4.10.2.

Par agr aph

4.9., renunber as paragraph 4.11., and amend to read:

"4.11.

4.11.1.

Label s

In the case of NG and LPG fuell ed engines with a fuel range
restricted type approval, the follow ng | abels are applicabl e:

Cont ent
The followi ng information nmust be given

In the case of paragraph 4.2.1.3, the |abel shall state "ONLY FOR USE

W TH NATURAL GAS RANGE H'. If applicable, "H' is replaced by "L"

In the case of paragraph 4.2.2.3, the |abel shall state "ONLY FOR USE
W TH NATURAL GAS SPECI FI CATION ....... " or "ONLY FOR USE W TH

LI QUEFI ED PETROLEUM GAS SPECI FI CATION ......... ", as applicable. Al

the information in the relevant table(s) in Annex 6 or 7 shall be
given with the individual constituents and linits specified by the
engi ne manuf act urer.

The letters and figures nust be at |east 4 nmin height.

Not e:

If lack of space prevents such labelling, a sinplified code may be
used. In this event, explanatory notes containing all the above

i nformation nust be easily accessible to any person filling the fue

tank or perfornming maintenance or repair on the engine and its
accessories, as well as to the authorities concerned. The site and
content of these explanatory notes will be determ ned by agreenent
bet ween the manufacturer and the approval authority.
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4.11. 2.

4.11. 3.

I nsert

Properties

Label s must be durable for the useful life of the engine. Labels
nmust be clearly legible and their letters and figures nust be
indelible. Additionally, |abels nust be attached in such a manner
that their fixing is durable for the useful life of the engine, and
the | abel s cannot be renoved without destroying or defacing them

Pl aci ng

Label s must be secured to an engine part necessary for normal engine
operation and not normally requiring replacenent during engine life.
Additionally, these |abels nust be | ocated so as to be readily
visible to the average person after the engi ne has been conpleted
with all the auxiliaries necessary for engine operation.”

new par agraphs 4.12. and 4.13., to read:

"4.12.

I nsert

In case of an application for type-approval for a vehicle type in
respect of its engine, the marking specified in paragraph 4.11. nust
al so be placed close to fuel filling aperture.

In case of an application for type-approval for a vehicle type with
an approved engine, the nmarking specified in paragraph 4.11. nust
al so be placed close to the fuel filling aperture.”

new paragraph 5.1.1., to read:

"5.1. 1.

The use of a defeat device and/or irrational enissions contro
strategy is forbidden. |If the approval authority suspects that a
vehicle type utilises defeat device(s) and/or any irrational emn ssion
control strategy under certain operating conditions, upon request the
manuf acturer has to provide information on the operation and effect
on em ssions of the use of such devices and/or control strategy.

Such information nmust include a description of all emi ssion contro
conmponents, fuel control systemlogic including timng strategies and
switch points during all nodes of operation. This information should
remain strictly confidential and not be attached to the docunentation
required in paragraph 3."

Paragraph 5.2., anend to read:

"5. 2.

For approval to row A of the tables in paragraph 5.2.1., the

em ssions nmust be determ ned on the ESC and ELR tests with
conventional diesel engines including those fitted with electronic
fuel injection equipnment, exhaust gas recirculation (EGR), and/or

oxi dation catalysts. Diesel engines fitted with advanced exhaust
after-treatment systens including deNOx catal ysts and/or particul ate
traps, nust additionally be tested on the ETC test.

For approval testing to either row Bl or B2 or row C of the tables in
paragraph 5.2.1. the em ssions nust be deternined on the ESC, ELR and
ETC tests.



Paragraph 5.2. 1.

For

The
t he

The
t he
t he

gas engi nes,
ETC test.

amend to read

i f applicable,
annex 4,
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ESC and ELR test procedures are described in annex 4,
ETC test procedure in annex 4, Appendices 2 and 3.

the gaseous em ssions must be determ ned on the

appendi x 1,

eni ssi ons of gaseous pollutants and particul ate pollutants, by
engi ne subnmitted for testing,
met hod described in annex 4

must be nmeasured by
appendi x 4 descri bes

"5.2.1. Limt Val ues
The specific mass of the carbon nonoxide, of the total hydrocarbons,
of the oxides of nitrogen and of the particul ates, as determni ned on
the ESC test, and of the snoke opacity, as determ ned on the
ELR test, nust not exceed the anpbunts shown in Table 1.
For diesel engines that are additionally tested on the ETC test, and
specifically for gas engines, the specific nasses of the carbon
nmonoxi de, of the non-nethane hydrocarbons, of the nethane (where
applicable), of the oxides of nitrogen and of the particul ates (where
applicable) nust not exceed the anpbunts shown in Table 2
Table 1 Limt values - ESC and ELR tests
Mass of Mass of
Car bon Mass of Ni t rogen Mass of
Row Monoxi de |Hydr ocar bons oxi des particul ates Snoke
(CO (HO) (NOx) (PT)
g/ kWh g/ kWh g/ kWh g/ kWh mt
0.10
A (2000) 2.1 0. 66 5.0 0. 13(a 0.8
B1 (2005) 1.5 0. 46 3.5 0.02 0.5
B2 (2008) 1.5 0. 46 2.0 0.02 0.5
C (EEV) 1.5 0. 25 2.0 0.02 0. 15
(@ For engines having a swept volume of |ess than 0.75 dn? per cylinder
and a rated power speed of nore than 3000 minl
Table 2 Linit values - ETC tests (P
Mass of Mass of Mass of Mass of Mass of
Car bon Non- net hane met hane Ni trogen |particul ates
Row nonoxi de |hydrocarbons oxi des
(CO ( NVHC) (CHy) (9 (NOx) (PT) @
g/ kWh g/ kWh g/ kWh g/ kWh g/ kwh)
0.16
A (2000) 5.45 0.78 1.6 5.0 0 213
B1 (2005) 4.0 0.55 1.1 3.5 0.03
B2 (2008) 4.0 0.55 1.1 2.0 0.03
C (EERV) 3.0 0. 40 0. 65 2.0 0.02
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(@ For engines having a swept volume of |ess than 0.75 dn? per cylinder
and a rated power speed of nore than 3000 mint

(™ The conditions for verifying the acceptability of the ETC tests (see
annex 4, appendi x 2, paragraph 3.9.) when neasuring the eni ssions of
gas fuelled engines against the limt values applicable in row A nust
be re-exani ned and, where necessary, nmodified in accordance with the
procedure laid down in Consolidated Resolution R E. 3.

() For NG engines only.

(@ Not applicable for gas fuelled engines at stage A and stages Bl
and B2 ."

I nsert new paragraphs 5.2.2. to0 5.2.3.2., to read:

"5.2. 2. Hydr ocar bon neasurenent for diesel and gas fuelled engi nes

5.2.2.1. A manufacturer may choose to neasure the mass of total hydrocarbons
(THC) on the ETC test instead of measuring the mass of non-nethane
hydrocarbons. In this case, the limt for the mass of total
hydrocarbons is the sanme as shown in table 2 for the mass of non-
nmet hane hydrocar bons.

5.2.3. Specific requirenents for diesel engines

5.2.3.1. The specific mass of the oxides of nitrogen neasured at the random
check points within the control area of the ESC test nmust not exceed
by nore than 10 per cent the values interpolated fromthe adjacent
test nodes (reference annex 4, appendi x 1 paragraphs 4.6. 2.
and 4.6.3.).

5.2.3.2. The snpke value on the randomtest speed of the ELR nust not exceed
the highest snoke val ue of the two adjacent test speeds by nore than
20 per cent, or by nore than 5 per cent of the limt value, whichever
is greater.”

Paragraph 6.1.3., anend to read:

"6.1.3. power absorbed by the auxiliaries needed for operating the engine
must not exceed that specified for the type-approved engine in
annex 2A."

I nsert new paragraphs 7. to 7.2.2., to read:

"7, ENG NE FAM LY

7.1. Paraneters defining the engine famly

The engine famly, as determ ned by the engi ne manufacturer, may be
defined by basic characteristics, which nust be commbn to engi nes
within the famly. |In sone cases there may be interaction of
paraneters. These effects nust also be taken into consideration to
ensure that only engines with sinmilar exhaust enission
characteristics are included within an engine famly



TRANS/ WP, 29/ 752
page 17

In order that engines may be considered to belong to the sane engine
famly, the following list of basic paranmeters nust be comon:
Combusti on cycl e:

- 2 cycle
— 4 cycle

Cool i ng nmedi um

—air

— wat er

— oil

For gas engines and engines with after-treatnent

— Nunber of cylinders

(other diesel engines with fewer cylinders than the parent engi ne may
be considered to belong to the same engine fam |y provided the
fuelling systemneters fuel for each individual cylinder).
I ndi vi dual cylinder displacenent:

— engines to be within a total spread of 15 per cent

Met hod of air aspiration:

— naturally aspirated

— pressure charged

— pressure charged with charge air cooler

Combusti on chanber type/design:

— pre-chanber

— swirl chanber

— open chanber

Val ve and porting - configuration, size and nunber:

— cylinder head

— cylinder wal

— crankcase

Fuel injection system (diesel engines):

— punp-1line-injector

— in-line punp

— distributor punp

— single el enent
— unit injector
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7.1.9.

7.

2.

. 10.

.11,

.12,

2.

Fuel ling system (gas engines):

— m xing unit
— gas induction/injection (single point, nulti-point)
— liquid injection (single point, nulti-point)

Ignition system (gas engi nes)
M scel | aneous feat ures:

— exhaust gas recircul ation
wat er injection/enmulsion

secondary air injection
charge cooling system

Exhaust after treatnent:

— 3-way-cat al yst

oxi dation catal yst
reduction catal yst
thermal reactor
particulate trap

Choi ce of the parent engine

Di esel engi nes

The parent engine of the famly must be selected using the prinmary
criteria of the highest fuel delivery per stroke at the declared
maxi mum t orque speed. In the event that two or nore engines share
this primary criteria, the parent engine nust be selected using the
secondary criteria of highest fuel delivery per stroke at rated
speed. Under certain circunstances, the approval authority may
conclude that the worst case enmission rate of the fam |y can best be
characterised by testing a second engine. Thus, the approva
authority may select an additional engine for test based upon
features, which indicate that it nay have the hi ghest em ssion | eve
of the engines within that famly

If engines within the fam |y incorporate other variable features,

whi ch coul d be considered to affect exhaust eni ssions, these features
nmust al so be identified and taken into account in the selection of
the parent engi ne.

Gas engi nes

The parent engine of the famly must be selected using the prinmary
criteria of the largest displacement. 1In the event that two or nore
engi nes share this primary criteria, the parent engine nmust be

sel ected using the secondary criteria in the follow ng order:

— the highest fuel delivery per stroke at the speed of declared
rated power;

— the npst advanced spark timng

— the lowest EGR rate;
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— no air punp or |owest actual air flow punp.

Under certain circunmstances, the approval authority may concl ude that
the worst case enmission rate of the famly can best be characterised
by testing a second engine. Thus, the approval authority may sel ect
an additional engine for test based upon features, which indicate
that it nay have the highest em ssion |level of the engines within
that famly."

Paragraphs 7. to 7.4.4., replace by the follow ng text (paragraphs 8.

to 8.3.2.6., including also new Figure 2):

" 8.

8.3.1.2.

CONFORM TY OF PRODUCTI ON

The conformty of production procedures shall conply with those set
out in the Agreenent, appendi x 2 (E ECE 324-E/ ECE/ TRANS/ 505/ Rev. 2),
with the follow ng requirenents:

Every engine or vehicle bearing an approval nmark as prescribed under
this Regul ation shall be so manufactured as to conform wth regard

to the description as given in the approval formand its annexes, to
the approved type.

As a general rule, conformty of production with regard to limtation
of em ssions is checked based on the description given in the
communi cation formand its annexes.

If em ssions of pollutants are to be measured and an engi ne approva
has had one or several extensions, the tests will be carried out on
the engine(s) described in the information package relating to the

rel evant extension.

Conformty of the engine subjected to a pollutant test:

After submi ssion of the engine to the authorities, the manufacturer
must not carry out any adjustment to the engines sel ected.

Three engines are randomy taken in the series. Engines that are
subject to testing only on the ESC and ELR tests or only on the ETC
test for approval to row A of the tables in paragraph 5.2.1. are
subject to those applicable tests for the checking of production
conformty. Wth the agreenent of the authority, all other engines
approved to row A, Bl or B2, or C of the tables in paragraph 5.2.1.
are subjected to testing either on the ESC and ELR cycles or on the
ETC cycle for the checking of the production conformty. The limt
val ues are given in paragraph 5.2.1. of the Regul ation

The tests are carried out according to appendix 1 to this Regul ation
where the conpetent authority is satisfied with the production
standard devi ation given by the manufacturer.

The tests are carried out according to appendix 2 to this Regul ation
where the conpetent authority is not satisfied with the production
standard devi ati on given by the nmanufacturer
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8.3.1.3.

8.3.2.

8.3.2.1.

8.3.2.2.

At the manufacturer's request, the tests nmay be carried out in
accordance with appendix 3 to this Regul ation

On the basis of a test of the engine by sanpling, the production of
a series is regarded as conform ng where a pass decision is reached
for all the pollutants and non conform ng where a fail decision is
reached for one pollutant, in accordance with the test criteria
applied in the appropriate appendi x.

When a pass deci sion has been reached for one pollutant, this
deci sion may not be changed by any additional tests made in order to
reach a decision for the other pollutants.

If no pass decision is reached for all the pollutants and if no fai
decision is reached for one pollutant, a test is carried out on
anot her engi ne (see figure 2).

If no decision is reached, the manufacturer nay at any tine decide to
stop testing. |In that case a fail decision is recorded.

The tests will be carried out on newy manufactured engines. Gas
fuell ed engi nes nust be run-in using the procedure defined in
par agraph 3 of appendix 2 to annex 4.

However, at the request of the manufacturer, the tests may be carried
out on diesel or gas engines which have been run-in nore than the
period referred to in paragraph 8.4.2.2., up to a maxi mum of

100 hours. In this case, the running-in procedure will be conducted
by the manufacturer who nust undertake not to nmeke any adjustments to
t hose engi nes.

VWhen the manufacturer asks to conduct a running-in procedure in
accordance with paragraph 8.4.2.2.1., it nay be carried out on

— all the engines that are tested,
or,

— the first engine tested, with the determ nation of an evol ution
coefficient as foll ows:

— the pollutant enmi ssions will be neasured at zero and at "x" hours
on the first engine tested,
— the evolution coefficient of the emi ssions between zero and "x"
hours will be calculated for each pollutant:
Em ssions " x" hours
Emi ssions zero hours
It may be | ess than one.
The subsequent test engines will not be subjected to the running-in
procedure, but their zero hour enissions will be nodified by the

evol ution coefficient.
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In this case, the values to be taken will be:

— the values at "x" hours for the first engine,
- the values at zero hour nultiplied by the evolution coefficient for

t he other engines.

For diesel and LPG fuelled engines, all these tests nay be conducted
with commercial fuel. However, at the manufacturer's request, the
reference fuels described in annexes 5 or 7 may be used.

This inplies tests, as described in paragraph 4. of this Regul ation
with at least two of the reference fuels for each gas engine.

For NG fuelled engines, all these tests may be conducted with
comercial fuel in the foll ow ng way

O for H marked engines with a conmercial fuel within the H range;
Ofor L marked engines with a conmercial fuel within the L range;

O for HL marked engines with a conmercial fuel within the H or
the L range.

However, at the manufacturer's request, the reference fuels described
in annex 6 nmay be used. This inplies tests, as described in
paragraph 4. of this Regulation, with at |least two of the reference
fuels for each gas engine.

In the case of dispute caused by the non-conpliance of gas fuelled
engi nes, when using a conmercial fuel, the tests nust be perforned
with a reference fuel on which the parent engi ne has been tested, or
with the possible additional fuel 3 as referred to in

paragraphs 4.1.3.1. and 4.2.1.1., on which the parent engi ne may have
been tested. Then, the result has to be converted by a cal cul ation
applying the relevant factor(s) "r", "rg" or "rp" as described in
paragraphs 4.1.3.2., 4.1.4.1. and 4.2.1.2. If r, ryaor ry, are |less
than one no correction nust take place. The measured results and the
calculated results nust denonstrate that the engine neets the limt
values with all relevant fuels (fuels 1, 2 and, if applicable,

fuel 3).

Tests for conformty of production of a gas fuelled engine laid out
for operation on one specific fuel conposition nmust be performed on
the fuel for which the engi ne has been cali brated.
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Test of three engines

A 4

NO

Computation of the test statistic result

A 4

According to the appropriate appendix does the
test statistic result agree with the criteriafor
failing the seriesfor at least one pollutant?

lNO

According to the appropriate appendix does the
test statistic result agree with the criteriafor
passing the seriesfor at least one pollutant?

YES

A pass decision is reached for one or more
pollutants

l YES

I's a pass decision reached for all pollutants?

> i YES

YES
1 P Series rejected
» Series accepted

Figure 2:

Test of an additional engine

Paragraphs 8. (former) to 10, renunmber as paragraphs 9. to 11.

Conformty of production testing scheme"
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Paragraph 11. (former), renunber as paragraph 12. and amend to read:

"12.

12. 1.

12.1. 1.

12.1. 2.

12. 2.

12. 2. 1.

12. 2. 2.

12. 2. 3.

12. 3.

12. 3. 1.

12. 3. 2.

TRANSI TI ONAL PROVI SI ONS
Cener al

As fromthe official date of entry into force of the 03 series of
anmendnments, no Contracting Party applying this Regulation nust refuse
to grant ECE approval under this Regul ation as anmended by

the 03 series of anmendments

As fromthe date of entry into force of the 03 series of anendnents
Contracting Parties applying this Regul ation nust grant ECE approval s
only if the engine neets the requirenments of this Regulation as
anended by the 03 series of anmendnents

The engi ne must be subject to the relevant tests set out in paragraph
5.2. to this Regulation and nust, in accordance with

paragraphs 12.2.1., 12.2.2. and 12.2.3. below, satisfy the rel evant
enission limts detailed in paragraph 5.2.1. of this Regul ation

New type approval s

Subj ect to the provisions of paragraph 12.4.1., Contracting Parties
applying this Regulation nust, fromthe date of entry into force of
the 03 series of amendnments to this Regulation, grant an ECE approva
to an engine only if that engine satisfies the relevant em ssion
limts of Rows A, Bl, B2 or Cin the tables to paragraph 5.2.1. of
this Regul ati on.

Subj ect to the provisions of paragraph 12.4.1., Contracting Parties

applying this Regulation nust, from 1l October 2005, grant an

ECE approval to an engine only if that engine satisfies the relevant
emssion limts of Rows Bl, B2 or Cin the tables to paragraph 5.2.1
of this Regul ation.

Subj ect to the provisions of paragraph 12.4.1., Contracting Parties
applying this Regulation nust, from 1l October 2008, grant an

ECE approval to an engine only if that engine satisfies the relevant
enission limts of Rows B2 or Cin the tables to paragraph 5.2.1. of
this Regul ati on.

Limit of validity of old type approvals

As from 1l Cctober 2001, type approvals granted to this Regulation as
anended by the 02 series of anendnents nust cease to be valid, unless
the Contracting Party which granted the approval notifies the other
Contracting Parties applying this Regulation that the engine type
approved neets the requirenents of this Regulation as anmended by the
03 series of anendnents, in accordance with paragraph 12.2.1. above.

As from 1l October 2006, type approvals granted to this Regul ation as
anended by the 03 series of anmendnents nust cease to be valid, unless
the Contracting Party which granted the approval notifies the other
Contracting Parties applying this Regulation that the engine type
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approved nmeets the requirenents of this Regulation as anmended by the
03 series of anendnents, in accordance with paragraph 12.2.2. above.

12. 3. 3. As from 1l COctober 2009, type approvals granted to this Regul ation as
anended by the 03 series of anendnents nust cease to be valid, unless
the Contracting Party which granted the approval notifies the other
Contracting Parties applying this Regulation that the engine type
approved neets the requirenents of this Regulation as anmended by the
03 series of anendnents, in accordance with paragraph 12.2.3. above.

12. 4. Repl acenent parts for vehicles in use

12. 4. 1. Contracting Parties applying this Regul ation nmay continue to grant
approvals to those engines which conply with the requirenents of this
Regul ati on as anended by any previous series of amendnents, or to any
| evel of the Regul ation as anended by the 03 series of amendnents
provi ded that the engine is intended as a replacenent for a vehicle
in-use and for which that earlier standard was applicable at the date
of that vehicle's entry into service."

Paragraph 12. (forner), renunber as paragraph 13.

Add to the Regul ati on new Appendices 1 to 3, to read:

" Appendi x 1

PROCEDURE FOR PRODUCTI ON CONFORM TY TESTI NG
VHEN STANDARD DEVI ATI ON IS SATI SFACTORY

1. Thi s appendi x describes the procedure to be used to verify production
conformty for the enissions of pollutants when the manufacturer's
production standard deviation is satisfactory.

2. Wth a mninmm sanple size of three engines, the sanpling procedure
is set so that the probability of a ot passing a test with 40 per
cent of the engines defective is 0.95 (producer's risk = 5 per cent),
while the probability of a | ot being accepted with 65 per cent of the
engi nes defective is 0.10 (consumer's risk = 10 per cent).

3. The following procedure is used for each of the pollutants given in
paragraph 5.2.1. of the Regulation (see Figure 2):

Let:

L = the natural logarithmof the limt value for the pollutant;

Xj = the natural logarithmof the neasurenent for the i-th engine of
the sanpl e;

s = an estimate of the production standard deviation (after taking

the natural |ogarithm of the neasurenents);

n = the current sanple nunber.
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For each sanple the sum of the standardi sed deviations to the limt
is calculated using the foll ow ng fornula:

a(L-x)

1
s

Then:

— if the test statistic result is greater than the pass deci sion
nunber for the sanple size given in table 3, a pass decision is
reached for the pollutant;

— if the test statistic result is less than the fail decision nunber
for the sanple size given in table 3, a fail decision is reached
for the pollutant;

— otherwi se, an additional engine is tested according to
par agraph 8.4.2.1. of the Regul ation and the cal cul ati on procedure
is applied to the sanple increased by one nore unit.
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Tabl e 3:

Pass and Fai

M ni mrum sanpl e si ze:

3

deci si on nunbers of appendix 1 Sanpling Plan

Cunul ati ve nunber Pass deci sion Fai |l deci sion
of engines tested nunber nunber
(sanpl e si ze) An B,
3 3. 327 -4.724
4 3.261 -4.790
5 3.195 -4.856
6 3.129 -4.922
7 3. 063 -4.988
8 2.997 -5. 054
9 2.931 -5.120
10 2. 865 -5.185
11 2.799 -5.251
12 2.733 -5.317
13 2. 667 -5.383
14 2.601 -5.449
15 2.535 -5.515
16 2.469 -5.581
17 2.403 -5.647
18 2.337 -5.713
19 2.271 -5.779
20 2.205 -5.845
21 2.139 -5.911
22 2.073 -5.977
23 2. 007 -6.043
24 1.941 -6.109
25 1.875 -6.175
26 1. 809 -6.241
27 1.743 - 6. 307
28 1.677 -6.373
29 1.611 -6.439
30 1.545 - 6. 505
31 1.479 -6.571
32 -2.112 -2.112
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Appendi x 2

PROCEDURE FOR PRODUCTI ON CONFORM TY TESTI NG
VWHEN STANDARD DEVI ATI ON | S UNSATI SFACTORY OR UNAVAI LABLE

Thi s appendi x describes the procedure to be used to verify production
conformty for the emi ssions of pollutants when the manufacturer's
producti on standard deviation is either unsatisfactory or

unavai | abl e.

Wth a mninmmsanple size of three engines, the sanpling procedure
is set so that the probability of a |ot passing a test with 40 per
cent of the engines defective is 0.95 (producer's risk = 5 per cent),
while the probability of a | ot being accepted with 65 per cent of the
engi nes defective is 0.10 (consumer's risk = 10 per cent).

The val ues of the pollutants given in paragraph 5.2.1. of the

Regul ation are considered to be log normally distributed and shoul d
be transforned by taking their natural |ogarithns.

Let nmy and m denote the m ni rum and nmaxi mum sanpl e si ze respectively
(m = 3 and m= 32) and let n denote the current sanple nunber.

If the natural logarithns of the val ues neasured in the series are
X1, X2 ..., Xj and L is the natural logarithmof the limt value for
the pollutant, then, define

d.ZXi—L
and,
i, = -4 d
n -1
vi= 18, - a)
n iz

Tabl e 4 shows val ues of the pass (A, and fail (B, decision nunbers

agai nst current sanple nunber. The test statistic result is the

ratio ?}6’ and nust be used to deterni ne whether the series has
passed or failed as foll ows:
For mOn 0Om:

— pass the series if dJV, £ A,

- fail the series if d/V @ B,

— take anot her neasurenent if A £ d /V 3 B



TRANS/ WP. 29/ 752
page 28

6. Renmar ks:

The follow ng recursive fornul ae are usefu
successive values of the test statistic:

for

cal cul ating
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Tabl e 4: Pass and Fail decision nunbers of appendix 2 Sanpling Plan

M ni mum sanple size: 3
Cunul ati ve numnber Pass deci sion Fai |l deci sion
of engines tested nunber nunber
(sanpl e si ze) A, B,
3 - 0. 80381 16. 64743
4 -0.76339 7.68627
5 -0.72982 4.67136
6 -0. 69962 3. 25573
7 -0.67129 2.45431
8 - 0. 64406 1.94369
9 -0.61750 1.59105
10 -0.59135 1. 33295
11 -0.56542 1. 13566
12 - 0. 53960 0. 97970
13 -0.51379 0. 85307
14 -0.48791 0. 74801
15 -0.46191 0. 65928
16 -0.43573 0. 58321
17 - 0. 40933 0.51718
18 - 0. 38266 0. 45922
19 - 0. 35570 0.40788
20 - 0.32840 0. 36203
21 - 0. 30072 0. 32078
22 -0.27263 0.28343
23 -0. 24410 0.24943
24 -0. 21509 0.21831
25 - 0. 18557 0. 18970
26 - 0. 15550 0. 16328
27 -0.12483 0. 13880
28 -0. 09354 0. 11603
29 -0. 06159 0. 09480
30 - 0. 02892 0. 07493
31 - 0. 00449 0. 05629
32 0. 03876 0. 03876
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Appendi x 3

PROCEDURE FOR PRCODUCTI ON CONFORM TY TESTI NG
AT MANUFACTURER S REQUEST

Thi s appendi x describes the procedure to be used to verify, at the
manuf acturer's request, production conformty for the enissions of
pol | ut ants.

Wth a mninmm sanple size of three engines, the sanpling procedure
is set so that the probability of a ot passing a test with 30 per
cent of the engines defective is 0.90 (producer's risk = 10 per
cent), while the probability of a |lot being accepted with 65 per cent
of the engines defective is 0.10 (consuner's risk = 10 per cent).

The following procedure is used for each of the pollutants given in
Paragraph 5.2.1. of the Regulation (see figure 2):

Let:

L =thelimt value for the pollutant,

Xi = the value of the measurenment for the i-th engine of the sanple,
n = the current sanple nunber.

Cal cul ate for the sanple the test statistic quantifying the nunber of
non-conform ng engines, i.e. x; OL:

Then:

— if the test statistic is less than or equal to the pass decision
nunber for the sanple size given in table 5, a pass decision is
reached for the pollutant;

— if the test statistic is greater than or equal to the fai
deci si on nunber for the sanple size given in table 5, a fai
decision is reached for the pollutant;

— otherwi se, an additional engine is tested according to
paragraph 8.4.2.1. of the Regul ation and the cal cul ation procedure
is applied to the sanple increased by one nore unit.

In table 5 the pass and fail decision nunbers are cal cul ated by neans
of the International Standard |SO 8422:1991.
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M ni nrum sanpl e size: 3

Cunmul ati ve number of
engi nes tested Pass deci si on nunber | Fail deci sion nunber
(sanpl e si ze)
3 - 3
4 0 4
5 0 4
6 1 5
7 1 5
8 2 6
9 2 6
10 3 7
11 3 7
12 4 8
13 4 8
14 5 9
15 5 9
16 6 10
17 6 10
18 7 11
19 8 9

amend to read:

"Annex 1

ESSENTI AL CHARACTERI STI CS OF THE (PARENT) ENG NE AND | NFORMATI ON

CONCERNI NG THE CONDUCT OF TEST (D

DESCRI PTI ON OF ENG NE

ManUf aCt Ur Br .
Manufacturer's engine code: ......... .. .. .. .

Cycle: four stroke / two stroke(?

Nunmber and arrangenment of cylinders: .......... .. ... .........
BOr B
St oK.
Firing order: ... ... e
Engine capacCi ty: ... ...
Vol umetric conmpression ratio® .. ... ... ... . .. ... . .. ... ......
Drawi ng(s) of combustion chanber and piston crown: .........
M ni mum cross-sectional area of inlet and outlet ports: ....
Fdling speed: . ...

Maxi mum net power: ........ kKWat ... . . .
Maxi mum permitted engine speed: .......... . .. .. .. ...,
Maxi mum net torque: ........ Nmat ....... ... .. . . .

Conmbustion system conpression ignition/positive ignition(
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17.
17.
. 17.

17.

1.18.

N
N

NN
NN NN N

i
PR

3

NN EEREEE

2

N =

wh e

PwbdPE

wnh e

Fuel : Di esel / LPG NG H NG L/ NG HL(?

Cool i ng system

Liquid

Nature of |iquid: ...
Circul ati ng punmp(s): yes/no(?

Characteristics or make(s) and type(s) (if applicable): ...........
Drive ratio(s) (if applicable): ... ... .. . .. . . . . . . . . .
Air

Bl ower: yes/no (@

Characteristics or make(s) and type(s) (if applicable): ...........
Drive ratio(s) (if applicable): ... ... . . . . . . .
Tenperature permtted by the manufacturer

Liquid cooling: Maximumtenperature at outlet: ................... K
Air cooling: ............ Reference point: ......................
Maxi mum tenperature at reference point: ......... ... .. .. ... ... .... K
Maxi mum tenperature of the air at the outlet of the intake

intercooler (if applicable) ....... ... . . . . . . . . . . . . . . . K

Maxi mum exhaust tenperature at the point in the exhaust pipe(s)

adj acent to the outer flange(s) of the exhaust manifol d(s)

Or turbocharger (S): ... . K
Fuel tenperature: mn. ................. K, max. ................. K
for diesel engines at injection punp inlet, for gas fuelled engines
at pressure regulator final stage.

Fuel pressure: mn. ...................... kPa, max. ........... kPa
at pressure regulator final stage, NG fuelled gas engines only.
Lubricant tenperature: mn. .................. K, max. ........... K
Pressure charger: yes/no(®

MBK B
T P

......................................... Description of the system
(e.g. max. charge pressure, wastegate, if applicable): ............
I ntercool er: yes/no (?

I nt ake system

Maxi mum al | owabl e i nt ake depression at rated engi ne speed and at
100 per cent |oad as specified in and under the operating

condi tions

of Regulation NO. 24 .. ... . . . . . e kPa
Exhaust system

Maxi mum al | owabl e exhaust back pressure at rated engi ne speed and
at 100 per cent |oad as specified in and under the operating

condi tions

of Regulation No. 24 ... ... ... . . e e kPa
Exhaust system vol ume: ... ... . . dn®

MEASURES TAKEN AGAI NST Al R POLLUTI ON

Device for recycling crankcase gases (description and draw ngs):
Addi tional anti-pollution devices (if any, and if not covered by
anot her headi ng)

Catal ytic converter: yes/no (2

MBKE(S) i ottt
TY P S) i v it
Nunmber of catalytic converters and elenents:.......................
Di nensi ons, shape and vol une of the catalytic converter(s): .......
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Type of catalytic action: ....... ... ... . e
Total charge of precious nmetals: ......... ... . . . . . . . . ..
Rel ative concentrati On: . ... ... ..

w

ww

NN DN
NN DN
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Substrate (structure and material): ...... ... ... . . .. .. .. .. ..
Cel | density: .. e

Type of casing for the catalytic converter(s):

Location of the catalytic converter(s) (place and reference
distance in the exhaust line): . ... .. . . . . . . .

Oxygen sensor: yes/no(?
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MBKE(S) i vttt
Ty P e
LoCat i 0N
Air injection: yes/no(?

Type (pulse air, air punmp, etcC.): .. ... . e
EGR: yes/no (2

Characteristics (flowrate, etc.): ... ... .. i
Particul ate trap: yes/no (@

Di mensi ons, shape and capacity of the particulate trap: ...........
Type and design of the particulate trap: ........ ... ... .. .. ........
Location (reference distance in the exhaust line): ................
Met hod or system of regeneration, description and/or drawing: .....
Ot her systens: yes/no(®

Description and operati on: ... .. ... .. ...
FUEL FEED

Di esel engi nes

Feed punp

Pressure(® : . ... .... kPa or characteristic diagram?:.............
I njection system

Punp

MBKE(S) i ottt
TY P S) i v it
Delivery: ...... m# (3 per stroke at engine speed of....... rpm at
full injection, or characteristic diagramt? (3: . .. ... .. ......

Mention the method used: On engi ne/ on punp bench(?

If boost control is supplied, state the characteristic fue
delivery and boost pressure versus engi ne speed.

I nj ecti on advance

.Injection advance curve (3: L
.Static injection timng (O .. .

I nj ection piping

Lengt N o mm
Internal diameter: .. ... .. mm
I nj ector(s)

MBKE(S) i ottt
TYPE(S) i it
COPENI NG PreSSUN " ottt e e e kPa(®
or characteristic diagram @
Gover nor

MK (S I e
TYPE(S) I o it
Speed at which cut-off starts under full load: ................ rpm

Maxi mum no-load speed: . ... ... rpm
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Ldling speed: ... rpm
Cold start system

MK (S & ot
Type(s):. ..........................................................
DesSCri Pl ON: e
Auxiliary starting aid: ...... .. . . . e
MBK B
Ty P
Gas fuell ed engi nes(®

Fuel : Natural gas/LPG (?

Pressure regul ator(s) or vaporiser/pressure regulator(s) ®

MK (S I ot
TYPE(S) 1 oo
Nunmber of pressure reduction stages: ............. ..
Pressure in final stage: min................ kPa, max. ......... kPa
Nunmber of mmin adjustnment points: . ........ .. .. . . . . . . . ..
Nunmber of idle adjustnment points: . ........ .. .. . . . . . . ..

Approval nunmber according to Reg. ***:

Fuel ling system nmixing unit / gas injection / liquid injection /

direct injection®

M xture strength regulation: . ...... . .. . . . . .
System description and/or diagram and drawings: ..................

Approval number according to Regul ati on No.

M xing unit

NUND e .
MBKE(S) i vttt
TY P S) i v it
LOCat i 0N o
Adj ustment possibilities: ... ...

Approval nunber according to Regul ati on No.

Inlet manifold injection

I njection: single point / multi-point (2
Injection : continuous / sinultaneously tinmed /

sequentially timed (@
I nj ection equi pnent

MBKE(S) i oo

TY P S) I ot
Adj ustment possibilities: ... ...

Approval nunber according to Regul ation

Supply punp (if applicable): ... ... . . .
MBKE(S) i it

TYPE(S) I it

Approval number according to Regul ation

0 =T o1 (=3 S
MBKE(S) i o e

TY P S) i it

Approval nunber according to Regul ation
Direct injection
I njection punp / pressure regul ator (@

MBKE(S) i ottt

TYPE(S) i it
Injection tim Ng: ...

Approval nunber according to Regul ation
I nj ector(s)

MK () & ot
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2. 2, TYPE(S) I i
2.3. Opening pressure or characteristic diagram ®: ... .. ..............
2.4. Approval nunber according to Regulation No. ......................
El ectronic control unit (ECU)
1. MBKE(S) i it
2. TY P S) i ot
3. Adjustment possibilities: ...... . . . . . .
NG fuel -speci fic equi pnment
1. Variant 1 (only in the case of approvals of engines for severa
specific fuel conpositions)
1.1. Fuel conposition
met hane (CH,): basis:....%mnle mn..... %mole max..... %ol e
et hane (GHg): basis:....%mle mn..... %mle max..... %ol e
propane (CsHg): basis:....%mle mn..... %mole max..... %ol e
but ane ( CsHy) : basis:....%mwle mn..... %mle max..... %ol e
C5/ C5+: basis:....%mle mn..... %mole max..... %ol e
oxygen (O): basis:....%mle mn..... %mole max..... %ol e
inert (N;, He etc): basis:....%mle mn..... %mole max..... %ol e
1.2. Injector(s)
1.2.1. Make(s):
1.2.2. Type(s):
1.3. Ohers (if applicable)
2. Variant 2 (only in the case of approvals for several specific fue
conposi tions)
VALVE TI M NG
Maxi mrum i ft of valves and angles of opening and closing in relation to
dead centres or equivalent data ........... ... .. . . . ... ..
Reference and/or setting ranges (P : .. . . . . . .. . ... .. ...
| GNI TI ON SYSTEM ( SPARK | GNI TI ON ENGI NES ONLY)
Ignition systemtype
comon coil and plugs / individual coil and plugs / coil on plug /
other (specify) @
Ignition control unit
MBKE(S) it e
TV P S) i vt i e
Ignition advance curve / advance map (2 (3
Ignition timng ®: ... degrees before TDC at a speed of .......... rpm
and a MAP of ................. kPa
Spark pl ugs
MBKE(S) i it
TYPE(S) i oo i
Gap SettiNg: ..o e mm
Ignition coil (s)
MBKE(S) ot
TYPE(S) I ot e

TRANS/ WP. 29/ 752
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The engi ne nust

ENG NE- DRI VEN EQUI PMENT

f an,

wat er punp,

and under the operating conditions of Regulation No.

1. Auxiliaries to be fitted for

If it is inpossible or
test bench,

t he power

of the test cycle(s).

. 2. Auxiliaries to be renmpved for

the test

i nappropriate to instal
absorbed by them rnust
subtracted fromthe neasured engi ne power

the test

etc.),

24.

be submitted for testing with the auxiliaries needed

for operating the engine (e.g. as specified in

the auxiliaries on the
be determ ned and
over the whol e operating area

Auxiliaries needed only for the operation of the vehicle (e.g. air

conpressaor,

be renobved,

air-conditioning systemetc.) nust
Where the auxiliaries cannot
be determ ned and added to the nmeasured engi ne power

operating area of the test cycle(s).

P
'—\

Lubri cant used
VB .

ADDI TI ONAL | NFORMATI ON ON TEST CONDI TI ONS

be renmoved for
t he power

the test.

absorbed by them may

over the whole

A 2 MY P e

(State percentage of oi

in mxture if

| ubricant and fue

. 2. Engi ne-dri ven equi pnent

The power

— if auxiliaries needed for

engi ne and/ or

— if auxiliaries not needed for

engi ne.

.2.1. Enumeration and identifying details:

(if applicable)
absorbed by the auxiliaries needs only be determn ned,
operating the engine,

operating the engine,

.2.2. Power absorbed at various indicated engine speeds:

are m xed):

are not fitted to the

are fitted to the

Equi pnent

Power absorbed (kW at various engi ne speeds

Idle

Low Speed

H gh Speed

Speed A7

Speed B!

Speed C”

Ref. Speed'

P(a)
Auxiliaries needed
for operating the
engi ne
(to be subtracted
from nmeasured engi ne
power)
see item 6. 1.

P(b)
Auxiliaries not
needed for operating
the engi ne
(to be added to
neasur ed engi ne
power)
see item 6. 2.




8.

8.

TRANS/ WP. 29/ 752

page 37
ENG NE PERFORMANCE
Engi ne speeds (9
LOW SPEEA (N10) i vttt ittt e e e e e rpm
High speed (Nni): .ot e e e e e e e rpm
for ESC and ELR Cycl es
LAl e rpm
SpPEEA Al rpm
Speed Bi .. rpm
Speed G o e rpm
for ETC cycle
Ref erence speed: . ... ... rpm

Engi ne power (measured in accordance with the provisions of
Regul ation No. 24) in kW

Engi ne speed

ldle Speed A (7 | Speed B (7 | Speed C (7 | Ref. Speed !

P(m
Power neasured on
test bed

P(a)

Power absorbed by
auxiliaries to be fitted
for test (item6.1)

if fitted

if not fitted 0 0 0 0 0

P(b)
Power absorbed by
auxiliaries to be renoved
for test (item6.2)
if fitted
if not fitted 0 0 0 0 0

P(n)
Net engi ne power
= P(m - P(a) + P(b)

Dynanonet er settings (kW

The dynanopneter settings for the ESC and ELR tests and for the
reference cycle of the ETC test nust be based upon the net engine

power P(n) of paragraph 8.2. It is recommended to install the engine
on the test bed in the net condition. |In this case, P(m and P(n)
are identical. |If it is inpossible or inappropriate to operate the

engi ne under net conditions, the dynanoneter settings nust be
corrected to net conditions using the above fornul a.
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8.3.1. ESC and ELR Tests
The dynanoneter settings nmust be cal cul ated according to the fornula
in annex 4, appendix 1, paragraph 1.2.
Per cent .
| oad Engi ne speed
Idle Speed A Speed B Speed C
10 --
25 - -
50 - -
75 --
100
8.3.2. ETC Test
If the engine is not tested under net conditions, the correction
formula for converting the neasured power or measured cycle work, as
determ ned according to annex 4, appendix 2, paragraph 2., to net
power or net cycle work nust be submitted by the engi ne manufacturer
for the whole operating area of the cycle, and approved by the
Techni cal Service
Foot not es:
& In the case of non-conventional engines and systens, particulars

equivalent to those referred to here nust
manuf act urer.

be supplied by the

) Strike out what does not apply.
3 Specify the tol erance.
(6) In the case of systenms laid out in a different manner, supply equival ent

i nformati on (for paragraph 3.2).

(" ESC test
(8 ETC test only.
(9 Specify the tolerance; to be within £ 3 per cent of the values decl ared

by the manufacturer
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Annex 1 — Appendi X, renane as annex 1 — appendix 1, and anmend to read:

"Annex 1 — Appendix 1

CHARACTERI STI CS OF THE ENG NE- RELATED VEHI CLE PARTS

1. I nt ake system depression at rated engi ne speed and

at 100 per cent load: . ... ... kPa
2. Exhaust system back pressure at rated engi ne speed and

at 100 per cent load: ....... .. . kPa
3. Vol ume of exhaust system . ......... . .. . . . e cn®
4, Power absorbed by the auxiliaries needed for operating the engine as

specified in and under the operation conditions of Regulation No. 24

Equi pment Power absorbed (kW at various engi ne speeds

Idl e |Low Speed| H gh Speed | Speed A |Speed B'Y [Speed ¢V | Ref. Speed (?

P(a)
Auxi | i ari es needed
for operating the
engi ne
(to be subtracted
from nmeasured engi ne
power)
see annex 1
item®6.1.

(I ESC test
(2 ETC test only.

Insert new Annex 1 — Appendices 2 and 3, to read:

"Annex 1 — Appendix 2

ESSENTI AL CHARACTERI STI CS OF THE ENG NE FAM LY

1. COVMON PARAMETERS
1.1. Combusti ON CYCl B o

1.2. Cool i NG MBI UNT .. e e e e

1.3. Number of cylinders (V.. . . . . .
1.4. I ndi vidual cylinder displacement: . ... ... . . . . . .
1.5. Method of air aspirati On: ... ... .. . . e

1.6. Conmbustion chamber type/design: . ... ... .. . .
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1.7. Val ve and porting - configuration, size and number: ...................
1.8, FUEl SYSLEM ...ttt
1.9. Ignition system (gas eNgi NES) i .. ... e e e e e

1.10. M scel | aneous features:

- charge cooling system (D
- exhaust gas recirculation (V: .
- water injection/emulsion (N: L
-air injection (O

1.11. Exhaust after-treatnment (1:

Proof of identical (or |owest for the parent engine) ratio:

system capacity / fuel delivery per stroke, pursuant to

di agram number (S) . ...
2. ENG NE FAM LY LI STI NG

2.1. Nane of diesel engine fam ly: ... ... . . . . . .

2.1.1. Specification of engines within this famly

Par ent Engi ne

Engi ne Type

No. of cylinders

Rat ed speed (rpm

Fuel delivery per stroke (m#)

Rat ed net power (kW

Maxi mum t or que speed (rpm

Fuel delivery per stroke (m#)

Maxi mum t or que (Nm)

Low i dl e speed (rpm

Cyl i nder di spl acenent

(in % of parent engine) 100
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Name of gas engine fam ly: ... .. . . .

Specification of engines within this famly:

Parent Engi ne

Engi ne Type

No. of cylinders

Rated speed (rpnm

Fuel delivery per stroke (ng)

Rat ed net power (kW

Maxi mum t or que speed (rpm

Fuel delivery per stroke (m#$)

Maxi mum t or que (Nm)

Low idl e speed (rpm

Cyl i nder di spl acenent
(in % of parent engine)

100

Spark timng

EGR fl ow

Air punp yes / no

Air punp actual flow

If not applicable, mark "N A"

Annex 1 - Appendix 3

ESSENTI AL CHARACTERI STI CS OF THE ENG NE TYPE

WTH N THE FAM LY (D

DESCRI PTI ON OF ENG NE

MBNUT @Ct UN B . L
Manuf acturer's engine code: . ... ... ... ...

Cycle: four stroke / two stroke (@

Nunmber and arrangenment of cylinders: ......... .. ... .. ... .. .. .....

70 ] =
St OK B o

Firing order: ...
Engi ne capacCi ty: . ... e cn®
Vol umetric compression ratio (3 ... .. ..

Drawi ng(s) of combusti on chanmber and piston crown:

M ni nrum cr oss-sectional area of inlet

Ldling speed: ... ... e
Maxi mum net power: .................. kW at
Maxi mum permtted engine speed: .......... .. .. .. ... ..
Maxi mum net torque: ................. Nm at

and outlet ports:




TRANS/ WP. 29/ 752
page 42

B

PR RRRRPR

S

N

PR RRR

AN

. 13.

14.
15.
15.
15.
15.
15.

15.
15.
15.
15.

15.
16.
16.

. 16.

. 16.

. 16.

. 16.

. 16.

. 16.

17.
17.
17.

. 17.

17.

. 18.

. 19.

A
N e

R R R R
wWN P

NN

™

=

wN e

Conbusti on system conpression ignition/positive ignition (?

Fuel : Diesel / LPG NG H NG L/ NG HL (2

Cool i ng system

Li qui d

Nature of [iquid: .. ... . .
Circul ating punp(s): yes/no (2

Characteristics or make(s) and type(s) (if applicable): .........
Drive ratio(s) (if applicable): ..... ... . .. . . . . . . . . . . . . . ...
Air

Bl ower: yes/no (?

Characteristics or make(s) and type(s) (if applicable): .........
Drive ratio(s) (if applicable): ..... ... .. . . . . . . . . . . . . . .
Tenperature permtted by the manufacturer

Li quid cooling: Maxi mumtenperature at outlet: ................. K
Air cooling: Reference point: ........ ... . . . . . . . ..
Maxi mum t enperature at reference point: .................... K
Maxi mum t enperature of the air at the outlet of the intake
intercooler (if applicable): ...... . . . . . . . . K

Maxi mum exhaust temperature at the point in the exhaust pipe(s)
adj acent to the outer flange(s) of the exhaust manifol d(s) or
turbocharger (S): ... e e K
Fuel tenperature: mn. .............. K, MBX. e K
for diesel engines at injection punp inlet, for NG fuelled gas
engi nes at pressure regulator final stage

Fuel pressure: mn. .............. kPa, MBX. oo kPa
at pressure regulator final stage, NG fuelled gas engi nes only
Lubricant temperature: mn. ............. K, MBX. oo K
Pressure charger: yes/no (?

MBK B
Y P e e e e

Description of the system (e.g. max. charge pressure, wastegate,
if applicable): ...... . . .. . . . . . .

I ntercooler: yes/no (@

I nt ake system

Maxi mum al | owabl e i ntake depression at rated engi ne speed and at
100 per cent load as specified in and under the operating
conditions of Regulation No. 24: ....... .. . . . .. .. kPa
Exhaust system

Maxi mum al | owabl e exhaust back pressure at rated engi ne speed and
at 100 per cent |oad as specified in and under the operating
conditions of Regulation No. 24: .......... . .. . . . ..., kPa
Exhaust system vol Ume: .. .. ... . . .. . cn®

MEASURES TAKEN AGAI NST Al R POLLUTI ON

Device for recycling crankcase gases (description and draw ngs):
Addi tional anti-pollution devices (if any, and if not covered hy
anot her headi ng)

Catal ytic converter: yes/no (2

Nunber of catalytic converters and elenents: ....................
Di nensi ons, shape and vol ume of the catalytic converter(s): .....
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Type of catalytic action: ........ ... . . .. i
Total charge of precious nmetals: .......... ... ... .. .. . ...
Rel ative concentrati On: ... ... ...
Substrate (structure and material): ......... .. .. .. . . . .. .. .. .. ...
Cel | density: ...
Type of casing for the catalytic converter(s): ..................
Location of the catalytic converter(s) (place and reference

distance in the exhaust line): ...... ... . . . . . . i

Oxygen sensor: yes/no (?

Y P e e e e
Air injection: yes/no (@

Type (pulse air, air punmp, etcC.): . ... . .. e
EGR: yes/no (2

Characteristics (flowrate etc.): ....... ... . ..
Particul ate trap: yes/no (@

Di nensi ons, shape and capacity of the particulate trap: .........
Type and design of the particulate trap: ............. .. ... .....
Location (reference distance in the exhaust line): ..............

Met hod or system of regeneration, description and/or draw ng:
Ot her systens: yes/no (2
Description and operati on: ........ ... ...

FUEL FEED

Di esel engines
Feed punp
Pressure (3: .. ... ....... kPa or characteristic diagram (?:

I njection system

Punmp

MBKE(S) i ot
TY P S) i ot it e e
Delivery: ...... m# (3 per stroke at engine speed of.......... rpm
at full injection, or characteristic diagram( (3. . . ..

Mention the method used: On engine / on punp bench (2

If boost control is supplied, state the characteristic fue
delivery and boost pressure versus engi ne speed.

I nj ecti on advance

Injection advance curve (3 L
Static injection timng (O: ... .
I nj ection piping

Lengt N mm
Internal diameter: . ... .. ... .. nm
I nj ector(s)

MBKE(S) it e
TYPE(S) i ot i e
COPENI NG PreSSUM " oottt e e e e kPa(®
or characteristic diagramt? (3: ...
Gover nor

MBKE(S) I o
TYPE(S) I ot e

Speed at which cut-off starts under full load: ............... rpm
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Maxi mum no-load speed: .. ...... ... .. rpm
[dling speed: ... .. rpm
Cold start system

MBKE(S) I o
Type(;):. ........................................................
DSl Pt 0N e
Auxiliary starting aid: ...... ... . e
MBK .
Y P e e e e

Gas fuell ed engi nes
Fuel : Natural gas/LPG (?
Pressure regul ator(s) or vaporiser/pressure regul ator(s)(®

MBKE(S) I o
TYPE(S) i oot e
Nunmber of pressure reduction stages: .............c. ...
Pressure in final stage: mn. ......... kPa, maX. .......... kPa
Nunmber of main adjustnment points: .......... .. ... .. .. . ...
Nunmber of idle adjustnent points: .......... .. ... .. .. .. ...
Approval NUIMDEr: ... e

Fuelling system mxing unit / gas injection / liquid injection /
direct injection (@

M xture strength regulation: ....... ... . .. . . . . i,
System description and/or diagramand drawings: .................
Approval nNUMbEr: ... e
M xi ng unit

NUITD BT .
MBKE(S) i ot
TP S) I ot e
Locat i 0N o
Adjustment possibilities: . ... .. .. .. .
Approval number: ... e
Inlet manifold injection

Injection: single point / multi-point (2

Injection : continuous / sinultaneously tinmed / sequentially
tinmed (@

I nj ecti on equi pnent

MBKE(S) I o
TYPE(S) I ot e
Adjustment possibilities: . ... . .. . . .
Approval number: ... e

Supply punp (if applicable): ...... ... . . . . . . .
MBKE(S) i

TYPE(S) i oot i e
Approval NUIMDEr: ...

MBKE(S) I o
TYPE(S) I ot e
Approval number: ...
Direct injection

Injection punp / pressure regul ator (@

MBKE(S) i
TYPE(S) i vt i e
Injection tim Ng: . ... ...
Approval number: ...
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MBKE(S) I it
TYPE(S) i oot i e

Openi ng pressure or characteristic diagram (3:

Approval NUMDEr: ...

El ectronic control unit (ECU)

MBKE(S) I o

TYPE(S) I oot e
Adjustment possibilities: . ... . .. . . . .

NG f uel -speci fic equi pnent

Variant 1 (only in the case of approvals of engines

specific fuel conpositions)
Fuel conposition:

for several

met hane (CH,): basis:....%mle mn..... %mole max..... %ol e
et hane (GHg): basis:....%mwle mn..... %mle max..... %ol e
propane (CgHg): basis:....%mle mn..... %mole max..... %ol e
but ane ( CsHyp) : basis:....%mle mn..... %mole max..... %ol e
C5/ C5+: basis:....%mle nmn..... %mle max..... %ol e
oxygen (O): basis:....%mnle mn..... %mole max..... %ol e
inert (N,, He etc): basis:....%mle nmn..... %mole max..... %ol e
I nj ector(s)

MBKE(S) i ot
TP S) I ot e
O hers (if applicable)

Variant 2 (only in the case of approvals for several specific

fuel conpositions)
VALVE TI M NG

Maxi mum i ft of valves and angl es of opening
relation to dead centres of equival ent data:

and closing in

| GNI TI ON SYSTEM ( SPARK | GNI TI ON ENG NES ONLY)

Ignition systemtype: comon coil and plugs /
plugs / coil on plug / other (specify) @
Ignition control unit

i ndi vi

dual coi

and

MBKE(S) I o

Typ¢(§): ........................................................
Ignition advance curve / advance map @M. ...

Ignition timng ®: ... .. ......... degrees before TDC at a speed

of ... ... ... .. romand a MAP of ........................

Spar k pl ugs

kPa

MBKE(S) i ot
TYPE(S) i oot e e

Gap SetlinNg: ..o

Ignition coil(s)

MBKE(S) I o
TYPE(S) i oot e
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Foot not es
(D To be subnitted for each engine of the famly
(2 Strike out what does not apply.
3 Specify the tol erance.
Annex 3, anend to read:
"Annex 3
ARRANGEMENTS OF APPROVAL MARKS
(See paragraph 4.6. of this Regul ation)
l. APPROVAL “1” (Row A).
(See paragraph 4.6.3. of this Regul ation)

Model A

Engi nes approved to Row A enission limts and operating on diesel or
liquefied petroleumgas (LPG fuel

{@E 49 RI - 032439

a=g8gmmmn,

]

Mbdel B
Engi nes approved to Row A enmission lints and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fue

qualification determned in accordance with paragraph 4.6.3.1. of this
Regul at i on.

——_ X HL,
] (E10)%= 49 RI - 032439

a=8nmmmn.

The above approval marks affixed to an engi ne/vehicle show that the
engi ne/ vehicl e type concerned has been approved in the United Kingdom
(E11l) pursuant to Regul ation No. 49 and under approval nunber 032439.
Thi s approval indicates that the approval was given in accordance with
the requirenments of Regulation No. 49 with the 03 series of amendnents
i ncorporated and satisfying the relevant limts detailed in

paragraph 5.2.1. of this Regulation.
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APPROVAL “11” (Row B1).
(See paragraph 4.6.3. of this Regul ation)

Model C

Engi nes approved to Row Bl emission |linmts and operating on diesel or
liquefied petroleum gas (LPG fuel.

. —I@E 49 RII - 032439

a=8mmmnmn.

Model D

Engi nes approved to Row Bl emission |limts and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fue

qualification determ ned in accordance with paragraph 4.6.3.1. of this
Regul at i on.

——_ % H
2 (E10T= 49 RII - 032439

Y = 0~

Q

a=8mmmn

The above approval mark affixed to an engi ne/vehicle shows that the
engi ne/ vehicl e type concerned has been approved in the United Kingdom
(E1l) pursuant to Regul ation No. 49 and under approval nunber 032439.
Thi s approval indicates that the approval was given in accordance wth
the requirenents of Regulation No. 49 with the 03 series of anendnents
i ncorporated and satisfying the relevant limts detailed in

paragraph 5.2.1. of this Regulation.

APPROVAL “111" (Row B2).
(See paragraph 4.6.3. of this Regul ation)

Model E

Engi nes approved to Row B2 emission linmts and operating on diesel or
liquefied petrol eum gas (LPG fuel.

{@E 49 RIII - 032439

a=8nmMmmn,

)
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Model F

Engi nes approved to Row B2 emission limts and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fue
qualification determ ned in accordance with paragraph 4.6.3.1. of this
Regul ati on.

| %ELt
27 (E11)3= 49 RIll - 032439

Y =~

o}]

a=8nmmmn.

The above approval mark affixed to an engi ne/vehicle shows that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
(E11l) pursuant to Regul ation No. 49 and under approval nunber 032439.
Thi s approval indicates that the approval was given in accordance with
the requirenments of Regulation No. 49 with the 03 series of amendnents
i ncorporated and satisfying the relevant limts detailed in

paragraph 5.2.1. of this Regulation.

APPROVAL “1V" (Row C).
(See paragraph 4.6.3. of this Regul ation)

Model G

Engi nes approved to Row C enission limts and operating on diesel or
i quefied petroleumgas (LPG fuel

{@E 49 RIV - 032439

a=gnmmnmn

[o}]

Mbdel H
Engi nes approved to Row C enission linmts and operating on natural gas
(NG fuel. The suffix after the national synbol indicates the fue

qualification determ ned in accordance with paragraph 4.6.3.1. of this
Regul at i on.

——_ X HL,
| (E10727 49 RIV - 032439

a=8nmmmn.

The above approval mark affixed to an engi ne/vehicle shows that the
engi ne/ vehi cl e type concerned has been approved in the United Kingdom
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(E11) pursuant to Regul ation No. 49 and under approval nunber 032439.
Thi s approval indicates that the approval was given in accordance with
the requirenents of Regulation No. 49 with the 03 series of anmendnents
i ncorporated and satisfying the relevant limts detailed in

paragraph 5.2.1. of this Regulation.

ENG NE/ VEHI CLE APPROVED TO ONE OR MORE REGULATI ONS
(See paragraph 4.7. of this Regul ation)

Model |

I — [491Vv HL|03 2439 [F= ]+

The above approval mark affixed to an engi ne/vehicle shows that the
engi ne/ vehicl e type concerned has been approved in the United Kingdom
(E1l) pursuant to Regul ation No. 49 (enmission level |V) and Regul ati on
No. 24. The first two digits of the approval nunbers indicate that, at
the dates when the respective approvals were given, Regul ation No. 49

i ncluded the 03 series of amendnments, as did Regul ati on No. 24.

The second Regul ati on nunber is given nerely as an exanple; the corrected
absorption coefficient is 1.30 ml

Annex 4, anend to read:

. 2.

"Annex 4
TEST PROCEDURE
| NTRODUCTI ON
Thi s annex describes the nmethods of determ ning em ssions of gaseous
conmponents, particulates and snoke fromthe engines to be tested.

Three test cycles are described that nust be applied according to the
provi sions of the Regul ation, paragraph 6. 2:

the ESC which consists of a steady state 13-nmpde cycl e,
the ELR which consists of transient |load steps at different speeds,
which are integral parts of one test procedure, and are run

concurrently;

the ETC which consists of a second-by-second sequence of transient
nodes.
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1.2

1

1

1

1

3.

3.

3.

1

2.

3.

The test nmust be carried out with the engi ne nmounted on a test bench
and connected to a dynanomneter.

Measurenent principle

The enissions to be neasured fromthe exhaust of the engine include the
gaseous conponents (carbon nonoxi de, total hydrocarbons for diese

engi nes on the ESC test only; non-nmethane hydrocarbons for diesel and
gas engines on the ETC test only; nethane for gas engines on the ETC
test only and oxides of nitrogen), the particul ates (diesel engines
only) and snoke (di esel engines on the ELR test only). Additionally,
carbon dioxide is often used as a tracer gas for determ ning the
dilution ratio of partial and full flow dilution systens. Good

engi neering practice recomends the general measurenment of carbon

di oxi de as an excellent tool for the detection of measurenent problens
during the test run.

ESC t est

During a prescribed sequence of warned-up engi ne operating conditions

t he amounts of the above exhaust em ssions nust be exam ned
continuously by taking a sanple fromthe raw exhaust gas. The test
cycle consists of a nunber of speed and power npbdes, which cover the
typi cal operating range of diesel engines. During each node the
concentration of each gaseous pollutant, exhaust flow and power out put
must be deternined, and the neasured val ues wei ghted. The particul ate
sanmpl e nust be diluted with conditioned anbient air. One sanple over
the conplete test procedure nmust be taken, and collected on suitable
filters. The grams of each pollutant enmtted per kilowatt-hour (kW)
must be cal cul ated as described in appendix 1 to this annex.

Addi tionally, NO nust be measured at three test points within the
control area selected by the Technical Service ! and the neasured val ues
conpared to the values calculated fromthose nodes of the test cycle
envel opi ng the selected test points. The NO control check ensures the
effectiveness of the enission control of the engine within the typica
engi ne operating range.

ELR t est

During a prescribed | oad response test, the snmoke of a warnmed-up engi ne
nmust be deternined by nmeans of an opacimeter. The test consists of

| oadi ng the engine at constant speed from 10 per cent to 100 per cent

|l oad at three different engi ne speeds. Additionally, a fourth | oad
step selected by the Technical Service! nust be run, and the val ue
conpared to the values of the previous |oad steps. The snmoke peak mnust
be determ ned using an averagi ng algorithm as described in appendix 1
to this annex.

ETC test

During a prescribed transient cycle of warned-up engi ne operating
conditions, which is based closely on road-type-specific driving

The test points nust be sel ected using approved statistical nethods of
random sati on.
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patterns of heavy-duty engines installed in trucks and buses, the above
pol l utants nust be exam ned after diluting the total exhaust gas with
conditioned anmbient air. Using the engine torque and speed feedback
signals of the engi ne dynanoneter, the power nust be integrated with
respect to tine of the cycle resulting in the work produced by the
engi ne over the cycle. The concentration of NO, and HC nust be

determ ned over the cycle by integration of the analyser signal. The
concentration of CO CO, and NVHC may be determ ned by integration of
the anal yser signal or by bag sanpling. For particulates, a
proportional sanple nust be collected on suitable filters. The diluted
exhaust gas flow rate nust be determ ned over the cycle to calcul ate
the mass enission values of the pollutants. The nmass em ssion val ues
must be related to the engine work to get the grans of each poll utant
enmtted per kilowatt-hour (kWh), as described in appendix 2 to this
annex.

TEST CONDI TI ONS

Engi ne test conditions

The absol ute tenperature (T,) of the engine air at the inlet to the
engi ne expressed in Kelvins, and the dry atnospheric pressure (ps),
expressed in kPa must be nmeasured and the paranmeter F nmust be
deternmi ned according to the followi ng provisions:

(a) for diesel engines:

Natural |y aspirated and nechanical ly supercharged engi nes:

_@00,aT, o
P, g €298

Tur bocharged engines with or without cooling of the intake air:

F__&§g£f7*€ﬂ; éﬁ
Ps 6 9298ﬂ
(b) for gas engines:

- E990” 22T, 0"
Psg €298g

Test validity

For a test to be recognised as valid, the paraneter F nmust be such
t hat :

0.96 O F O1.06
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2. 2.

2. 3.

2.4.

2. 5.

Engi nes with charge air cooling

The charge air tenperature nust be recorded and nust be, at the speed
of the declared maxi mum power and full load, within £+ 5 K of the
maxi mum charge air tenperature specified in annex 1, appendix 1
paragraph 1.16.3. The tenperature of the cooling nmedi um nust be at

| east 293 K (20°C).

If a test shop systemor external blower is used, the charge air
tenperature nust be within + 5 K of the maxi mum charge air tenperature
specified in annex 1, appendi x 1, paragraph 1.16.3. at the speed of the
decl ared maxi mum power and full |oad. The setting of the charge air
cooler for meeting the above conditions must be used for the whol e test
cycle.

Engi ne air intake system

An engine air intake system nmust be used presenting an air intake
restriction within £ 100 Pa of the upper limt of the engine operating
at the speed at the declared maxi num power and full | oad.

Engi ne exhaust system

An exhaust system nust be used presenting an exhaust back pressure
within £ 1000 Pa of the upper limt of the engine operating at the
speed of decl ared maxi mum power and full |oad and a vol unme

within = 40 per cent of that specified by the manufacturer

A test shop system may be used, provided it represents actual engine
operating conditions. The exhaust system must conformto the

requi renents for exhaust gas sanpling, as set out in annex 4, appendi X
4, paragraph 3.4. and in annex 4, appendix 7, paragraph 2.2.1., EP and
paragraph 2.3.1., EP.

If the engine is equipped with an exhaust after-treatnment device, the
exhaust pipe nmust have the sanme diameter as found in-use for at |east 4
pi pe dianmeters upstreamto the inlet of the beginning of the expansion
par agraph containing the after-treatnent device. The distance fromthe
exhaust manifold flange or turbocharger outlet to the exhaust after-
treatment device nust be the same as in the vehicle configuration or
within the distance specifications of the manufacturer. The exhaust
back-pressure or restriction nust follow the same criteria as above,
and may be set with a valve. The after-treatnent contai ner may be
removed during dunmy tests and during engine mapping, and replaced with
an equi val ent contai ner having an inactive catal yst support.

Cool i ng system

An engine cooling systemw th sufficient capacity to maintain the
engi ne at normal operating tenperatures prescribed by the manufacturer
nmust be used.
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Lubricating oil

Specifications of the lubricating oil used for the test must be
recorded and presented with the results of the test, as specified in
annex 1, appendi x 1, paragraph 7.1.

Fuel

The fuel must be the reference fuel specified in annexes 5, 5 or 7.

The fuel tenperature and neasuring point nust be specified by the
manufacturer within the limts given in annex 1, appendix 1

paragraph 1.16.5. The fuel tenperature nust not be |ower than 306 K
(33°C). If not specified, it nust be 311 K+ 5 K (38°C £+ 5°C) at the
inlet to the fuel supply.

For NG and LPG fuell ed engines, the fuel tenperature and measuring
point nmust be within the limts given in annex 1, appendix 1

paragraph 1.16.5. or in annex 1, appendix 3, paragraph 1.16.5. in cases
where the engine is not a parent engine.

Testing of exhaust after-treatnent systens

If the engine is equipped with an exhaust after-treatnment system the
enm ssions nmeasured on the test cycle(s) nmust be representative of the
em ssions in the field. |If this cannot be achieved with one single
test cycle (e.g. for particulate filters with periodic regeneration),
several test cycles nust be conducted and the test results averaged
and/ or wei ghted. The exact procedure nmust be agreed by the engine
manuf acturer and the Technical Service based upon good engi neering

j udgenent.

Annex 4 — Appendix 1, anmend to read:

1

"Annex 4 - Appendix 1

ESC AND ELR TEST CYCLES
ENG NE AND DYNAMOMETER SETTI NGS

Det erm nati on of engi ne speeds A, B and C

The engi ne speeds A, B and C nust be declared by the manufacturer in
accordance with the foll ow ng provisions:

The hi gh speed ny nust be determned by calculating 70 per cent of the
decl ared maxi mum net power P(n), as determined in annex 1, appendix 1
paragraph 8.2. The highest engi ne speed where this power val ue occurs
on the power curve is defined as ny.

The | ow speed n;, must be deternmined by calculating 50 per cent of the
decl ared maxi mum net power P(n), as determined in annex 1, appendix 1
paragraph 8.2. The | owest engi ne speed where this power value occurs
on the power curve is defined as nj,.
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The engi ne speeds A, B and C nust be cal cul ated as foll ows:

Speed A = No + 25 % ( Nhi - Nio )
Speed B = no, + 50 % ( Nhi - Njo )
Speed C = No + 75 % (Np - Njo)

The engi ne speeds A, B and C nay be verified by either of the follow ng
nmet hods:

(a) Additional test points must be nmeasured during engi ne power
approval according to Regulation No. 24 for an accurate
determ nation of ny and nj,. The maxi num power, ny and nj, must
be determ ned fromthe power curve, and engi ne speeds A, B and C
nmust be cal cul ated according to the above provisions.

(b) The engine nust be mapped along the full load curve, from maximm
no | oad speed to idle speed, using at |east 5 neasurenment points
per 1000 rpmintervals and neasurenent points within = 50 rpm of
the speed at declared maxi mum power. The maxi mum power, np and nj,
must be determi ned fromthis mappi ng curve, and engine speeds A B
and C nmust be cal cul ated according to the above provisions.

If the measured engine speeds A, B and C are within + 3 per cent of the
engi ne speeds as declared by the manufacturer, the declared engi ne
speeds nust be used for the em ssions test. |If the tolerance is
exceeded for any of the engi ne speeds, the neasured engi ne speeds nust
be used for the em ssions test.

Det erm nati on of dynanoneter settings

The torque curve at full |oad nust be determ ned by experinentation to
calculate the torque values for the specified test nbdes under net
conditions, as specified in annex 1, appendix 1, paragraph 8. 2.

The power absorbed by engine-driven equipnent, if applicable, nust be
taken into account. The dynanoneter setting for each test npde nust be
cal cul at ed using the fornul a:

L
s=P(n)*—
") 100

if tested under net conditions
L

s=P(n)*—+(P(a)- P(b

(n)* 75+ (P(8) - P(0))

if not tested under net conditions

wher e:
s = dynanmoneter setting, kW
P(n) = net engine power as indicated in annex 1, appendix 1

par agraph 8.2., kW

L = per cent load as indicated in paragraph 2.7.1.
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P(a) = power absorbed by auxiliaries to be fitted as indicated
in annex 1, appendix 1, paragraph 6. 1.
P(b) = power absorbed by auxiliaries to be renoved as indicated

in annex 1, appendix 1, paragraph 6. 2.
ESC TEST RUN

At the manufacturers request, a dummy test may be run for conditioning
of the engine and exhaust system before the measurenent cycle.

Preparation of the sanpling filters

At | east one hour before the test, each filter (pair) nust be placed in
a closed, but unsealed petri dish and placed in a weighing chanber for
stabilisation. At the end of the stabilisation period, each filter
(pair) nust be weighed and the tare wei ght nmust be recorded. The
filter (pair) nust then be stored in a closed petri dish or sealed
filter holder until needed for testing. |If the filter (pair) is not
used within eight hours of its renoval fromthe weighing chanber, it
nmust be conditioned and rewei ghed before use.

Installation of the measuring equi pnent

The instrunentation and sanpl e probes nmust be installed as required.
When using a full flow dilution system for exhaust gas dilution, the
tail pi pe must be connected to the system

Starting the dilution system and the engi ne

The dilution systemand the engi ne nust be started and warnmed up unti
all tenperatures and pressures have stabilised at maxi mum power
according to the recommendati on of the manufacturer and good

engi neering practice.

Starting the particul ate sanpling system

The particulate sanpling system nust be started and runni ng on by-pass.
The particul ate background | evel of the dilution air nmay be determ ned

by passing dilution air through the particulate filters. |If filtered
dilution air is used, one neasurenment nmay be done prior to or after the
test. If the dilution air is not filtered, measurements at the

begi nning and at the end of the cycle, may be done, and the val ues
aver aged.

Adj ustnent of the dilution ratio

The dilution air must be set such that the tenperature of the diluted
exhaust gas nmeasured inmediately prior to the primary filter nust not
exceed 325 K (52°C) at any nmode. The dilution ratio (gq) nmust not be
| ess than 4.

For systems that use CO, or NO; concentration nmeasurement for dilution
ratio control, the CO, or NO; content of the dilution air nust be
measured at the beginning and at the end of each test. The pre- and
post test background CO, or NO; concentration neasurenents of the
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2.

2.

7.

LT,

LT,

1

dilution air must be within 100 ppmor 5 ppm of each other
respectively.

Checki ng the anal ysers

The emi ssion anal ysers nmust be set at zero and spanned.
Test cycle

The follow ng 13-nmode cycle nmust be followed i n dynanonet er operation
on the test engine:

Mbde Nurber Engi ne Speed Percent Load |Wighting Factor Mbde Length
1 idle - 0. 15 4 m nutes
2 A 100 0. 08 2 mnutes
3 B 50 0.10 2 mnutes
4 B 75 0.10 2 mnutes
5 A 50 0. 05 2 mnutes
6 A 75 0. 05 2 mnutes
7 A 25 0. 05 2 mnutes
8 B 100 0.09 2 mnutes
9 B 25 0.10 2 mnutes
10 C 100 0.08 2 mnutes
11 C 25 0. 05 2 mnutes
12 C 75 0. 05 2 mnutes
13 C 50 0. 05 2 mnutes

Test sequence

The test sequence nust be started. The test nust be perforned in the
order of the nobde nunbers as set out in paragraph 2.7.1.

The engi ne nmust be operated for the prescribed tinme in each node,

conpl eting engi ne speed and | oad changes in the first 20 seconds. The
speci fied speed nust be held to within + 50 rpm and the specified
torque must be held to within £ 2 per cent of the maxi mum torque at the
test speed.

At the manufacturers request, the test sequence may be repeated a
sufficient nunber of tinmes for sanpling nore particulate mass on the
filter. The manufacturer nust supply a detail ed description of the
data eval uation and cal cul ati on procedures. The gaseous em ssions must
only be determined on the first cycle.

Anal yser response
The out put of the analysers must be recorded on a strip chart recorder

or neasured with an equival ent data acquisition systemw th the exhaust
gas flow ng through the anal ysers throughout the test cycle.
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Particul ate sanpling

One pair of filters (primary and back-up filters, see annex 4, appendix
4) must be used for the conplete test procedure. The nodal weighting
factors specified in the test cycle procedure nust be taken into
account by taking a sanple proportional to the exhaust mass fl ow during
each individual npde of the cycle. This can be achieved by adjusting
sanple flow rate, sanpling time, and/or dilution ratio, accordingly, so
that the criterion for the effective weighting factors in

par agraph 5.6. is met.

The sanpling tinme per node nust be at |east 4 seconds per 0.01

wei ghting factor. Sanpling nmust be conducted as |ate as possible

wi thin each node. Particulate sanpling nmust be conpleted no earlier
than 5 seconds before the end of each node.

Engi ne conditions

The engi ne speed and | oad, intake air tenperature and depression
exhaust tenperature and back pressure, fuel flow and air or exhaust
flow, charge air tenmperature, fuel tenperature and hum dity nust be
recorded during each node, with the speed and | oad requirenents (see
paragraph 2.7.2) being nmet during the tine of particulate sanpling, but
in any case during the last mnute of each node.

Any additional data required for cal culation nmust be recorded (see
par agraphs 4 and 5).

NO, check within the control area

The NO; check within the control area nust be perfornmed i nmediately upon
conpl etion of node 13. The engine nmust be conditioned at nmode 13 for a
period of three mnutes before the start of the nmeasurenents. Three
measur enents nmust be made at different |ocations within the contro

area, selected by the Technical Service X The tine for each

measur enment must be 2 minutes.

The neasurenment procedure is identical to the NO; neasurenent on the
13-nmode cycle, and nust be carried out in accordance with
paragraphs 2.7.3., 2.7.5., and 4.1. of this appendi x, and annex 4,
appendi x 4, paragraph 3.

The cal cul ati on nust be carried out in accordance w th paragraph 4.
Rechecki ng the anal ysers

After the em ssion test a zero gas and the same span gas nust be used
for rechecking. The test will be considered acceptable if the

di fference between the pre-test and post-test results is | ess than
2 per cent of the span gas val ue.

The test points nust be sel ected using approved statistical nethods of
random sati on.
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2.

ELR TEST RUN

Installation of the measuring equi pnent

The opaci neter and sanple probes, if applicable, nmust be installed
after the exhaust silencer or any after-treatnent device, if fitted,
according to the general installation procedures specified by the

i nstrument nmanufacturer. Additionally, the requirenents of
paragraph 10 of 1SO IDS 11614 nust be observed, where appropriate.

Prior to any zero and full scale checks, the opacineter nust be warmed
up and stabilised according to the instrument manufacturer's
recomendations. |If the opacinmeter is equipped with a purge air system
to prevent sooting of the neter optics, this system nust al so be
activated and adj usted according to the manufacturer's recomendati ons.

Checki ng of the opacineter

The zero and full scale checks nust be nade in the opacity readout
nmode, since the opacity scale offers two truly definable calibration
points, namely O per cent opacity and 100 per cent opacity. The |ight
absorption coefficient is then correctly cal cul ated based upon the
measured opacity and the L, as subnitted by the opacineter

manuf acturer, when the instrument is returned to the k readout node for
testing.

Wth no bl ockage of the opacineter |ight beam the readout must be
adjusted to 0.0 %+ 1.0 %opacity. Wth the light being prevented
fromreaching the receiver, the readout nust be adjusted

to 100.0 %+ 1.0 % opacity.

Test cycle
Condi tioning of the engine

Warmi ng up of the engine and the system nust be at maxi mum power in
order to stabilise the engine parameters according to the
recommendati on of the manufacturer. The preconditioning phase should
al so protect the actual neasurenment against the influence of deposits
in the exhaust systemfroma former test.

VWhen the engine is stabilised, the cycle nust be started within 20 = 2
s after the preconditioning phase. At the manufacturers request, a
dumy test may be run for additional conditioning before the

measur enent cycl e.

Test sequence

The test consists of a sequence of three | oad steps at each of the
three engi ne speeds A (cycle 1), B (cycle 2) and C (cycle 3) determ ned
in accordance with annex 4, paragraph 1.1., followed by cycle 4 at a
speed within the control area and a | oad between 10 per cent and

100 per cent, selected by the Technical Service . The follow ng

1

The test points nust be sel ected using approved statistical nethods of
randoni sati on.
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sequence nust be followed in dynanoneter operation on the test engine,
as shown in Figure 3.

Spoad

10% L-

Fi gure 3: Sequence of ELR Test

(a) The engine nust be operated at engine speed A and 10 per cent |oad
for 20 £ 2 s. The specified speed nust be held to within = 20 rpm
and the specified torque nmust be held to within £ 2 per cent of the
maxi mum t orque at the test speed.

(b) At the end of the previous segnent, the speed control |ever nust be
noved rapidly to, and held in, the wi de open position for 10 = 1 s.
The necessary dynanoneter | oad nust be applied to keep the engine
speed within = 150 rpmduring the first 3 s, and within £ 20 rpm
during the rest of the segnent.

(c) The sequence described in (a) and (b) nust be repeated two tines.

(d) Upon conpletion of the third | oad step, the engine nust be adjusted
to engine speed B and 10 per cent load within 20 £ 2 s.

(e) The sequence (a) to (c) must be run with the engi ne operating at
engi ne speed B

(f) Upon conpletion of the third |oad step, the engine nust be adjusted
to engine speed C and 10 per cent load within 20 £ 2 s.

(g) The sequence (a) to (c) must be run with the engi ne operating at
engi ne speed C.

(h) Upon conpletion of the third | oad step, the engine nust be adjusted
to the selected engine speed and any |oad above 10 per cent
within 20 £ 2 s.

(i) The sequence (a) to (c) rmust be run with the engine operating at
the sel ected engi ne speed.
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3. 4.

3.

Cycl e validation

The relative standard devi ati ons of the nean snoke val ues at each test
speed (SVah SV, SV as calculated in accordance w th paragraph 6.3. 3.
of this appendix fromthe three successive |oad steps at each test
speed) nust be | ower than 15 per cent of the nean value, or 10 per
of the Iimt value shown in Table 1 of the Regul ation, whichever is
greater. |If the difference is greater, the sequence nust be repeated
until 3 successive | oad steps neet the validation criteria.

cent

Rechecki ng of the opacineter

+

The post-test
cent

opaci neter zero drift value nust not exceed
of the limt value shown in Table 1 of the Regul ation.

5.0 per

CALCULATI ON OF THE GASEOUS EM SSI ONS

Dat a eval uati on

For the evaluation of the gaseous emni ssions, the chart reading of the
| ast 30 seconds of each npde must be averaged, and the average
concentrations (conc) of HC, CO and NO; during each node nust
determ ned fromthe average chart readi ngs and the correspondi ng
calibration data. A different type of recording can be used if

ensures an equi val ent data acquisition.

be

it

For
for

the NO, check within the contro
NQ,, only.

area, the above requirenments apply

if used
appendi x 4,

The exhaust gas flow Gguw Oor the diluted exhaust gas fl ow Grow
optionally, must be determ ned in accordance with annex 4,
par agr aph 2. 3.

Dry / Wet correction

The measured concentration nust
to the follow ng formnul ae,

be converted to a wet basis according
if not already neasured on a wet basis.

conc(wet) = Kw* conc(dry)
For the raw exhaust gas:
e GFUEL 0
K. :gl' Feg * G - Ky,
AIRD @
and
1969
I:FH = .
?4‘ GFUEL g
GAIRW ﬂ
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|<Wl

(7]

For the intake air:

_&@ HTCRAT * CO, %(wet) 6
KW,e,1 _gl' T
200 2}
or
e
K :g (1' Kw1) -
"#2 "¢, , HTCRAT *CO,%(dry) +
& 200 5
For the dilution air:
Kwa = 1- Kw
_ 1608*H,
1000 +(1,608* H,)
__6220*R,* p,
d = * *10 2 Ha -
Ps - Py * R, *10
wher e
Hi, Hi = g water per kg dry air
Ry, Ry = relative humdity of the dilution/intake air, %
Pa» Pa = saturation vapour pressure of the dilution/intake air,
o3 = total baronmetric pressure, kPa

No, Correction for hunmidity and tenperature

(if different from
the dilution air)

KWa = 1- KVQ

1608* H,

~ 1000+ (L608* H_)

6,220 R_* p,

Pe- P, * R, *10°

As the NO em ssion depends on anbient air conditions, the NG

concentration must be corrected for anmbient air tenperature and

hum dity with the factors given in the follow ng formnul ae:

1

KH’D = * *
1+ A*(H, - 10,7) +B* (T, - 298)

wi t h:
A = 0.309 G/ Gyro -0.0266
B = -0.209 Gm/ Gyro +0. 00954

kPa
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To = tenperature of the air, K
Hy = humidity of the intake air, g water per kg dry air in which:
H = 6,220* R, * p,
* pg- p,*R,*10°?
R, = relative humdity of the intake air, %
fi, = saturation vapour pressure of the intake air, kPa
fis, = total baronetric pressure, kPa
Cal cul ati on of the emi ssion nmass flow rates

The emi ssion mass flow rates (g/h) for each node must be cal cul ated as
foll ows, assum ng the exhaust gas density to be 1.293 kg/nf at 273 K
(0°C) and 101. 3 kPa:

(1) NGO mass = 0.001587 * NO conc * Kubp * Gexw
(2) COwmss = 0.000966 * CQonc * Gexw
(3) HCmss = 0.000479 * HCeone * Gexw

where NO conc, CO:one, HCeconc * are the average concentrations (ppm in the
raw exhaust gas, as determ ned in paragraph 4. 1.

If, optionally, the gaseous enissions are determned with a full flow
dilution system the follow ng formul ae must be applied:

(1) NQ( mass — 0. 001587 * NQ( conc * KHD * GTOTW

(2) COmss 0.000966 * COonc * Gromw

(3)  HGCass

0. 000479 * HCconc* Grorw

where NO cone: COtones HCeonc * are the average background corrected
concentrations (ppnm) of each nmode in the diluted exhaust gas, as
deternmined in annex 4, appendi x 2, paragraph 4.3.1.1.

Cal cul ati on of the specific em ssions

The em ssions (g/ kW) nust be calculated for all individual conponents
in the foll ow ng way:
[o]
— NO *WF,
NO, = a

X,mass 1

" é. P(n), *WF,

o
CO, s ¥ WK,
CO - ao mass 1
a

P(n), *WF,

! Based on Cl equival ent
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|IC a Il:mass MMI i
[ P ”‘F
a (“)i i

The wei ghting factors (W) used in the above cal cul ati on are accordi ng
to paragraph 2.7.1.

Cal cul ation of the area control val ues

For the three control points selected according to paragraph 2.7.6.

the NO; eni ssion nust be neasured and cal cul ated according to

par agraph 4.6.1. and al so determ ned by interpolation fromthe nodes of
the test cycle closest to the respective control point according to

par agraph 4.6.2. The nmeasured val ues are then conpared to the

i nterpol ated val ues according to paragraph 4.6. 3.

Cal cul ation of the specific em ssion

The NO, enmission for each of the control points (Z) nmust be cal cul ated
as follows:

NQ nass,z = 0.001587 * NGO conc,z * Ko * Geew

NG, z = NO& mess,z/ P(n):z
Det erm nation of the emission value fromthe test cycle

The NO, emi ssion for each of the control points must be interpol ated
fromthe four closest nodes of the test cycle that envel op the sel ected
control point Z as shown in Figure 4. For these nodes (R, S, T, U,
the follow ng definitions apply:

Speed(R) = Speed(T) = ngr
Speed(S) = Speed(U) = ngy
Per cent | oad(R) Per cent | oad(S)
Per cent | oad(T) Per cent | oad(U)

The NO emission of the selected control point Z nust be cal cul ated as
foll ows:

Ez = Er + (Eru- Ere * (M- M) / (My - M)

and:
Evw = Er+ (Bu- Er) - (nz- ngr) / (Nsu - Ngr)
Ers = Er+ (Es- ER - (nz- ng) / (Nsy - nNgri)
My = M+ (M- M) - (nz- ng) / (Nsy - Ngy)
Ms = M+ (M- M) - (nz- ng) / (Nsy - Ngy)
wher e:

Er Es, Er, Eu

specific NO; em ssion of the envel opi ng nodes
cal cul ated in accordance with paragraph 4.6. 1.

My Ms, M, My engi ne torque of the envel opi ng nodes
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.6. 3.

Torque
T
M, A
M1'l.l \
Mu v
r4
Mz
R
MR
M — s
Mg \
> Speud
I"Im. hz I'Iw
Fi gure 4: I nterpol ati on of NOQ; Control Point

Conpari son of NO; em ssion val ues

The neasured specific NO emission of the control is

conpared to the interpolated value (E;) as follows:

point Z (NG, 2)
NOQ gt = 100 * (NQ,, - E) / E

CALCULATI ON OF THE PARTI CULATE EM SSI ON

Dat a eval uati on

For the evaluation of the particul ates,
through the filters must be recorded for

the total sanple nmasses (M)
each node.

The filters nust be returned to the weighing chanber and conditioned
for at |east one hour, but not nore than 80 hours, and then wei ghed.
The gross weight of the filters nust be recorded and the tare wei ght
(see paragraph 1 of this appendi x) subtracted. The particulate mass M
is the sumof the particul ate masses collected on the prinmary and back-
up filters.

I f background correction is to be applied, the dilution air mass (M)
through the filters and the particulate mass (M) nust be recorded. |If
nmor e than one measurenment was nade, the quotient M/ My, nust be
cal cul ated for each single nmeasurenment and the val ues averaged.

Partial flow dilution system

The final reported test results of the particulate em ssion nust be
deternm ned through the follow ng steps. Since various types of

dilution rate control nay be used, different cal culation nmethods for
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Georw apply. Al cal cul ati ons nust be based upon the average val ues of
the individual nodes during the sanpling period.

| soki netic systens
Gorwi = Gaxwwi * di

_ GDILW J + (GEXHW,i * r)

T (Gow 1)

where r corresponds to the ratio of the cross sectional areas of the
i soki netic probe and the exhaust pipe:

Systens with nmeasurenment of CO, or NGO concentration
— *
GEDFW,i - GEXHW,i qi

concg,; - conc,

q; =
' CONCpL; - CONC,;
wher e:
concg = wet concentration of the tracer gas in the raw exhaust
concp = wet concentration of the tracer gas in the diluted exhaust
conca = wet concentration of the tracer gas in the dilution air

Concentrations nmeasured on a dry basis nust be converted to a wet basis
according to paragraph 4.2.0of this appendix.

Systems with CO, measurenent and carbon bal ance nethod !

206.5- G,
GEDFW,i = CO _ CO '
2D, 2A
wher e:
COp = CO, concentration of the diluted exhaust
COa = CO, concentration of the dilution air

(concentrations in Vol % on wet basis)
This equation is based upon the carbon bal ance assunption (carbon atons

supplied to the engine are emtted as CO,) and determ ned through the
foll owi ng steps:

— *
GEDFW,i - GEXHW,i qi

The value is only valid for the reference fuel specified in the
Regul ati on.
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206,5* G gy
GEXW,i * (Cozo i COZA,i)

g =

and,

5.2.4. Systens with fl ow neasurenent
GEDFW,i = GEXHW,i *qi

GTOTW i
(GTOTW,i - GDILW,i )

a =

5. 3. Full flow dilution system

The reported test results of the particulate em ssion nust be

determ ned through the following steps. All calculations nust be based
upon the average val ues of the individual nodes during the sanpling
peri od.

Geprwi = Growi

5.4, Cal cul ation of the particulate mass flow rate

The particulate mass flow rate nust be cal cul ated as foll ows:

pT_ =1 Coor
mess Mgy 1000
wher e
i=n
—_ 2 *
GEDWV_a-GEDWV,i WE
1=
i=n
_ 0
I\/ISAM _a I\/ISAM,i
i=1
i=1,...n

determ ned over the test cycle by summtion of the average val ues of
t he individual nodes during the sanpling period.
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The particulate mass flow rate may be background corrected as foll ows:

&

mass

€ M, M, &5
PT,.. =& - * 1-
éhASAM éIVI @ 8

Q*VVFiggH*SEEQBM
DF, o ogg 1000

piL  €i=n

If nmore than one neasurenment is made, (M/ My.) nust be replaced with the
aver age val ue of (M MyL).

DF; = 13.4/(conc CO, + (conc CO + conc HC)*10°4)) for the individua
nodes

or,

DF;, = 13. 4/ concCO; for the individual nopdes

Cal cul ation of the specific em ssion

The particul ate em ssion nust be calculated in the follow ng way:

ﬁ_ PTmass
"~ a P(n)*WF,

Ef fecti ve wei ghting factor

The effective weighting factor Wrg; for each node nust be calculated in
the foll owi ng way:

WFE i — I\/ISAM i * GEDFW

*
M SAM G EDFW,i

The value of the effective weighting factors nust be within = 0.003
(0.005 for the idle mbde) of the weighting factors listed in

par agraph 2.7.1.

CALCULATI ON OF THE SMOKE VALUES

Bessel al gorithm

The Bessel algorithm must be used to conpute the 1 s average val ues
fromthe instantaneous snoke readi ngs, converted in accordance with
The al gorithmenul ates a | ow pass second order
filter, and its use
coefficients. These coefficients are a function of the response tine
system and the sanpling rate. Therefore,

par agr aph 6. 3. 1.

of the opacineter
par agraph 6.1.1.

nmust

requires iterative calculations to determ ne the

be repeated whenever the systemresponse tinme

and/ or sanpling rate changes.
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6.1. 1.

Calculation of filter response tinme and Bessel constants
The required Bessel response tine (tg) is a function of the physical and

el ectrical response tines of the opaci neter system as specified in
annex 4, appendix 4, paragraph 5.2.4., and nust be cal cul ated by the

foll owi ng equation:
t; :\/1' (tf) +te2)

physi cal response tinme, s
el ectrical response tine, s

—
©
|

—
@
1

The cal culations for estimating the filter cut-off frequency (f.) are
based on a step input of O to 1 in O O0.01s (see annex 8). The
response time is defined as the tine between when the Bessel output
reaches 10 per cent (tip) and when it reaches 90 per cent (tg) of this
step function. This nust be obtained by iterating on f. until tgy - tqg

» tp The first iteration for f. is given by the following fornula :
fe =0/ (10 * tg

The Bessel constants E and K nust be cal cul ated by the follow ng
equati ons:

1
E =
1+ W*/3*D + D *W

K=2*E*(D* (-1 -1

wher e:
D = 0.618034
At = 1/ sanpling rate

u 1/ [tan(d * At * f.)]
Cal cul ation of the Bessel Algorithm

Usi ng the values of E and K, the 1 s Bessel averaged response to a step
i nput S; nmust be cal cul ated as foll ows:

Yi= Yii+ E* (S +2* S0+ S.2- 4% Y +K* (Y- Yio)
wher e:
Si.p =
Si:].
Yi.o =

The tinmes tip and tg nmust be interpolated. The difference in tine
between tgy and t 9 defines the response tine tg for that value of f.
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If this response tine is not close enough to the required response

time, iteration nust be continued until the actual response tine is
within 1 per cent of the required response as follows:

|(t90 - ty) - tF| £0,01*t,

Dat a eval uati on

The snoke neasurement val ues nust be sanpled with a mininumrate
of 20 Hz.

Det er m nati on of snoke

Dat a conversi on

Since the basic neasurenent unit of all opacineters is transmttance,
the snmoke val ues must be converted fromtransnittance (6) to the |ight
absorption coefficient (k) as foll ows:

and: N =100 - 6

wher e:

k = light absorption coefficient, m?

Lrn= effective optical path length, as submitted by instrunent

manuf acturer, m
opacity, %
transm ttance, %

The conversion nust be applied, before any further data processing is
made.

Cal cul ati on of Bessel averaged snoke

The proper cut-off frequency f. is the one that produces the required
filter response tine tp. Once this frequency has been determ ned
through the iterative process of paragraph 6.1.1., the proper Besse

al gorithm constants E and K nust be calculated. The Bessel algorithm
must then be applied to the instantaneous smoke trace (k-value), as
descri bed in paragraph 6.1.2:

Yi = Yii + E* (S +2* S0+ S.2- 4% Y +K* (Y- Y.

The Bessel algorithmis recursive in nature. Thus, it needs sone
initial input values of Sj.; and Sj.; and initial output values Yj.; and
Yi., to get the algorithmstarted. These may be assunmed to be O.

For each load step of the three speeds A, B and C, the maxi mum 1s val ue
Ymax Must be selected fromthe individual Y; values of each snpke trace
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6.3.3 Final result

The nean snoke values (SV) from each cycle (test speed) nust be
cal cul ated as foll ows:

For test speed A: SVpo = (Yoext,A + Yiaxz, A + Ymaxz, a) /3
For test speed B: SVg = (Yraxt,8 + Yrex2,8 + Ymaxz, ) / 3
For test speed C SVe = (Ymaxt,c ¥ Yraxz,c + Ynaxz, / 3
wher e:

Ymext, Ymax2s Ymaxs = highest 1 s Bessel averaged snoke val ue at each of
the three | oad steps

The final value nust be cal cul ated as foll ows:

SV =(0.43 * SVa) + (0.56 * SV + (0.01 * SVQ

Annex 4 - Appendix 2, amend to read

"Annex 4 - Appendix 2

ETC TEST CYCLE

1. ENG NE MAPPI NG PROCEDURE
1.1. Det erm nati on of the mapping speed range
For generating the ETC on the test cell, the engine needs to be

mapped prior to the test cycle for deternining the speed vs. torque
curve. The m ni num and nmaxi nrum mappi hg speeds are defined as

fol | ows:
M ni mrum mappi ng speed = idle speed
Maxi nrum mappi ng speed = ny * 1.02 or speed where full |oad torque
drops off to zero, whichever is
| ower
1.2. Perform ng the engi ne power map

The engi ne must be warned up at maxi mum power in order to stabilise
the engi ne paraneters according to the recommendati on of the
manuf act urer and good engi neering practice. Wen the engine is
stabilised, the engine map nust be perforned as foll ows:

The engi ne must be unl oaded and operated at idle speed.

The engi ne must be operated at full |oad setting of the injection
punp at m ni num mappi ng speed.
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The engi ne speed nust be increased at an average rate of 8 * 1 min'!
/s frommninumto maxi num mappi ng speed. Engine speed and torque
poi nts nust be recorded at a sanple rate of a | east one point per
second.

Mappi ng curve generation

Al data points recorded under paragraph 1.2. nust be connected using
l'inear interpolation between points. The resulting torque curve is
the mapping curve and nust be used to convert the normalised torque
val ues of the engine cycle into actual torque values for the test
cycle, as described in paragraph 2.

Al t er nat e nmppi ng

If a manufacturer believes that the above napping techni ques are
unsafe or unrepresentative for any given engine, alternate napping
techni ques may be used. These alternate techni ques nust satisfy the
intent of the specified nmapping procedures to determ ne the maxi num
avail abl e torque at all engine speeds achieved during the test
cycles. Deviations fromthe mapping techni ques specified in this
paragraph for reasons of safety or representativeness nust be
approved by the Technical Service along with the justification for
their use. 1In no case, however, nust descendi ng continual sweeps of
engi ne speed be used for governed or turbocharged engines.

Replicate tests

An engi ne need not be mapped before each and every test cycle. An
engi ne nust be renmmpped prior to a test cycle if:

— an unreasonabl e amobunt of tine has transpired since the |ast map,
as determ ned by engi neering judgenent,

or,

— physical changes or recalibrations have been made to the engine,
which may potentially affect engine perfornmance.

GENERATI ON OF THE REFERENCE TEST CYCLE

The transient test cycle is described in appendix 3 to this annex.

The normalised values for torque and speed nust be changed to the

actual values, as follows, resulting in the reference cycle.

Actual speed

The speed nust be unnornalised using the follow ng equation

Actual speed = % speed (reference speed - idle speed) , jqle speed
100
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2. 3.

The reference speed (n;e) corresponds to the 100 per cent speed
val ues specified in the engi ne dynanoneter schedul e of appendi x 3.
It is defined as follows (see Figure 1 of the Regulation):

Niet = Mo + 95 % * (nNp - nig)
where ny and n, are either specified according to the Regul ati on,
paragraph 2 or determ ned according to annex 4, appendix 1,

paragraph 1.1.

Actual torque

The torque is normalised to the maxi numtorque at the respective
speed. The torque values of the reference cycle nust be
unnornmal i sed, using the mapping curve determ ned according to section
1.3, as follows:

%torque * max . torque
100

Actual torque =

for the respective actual speed as determ ned in paragraph 2.1

The negative torque values of the nmotoring points ("nl') nust take on
for purposes of reference cycle generation, unnornalised val ues
deternmned in either of the follow ng ways:

— negative 40 per cent of the positive torque available at the
associ at ed speed point;

— mapping of the negative torque required to notor the engine from
m ni mum to maxi num mappi ng speed;

— determ nation of the negative torque required to motor the engi ne
at idle and reference speeds and linear interpolation between
these two points.

Exanpl e of the unnornelisation procedure

As an exanple, the follow ng test point nust be unnornalised:

43
82

% speed
% t or que

G ven the follow ng val ues:

2200 mint
600 mint

reference speed
i dl e speed

results in,

* -
actual speed = 43 (Zigg 600)-1-600:1288m'n'l
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actual torque = M:SMNm
100

where the maxi mum torque observed fromthe mapping curve at 1288 nin?
is 700 Nm

EM SSI ONS TEST RUN

At the manufacturers request, a dumy test may be run for
condi tioning of the engine and exhaust system before the nmeasurenent
cycl e.

NG and LPG fuell ed engi nes nust be run-in using the ETC test. The
engi ne nust be run over a mninumof two ETC cycles and until the
CO emi ssion neasured over one ETC cycle does not exceed by nore than
10 per cent the CO em ssion neasured over the previous ETC cycle.

Preparation of the sanpling filters (Diesel engines only)

At | east one hour before the test, each filter (pair) nust be placed
in a closed, but unsealed petri dish and placed in a wei ghing chanber
for stabilisation. At the end of the stabilisation period, each
filter (pair) nust be weighed and the tare weight nust be recorded.
The filter (pair) nust then be stored in a closed petri dish or
sealed filter holder until needed for testing. |If the filter (pair)
is not used within eight hours of its renoval fromthe wei ghing
chanber, it nust be conditioned and rewei ghed before use.

Installation of the measuring equi pnent

The instrunentati on and sanpl e probes nust be installed as required.
The tail pi pe nust be connected to the full flow dilution system

Starting the dilution system and the engi ne

The dilution system and the engine nust be started and warned up
until all tenperatures and pressures have stabilised at maxi mum power
according to the recommendati on of the manufacturer and good

engi neering practice.

Starting the particul ate sanpling system (Di esel engines only)

The particul ate sanpling system nust be started and running on by-
pass. The particul ate background | evel of the dilution air may be
determ ned by passing dilution air through the particulate filters.
If filtered dilution air is used, one neasurenent nay be done prior
to or after the test. |If the dilution air is not filtered,
measurenents at the beginning and at the end of the cycle, nay be
done, and the val ues averaged.

Adj ustnent of the full flow dilution system

The total diluted exhaust gas flow nust be set to elinmnate water
condensation in the system and to obtain a maximumfilter face
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3.

3.

3.

3.

8.

8.

1

2.

tenperature of 325 K (52°C) or |ess (see annex 4, appendix 7
paragraph 2.3.1., DI).

Checki ng the anal ysers

The em ssion anal ysers nust be set at zero and spanned. |f sanple
bags are used, they nust be evacuat ed.

Engi ne starting procedure

The stabilised engine nust be started according to the manufacturer's
recommended starting procedure in the owner's manual, using either a
production starter notor or the dynanoneter. Optionally, the test
may start directly fromthe engine preconditioning phase wi thout
shutting the engine off, when the engi ne has reached the idle speed.

Test cycle
Test sequence

The test sequence nust be started, if the engine has reached idle
speed. The test nust be perfornmed according to the reference cycle
as set out in paragraph 2 of this appendi x. Engine speed and torque
command set points nust be issued at 5 Hz (10 Hz recommended) or
greater. Feedback engi ne speed and torque nust be recorded at |east
once every second during the test cycle, and the signals nmay be
electronically filtered.

Anal yser response

At the start of the engine or test sequence, if the cycle is started
directly fromthe preconditioning,, the measuring equiprment nust be
started, sinultaneously:

— start collecting or analysing dilution air;

— start collecting or analysing diluted exhaust gas;

— start measuring the anount of diluted exhaust gas (CVS) and
the required tenperatures and pressures;

— start recording the feedback data of speed and torque of
the dynanoneter.

HC and NOQ; nust be nmeasured continuously in the dilution tunnel with
a frequency of 2 Hz. The average concentrations nust be determ ned
by integrating the anal yser signals over the test cycle. The system
response tine nmust be no greater than 20 s, and nust be coordi nated
with CVS flow fluctuations and sanpling tine/test cycle offsets, if
necessary. CO CO,, NMHC and CH; nmust be deternmi ned by integration or
by anal ysing the concentrations in the sanple bag, collected over the
cycle. The concentrations of the gaseous pollutants in the dilution
air nmust be determined by integration or by collecting into the
background bag. All other values nust be recorded with a m ni mum of
one neasurenent per second (1 Hz).
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Particul ate sanmpling (Di esel engines only)

At the start of the engine or test sequence, if the cycle is started
directly fromthe preconditioning, the particulate sanpling system
must be switched from by-pass to collecting particul ates.

If no flow conpensation is used, the sanple punp(s) nust be adjusted
so that the flow rate through the particul ate sanpl e probe or
transfer tube is maintained at a value within + 5 per cent of the set
flowrate. |If flow conpensation (i.e., proportional control of
sanple flow) is used, it nust be denobnstrated that the ratio of nmain
tunnel flow to particul ate sanple flow does not change by nore than %
5 per cent of its set value (except for the first 10 seconds of

sanpl i ng) .

Not e: For double dilution operation, sanple flowis the net
di fference between the flow rate through the sanple filters
and the secondary dilution air flow rate.

The average tenperature and pressure at the gas neter(s) or flow
instrunentation inlet must be recorded. |If the set flow rate cannot
be mai ntai ned over the conplete cycle (within £ 5 per cent) because
of high particulate |oading on the filter, the test nust be voided.
The test must be rerun using a lower flow rate and/or a | arger
diameter filter.

Engi ne stalling

If the engine stalls anywhere during the test cycle, the engi ne nust
be preconditioned and restarted, and the test repeated. If a

mal function occurs in any of the required test equi pnment during the
test cycle, the test nust be voided.

Operations after test

At the conpletion of the test, the neasurenent of the diluted exhaust
gas volune, the gas flow into the collecting bags and the particul ate
sanpl e punp nust be stopped. For an integrating analyser system
sanpling must continue until system response tinmes have el apsed.

The concentrations of the collecting bags, if used, nust be anal ysed
as soon as possible and in any case not later than 20 m nutes after
the end of the test cycle.

After the emi ssion test, a zero gas and the sane span gas nust be
used for re-checking the analysers. The test will be considered
acceptable if the difference between the pre-test and post-test
results is less than 2 per cent of the span gas val ue.

For diesel engines only, the particulate filters nust be returned to
the wei ghi ng chanber no | ater than one hour after conpletion of the
test and nust be conditioned in a closed, but unsealed petri dish for
at | east one hour, but not nore than 80 hours before weighing.
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Verification of the test run

Data shift

To mninmse the biasing effect of the tinme | ag between the feedback
and reference cycle values, the entire engi ne speed and torque

f eedback signal sequence nay be advanced or delayed in tinme with
respect to the reference speed and torque sequence. |If the feedback
signals are shifted, both speed and torque nust be shifted the sane
anount in the same direction

Cal cul ati on of the cycle work

The actual cycle work W (kW) nust be cal cul ated using each pair of
engi ne feedback speed and torque val ues recorded. This nust be done
after any feedback data shift has occurred, if this option is

sel ected. The actual cycle work W is used for conparison to the
reference cycle work We and for calculating the brake specific

eni ssions (see paragraphs 4.4. and 5.2). The sanme nethodol ogy mnust

be used for integrating both reference and actual engine power. |If
val ues are to be determ ned between adj acent reference or adjacent
measured val ues, linear interpolation nust be used.

In integrating the reference and actual cycle work, all negative
torque val ues nust be set equal to zero and included. |If integration
is perforned at a frequency of less than 5 Hertz, and if, during a
given tinme segnent, the torque value changes from positive to
negative or negative to positive, the negative portion nust be
conmput ed and set equal to zero. The positive portion nust be
included in the integrated val ue.

Wt must be between -15 % and + 5 % of Wes.
Validation statistics of the test cycle

Li near regressions of the feedback values on the reference val ues
must be performed for speed, torque and power. This nust be done
after any feedback data shift has occurred, if this option is

sel ected. The nmethod of |east squares nust be used, with the best
fit equation having the form

y = nx +b
wher e:

feedback (actual) value of speed (mn'), torque (Nm,
or power (kW

y

m = slope of the regression |ine
x = reference value of speed (min?') , torque (Nm, or power (kW
b =y intercept of the regression line

The standard error of estimate (SE) of y on x and the coefficient of
determ nation (r2) nust be calculated for each regression |ine.

It is recoomended that this analysis be perforned at 1 Hertz. Al
negative reference torque values and the associ ated feedback val ues
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must be deleted fromthe cal cul ation of cycle torque and power

validation statistics. For a test to be considered valid, the
criteria of table 6 nust be net.
Tabl e 6: Regression |line tol erances

Speed Tor que Power

Standard error of estinate (SE)

of Y on X !

max 100 mn’

max 13 % of power nap
maxi mum engi ne tor que

max 8% of power nmap
maxi num engi ne power

Sl ope of the regression line, m|0.95 to 1.03 [0.83 - 1.03 0.89 - 1.03
Coefficient of determnation, r2 [mn 0.9700 m n 0.8800 mn 0.9100
Y intercept of the regression + 20 Nmor %+ 2 % of + 4 kWor £ 2 % of
line, b £50 mnt max torque whichever [max power whi chever

is greater

is greater

Poi nt deletions fromthe regression
noted in table 7

anal yses are permtted where

Table 7: Perm tted Point Deletions From Regression Anal ysis
Condi tion Points to be del eted
Ful'l lToad and torque feedback O torque reference Torque and/ or power
No | oad, not an idle point, and torque feedback > torque reference Tor que and/ or power

No | oad/closed throttle, idle point and speed >

reference idle speed

Speed and/ or power

CALCULATI ON OF THE GASEQUS EM SSI ONS

Det erm nati on of the dil uted exhaust

gas flow

The tota

di l uted exhaust gas flow over the cycle (kg/test) nust be

cal cul ated fromthe neasurenent val ues over the cycle and the
correspondi ng calibration data of the flow neasurenent device (Vy for

PDP or Ky for
paragraph 2.).
tenperature of the diluted exhaust
usi ng a heat exchanger (x 6 K for a
see annex 4, appendix 7, paragraph 2

For the PDP-CVS system
Mrorw =

1.293 * Vo * No * (pg - P1)

wher e:

Mrorw = mass of the diluted exhaust gas on wet basis over the cycle,
revol uti on under test conditions,

CFV, as deternmined in annex 4,

The foll owi ng formul ae nust be appli ed,
is kept constant over the cycle by
+ 11 K for a CFV-CVS,

appendi x

PDP- CVS,
.3.).

* 273/ (101.3 * T)

kPa

57
if the

kg

kPa

Vo =vol ume of gas punped per
nt/rev
N =total revolutions of punp per test
pe =atnospheric pressure in the test cell
p1 =pressure depression bel ow at nospheric at punp inlet,
T —average tenperature of the diluted exhaust gas at punp inlet

over the cycle, K
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For the CFV-CVS system

Mow= 1.293 * t * K, * pa/ T 95

wher e:
Morw =nmass of the diluted exhaust gas on wet basis over the cycle, kg
t =cycle tine, s
Kv =calibration coefficient of the critical flow venturi
for standard conditions,
pa =absolute pressure at venturi inlet, kPa
T =absol ute tenperature at venturi inlet, K

If a systemwith flow conpensation is used (i.e. wthout heat
exchanger), the instantaneous nmass emni ssions nust be cal cul ated and
integrated over the cycle. |In this case, the instantaneous mass of
the diluted exhaust gas nust be cal culated as foll ows.

For the PDP-CVS system

Mow: = 1.293 * Vo * No; * (ps - p1) * 273/ (101.3 - 7

wher e:
Morwi =i nstant aneous mass of the diluted exhaust gas on wet basis, kg
Np, | =total revolutions of punp per tinme interva

For the CFV-CVS system

MTOTWi =1.293 * At| * Ky * pA/ TOS

wher e:
Mrorwi =i nst ant aneous nass of the diluted exhaust gas on wet basis, kg
Ati =time interval, s

If the total sanple mass of particul ates (MSAM and gaseous

pol lutants exceeds 0.5 per cent of the total CVS flow (MIOTW, the

CVS flow nust be corrected for MSAM or the particul ate sanple flow

nmust be returned to the CVS prior to the flow neasuring device (PDP
or CFV).

NO, correction for hunmidity

As the NOx enission depends on anbient air conditions, the NOx
concentration nust be corrected for anbient air humdity with the
factors given in the follow ng formul ae.

(a) for diesel engines:
1
KH D =
°1- 0,0182*(H, - 10,71)
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(b) for gas engines:
_ 1
KH,G - %
1- 0,0329* (H, - 10,71)

wher e:

Ha = humi dity of the intake air, grans of water per kg of dry air,

i n which:
by - 6220°R,* p,
Y Pt P.*R*10°7
Ra = relative hunidity of the intake air, %
pa = saturation vapour pressure of the intake air, kPa
pB = total baronetric pressure, kPa

Cal cul ation of the enm ssion nass fl ow

Systens with constant mass fl ow

For systens with heat exchanger, the mass of the pollutants (g/test)
must be deternined fromthe followi ng equations:

(1) NO nmss = 0.001587 * NOx conc * Kyp * MIOTW (di esel engines)
(2) NG nmass = 0.001587 * NOx conc * Kyg * MIOTW (gas engi nes)
(3) CO nmss = 0.000966 * CO conc * Mmow

(4) HC nass = 0.000479 * HC conc * Mqgmw (di esel engines)

(5) HC nass = 0.000502 * HC conc * Mgmw (LPG fuel |l ed engi nes)

1
o

(6) NWVHC nass . 000516 * NWMHC conc * Mogmw (NG fuel |l ed engi nes)

(7) CH; mass = 0.000552 * CH; conc * Mogow (NG fuell ed engines)
wher e:
NQ, conc, CO conc, HC conc, ! NMHC conc = average background

corrected concentrations over the cycle fromintegration
(mandatory for NOx and HC) or bag neasurenent, ppm

Morw = total mass of diluted exhaust gas over the cycle as determ ned
in paragraph 4.1., kg

Kinp = humidity correction factor for diesel engines as determnmined in
par agraph 4.2

1

Based on Cl equi val ent
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4.3.1. 1.

Khe = humidity correction factor for gas engines as determned in
par agraph 4.2

Concentrations neasured on a dry basis nust be converted to a wet
basis in accordance with annex 4, appendix 1, paragraph 4.2.

The determi nation of NWVHC,, depends on the nmethod used (see annex 4,
appendi x 4, paragraph 3.3.4.). 1In both cases, the CH; concentration
nmust be detern ned and subtracted fromthe HC concentration as

foll ows:

(a) GC net hod

NMHConc = HCconc - CHs conc

(b) NMC net hod

AMHC, = HC(W/o Cutter)* (1- CE, ) - HC(w/ Cutter)
CE, - CE,

wher e:

HC(w/ Cutter) HC concentration with the sanple gas fl ow ng

t hrough the NMC

HC concentration with the sanple gas bypassing
the NMC

HC(w/ o Cutter)

CEm = nethane efficiency as deternined per annex 4,
appendi x 5, paragraph 1.8.4.1

CEg = ethane efficiency as determ ned per annex 4,
appendi x 5, paragraph 1.8.4.2.

Det erm nati on of the background corrected concentrations

The average background concentration of the gaseous pollutants in the
dilution air must be subtracted from neasured concentrations to get
the net concentrations of the pollutants. The average val ues of the
background concentrations can be detern ned by the sanple bag met hod
or by continuous neasurenent with integration. The followi ng fornula
must be used.

conc = conce - concy * (1 - (1/DF))

wher e:

conc = concentration of the respective pollutant in the diluted
exhaust gas, corrected by the anmpbunt of the respective
pollutant contained in the dilution air, ppm

conce = concentration of the respective pollutant measured

in the diluted exhaust gas, ppm
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concqy = concentration of the respective pollutant measured
in the dilution air, ppm
di lution factor

DF
The dilution factor nust be cal cul ated as foll ows:

(a) for diesel and LPG fuell ed gas engi nes

DF = Fs -
C02 conce + (HCCOF’ICE + Coconce ) * 10
(b) for NG fuelled gas engi nes
DF = Fs —
COZCOHCE + (NMHCconca + Coconca) * 10

wher e:
CO conce = concentration of CO, in the diluted exhaust gas, % vo
HCconce = concentration of HC in the diluted exhaust gas, ppm Cl
NVHC:once = concentration of NVHC in the diluted exhaust gas, ppm Cl
CQO:once = concentration of COin the diluted exhaust gas, ppm
Fs = stoichiometric factor

Concentrations neasured on dry basis nust be converted to a wet basis
in accordance with annex 4, appendix 1, paragraph 4. 2.

The stoichionetric factor nust be cal cul ated as foll ows:

Fs = 100* X

x+i+3,76*8§(+19
2 e 4gp
wher e:

X,y = fuel conposition GH,

Alternatively, if the fuel conposition is not known, the follow ng
stoichionetric factors may be used:

Fs (diesel) = 13.4
Fs (LPG = 11.6
Fs (NG = 9.5

Systens with flow conpensation

For systens without heat exchanger, the mass of the pollutants
(g/test) nust be determ ned by cal culating the instantaneous mass
enm ssions and integrating the instantaneous val ues over the cycle.
Al so, the background correction nust be applied directly to the

i nst ant aneous concentration value. The follow ng fornul ae nust be
appl i ed:
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(1) NO fass =

n
o

A (Morw * NOonce, * 0, 001587 Kyyp) - (Morw™ NOXoneq * (1 - 1/ DF)* 0, 001587 Ky,
i=1

(di esel engines)

( 2) NQ( nass

8 (Mony * Ny, * 0, 001587 Ky o) - (Mo * NOXe *(1- 1/ DF)* 0, 001587 K,
i=1

(gas engi nes)

(3) COrass =

é. (MTOTWi * Coconce, i
i=1

*0,000966) - (Mg * CO

concd

*(1 - 1/ DF) * 0, 000966)

(4) HCrass =
é ('\/lTOTW| * HCopee, i * O, 000479) - (Mgw * HC,ea *(1 - 1/DF) * 0, 000479)

i=1

(di esel engines)
(5) HCrass =

al Mowi * HGoncei ¥ 0, 000502) ( Mgy * HGoeo *(1- 1/ DF)* 0, 00050z
i=1

(LPG engi nes)
(6) NVHCrmss =

A ( Mongi XNVHC, .. X0, 000516) ( MonXNVHCX,,. X (1 - 1/ DF) X0, 00516

- (NG engi nes)
(7) CHy mass =

n

A (Mg XCHggrge, X0, 000552) - ( M X CHygoreq X( 1 - 1/ DF) X0, 0®@552)

i=1

(NG engi nes)
wher e:

conce = concentration of the respective pollutant neasured in the
di | uted exhaust gas, ppm

concqg = concentration of the respective pollutant nmeasured in the
dilution air, ppm

Morwi = 1 nstantaneous mass of the diluted exhaust gas
(see paragraph 4.1.), kg

Mow = total nass of diluted exhaust gas over the cycle
(see paragraph 4.1.), kg

Kho = humidity correction factor for diesel engines as determn ned
in paragraph 4.2.
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Khe = humdity correction factor for gas engines as determned in
par agr aph 4.2
DF = dilution factor as determned in paragraph 4.3.1.1.

Cal cul ation of the specific em ssions

The emi ssions (g/ kwWh) nust be cal cul ated for all individual
components in the follow ng way:

FR5;=|VCbﬂm$/me (di esel and gas engi nes)

CO=CO,,. /W, (di esel and gas engines)

m = HCmass /Wact (di esel and LPG fuell ed gas engi nes)
WHC = NMHCmass /Wact (NG fuel | ed gas engi nes)

CH, =CH,, .« /Wact (NG fuel | ed gas engi nes)

wher e:

Wt = actual cycle work as determined in paragraph 3.9.2., kW
CALCULATI ON OF THE PARTI CULATE EM SSI ON (DI ESEL ENG NES ONLY)

Cal cul ati on of the nmss fl ow

The particul ate nass (g/test) nust be cal culated as foll ows:

Mf M 1orw
PTrTass *
Mg, 1000
wher e:
M = particul ate mass sanpl ed over the cycle, ng
Morw = total mass of diluted exhaust gas over the cycle as determ ned
in paragraph 4.1., kg
Msav = mass of diluted exhaust gas taken fromthe dilution tunnel for
collecting particul ates, kg
and,
M = Mp+ Mp if weighed separately, ng
M, = particulate mass collected on the primary filter, ng
M p = particulate mass collected on the back-up filter, ng

If a double dilution systemis used, the nmass of the secondary
dilution air must be subtracted fromthe total nmass of the double
di l uted exhaust gas sanpl ed through the particulate filters.
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Msam = Mrar - Msec

wher e:

Mror = mass of doubl e dil uted exhaust gas through particul ate
filter, kg

Msec = nmass of secondary dilution air, kg

If the particul ate background |level of the dilution air is detern ned
in accordance with paragraph 3.4., the particulate nass may be
background corrected. 1In this case, the particulate mass (g/test)
must be cal cul ated as foll ows:

éMf &Md *ﬁ 1 O@*MTOTW

PTrass = @ - o ||
Moy &M, & DF gy 1000

wher e:

see above

mass of primary dilution air sanpled by background
particul ate sanpler, kg

mass of the collected background particul ates of the primary
dilution air, ngy

DF = dilution factor as determ ned in paragraph 4.3.1.1

M, Ma Morw
Mb L

My

5.2. Cal cul ation of the specific eni ssion

The particul ate em ssion (g/ kW) nust be calculated in the foll ow ng
way:

PT=PT__ /W,

mass
wher e:

Wt = actual cycle work as deternined in paragraph 3.9.2., kWh.
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Speed Torque Speed Torque Speed Tor que
S % % S % % S % %
1225 58.5 093.1 1276 60.6 5.5 1327 63.1 20.3
1226 58.8 86.2 1277 61 14. 3 1328 61.8 19.1
1227 59 72.9 1278 61 12 1329 61.6 17.1
1228 58.2 59.9 1279 61.3 34.2 1330 61 0
1229 57.6 8.5 1280 61.2 17.1 1331 61.2 22
1230 57.1 47.6 1281 61.5 15.7 1332 60.8 40.3
1231 57.2 74.4 1282 61 9.5 1333 61.1 34.3
1232 57 79.1 1283 61.1 9.2 1334 60.7 16.1
1233 56.7 67.2 1284 60.5 4.3 1335 60.6 16.6
1234 56.8 69.1 1285 60.2 7.8 1336 60.5 18.5
1235 56.9 71.3 1286 60.2 5.9 1337 60.6 29.8
1236 57 77.3 1287 60.2 5.3 1338 60.9 19.5
1237 57.4 78.2 1288 59.9 4.6 1339 60.9 22.3
1238 57.3 70.6 1289 59.4 21.5 1340 61.4 35.8
1239 57.7 64 1290 59.6 15.8 1341 61.3 42.9
1240 57.5 55.6 1291 59.3 10.1 1342 61.5 31
1241 58.6 49.6 1292 58.9 9.4 1343 61.3 19.2
1242 58.2 41.1 1293 58.8 9 1344 61 9.3
1243 58.8 40.6 1294 58.9 35.4 1345 60.8 44.2
1244 58.3 21.1 1295 58.9 30.7 1346 60.9 55.3
1245 58.7 24.9 1296 58.9 25.9 1347 61.2 56
1246 59.1 24.8 1297 58.7 22.9 1348 60.9 60.1
1247 58.6 " 1298 58.7 24.4 1349 60.7 59.1
1248 58.8 Ml 1299 59.3 61 1350 60.9 56.8
1249 58.8 s 1300 60.1 56 1351 60.7 58.1
1250 58.7 "t 1301 60.5 50.6 1352 59.6 78.4
1251 59.1 "t 1302 59.5 16.2 1353 59.6 84.6
1252 59.1 " 1303 59.7 50 1354 59.4 66.6
1253 59.4 " 1304 59.7 31.4 1355 59.3 75.5
1254 60.6 2.6 1305 60.1 43.1 1356 58.9 49.6
1255 59.6 "t 1306 60.8 38.4 1357 59.1 75.8
1256 60.1 "t 1307 60.9 40.2 1358 59 77.6
1257 60.6 " 1308 61.3 49.7 1359 59 67.8
1258 59.6 4.1 1309 61.8 45.9 1360 59 56.7
1259 60.7 7.1 1310 62 45.9 1361 58.8 54.2
1260 60.5 "t 1311 62.2 45.8 1362 58.9 59.6
1261 59.7 "t 1312 62.6 46.8 1363 58.9 60.8
1262 59.6 " 1313 62.7 44.3 1364 59.3 56.1
1263 59.8 Ml 1314 62.9 44.4 1365 58.9 48.5
1264 59.6 4.9 1315 63.1 43.7 1366 59.3 42.9
1265 60.1 5.9 1316 63.5 46.1 1367 59.4 41.4
1266 59.9 6.1 1317 63.6 40.7 1368 59.6 38.9
1267 59.7 " 1318 64.3 49.5 1369 59.4 32.9
1268 59.6 Ml 1319 63.7 27 1370 59.3 30.6
1269 59.7 22 1320 63.8 15 1371 59.4 30
1270 59.8 10. 3 1321 63.6 18. 7 1372 59.4 25.3
1271 59.9 10 1322 63.4 8.4 1373 58.8 18.6
1272 60.6 6.2 1323 63.2 8.7 1374 59.1 18
1273 60.5 7.3 1324 63.3 21.6 1375 58.5 10.6
1274 60.2 14.8 1325 62.9 19.7 1376 58.8 10.5
1275 60.6 8.2 1326 63 22.1 1377 58.5 8.2



TRANS/ WP. 29/ 752
page 94

Ti me

1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428

Nor m
Speed
%
58.
59.
59.
59.
59.
59.
60.
59.
60.
59.
61
60.
60.
59.
59.
60.
59.
60
60.
60.
61.
61.
61.
61.
61.
61.
61.
61
61.
61.
61.
61.
61.
61.
61.
61.
61.
61.
61.

[ecle) e o) NerNe)] ONONNPRPRPRPEN

OFRR~AWEANWOOO

NNWNWWOONO DN

Nor m

Tor que

%

[ERN
w

) IR

© o ®© ~
WOPPPOCONW g e
P N®©® g

PW~NWONPWO M

WNNPFPOUITOOOO OO

POOONOOW

.7

(00}

Ti me

1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479

Nor m
Speed

o
- - - N -
U1 U1~ 00 ©©0mww

»
o
WOOWUINOG ©ONNUIN OWO©

01
©wo
ONOWUBERADNOODND~NN~N®

Nor m

Tor que

W wWwww
PR o
S

[\
©r

Ti me

1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530

Nor m
Speed
%
60.
59
60.
60.
59.
59
59
59
58.
58.
58.
57.
58.
57.
58.
57.
57.
58.
58.
58.
58.
59.
59.
59.
59
59.
59.
59.
59.
59.
58.
59
58.
58.
58.
58.
59.
58.
59

PRPROOWWANWONONNONONONPMOPR

O~ hhMbhoOo

O ©0 WO

Nor m
Tor que
%
4.7
0
36. 2
32.5
3.1
"t
"
"
0.6
"t
"t
"
"
"t
9.5
6
27.3
59.9
7.3
21.7
38.9

N
01 00 0o
WwwohhNOO



Ti me

1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581

RPhRrWOUOORRPOTWRADNOOO®

PR DO~

BANRPORRPNNNNREPNWO OWSNNWWE

N A~ 00O

NO~NO~NUTINNO~NOO~NOR ~NONO©O®~NNUTIwoo PG

Ti me

1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632

Nor m
Speed

%
59.
59.
59.
59.
60.
59.
59.
60.
59.
59.
59.
58.
58.
59.
59.
59.
59.
59.
59.
59.
59.
60.
59.
59.
60.
60.
59.
60.
60.
60.
61.
61.
61.
61.
61.
61.
62.
61.
61.
61.
61.
61.
61.
61.
61.
61.
61.
61.
62.
62.
62.

NOPANPONNNNOOOOOPRANNUUINANPOOOORPONOODUITOOORROODOUINRFRPONPRPWWOOOUIR,AS OO

Nor m

Tor que

%
73.
74.
84.
76.
76.
84.
77.
67.
47.
43.
38.
38.
39.
67.
60.
32.

20
34. 4
23.9
15.7

41
26. 3

14
21.2
19.6
34.3

27
25.6
26.3
26.1

38
31.
30.
29.
28.
27.

OQUITONNWFRWOUIOOR,L R, O

NO~NW PR (o woono oo

TRANS/ WP. 29/ 752

page 95

Ti me

1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683

NOPRPONNOUITONNWOWO

WA PRPRPOOWONNONPOWNRFR,PONOOIN

POFRPONOOO OO

w
N s
NORRONOG®~W



TRANS/ WP. 29/ 752
page 96

Ti me

S
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734

"=

o1
©covwvo ©
URRPRUOMOUID DO OO ©

a1
- - - - - - - - - - - - o. - - - - - -
PO~NOOOOPRLPWNOWRARNFRPROPMOOOFRPR OO R_RLRUUITOROGITOIOTI O

not ori ng

PR PR

N R N =
DONNNPRINTGbowwo PRI
PO NN 5 W oW W ]
ooh N9 TRPORM L Locoow NI

22. 4

18.6
11.9
11.6
10. 6

17
16.1
11. 4
11.3
11.2

Ti me

1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785

WWOORFR,A~OUIOOWOWOWAUITUIN 00 = 00O 00O

ArDh~NOoODO

o~ = 0000

WNNDOTON

Nor m
Tor que
%
25.6
14. 6
10. 4
"
"
4.8

"
" g
" g
" g

= -
P.P'B
B w

X
o ©
9o
WP o

P oW o

- oo
U'I'_\LOl—‘U'II—‘m_b

=

NN D
O~
N WA UTWo AN

Ti me

1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800

Nor m
Speed

OOOOOOOOOOOOOOOO\o

Nor m
Tor que

COO0O0OO0O0O00O0O0O0OO0O0OO0OR



TRANS/ WP. 29/ 752
page 97

A graphi cal display of the ETC dynanoneter schedule is shown in Figure 5.
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Fi gure 5: ETC Dynanonet er Schedul e

Annex 4 — Appendi x 4, anend to read:

"Annex 4 - Appendix 4

MEASUREMENT AND SAMPLI NG PROCEDURES

1. | NTRODUCTI ON

Gaseous conponents, particul ates, and snmoke emtted by the engine
subnmitted for testing nust be nmeasured by the nmethods described in
annex 4, appendix 7. The respective paragraphs of annex 4,
appendi x 7 describe the recommended anal ytical systens for the
gaseous emni ssions (paragraph 1.), the recommended particul ate
dilution and sanpling systems (paragraph 2.), and the recomended
opaci neters for snoke neasurenent (paragraph 3.).

For the ESC, the gaseous conponents nust be determined in the raw
exhaust gas. Optionally, they may be deternmined in the diluted
exhaust gas, if a full flow dilution systemis used for particul ate
determ nation. Particulates nust be determined with either a partial
flowor a full flow dilution system
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2. 2.

2.3.

For the ETC, only a full flow dilution system nust be used for
determ ni ng gaseous and particul ate enissions, and is considered the
reference system However, partial flow dilution systens may be
approved by the Technical Service, if their equival ency according to
paragraph 6.2. to the Regulation is proven, and if a detailed
description of the data evaluation and cal cul ati on procedures is
submitted to the Technical Service.

DYNAMOMETER AND TEST CELL EQUI PMENT

The foll owi ng equi pnent nmust be used for emi ssion tests of engines on
engi ne dynanonet ers.

Engi ne dynanonet er

An engi ne dynanoneter nust be used with adequate characteristics to
performthe test cycles described in appendices 1 and 2 to this
annex. The speed neasuring system nust have an accuracy of + 2 per
cent of reading. The torque nmeasuring system nust have an accuracy
of + 3 per cent of reading in the range > 20 per cent of full scale,
and an accuracy of = 0.6 per cent of full scale in the range O 20 per
cent of full scale.

Ot her instrunments

Measuring i nstrunents for fuel consunption, air consunption
tenperature of coolant and | ubricant, exhaust gas pressure and intake
maeni f ol d depressi on, exhaust gas tenperature, air intake tenperature,
at nospheric pressure, hunmdity and fuel tenperature nust be used, as
required. These instrunents nust satisfy the requirenents given in
tabl e 8:

Tabl e 8: Accuracy of measuring instrunments

Measuri ng i nstrumnment Accur acy

Fuel Consunption % of Engi ne's Maxi mum Val ue

Air Consunption % of Engi ne's Maxi mum Val ue

Tenperatures [0 600 K (327°C) K Absol ute

Tenperatures 0O 600 K (327°C) % of Readi ng

At nospheric Pressure .1 kPa Absol ute

Exhaust Gas Pressure .2 kPa Absol ute

I nt ake Depression .05 kPa Absol ute

Ot her Pressures .1 kPa Absol ute

Rel ative Hum dity % Absol ute

QWO (O|O| O[NNI N

]+ I+

Absol ute Hum dity % of Readi ng

Exhaust gas fl ow

For cal cul ation of the em ssions in the raw exhaust, it is necessary
to know t he exhaust gas flow (see paragraph 4.4. of appendix 1).

For the determ nation of the exhaust flow either of the follow ng
met hods may be used:

Di rect nmeasurenent of the exhaust flow by flow nozzle or equival ent
metering system
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Measurement of the air flow and the fuel flow by suitable netering
systens and cal cul ati on of the exhaust flow by the follow ng
equati on:

Grw = Gurv * G (for wet exhaust mass)

The accuracy of exhaust flow determination nust be + 2.5 per cent of
readi ng or better.

Di | ut ed exhaust gas fl ow

For calculation of the emissions in the diluted exhaust using a ful
flow dilution system (mandatory for the ETC), it is necessary to know
the diluted exhaust gas flow (see paragraph 4.3. of appendix 2). The
total nass flowrate of the diluted exhaust (Grony or the total nass
of the diluted exhaust gas over the cycle (Mo must be neasured

with a PDP or CFV (annex 4, appendix 7, paragraph 2.3.1.). The
accuracy must be £ 2 per cent of reading or better, and nust be
determ ned according to the provisions of annex 4, appendix 5

par agr aph 2. 4.

DETERM NATI ON OF THE GASEQUS COWMPONENTS

General anal yser specifications

The anal ysers nust have a neasuring range appropriate for the
accuracy required to neasure the concentrations of the exhaust gas
conponents (paragraph 3.1.1). It is recommended that the anal ysers
be operated such that the neasured concentration falls between 15 per
cent and 100 per cent of full scale.

If read-out systens (conputers, data | oggers) can provide sufficient
accuracy and resolution below 15 per cent of full scale, nmeasurenents
bel ow 15 per cent of full scale are also acceptable. |In this case,
additional calibrations of at |east 4 non-zero nominally equally
spaced points are to be nade to ensure the accuracy of the
calibration curves according to annex 4, appendix 5

paragraph 1.5.5. 2.

The el ectromagnetic conpatibility (EMC) of the equi pment nmust be on a
Il evel as to mninise additional errors.

Measur enent error

The total neasurenent error, including the cross sensitivity to other
gases (see annex 4, appendix 5, paragraph 1.9.), nmust not exceed

+ 5 per cent of the reading or = 3.5 per cent of full scale,

whi chever is smaller. For concentrations of |ess than 100 ppmthe
neasurenment error nmust not exceed = 4 ppm
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3.1.2.

Repeatability

The repeatability, defined as 2.5 tinmes the standard devi ation of 10
repetitive responses to a given calibration or span gas, has to be
not greater than £ 1 per cent of full scale concentration for each
range used above 155 ppm (or ppm C) or = 2 per cent of each range
used bel ow 155 ppm (or ppm C).

Noi se

The anal yser peak-to-peak response to zero and calibration or span
gases over any 10 seconds period nust not exceed 2 per cent of ful
scal e on all ranges used.

Zero drift

The zero drift during a one hour period nust be |less than 2 per cent
of full scale on the |owest range used. The zero response is defined
as the mean response, including noise, to a zero gas during a 30
seconds time interval

Span drift

The span drift during a one hour period nust be |less than 2 per cent

of full scale on the |lowest range used. Span is defined as the

di fference between the span response and the zero response. The span
response is defined as the nean response, including noise, to a span

gas during a 30 seconds tinme interval

Gas drying

The optional gas drying device nust have a mnimal effect on the
concentration of the neasured gases. Chenical dryers are not an
acceptabl e nethod of renmoving water fromthe sanple.

Anal ysers

Paragraphs 3.3.1. to 3.3.4. describe the nmeasurenent principles to be
used. A detailed description of the measurenent systens is given in
annex 4, appendix 7. The gases to be nmeasured nust be analysed with
the follow ng instruments. For non-linear anal ysers, the use of
linearising circuits is permtted.

Car bon nonoxi de (CO) analysis

The carbon nonoxi de anal yser must be of the Non-Di spersive |Infra-Red
(NDI R) absorption type

Car bon di oxi de (CQ,) analysis

The carbon di oxi de anal yser nust be of the Non-Dispersive |Infra-Red
(NDI R) absorption type
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Hydr ocarbon (HC) anal ysis

For diesel and LPG fuell ed gas engines, the hydrocarbon anal yser nust
be of the Heated Flane |onisation Detector (HFID) type with detector
val ves, pipework, etc. heated so as to maintain a gas tenperature of
463K £ 10K (190 + 10°C). For NG fuell ed gas engi nes, the hydrocarbon
anal yser may be of the non heated Fl ane |onisation Detector (FID)
type dependi ng upon the nmethod used (see annex 4, appendix 7
paragraph 1.3.).

Non- net hane hydrocarbon (NVHC) analysis (NG fuell ed gas engi nes only)

Non- net hane hydrocar bons nust be deternined by either of the
fol |l owi ng net hods:

Gas chromat ographic (GC) met hod

Non- met hane hydrocarbons nust be deternined by subtraction of the
met hane anal ysed with a Gas Chromat ograph (GC) conditioned at 423 K
(150°C) fromthe hydrocarbons neasured according to paragraph 3.3.3.

Non- met hane cutter (NMC) nethod

The determination of the non-nmethane fraction nust be perforned with
a heated NMC operated in line with an FID as per paragraph 3.3.3. by
subtraction of the nethane from the hydrocarbons.

Oxi des of nitrogen (NQ) analysis

The oxi des of nitrogen anal yser nust be of the Chem -Luni nescent

Det ector (CLD) or Heated Chem - Lumi nescent Detector (HCLD) type with
a NGO,/ NO converter, if nmeasured on a dry basis. |If nmeasured on a wet
basis, a HCLD with converter nmintai ned above 328 K (55°C) nust be
used, provided the water quench check (see annex 4, appendix 5
paragraph 1.9.2.2.) is satisfied.

Sampl i ng of gaseous eni ssions

Raw exhaust gas (ESC only)

The gaseous eni ssions sanpling probes nust be fitted at least 0.5 m
or 3 tinmes the dianeter of the exhaust pipe - whichever is the |arger
- upstream of the exit of the exhaust gas systemas far as applicable
and sufficiently close to the engine as to ensure an exhaust gas
tenperature of at least 343 K (70°C) at the probe.

In the case of a nulti-cylinder engine with a branched exhaust

mani fold, the inlet of the probe nust be located sufficiently far
downstream so as to ensure that the sanple is representative of the
aver age exhaust emissions fromall cylinders. In rmulti-cylinder

engi nes having distinct groups of manifolds, such as in a "Vee"
engi ne configuration, it is permssible to acquire a sanple from each
group individually and cal cul ate an average exhaust em ssion. O her
met hods whi ch have been shown to correlate with the above nethods may
be used. For exhaust emnission calculation the total exhaust mass

fl ow must be used.
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3.

4,

2.

If the engine is equipped with an exhaust after-treatnent system the
exhaust sanpl e nmust be taken downstream of the exhaust
after-treatment system

Di | ut ed exhaust gas (mandatory for ETC, optional for ESC)

The exhaust pipe between the engine and the full flow dilution system
must conformto the requirenents of annex 4, appendix 7
paragraph 2.3.1., EP.

The gaseous emni ssions sanple probe(s) must be installed in the
dilution tunnel at a point where the dilution air and exhaust gas are
wel |l mxed, and in close proximty to the particul ates sanpling
probe.

For the ETC, sanpling can generally be done in two ways:

— the pollutants are sanpled into a sanpling bag over the cycle and
measured after conpletion of the test;

— the pollutants are sampl ed continuously and integrated over the
cycle; this nethod is mandatory for HC and NG..

DETERM NATI ON OF THE PARTI CULATES

The determination of the particulates requires a dilution system
Dilution my be acconplished by a partial flow dilution system (ESC
only) or a full flow dilution system (mandatory for ETC). The fl ow
capacity of the dilution system must be |arge enough to conpletely
elimnate water condensation in the dilution and sanmpling systens,
and maintain the tenperature of the diluted exhaust gas at or bel ow
325K (52°C) immedi ately upstream of the filter hol ders.

Dehum di fying the dilution air before entering the dilution systemis
permtted, and especially useful if dilution air hunmidity is high.
The tenperature of the dilution air nmust be 298 K+ 5 K (25°C = 5°C).
If the anmbient tenperature is below 293K (20°C), dilution air pre-
heati ng above the upper tenperature limt of 303K (30°C) is
recommended. However, the dilution air tenperature nust not exceed
325 K (52°C) prior to the introduction of the exhaust in the dilution
tunnel

The partial flow dilution systemhas to be designed to split the
exhaust streaminto two fractions, the smaller one being diluted with
air and subsequently used for particulate neasurenent. For this it
is essential that the dilution ratio be determ ned very accurately.
Different splitting nmethods can be applied, whereby the type of
splitting used dictates to a significant degree the sanpling hardware
and procedures to be used (annex 4, appendix 7, paragraph 2.2.). The
particul ate sanpling probe nmust be installed in close proximty to

t he gaseous em ssions sanpling probe, and the installation nust
conply with the provisions of paragraph 3.4.1.

To determ ne the nmass of the particul ates, a particulate sanpling
system particulate sanpling filters, a mcrogram bal ance, and a
tenperature and humidity controll ed wei ghi ng chanber, are required
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For particul ate sanpling, the single filter nethod nust be applied
whi ch uses one pair of filters (see paragraph 4.1.3) for the whole
test cycle. For the ESC, considerable attention nust be paid to
sanmpling tinmes and flows during the sanpling phase of the test.

Particul ate sanpling filters

Filter specification

Fl uor ocarbon coated glass fibre filters or fluorocarbon based
menbrane filters are required. All filter types nust have a 0.3 um
DOP (di-octyl phthalate) collection efficiency of at |east 95 per cent
at a gas face velocity between 35 and 80 cnts.

Filter size

Particulate filters nmust have a mninum di anmeter of 47 nm (37 nm
stain diameter). Larger dianeter filters are acceptable
(paragraph 4.1.5).

Primary and back-up Filters

The diluted exhaust nust be sanpled by a pair of filters placed in
series (one primary and one back-up filter) during the test sequence.
The back-up filter nust be |located no nore than 100 mm downstream of,
and nmust not be in contact with the primary filter. The filters may
be wei ghed separately or as a pair with the filters placed stain side
to stain side.

Filter face velocity

A gas face velocity through the filter of 35 to 80 cnis nust be
achi eved. The pressure drop increase between the beginning and the
end of the test nust be no nore than 25 kPa.

Filter |oading

The recomended mininum filter |oading nust be 0.5 ng/ 1075 m? stain

area. For the nobst conmon filter sizes the values are shown in table
9
Tabl e 9: Recomrended filter |oadings
Filter Diameter (nm Reconmended Stain Reconmended M ni num
47 37 0.5
70 60 1.3
90 80 2.3
110 100 3.6
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Wei ghi ng chanber and anal yti cal bal ance specifications

Wei ghi ng chanber conditions

The tenperature of the chanber (or room) in which the particulate
filters are conditioned and wei ghed nust be nmaintained to within
295K + 3 K (22°C + 3°C) during all filter conditioning and wei ghi ng.
The humi dity nust be nmaintained to a dew point of 282.5K £+ 3 K
(9.5°C + 3°C) and a relative humdity of 45 %+ 8 %

Ref erence filter weighing

The chanmber (or room environment must be free of any ambi ent
contam nants (such as dust) that would settle on the particulate
filters during their stabilisation. Disturbances to weighing room
specifications as outlined in paragraph 4.2.1. will be allowed if the
duration of the disturbances does not exceed 30 mi nutes. The

wei ghi ng room shoul d neet the required specifications prior to
personal entrance into the weighing room At |east two unused
reference filters or reference filter pairs nust be weighed within
4 hours of, but preferably at the same tine as the sanple filter
(pair) weighings. They nust be the sane size and material as the
sanple filters.

If the average weight of the reference filters (reference filter
pai rs) changes between sanple filter weighings by nore than = 5 per
cent (= 7.5 per cent for the filter pair respectively) of the
recommended mnimumfilter |oading (paragraph 4.1.5.), then al
sanple filters nmust be discarded and the emi ssions test repeated.

If the weighing roomstability criteria outlined in paragraph 4.2.1.
is not net, but the reference filter (pair) weighings neet the above
criteria, the engine manufacturer has the option of accepting the
sanmple filter weights or voiding the tests, fixing the weighing room
control system and rerunning the test.

Anal yti cal bal ance

The anal ytical balance used to determine the weights of all filters
must have a precision (standard deviation) of 20 pg and a resol ution
of 10 pug (1 digit = 10 pug). For filters less than 70 nm di anet er,
the precision and resolution nust be 2 ug and 1 ug, respectively.
Elimination of static electricity effects

To elimnate the effects of static electricity, the filters should be
neutralised prior to weighing, e.g. by a Poloniumneutraliser or a
device of similar effect.

Addi tional specifications for particul ate nmeasurenent

Al parts of the dilution systemand the sanpling systemfromthe
exhaust pipe up to the filter holder, which are in contact with raw
and dil uted exhaust gas, nust be designed to nininse deposition or
alteration of the particulates. Al parts nust be nade of
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electrically conductive materials that do not react w th exhaust gas
conmponents, and nust be electrically grounded to prevent
el ectrostatic effects.

DETERM NATI ON OF SMOKE OPACI TY

Thi s paragraph provides specifications for the required and optiona
test equipnent to be used for the ELR test. The snopke nust be
measured with an opaci neter having an opacity and a |ight absorption
coefficient readout node. The opacity readout node nust only be used
for calibration and checking of the opacinmeter. The snpke val ues of
the test cycle nmust be neasured in the |ight absorption coefficient
readout node.

General requirenents

The ELR requires the use of a snpke measurenent and data processing
system whi ch includes three functional units. These units may be
integrated into a single component or provided as a system of

i nterconnected conponents. The three functional units are:

— An opacinmeter nmeeting the specifications of annex 4, appendix 7,
par agraph 3.

— A data processing unit capable of performing the functions
described in annex 4, appendix 1, paragraph 6.

— A printer and/or electronic storage nediumto record and out put the
requi red snoke val ues specified in annex 4, appendix 1
par agr aph 6. 3.

Specific requirenents

Li nearity
The linearity nust be within £ 2 per cent opacity.
Zero drift

The zero drift during a one hour period nust not exceed = 1 per cent
opacity.

Opaci neter display and range

For display in opacity, the range nust be 0 - 100 per cent opacity,
and the readability 0.1 per cent opacity. For display in |ight
absorption coefficient, the range nust be 0 - 30 m?! |ight absorption
coefficient, and the readability 0.01 m?' |ight absorption
coefficient.

I nstrument response tine
The physical response tinme of the opacineter nust not exceed 0.2 s.

The physical response tine is the difference between the tinmes when
the output of a rapid response receiver reaches 10 and 90 per cent of
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I nsert

2.

5.

the full deviation when the opacity of the gas being neasured is
changed in less than 0.1 s.

The el ectrical response tine of the opaci meter nust not exceed

0.05 s. The electrical response tine is the difference between the
ti mes when the opaci meter output reaches 10 and 90 per cent of the
full scale when the light source is interrupted or conpletely
extinguished in | ess than 0.01 s.

Neutral density filters

Any neutral density filter used in conjunction with opacineter
calibration, linearity measurenents, or setting span nust have its
val ue known to within 1.0 per cent opacity. The filter's non na

val ue nust be checked for accuracy at |east yearly using a reference
traceable to a national or international standard.

Neutral density filters are precision devices and can easily be
damaged during use. Handling should be mnimsed and, when required,
shoul d be done with care to avoid scratching or soiling of the
filter.

new Annex 4 — Appendix 5, to read:

1

1

. 2.

"Annex 4 - Appendix 5

CALI BRATI ON PROCEDURE

1. CALI BRATI ON OF THE ANALYTI CAL | NSTRUVENTS
I nt roduction

Each anal yser nmust be calibrated as often as necessary to fulfil the
accuracy requirenents of this Regulation. The calibration method
that nust be used is described in this paragraph for the anal ysers

i ndicated in annex 4, appendix 4, paragraph 3. and annex 4,

appendi x 7, paragraph 1.

Cali brati on gases

The shelf life of all calibration gases nmust be respected.
The expiration date of the calibration gases stated by the
manuf act urer nust be recorded.

Pure gases
The required purity of the gases is defined by the contam nation

limts given below. The follow ng gases nust be avail able for
operation:
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Purified nitrogen
(Contam nation O 1 ppmCl, 01 ppm CO 0O 400 ppm CO,, O 0.1 ppm NO

Purified oxygen
(Purity $ 99.5 % vol 0

Hydr ogen- hel i um mi xture

(40 £ 2 % hydrogen, bal ance helium

(Contamination O 1 ppm Cl, 0O 400 ppm CQG,)

Purified synthetic air

(Contam nation O 1 ppm Cl, O 1 ppm CO 0O 400 ppm CO,, O 0.1 ppm NO
(Oxygen content between 18-21 % vol.)

Purified propane or CO for the CVS verification

Cal i bration and span gases

M xtures of gases having the foll owing chenical conpositions nust be
avai |l abl e:

CHg and purified synthetic air (see paragraph 1.2.1);
CO and purified nitrogen;

NO, and purified nitrogen (the amount of NO, contained in this
calibration gas nust not exceed 5 % of the NO content);

CO, and purified nitrogen
CH, and purified synthetic air
CGHs and purified synthetic air

Not e: Ot her gas conbinations are allowed provided the gases do not
react with one anot her.

The true concentration of a calibration and span gas nust be within
+ 2 per cent of the nomnal value. All concentrations of calibration
gas nmust be given on a volunme basis (volune percent or volume ppm.
The gases used for calibration and span nmay al so be obtai ned by neans
of a gas divider, diluting with purified N, or with purified
synthetic air. The accuracy of the nmixing device nust be such that
the concentration of the diluted calibration gases may be determ ned
to within £ 2 per cent.

Operating procedure for anal ysers and sanpling system

The operating procedure for analysers nust follow the start-up and
operating instructions of the instrunment nmanufacturer. The m ni num
requi renents given in paragraphs 1.4. to 1.9. must be incl uded.
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1. 4.

Leakage test

A system | eakage test must be performed. The probe nust be

di sconnected fromthe exhaust system and the end plugged. The

anal yser punp nust be switched on. After an initial stabilisation
period all flow nmeters should read zero. If not, the sanpling |ines
must be checked and the fault corrected.

The maxi mum al | owabl e | eakage rate on the vacuum side nust be 0.5 per
cent of the in-use flowrate for the portion of the system being
checked. The analyser flows and bypass flows may be used to estinmate
the in-use flow rates.

Another nethod is the introduction of a concentration step change at
the beginning of the sanpling line by switching fromzero to span
gas. |If after an adequate period of tine the reading shows a | ower
concentration conpared to the introduced concentration, this points
to calibration or | eakage problens.

Cali bration procedure

I nstrument assenbly
The instrunent assenbly nust be calibrated and calibration curves

checked agai nst standard gases. The sane gas flow rates nust be used
as when sanpling exhaust.

War mi ng-up tinme

The warm ng-up tinme should be according to the recommendati ons of the
manufacturer. |If not specified, a mninmmof two hours is
recommended for warnming up the anal ysers.

NDI R and HFI D anal yser

The NDI R anal yser nust be tuned, as necessary, and the conbustion
flame of the HFI D anal yser nust be optimnised (paragraph 1.8.1).

Cali bration
Each normal |y used operating range nust be cali brat ed.

Using purified synthetic air (or nitrogen), the CO CO, NG and HC
anal ysers nust be set at zero.

The appropriate calibration gases nmust be introduced to the
anal ysers, the values recorded, and the calibration curve established
according to paragraph 1.5.5.

The zero setting nust be rechecked and the calibration procedure
repeated, if necessary.
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Est abl i shment of the calibration curve
General guidelines

The anal yser calibration curve nust be established by at |east five
calibration points (excluding zero) spaced as uniformy as possible.
The hi ghest nom nal concentration nmust be equal to or higher than
90 per cent of full scale.

The calibration curve nust be cal cul ated by the nethod of | east
squares. |If the resulting polynom al degree is greater than 3, the
nunber of calibration points (zero included) nust be at |east equa
to this polynonial degree plus 2

The calibration curve nust not differ by nore than £+ 2 per cent from
the noninal value of each calibration point and by nore than = 1 per
cent of full scale at zero.

Fromthe calibration curve and the calibration points, it is possible
to verify that the calibration has been carried out correctly. The
different characteristic paraneters of the anal yser nust be

i ndi cated, particularly:

— the nmeasuring range;

— the sensitivity;

— the date of carrying out the calibration.
Calibration bel ow 15 per cent of Full Scal e
The anal yser calibration curve nust be established by at |east
4 additional calibration points (excluding zero) spaced nom nally
equal |y bel ow 15 per cent of full scale.
The calibration curve is calculated by the nethod of |east squares.
The calibration curve nust not differ by nore than * 4 per cent from
the nom nal value of each calibration point and by nore than = 1 per
cent of full scale at zero.
Al ternative methods
If it can be shown that alternative technology (e.g. conputer,
electronically controlled range switch, etc.) can give equival ent

accuracy, then these alternatives may be used.

Verification of the calibration

Each normal |y used operating range nust be checked prior to each
anal ysis in accordance with the foll ow ng procedure.

The calibration nust be checked by using a zero gas and a span gas
whose noninal value is nore than 80 per cent of full scale of the
measuring range.

If, for the two points considered, the value found does not differ by
more than = 4 per cent of full scale fromthe declared reference
val ue, the adjustnent paraneters nay be nodified. Should this not be
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1.7.2.

1.7.3.

the case, a new calibration curve nust be established in accordance
wi th paragraph 1.5.5.

Efficiency test of the NG_converter

The efficiency of the converter used for the conversion of NG, into
NO nmust be tested as given in paragraphs 1.7.1. to 1.7.8.(Figure 6).

selenuld valve

oy || S |

te analyser

Figure 6 Schematic of NO, converter efficiency device

Test set-up

Using the test set-up as shown in Figure 6 (see al so annex 4,
appendi x 4, paragraph 3.3.5.) and the procedure below, the efficiency
of converters can be tested by neans of an ozonator.

Cal i bration

The CLD and the HCLD nust be calibrated in the nost common operating
range follow ng the manufacturer's specifications using zero and span
gas (the NO content of which nust anpunt to about 80 per cent of the
operating range and the NO, concentration of the gas m xture to |ess
than 5 per cent of the NO concentration). The NO anal yser must be
in the NO nbde so that the span gas does not pass through the
converter. The indicated concentration has to be recorded.

Cal cul ation
The efficiency of the NO, converter is calculated as follows:
Efficiency (%) = & + 2 20x100
y & c-do
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wher e:
a is the NO; concentration according to paragraph 1.7.6
b is the NGO concentration according to paragraph 1.7.7
c is the NO concentration according to paragraph 1.7.4
d is the NO concentration according to paragraph 1.7.5

Addi ng of oxygen

Via a T-fitting, oxygen or zero air is added continuously to the gas
flow until the concentration indicated is about 20 per cent |ess than
the indicated calibration concentration given in paragraph 1.7.2.(The
analyser is in the NO nbde). The indicated concentration ¢ nust be
recorded. The ozonator is kept deactivated throughout the process.

Activation of the ozonator

The ozonator is now activated to generate enough ozone to bring the
NO concentration down to about 20 per cent (m ninmm 10 per cent) of
the calibration concentration given in paragraph 1.7.2. The

i ndi cated concentration d nust be recorded (The analyser is in the NO
node) .

NQ, node

The NO anal yser is then switched to the NO npde so that the gas
m xture (consisting of NO, NG, O and N;) now passes through the
converter. The indicated concentration a nust be recorded. (The
anal yser is in the NO node).

Deactivation of the ozonator

The ozonator is now deactivated. The mixture of gases described in
paragraph 1.7.6. passes through the converter into the detector. The
i ndi cated concentration b nust be recorded. (The analyser is in the
NG, node).

NO node

Switched to NO node with the ozonator deactivated, the flow of oxygen
or synthetic air is also shut off. The NO reading of the anal yser
must not deviate by nore than + 5 per cent fromthe val ue neasured
according to paragraph 1.7.2. (The analyser is in the NO nopde).

Test interval

The efficiency of the converter nust be tested prior to each
calibration of the NO anal yser.

Ef ficiency requirenent

The efficiency of the converter nmust not be | ess than 90 per cent,
but a higher efficiency of 95 per cent is strongly reconmended.

Note: If, with the analyser in the nbpst commopn range, the ozonator
cannot give a reduction from 80 per cent to 20 per cent
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according to paragraph 1.7.5., then the highest range which
will give the reduction nust be used.

1.8. Adj ust nent of the FID

1.8.1. Optim sation of the detector response

The FID nust be adjusted as specified by the instrunent manufacturer.
A propane in air span gas should be used to optinise the response on
the npst common operating range.

Wth the fuel and air flow rates set at the manufacturer's
recommendations, a 350 £ 75 ppm C span gas nust be introduced to the
anal yser. The response at a given fuel flow nust be determ ned from
the difference between the span gas response and the zero gas
response. The fuel flow nust be increnmentally adjusted above and

bel ow the manufacturer's specification. The span and zero response
at these fuel flows nust be recorded. The difference between the
span and zero response nust be plotted and the fuel flow adjusted to
the rich side of the curve

1.8.2. Hydrocar bon response factors

The anal yser nust be calibrated using propane in air and purified
synthetic air, according to paragraph 1.5.

Response factors nust be determ ned when introducing an anal yser into
service and after nmjor service intervals. The response factor (R)
for a particular hydrocarbon species is the ratio of the FID Cl1
reading to the gas concentration in the cylinder expressed by ppm Cl.

The concentration of the test gas nust be at a level to give a
response of approximately 80 per cent of full scale. The
concentration nust be known to an accuracy of = 2 per cent in
reference to a gravinetric standard expressed in volune. In

addi tion, the gas cylinder nust be preconditioned for 24 hours at a
tenperature of 298 K+ 5 K (25°C + 5°C).

The test gases to be used and the recommended rel ative response
factor ranges are as follows:

Met hane and purified synthetic air 5
Propyl ene and purified synthetic air
Tol uene and purified synthetic air

cor
© © o
ooo
[ -
DX
OOoO
Lanli il o
B

0

These values are relative to the response factor (R) of 1.00 for
propane and purified synthetic air.

1.8.3. Oxygen interference check

The oxygen interference check nust be deternined when introduci ng an
anal yser into service and after mmjor service intervals.
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The response factor is defined and nust be determ ned as described in
paragraph 1.8.2. The test gas to be used and the recomended
relative response factor range are as foll ows:

Propane and nitrogen 0.95 O R 0O 1.05

This value is relative to the response factor (R) of 1.00 for
propane and purified synthetic air.

The FID burner air oxygen concentration nust be within £ 1 nmole % of
the oxygen concentration of the burner air used in the | atest oxygen
interference check. |If the difference is greater, the oxygen

interference nust be checked and the anal yser adjusted, if necessary.

Ef ficiency of the non-nethane cutter (NMC, for NG fuell ed gas engines
only)

The NMC is used for the renpval of the non-nethane hydrocarbons from
the sanple gas by oxidising all hydrocarbons except nethane.

Ideally, the conversion for nmethane is 0 % and for the other

hydr ocarbons represented by ethane is 100 % For the accurate

measur enent of NWHC, the two efficiencies nmust be determ ned and used
for the calculation of the NVMHC enission nmass flow rate (see annex 4,
appendi x 2, paragraph 4.3.).

Met hane effi ciency
Met hane cal i bration gas nust be flown through the FIDwith and

wi t hout bypassing the NMC and the two concentrations recorded. The
efficiency nust be determ ned as follows:

conc,
CE, =1- ———
conc,,,
wher e:
conc, =HC concentration with CHy flow ng through the NMC
concy, =HC concentration with CH; bypassing the NMC

Et hane efficiency

Et hane cal i bration gas nust be flown through the FID with and wi t hout
bypassing the NMC and the two concentrations recorded.
The efficiency nust be determ ned as follows:

conc,

CE, =1- ———*—
conc,,,
wher e:

concy, =HC concentration with GHs flowi ng through the NMC
concy, =HC concentration with GHs bypassi ng the NMC
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1.9

1.9.1.

1.9.2. 1.

Interference effects with CO CO,, and NGO anal ysers

Gases present in the exhaust other than the one being anal ysed can
interfere with the reading in several ways. Positive interference
occurs in NDIR instrunents where the interfering gas gives the sane
effect as the gas being neasured, but to a | esser degree. Negative
interference occurs in NDIR instrunents by the interfering gas
broadeni ng the absorption band of the neasured gas, and in CLD
instrunments by the interfering gas quenching the radiation. The
interference checks in paragraphs 1.9.1. and 1.9.2. nust be perforned
prior to an analyser’s initial use and after nmmjor service intervals.

CO Anal yser interference check

Water and CO, can interfere with the CO anal yser performance.
Therefore, a CO, span gas having a concentration of 80 to 100 per

cent of full scale of the maxi mum operating range used during testing
must be bubbl ed through water at roomtenperature and the anal yser
response recorded. The anal yser response nust not be nore than 1 per
cent of full scale for ranges equal to or above 300 ppm or nore than
3 ppm for ranges bel ow 300 ppm

NO, anal yser quench checks

The two gases of concern for CLD (and HCLD) anal ysers are CO, and
wat er vapour. Quench responses to these gases are proportional to
their concentrations, and therefore require test techniques to
determ ne the quench at the highest expected concentrations
experienced during testing.

CO, quench check

A CO, span gas having a concentration of 80 to 100 per cent of full
scal e of the maxi mum operating range nust be passed through the NDI R
anal yser and the CO, value recorded as A. It nmust then be diluted
approximately 50 per cent with NO span gas and passed through the
NDI R and (H)CLD, with the CO, and NO val ues recorded as B and C,
respectively. The CO, must then be shut off and only the NO span
gas be passed through the (H)CLD and the NO value recorded as D

The quench, which nust not be greater than 3 per cent of full scale,
must be cal cul ated as foll ows:

% Quenc —él & (C*A) (l'jg*lOO
° & &D*A)- (D*B)of

wher e:

A is the undiluted CO, concentration neasured with NDIR in per cent
B is the diluted CO, concentration neasured with NDIR in per cent
C is the diluted NO concentration nmeasured with (HYCLD in ppm

D is the undiluted NO concentration neasured with (HYCLD in ppm
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Al ternative nethods of diluting and quantifying of CO, and NO span
gas val ues such as dynam ¢ m xi ng/ bl endi ng can be used.

Wat er quench check

This check applies to wet gas concentration neasurenents only.

Cal cul ation of water quench nust consider dilution of the NO span gas
wi th water vapour and scaling of water vapour concentration of the

m xture to that expected during testing.

A NO span gas having a concentration of 80 to 100 per cent of ful
scal e of the normal operating range nust be passed through the (H)CLD
and the NO val ue recorded as D. The NO span gas nust then be bubbl ed
through water at roomtenperature and passed through the (H)CLD and
the NO value recorded as C. The anal yser’'s absol ute operating
pressure and the water tenperature nust be deternined and recorded as
E and F, respectively. The mxture's saturation vapour pressure that
corresponds to the bubbler water tenperature F nmust be deterni ned and
recorded as G The water vapour concentration (H, in % of the

m xture must be cal cul ated as foll ows:

H = 100*( G E)

The expected diluted NO span gas (in water vapour) concentration (De)
nmust be cal cul ated as foll ows:

De = D* ( 1- H 100 )

For di esel exhaust, the maxi mum exhaust water vapour concentration
(Hm in 9% expected during testing nust be estimted, under the
assunmption of a fuel atomH Cratio of 1.8:1. fromthe undiluted CO
span gas concentration (A, as neasured in paragraph 1.9.2.1) as
fol | ows:

Hm = 0. 9*A

The water quench, which nust not be greater than 3 per cent, nust be
cal cul ated as foll ows:

% Quench = 100 * ( ( De - C)/De) * (HMH
wher e:

Deis the expected diluted NO concentration in ppm
C is the diluted NO concentration in ppm

Hmi s the maxi mnum water vapour concentration in %
H is the actual water vapour concentration in %

Note: It is inportant that the NO span gas contains mniml NO
concentration for this check, since absorption of NG, in
wat er has not been accounted for in the quench cal cul ations.
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1.10.

2.

2.

1

Calibration intervals

The anal ysers nust be calibrated according to paragraph 1.5. at | east
every 3 nonths or whenever a systemrepair or change is made that
could influence calibration.

CALI BRATI ON OF THE CVS- SYSTEM

Gener al

The CVS system nmust be calibrated by using an accurate fl owreter
traceable to national or international standards and a restricting
device. The flow through the system nust be neasured at different

restriction settings, and the control paranmeters of the system nust
be nmeasured and related to the flow

Various types of flownmeters nmay be used, e. g. calibrated venturi,
calibrated | aminar flowreter, calibrated turbineneter.

Calibration of the positive displacenent punp (PDP)

All paraneters related to the punp nust be sinmultaneously neasured
with the paranmeters related to the flowreter which is connected in
series with the punp. The calculated flowrate (in m/nmin at punp
inlet, absolute pressure and tenperature) nust be plotted versus a
correlation function which is the value of a specific conbination of
punp paraneters. The |inear equation which relates the punp flow and
the correlation function nust then be determined. |f a CVS has a

mul tiple speed drive, the calibration nmust be perforned for each
range used. Tenperature stability nust be maintained during

cal i bration.

Dat a anal ysi s

The air flowrate (@) at each restriction setting (mnininmm 6
settings) nmust be calculated in standard nm/min fromthe fl owreter
data using the manufacturer's prescribed nethod. The air flowrate
must then be converted to punp flow (Vo) in m/rev at absolute punp
inlet tenperature and pressure as follows:

Q,, T ,101.3

V. =
0 n 273 P,
wher e:
Q = air flowrate at standard conditions (101.3 kPa, 273 K), ni/s
T = tenperature at punmp inlet, K
pa = absolute pressure at punp inlet (pg - p1), kPa
n = punp speed, rev/s

To account for the interaction of pressure variations at the punp and
the punp slip rate, the correlation function (Xg) between punp speed,
pressure differential frompunp inlet to punp outlet and absolute
punp outlet pressure nust be cal cul ated as foll ows:
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wher e:

pressure differential frompunp inlet to punp outlet, kPa
absol ute outlet pressure at punp outlet, kPa

App
Pa

A linear least-square fit must be perfornmed to generate the
calibration equation as foll ows:

Vo = Do - m* (X

Dp and mare the intercept and sl ope constants, respectively,
describing the regression |ines.

For a CVS systemwith nmultiple speeds, the calibration curves
generated for the different punp fl ow ranges nust be approxi mately
parallel, and the intercept values (Dy) mnust increase as the punp
fl ow range decreases.

The cal cul ated values fromthe equation nust be within = 0.5 per
cent of the neasured value of V,. Values of mwll vary from one
punp to another. Particulate influx over tinme will cause the punp
slip to decrease, as reflected by | ower values for m Therefore,
calibration nust be perforned at punp start-up, after mgjor

mai nt enance, and if the total systemverification (paragraph 2.4)

i ndi cates a change of the slip rate.

Calibration of the critical flow venturi (CFV)

Calibration of the CFV is based upon the flow equation for a critical
venturi. Gas flowis a function of inlet pressure and tenperature,
as shown bel ow.

Q — erA
S
VT
wher e:
K, = calibration coefficient
pa = absol ute pressure at venturi inlet, kPa
T = tenperature at venturi inlet, K

Dat a Anal ysi s

The air flowrate (Q) at each restriction setting (m ninmm

8 settings) nust be calculated in standard nm¥/ min fromthe flowreter
data using the manufacturer's prescribed nethod. The calibration
coefficient nust be calculated fromthe calibration data for each

setting as foll ows:
_ QT
r

K

v
A
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2.

2.

2.

4,

4,

1

2.

wher e:

Q
b

Pa

air flowrate at standard conditions (101.3 kPa, 273 K), n¥s
tenperature at the venturi inlet, K
absol ute pressure at venturi inlet, kPa

To determ ne the range of critical flow, K, nust be plotted as a
function of venturi inlet pressure. For critical (choked) flow, K,
will have a relatively constant value. As pressure decreases (vacuum
i ncreases), the venturi becones unchoked and K, decreases, which

i ndicates that the CFV is operated outside the perm ssible range.

For a m nimum of eight points in the region of critical flow the
average K, and the standard deviation nust be cal cul ated. The
standard devi ation nust not exceed = 0.3 per cent of the average K.

Total systemverification

The total accuracy of the CVS sanpling system and anal ytical system
must be determi ned by introducing a known mass of a pollutant gas
into the systemwhile it is being operated in the nornmal nmanner

The pollutant is anal ysed, and the mass cal cul ated according to
annex 4, appendix 2, paragraph 4.3., except in the case of propane
where a factor of 0.000472 is used in place of 0.000479 for HC
Either of the following two techni ques nust be used.

Metering with a critical flow orifice

A known quantity of pure gas (carbon nopnoxi de or propane) nust be fed
into the CVS systemthrough a calibrated critical orifice. If the
inlet pressure is high enough, the flow rate, which is adjusted by
means of the critical floworifice, is independent of the orifice
outlet pressure (Ocritical flow). The CVS system nust be operated
as in a normal exhaust em ssion test for about 5 to 10 minutes.

A gas sanple nust be anal ysed with the usual equi pnent (sanpling bag
or integrating nethod), and the mass of the gas calculated. The nass
so determ ned nust be within = 3 per cent of the known nmass of the
gas injected.

Metering by neans of a gravinmetric technique

The weight of a small cylinder filled with carbon nonoxi de or propane
must be deternined with a precision of + 0.01 gram For about 5 to
10 minutes, the CVS system nust be operated as in a normal exhaust

eni ssion test, while carbon nonoxide or propane is injected into the
system The quantity of pure gas discharged nust be determ ned by
means of differential weighing. A gas sanple nust be analysed with
the usual equi pment (sanpling bag or integrating nmethod), and the
mass of the gas calculated. The nmass so determ ned nmust be within

+ 3 per cent of the known nmass of the gas injected.
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CALI BRATI ON OF THE PARTI CULATE MEASURI NG SYSTEM
I nt roducti on

Each conponent nust be calibrated as often as necessary to fulfil the
accuracy requirenents of this Regulation. The calibration nmethod to
be used is described in this paragraph for the conponents indicated
in annex 4, appendi x 4, paragraph 4. and annex 4, appendix 7

par agraph 2.

Fl ow neasur enent

The calibration of gas flow neters or flow neasurenent
instrunmentation nust be traceable to international and/or nationa
standards. The nmaxi nrum error of the neasured value nust be within
+ 2 per cent of reading.

If the gas flow is determ ned by differential flow nmeasurement, the
mexi mum error of the difference nust be such that the accuracy of Ggx
is within £ 4 per cent (see also annex 4, appendix 7

paragraph 2.2.1., EGA). It can be calculated by taking the Root-
Mean- Square of the errors of each instrunent.

Checking the partial flow conditions

The range of the exhaust gas velocity and the pressure oscillations
must be checked and adjusted according to the requirenents of
annex 4, appendix 7, paragraph 2.2.1., EP, if applicable.

Calibration intervals

The fl ow neasurenment instrumentation nust be calibrated at | east
every 3 nonths or whenever a systemrepair or change is made that
could influence calibration.

CALI BRATI ON OF THE SMOKE MEASUREMENT EQUI PMENT

I ntroduction

The opaci meter nust be calibrated as often as necessary to fulfil the
accuracy requirenents of this Regulation. The calibration nethod to
be used is described in this paragraph for the conponents indicated

in annex 4, appendix 4, paragraph 5. and annex 4, appendix 7
par agraph 3.

Cal i bration procedure

War mi ng-up tine

The opaci meter nust be warnmed up and stabilised according to the
manuf acturer's recommendations. |f the opacinmeter is equipped with a
purge air systemto prevent sooting of the instrunent optics, this
system shoul d al so be activated and adjusted according to the

manuf acturer's recomendati ons.
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4.2.2.

Est abl i shnent of the linearity response

The linearity of the opacinmeter must be checked in the opacity
readout node as per the manufacturer's recomendations. Three
neutral density filters of known transnittance, which nust neet the
requi renents of annex 4, appendi x 4, paragraph 5.2.5., nust be
introduced to the opaci neter and the value recorded. The neutra
density filters nust have nonmi nal opacities of approximately 10 %
20 % and 40 %

The linearity nust not differ by nore than * 2 per cent opacity from
the nonminal value of the neutral density filter. Any non-linearity
exceedi ng the above value nust be corrected prior to the test.

Calibration intervals

The opaci meter nust be calibrated according to paragraph 4.2.2. at
| east every 3 nonths or whenever a systemrepair or change is made
that could influence calibration

I nsert new Annex 4 — Appendix 6, to read:

"Annex 4 — Appendi x 6

ANALYTI CAL AND SAMPLI NG SYSTEMS
DETERM NATI ON OF THE GASEOUS EM SSI ONS
I nt roducti on

Paragraph 1.2. and figures 7 and 8 contain detail ed descriptions of
the reconmended sanpling and anal ysing systens. Since various
configurations can produce equival ent results, exact conformance with
figures 7 and 8 is not required. Additional conmponents such as
instrunments, valves, solenoids, punps, and switches may be used to
provi de additional information and coordinate the functions of the
conponent systens. O her conponents which are not needed to nmaintain
the accuracy on sone systens, nmy be excluded if their exclusion is
based upon good engi neering judgenent.
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Figure 7 - Flow di agram of raw exhaust gas analysis systemfor CO CO, NGO, HC

ESC only

Description of the analytical system

An anal ytical systemfor the determ nation of the gaseous emni ssions
inthe raw (Figure 7, ESC only) or diluted (Figure 8. ETC and ESC)
exhaust gas is described based on the use of:

- HFI D anal yser for the nmeasurenent of hydrocarbons;

- NDI R anal ysers for the neasurenent of carbon nonoxi de and carbon
di oxi de;

- HCLD or equival ent anal yser for the measurenment of the oxides of
ni trogen;

The sanple for all conponents may be taken with one sanpling probe or
with two sanpling probes |ocated in close proximty and internally
split to the different analysers. Care nust be taken that no
condensati on of exhaust conponents (including water and sul phuric
acid) occurs at any point of the analytical system
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-

DT see fig. 20

BG

- HSL1

to PSS see figure 21

HSL1 zero gas
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Figure 8

1.2.1.

- Flow diagram of diluted exhaust gas analysis system for CO CO,
NQ, HC (ETC, optional for Economic and Social Committee)

Conmponents of figures 7 and 8
EP Exhaust pi pe
SP1 Exhaust gas sanpling probe (Figure 7 only)

A stainless steel straight closed end nmulti-hole probe is
recommended. The inside dianeter nust not be greater than the inside
di aneter of the sanpling line. The wall thickness of the probe nust
not be greater than 1 mm There nust be a m ninmumof 3 holes in 3
different radial planes sized to sanple approxinmately the sanme fl ow
The probe nust extend across at |east 80 per cent of the dianeter of
the exhaust pipe. One or two sanpling probes may be used.

SP2 Dil uted exhaust gas HC sanpling probe (Figure 8 only)

The probe nust:

- be defined as the first 254 mmto 762 nm of the heated sanpling
line HSL1,;



TRANS/ WP. 29/ 752
page 123

- have a 5 mm m ni mum i nsi de di aneter

- be installed in the dilution tunnel DT (see paragraph 2.3.,
Figure 20) at a point where the dilution air and exhaust gas are
wel |l mxed (i.e. approximtely 10 tunnel dianeters downstream of
t he point where the exhaust enters the dilution tunnel);

- be sufficiently distant (radially) from other probes and the tunnel
wall so as to be free fromthe influence of any wakes or eddies;

- be heated so as to increase the gas streamtenperature to 463 K *
10 K (190°C = 10°C) at the exit of the probe.

SP3 Di | uted exhaust gas CO CO,, NO; sanpling probe (Figure 8
only)

The probe nust:
- be in the sane plane as SP 2;

- be sufficiently distant (radially) from other probes and the tunnel
wall so as to be free fromthe influence of any wakes or eddies;

- be heated and insulated over its entire length to a m ni num
tenperature of 328 K (55°C) to prevent water condensati on.

HSL1 Heat ed sanpling line

The sanpling line provides a gas sanple froma single probe to the
split point(s) and the HC anal yser.

The sanpling line nust:

- have a 5 mm m nimum and a 13.5 nmm maxi num i nsi de di aneter;

- be made of stainless steel or PTFE

- maintain a wall tenperature of 463 K+ 10 K (190°C %= 10°C) as
measured at every separately controlled heated section, if the

tenperature of the exhaust gas at the sanpling probe is equal to or
bel ow 463 K (190°C);

- mintain a wall tenperature greater than 453 K (180°C), if the
tenperature of the exhaust gas at the sanpling probe is above 463 K
(190°0);

- mintain a gas tenperature of 463 K+ 10 K (190°C + 10°C)
i medi ately before the heated filter F2 and the HFID;
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HSL2 Heat ed NO; sanmpling |ine

The sanpling line nust:

- mintain a wall tenperature of 328 Kto 473 K (55°C to 200°C), up
to the converter C when using a cooling bath B, and up to the
anal yser when a cooling bath B is not used.

- be made of stainless steel or PTFE

SL Sanpling Iine for CO and CO,

The line nmust be nade of PTFE or stainless steel. It may be heated
or unheat ed.

BK Background bag (optional; Figure 8 only)

For the sampling of the background concentrations

BG Sanpl e bag (optional; Figure 8 CO and CO, only)

For the sanpling of the sanple concentrations.

F1 Heated pre-filter (optional)

The tenperature nust be the same as HSLL.

F2 Heated filter

The filter must extract any solid particles fromthe gas sanple prior
to the analyser. The tenperature nust be the sane as HSL1. The
filter nust be changed as needed.

P Heat ed sanpling punp

The punp must be heated to the tenperature of HSLL.

HC Heated flame ionisation detector (HFID) for the
deternination of the hydrocarbons.

The tenperature nust be kept at 453 Kto 473 K (180°C to 200°C).

CO, CO, NDIR anal ysers for the determ nation of carbon nonoxi de and
carbon di oxide (optional for the determ nation of the
dilution ratio for PT nmeasurenent)

NO CLD or HCLD anal yser for the determ nation of the oxides of
ni trogen.

If a HCLD is used it nust be kept at a tenperature of 328 Kto 473 K
(55°C to 200°C).
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C Converter

A converter nust be used for the catalytic reduction of NGO, to NO
prior to analysis in the CLD or HCLD

B Cool ing bath (optional)

To cool and condense water fromthe exhaust sanple. The bath nust be
maei ntai ned at a tenperature of 273 Kto 277 K (0°Cto 4°C) by ice or

refrigeration. It is optional if the analyser is free fromwater
vapour interference as determned in annex 4, appendix 5
paragraphs 1.9.1. and 1.9.2. |If water is renpved by condensation

the sanple gas tenperature or dew point nust be nonitored either
within the water trap or downstream The sanple gas tenperature or
dew poi nt nust not exceed 280 K (7°C). Chenical dryers are not
al | owed for renoving water fromthe sanple

T1, T2, T3 Tenper at ure sensor

To nonitor the tenperature of the gas stream

T4 Tenperature sensor

To nonitor the tenperature of the NO, - NO converter.

T5 Tenper at ure sensor

To nonitor the tenperature of the cooling bath.

Gl, &, &3 Pressure gauge

To neasure the pressure in the sanpling lines.

R1, R2 Pressure regulator

To control the pressure of the air and the fuel, respectively, for
t he HFID.

R3, R4, R5 Pressure regul ator

To control the pressure in the sanpling lines and the flow to the
anal ysers.

FL1, FL2, FL3 Flowneter
To nonitor the sanple by-pass flow rate.
FL4 to FL6 Fl owmet er (optional)

To nonitor the flow rate through the anal ysers.
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V1 to V5 Sel ector val ve

Sui tabl e valving for selecting sanple, span gas or zero gas flowto
the anal ysers.

V6, V7 Sol enoi d val ve

To by-pass the NO, - NO converter

V8 Needl e val ve

To bal ance the flow through the NO, - NO converter C and the by-pass.
V9, V10 Needle valve

To regulate the flows to the anal ysers.

V11, V12 Toggle valve (optional)

To drain the condensate fromthe bath B

1.3. NVHC anal ysis (NG fuelled gas engines only)

1.3.1. Gas chromat ographic nethod (GC, Figure 9)

When using the GC nmethod, a snall neasured volune of a sanple is
injected onto an anal ytical colunm through which it is swept by an
inert carrier gas. The colunn separates various conponents according
to their boiling points so that they elute fromthe colum at
different tines. They then pass through a detector which gives an

el ectrical signal that depends on their concentration. Since it is
not a continuous analysis technique, it can only be used in
conjunction with the bag sanpling nmethod as described in annex 4,
appendi x 4, paragraph 3. 4. 2.

For NVHC an automated GC with a FID nust be used. The exhaust gas
must be sanpled into a sanpling bag fromwhich a part nust be taken
and injected into the GC. The sanple is separated into two parts
(CHy4/ Ai r/ CO and NWVHC/ CO,/ H,O) on the Porapak columm. The nol ecul ar
sieve columm separates CHy fromthe air and CO before passing it to
the FID where its concentration is neasured. A conplete cycle from
injection of one sanple to injection of a second can be made in 30 s.
To determ ne NVHC, the CH; concentration nust be subtracted fromthe
total HC concentration (see annex 4, appendi x 2, paragraph 4.3.1.).

Figure 9 shows a typical GC assenbled to routinely determ ne CH,.
O her CGC nmethods can al so be used based on good engi neering
j udgenent .



TRANS/ WP. 29/ 752

page 127
10 ——e Y>> t0 X |
i A o -
2 | PC EE j) . fuel inlet
3 i HC
i |
5| 1] !
mMsc:
6:| | ] [FC air inlet
p— h
7
ul SL}@ L
8 R2
L vent
: u
10 —te L
A zgﬂ
Vel i i
sample vent span gas
Figure 9 - Flow diagram for nethane anal ysis (GC net hod)

Conmponents of Figure 9

PC Por apak col um

Porapak N, 180/300 pum (50/80 nmesh), 610 nmlength x 2.16 nm | D nust
be used and conditioned at least 12 h at 423 K (150°C) with carrier
gas prior to initial use.

MsC Mol ecul ar sieve col um

Type 13X, 250/350 pum (45/60 nesh), 1220 mmlength x 2.16 mm | D mnust
be used and conditioned at least 12 h at 423 K (150°C) with carrier
gas prior to initial use.

ov Oven

To maintain columms and val ves at stable tenperature for anal yser
operation, and to condition the colums at 423 K (150°C).

SLP Sanpl e | oop

A sufficient length of stainless steel tubing to obtain approximtely
1 cn? vol une.
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P Punp
To bring the sanple to the gas chromat ograph
D Dryer

A dryer containing nolecular sieve nust be used to renpve water and
ot her contami nants which mght be present in the carrier gas.

HC Fl ame ionisation detector (FID) to nmeasure the concentration
of met hane.

V1 Sanpl e injection val ve

To inject the sanple taken fromthe sanpling bag via SL of Figure 8.
It must be | ow dead volune, gas tight, and heatable to 423 K (150°C)

V3 Sel ector val ve

To sel ect span gas, sanple, or no flow
V2, V4, V5, V6, V7, V8 Needl e val ve
To set the flows in the system

R1, R2, R3 Pressure regul ator

To control the flows of the fuel (= carrier gas), the sanple, and the
air, respectively.

FC Fl ow capill ary
To control the rate of air flowto the FID
Gl, &, &3 Pressure gauge

To control the flows of the fuel (= carrier gas), the sanple, and the
air, respectively.

F1, F2, F3, F4, F5 Filter

Sintered netal filters to prevent grit fromentering the punp or the
i nstrument.

FL1 Fl owret er

To neasure the sanple bypass flow rate.

Non- net hane cutter nethod (NMC, Figure 10)

The cutter oxidises all hydrocarbons except CH, to CO, and H,O so
that by passing the sanple through the NMC only CH; i s detected by
the FID. If bag sanpling is used, a flow diverter system nust be
installed at SL (see paragraph 1.2., Figure 8) with which the flow
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can be alternatively passed through or around the cutter according to
the upper part of Figure 10. For NVHC neasurenent, both val ues

(HC and CH;) must be observed on the FID and recorded. |If the
integration nmethod is used, an NMC in line with a second FID nust be
installed parallel to the regular FID into HSL1 (see paragraph 1.2.,
Figure 8) according to the | ower part of Figure 10. For NVHC
measurenent, the values of the two FID s (HC and CH;) nust be
observed and recorded.

The cutter must be characterised at or above 600 K (327°C) prior to
test work with respect to its catalytic effect on CH; and GHs at H,O
val ues representative of exhaust stream conditions. The dew point
and O, | evel of the sanmpl ed exhaust stream rmust be known. The
relative response of the FID to CH; nmust be recorded

(see annex 4, appendix 5, paragraph 1.8.2.).

zer

= g& T g&
vent
V2 V3
vi HC

sample

SL (see figure 8)
Bag Sampling Method

HC
—_— Wt
span §2
% NMC >< vent
sample Vi vz HC

HSL1 (see figure 8)

Integrating Method
Figure 10- Flow diagram for nethane analysis with the non-nethane
cutter (NMO)
Conponents of Figure 10
NMC Non- et hane cutter
To oxidise all hydrocarbons except nethane.
HC Heated fl ane ionisation detector (HFID)

To neasure the HC and CH; concentrations. The tenperature nust be
kept at 453 Kto 473 K (180°C to 200°C).
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Vi Sel ector val ve

To sel ect sanple, zero and span gas. V1 is identical with V2 of
Fi gure 8.

V2, V3 Sol enoid val ve

To by-pass the NMC

V4 Needl e val ve

To bal ance the flow through the NMC and the by-pass.
R1 Pressure regul at or

To control the pressure in the sanpling line and the flow to
the HFID. Rl is identical with R3 of Figure 8.

FL1 Fl owret er

To neasure the sanple by-pass flowrate. FL1 is identical with FL1

of Figure 8.
2. EXHAUST GAS DI LUTI ON AND DETERM NATI ON OF THE PARTI CULATES
2. 1. I nt roducti on

Paragraphs 2.2., 2.3. and 2.4. and figures 11 to 22 contain detailed
descriptions of the recomended dilution and sanpling systems. Since
various configurations can produce equivalent results, exact
conformance with these figures is not required. Additiona

conmponents such as instrunments, valves, solenoids, punps, and
switches may be used to provide additional information and coordinate
the functions of the conponent systems. O her conponents which are
not needed to maintain the accuracy on sonme systens, nay be excl uded
if their exclusion is based upon good engineering judgenent.

2.2. Partial flow dilution system

A dilution systemis described in figures 11 to 19 based upon the
dilution of a part of the exhaust stream Splitting of the exhaust
stream and the following dilution process may be done by different
dilution systemtypes. For subsequent collection of the

particul ates, the entire dilute exhaust gas or only a portion of the
dilute exhaust gas is passed to the particul ate sanpling system
(paragraph 2.4., Figure 21). The first nethod is referred to as
total sanpling type, the second nethod as fractional sanpling type.

The cal culation of the dilution rati o depends upon the type of system
used. The followi ng types are recomended:

| sokinetic systens (Figures 11, 12)

Wth these systens, the flowinto the transfer tube is matched to the
bul k exhaust flow in terns of gas velocity and/or pressure, thus
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requiring an undi sturbed and uniform exhaust flow at the sanpling
probe. This is usually achieved by using a resonator and a strai ght
approach tube upstream of the sanpling point. The split ratiois
then calculated fromeasily neasurable values |ike tube dianeters.

It should be noted that isokinesis is only used for matching the flow
conditions and not for matching the size distribution. The latter is
typically not necessary, as the particles are sufficiently small as
to follow the fluid streamines

Fl ow control |l ed systens with concentrati on nmeasurenment (Figures 13
to 17)

Wth these systens, a sanple is taken fromthe bul k exhaust stream by
adjusting the dilution air flow and the total dilute exhaust fl ow.
The dilution ratio is determined fromthe concentrations of tracer
gases, such as CO, or NG naturally occurring in the engine exhaust.

The concentrations in the dilute exhaust gas and in the dilution air
are nmeasured, whereas the concentration in the raw exhaust gas can be
either nmeasured directly or determined fromfuel flow and the carbon
bal ance equation, if the fuel conposition is known. The systens nay
be controlled by the calculated dilution ratio (figures 13, 14) or by
the flowinto the transfer tube (figures 12, 13, 14).

Fl ow controll ed systens with fl ow neasurenent (Figures 18, 19)

Wth these systens, a sanple is taken fromthe bul k exhaust stream by
setting the dilution air flow and the total dilute exhaust flow. The
dilution ratio is determned fromthe difference of the two fl ow
rates. Accurate calibration of the flow neters relative to one
another is required, since the relative nmagnitude of the two fl ow
rates can lead to significant errors at higher dilution ratios (of 15
and above). Flow control is very straightforward by keeping the
dilute exhaust flow rate constant and varying the dilution air flow
rate, if needed.

When using partial flow dilution systenms, attention nust be paid to
avoi ding the potential problenms of |oss of particulates in the
transfer tube, ensuring that a representative sanple is taken from
the engi ne exhaust, and determination of the split ratio. The
systens descri bed pay attention to these critical areas.
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Figure 11 - Partial flow dilution systemwi th isokinetic probe and

fractional sanpling (SB control)

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the transfer tube TT by the isokinetic
sanpling probe ISP. The differential pressure of the exhaust gas
bet ween exhaust pipe and inlet to the probe is neasured with the
pressure transducer DPT. This signal is transnmitted to the flow
controller FCl1 that controls the suction blower SB to maintain a
differential pressure of zero at the tip of the probe. Under these
condi tions, exhaust gas velocities in EP and | SP are identical, and
the flow through ISP and TT is a constant fraction (split) of the
exhaust gas flow. The split ratio is deternmined fromthe cross
sectional areas of EP and ISP. The dilution air flowrate is
measured with the flow neasurenment device FML. The dilution ratio is
calculated fromthe dilution air flowrate and the split ratio.
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Figure 12 - Partial flow dilution systemwith isokinetic probe and

fractional sanpling (PB control)

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the transfer tube TT by the isokinetic
sanpling probe ISP. The differential pressure of the exhaust gas
bet ween exhaust pipe and inlet to the probe is neasured with the
pressure transducer DPT. This signal is transmitted to the flow
controller FCl that controls the pressure blower PB to nmaintain a
differential pressure of zero at the tip of the probe. This is done
by taking a small fraction of the dilution air whose flow rate has
al ready been measured with the fl ow measurenent device FML, and
feeding it to TT by means of a pneumatic orifice. Under these

condi tions, exhaust gas velocities in EP and ISP are identical, and
the flow through ISP and TT is a constant fraction (split) of the
exhaust gas flow. The split ratio is determined fromthe cross
sectional areas of EP and ISP. The dilution air is sucked through DT
by the suction blower SB, and the flowrate is neasured with FML at
the inlet to DI. The dilution ratio is calculated fromthe dilution
air flowrate and the split ratio.
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Figure 13 - Partial flow dilution systemw th CO, or NOx
concentration neasurenent and fractional sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the sanpling probe SP and the transfer
tube TT. The concentrations of a tracer gas (CO, or NOQ) are measured
in the raw and diluted exhaust gas as well as in the dilution air

wi th the exhaust gas anal yser(s) EGA. These signals are transnmtted
to the flow controller FC2 that controls either the pressure bl ower
PB or the suction blower SB to maintain the desired exhaust split

and dilution ratio in DT. The dilution ratio is calculated fromthe
tracer gas concentrations in the raw exhaust gas, the diluted exhaust

gas, and the dilution air.
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Figure 14 - Partial flow dilution systemw th CO2 concentration
measur enent, carbon bal ance and total sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the sanpling probe SP and the transfer
tube TT. The CO, concentrations are neasured in the diluted exhaust
gas and in the dilution air with the exhaust gas anal yser(s) EGA
The CO, and fuel flow Gsg signals are transmtted either to the flow
controller FC2, or to the flow controller FC3 of the particul ate
sanmpling system (see Figure 21). FC2 controls the pressure bl ower
PB, FC3 the sanpling punp P (see Figure 21), thereby adjusting the
flows into and out of the systemso as to maintain the desired
exhaust split and dilution ratio in DT. The dilution ratio is
calculated fromthe CO, concentrations and Gsg using the carbon

bal ance assunpti on
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Figure 15 - Partial flow dilution systemwi th single venturi

concentration neasurement and fractional sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the sanpling probe SP and the transfer
tube TT due to the negative pressure created by the venturi VN in DT.
The gas flow rate through TT depends on the nmonmentum exchange at the
venturi zone, and is therefore affected by the absolute tenperature
of the gas at the exit of TT. Consequently, the exhaust split for a
given tunnel flowrate is not constant, and the dilution ratio at | ow
load is slightly Iower than at high |oad. The tracer gas
concentrations (CO, or NQ) are neasured in the raw exhaust gas, the
di l uted exhaust gas, and the dilution air with the exhaust gas

anal yser(s) EGA, and the dilution ratio is calculated fromthe val ues
so measured
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Figure 16 - Partial flow dilution systemwith twin venturi
or twin orifice, concentration nmeasurement
and fractional sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the sanpling probe SP and the transfer
tube TT by a flow divider that contains a set of orifices or
venturis. The first one (FD1) is located in EP, the second one (FD2)
in TT. Additionally, two pressure control valves (PCVl1l and PCV2) are
necessary to mmintain a constant exhaust split by controlling the
back-pressure in EP and the pressure in DT. PCV1l is |located
downstream of SP in EP, PCV2 between the pressure blower PB and DT.
The tracer gas concentrations (CO, or NOQ) are nmeasured in the raw
exhaust gas, the diluted exhaust gas, and the dilution air with the
exhaust gas anal yser(s) EGA. They are necessary for checking the
exhaust split, and may be used to adjust PCV1l and PCV2 for precise
split control. The dilution ratio is calculated fromthe tracer gas
concentrations.
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Figure 17 - Partial flow dilution systemwith rmultiple

tube splitting, concentration neasurenent
and fractional sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the transfer tube TT by the flow divider
FD3 that consists of a nunber of tubes of the same di nensions (sane
di aneter, length and bend radius) installed in EP. The exhaust gas
through one of these tubes is lead to DT, and the exhaust gas through
the rest of the tubes is passed through the danpi ng chanber DC

Thus, the exhaust split is determined by the total nunber of tubes.

A constant split control requires a differential pressure of zero
between DC and the outlet of TT, which is nmeasured with the
differential pressure transducer DPT. A differential pressure of
zero is achieved by injecting fresh air into DT at the outlet of TT.
The tracer gas concentrations (CO, or NOQ) are neasured in the raw
exhaust gas, the diluted exhaust gas, and the dilution air with the
exhaust gas anal yser(s) EGA. They are necessary for checking the
exhaust split and nay be used to control the injection air flowrate
for precise split control. The dilution ratio is calculated fromthe
tracer gas concentrations.
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Figure 18 - Partial flow dilution systemwth flow contro

and total sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the sanpling probe SP and the transfer
tube TT. The total flow through the tunnel is adjusted with the flow
controller FC3 and the sanpling punp P of the particulate sanpling
system (see Figure 18). The dilution air flowis controlled by the
flow controller FC2, which may use Gogw Garw OF Grer as conmand
signals, for the desired exhaust split. The sanple flowinto DT is
the difference of the total flow and the dilution air flow. The
dilution air flowrate is neasured with the fl ow neasurenent device
FML, the total flowrate with the fl ow nmeasurenent device FM3 of the
particul ate sanpling system (see Figure 21). The dilution ratio is
calculated fromthese two flow rates
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Figure 19 - Partial flow dilution systemw th flow contro

and fractional sanpling

Raw exhaust gas is transferred fromthe exhaust pipe EP to the
dilution tunnel DT through the sanpling probe SP and the transfer
tube TT. The exhaust split and the flowinto DT is controlled by the
flow controller FC2 that adjusts the flows (or speeds) of the
pressure blower PB and the suction blower SB, accordingly. This is
possi bl e since the sanple taken with the particul ate sanpling system
is returned into DT. Gggw Garw Or Gruee May be used as conmand
signals for FC2. The dilution air flowrate is neasured with the

fl ow nmeasurenent device FML, the total flow with the fl ow neasurenent
device FM2. The dilution ratio is calculated fromthese two fl ow
rates.
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Conponents of figures 11 to 19
EP Exhaust pi pe

The exhaust pipe nmay be insulated. To reduce the thernmal inertia of
the exhaust pipe a thickness to dianeter ratio of 0.015 or less is
recommended. The use of flexible sections nust be limted to a
length to diameter ratio of 12 or less. Bends nust be mininised to
reduce inertial deposition. |If the systemincludes a test bed
silencer the silencer nmay al so be insul ated.

For an isokinetic system the exhaust pipe nust be free of el bows,
bends and sudden di aneter changes for at |east 6 pipe dianeters
upstream and 3 pipe diameters downstream of the tip of the probe.
The gas velocity at the sanpling zone nust be higher than 10 nm's
except at idle node. Pressure oscillations of the exhaust gas mnust
not exceed + 500 Pa on the average. Any steps to reduce pressure
oscill ations beyond using a chassis-type exhaust system (i ncl uding
silencer and after-treatnment devices) nust not alter engine
performance nor cause the deposition of particul ates.

For systens without isokinetic probe, it is reconmended to have a
strai ght pipe of 6 pipe dianmeters upstream and 3 pipe dianeters
downstream of the tip of the probe.

SP Sanpl i ng probe (Figures 10, 14, 15, 16, 18, 19)

The m ni mum inside dianeter nust be 4 mm The m ni num di aneter ratio
bet ween exhaust pipe and probe nust be 4. The probe nust be an open
tube facing upstream on the exhaust pipe centreline, or a nultiple
hol e probe as descri bed under SP1 in paragraph 1.2.1., Figure 5

| SP | soki netic sanpling probe (Figures 11, 12)

The isokinetic sanpling probe must be installed facing upstream on

t he exhaust pipe centreline where the flow conditions in paragraph EP
are nmet, and designed to provide a proportional sanple of the raw
exhaust gas. The mininuminside dianmeter nust be 12 mm

A control systemis necessary for isokinetic exhaust splitting by

mai ntaining a differential pressure of zero between EP and | SP

Under these conditions exhaust gas velocities in EP and ISP are
identical and the mass flow through ISP is a constant fraction of the
exhaust gas flow. ISP has to be connected to a differential pressure
transducer DPT. The control to provide a differential pressure of
zero between EP and ISP is done with the flow controller FCIL.

FD1, FD2 Flow divider (Figure 16)

A set of venturis or orifices is installed in the exhaust pipe EP and
in the transfer tube TT, respectively, to provide a proportiona
sanpl e of the raw exhaust gas. A control system consisting of two
pressure control valves PCVl1 and PCV2 is necessary for proportiona
splitting by controlling the pressures in EP and DT
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FD3 Fl ow di vi der (Figure 17)

A set of tubes (multiple tube unit) is installed in the exhaust pipe
EP to provide a proportional sanple of the raw exhaust gas. One of
the tubes feeds exhaust gas to the dilution tunnel DT, whereas the

ot her tubes exit exhaust gas to a danping chanber DC. The tubes nust
have the sane di nensions (sane dianeter, |length, bend radius), so
that the exhaust split depends on the total nunber of tubes. A
control systemis necessary for proportional splitting by nmintaining
a differential pressure of zero between the exit of the multiple tube
unit into DC and the exit of TT. Under these conditions, exhaust gas
velocities in EP and FD3 are proportional, and the flow TT is a
constant fraction of the exhaust gas flow. The two points have to be
connected to a differential pressure transducer DPT. The control to
provide a differential pressure of zero is done with the flow
controll er FC1.

EGA Exhaust gas anal yser (Figures 13, 14, 15, 16, 17)

CO, or NG, anal ysers nmay be used (with carbon bal ance net hod CO,
only). The analysers nust be calibrated |ike the analysers for the
measur enent of the gaseous enissions. One or several analysers may
be used to determ ne the concentration differences. The accuracy of
t he measuring systems has to be such that the accuracy of Gerwi iS
within £ 4 per cent.

TT Transfer tube (Figures 11 to 19)

The transfer tube nmust be:
- As short as possible, but not nore than 5 min |ength.

- Equal to or greater than the probe diameter, but not nore
than 25 mmin dianmeter.

- Exiting on the centreline of the dilution tunnel and pointing
downst r eam

If the tube is 1 neter or less in length, it nmust be insulated with
material with a maxi numthermal conductivity of 0.05 WntfrK with a
radi al insulation thickness corresponding to the dianeter of the
probe. If the tube is longer than 1 nmeter, it nust be insulated and
heated to a minimumwall tenperature of 523 K (250°C).

DPT Differential pressure transducer (Figures 11, 12, 17)

The differential pressure transducer nust have a range of + 500 Pa
or |ess.

FC1 Flow controller (Figures 11, 12, 17)
For isokinetic systens (figures 11, 12),a flow controller is

necessary to naintain a differential pressure of zero between EP and
| SP. The adjustnent can be done by:
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(a) controlling the speed or flow of the suction bl ower SB and
keepi ng the speed or flow of the pressure bl ower PB constant
during each node (Figure 11) or

(b) adjusting the suction blower SB to a constant mass flow of the
di l uted exhaust gas and controlling the flow of the pressure
bl ower PB, and therefore the exhaust sanple flowin a region at
the end of the transfer tube TT (Figure 12).

In the case of a pressure controlled systemthe remaining error in
the control |oop nust not exceed + 3 Pa. The pressure oscillations
in the dilution tunnel nmust not exceed = 250 Pa on the average.

For a multi tube system (Figure 17), a flow controller is necessary
for proportional exhaust splitting to maintain a differential
pressure of zero between the exit of the nulti tube unit and the exit
of TT. The adjustnent is done by controlling the injection air flow
rate into DT at the exit of TT.

PCV1, PCV2 Pressure control valve (Figure 16)

Two pressure control valves are necessary for the twin venturi/twin
orifice systemfor proportional flow splitting by controlling the
back-pressure of EP and the pressure in DT. The valves nust be

| ocat ed downstream of SP in EP and between PB and DT.

DC Danpi ng chanber (Figure 17)

A danpi ng chanber nust be installed at the exit of the nmultiple tube
unit to mnimse the pressure oscillations in the exhaust pipe EP

VN Venturi (Figure 15)

A venturi is installed in the dilution tunnel DT to create a negative
pressure in the region of the exit of the transfer tube TT. The gas
flowrate through TT is determ ned by the nmonmentum exchange at the
venturi zone, and is basically proportional to the flowrate of the
pressure blower PB leading to a constant dilution ratio. Since the
nmonment um exchange is affected by the tenperature at the exit of TT
and the pressure difference between EP and DT, the actual dilution
ratio is slightly lower at |low load than at high | oad.

FC2 Fl ow controller (Figures 13, 14, 18, 19; optional)

A flow controller may be used to control the flow of the pressure
bl ower PB and/or the suction blower SB. 1t may be connected to the
exhaust, intake air, or fuel flow signals and/or to the CO, or NG
differential signals.

When using a pressurised air supply (Figure 18), FC2 directly
controls the air flow
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FML Fl ow measur enent device (Figures 11, 12, 18, 19)

Gas neter or other flow instrunentation to neasure the dilution air
flow FML is optional if the pressure blower PB is calibrated to
measure the fl ow

FMve Fl ow measur enent device (Figure 19)

Gas neter or other flow instrunentation to neasure the dil uted
exhaust gas flow. FM2 is optional if the suction blower SB is
calibrated to neasure the fl ow

PB Pressure bl ower (Figures 11, 12, 13, 14, 15, 16, 19)

To control the dilution air flow rate, PB nay be connected to the
flow controllers FC1L or FC2. PB is not required when using a
butterfly valve. PB nmay be used to neasure the dilution air flow, if
cal i brat ed.

SB Suction bl ower (figures 11, 12, 13, 16, 17, 19)

For fractional sanpling systenms only. SB nay be used to neasure the
di l uted exhaust gas flow, if calibrated.

DAF Dilution air filter (Figures 11 to 19)

It is recoomended that the dilution air be filtered and charcoa
scrubbed to elimnate background hydrocarbons. At the engine

manuf acturers request the dilution air nust be sanpled according to
good engi neering practice to determ ne the background particul ate

| evel s, which can then be subtracted fromthe val ues neasured in the
di | ut ed exhaust.

DT Dilution tunnel (Figures 11 to 19)
The dilution tunnel

— nmust be of a sufficient length to cause conplete m xi ng of the
exhaust and dilution air under turbulent flow conditions;

— mnust be constructed of stainless steel with:

= thickness/dianeter ratio of 0.025 or less for dilution tunnels
with inside dianmeters greater than 75 mm

= a nominal thickness of no less than 1.5 nmfor dilution
tunnels with inside dianeters of equal to or less than 75 nm

— nust be at least 75 mmin dianmeter for the fractional sanpling
type;

— is recommended to be at least 25 mmin dianmeter for the tota
sanpl i ng type
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— may be heated to no greater than 325 K (52°C) wall tenperature by
direct heating or by dilution air pre-heating, provided the air
tenperature does not exceed 325 K (52°C) prior to the introduction
of the exhaust in the dilution tunnel

— may be insul ated.

The engi ne exhaust nust be thoroughly mixed with the dilution air.
For fractional sanpling systenms, the m xing quality must be checked
after introduction into service by neans of a CO, -profile of the
tunnel with the engine running (at |east four equally spaced
measuring points). |If necessary, a nixing orifice may be used.

Not e: If the anbient tenperature in the vicinity of the dilution
tunnel (DT) is below 293K (20°C), precautions should be taken
to avoid particle | osses onto the cool walls of the dilution
tunnel. Therefore, heating and/or insulating the tunne
within the Iimts given above is reconmended.

At high engine |oads, the tunnel nay be cool ed by a non-aggressive
means such as a circulating fan, as long as the tenperature of the
cooling nediumis not bel ow 293K (20°C)

HE Heat exchanger (Figures 16,17)

The heat exchanger nust be of sufficient capacity to maintain the
tenperature at the inlet to the suction blower SB within £ 11K of the
aver age operating tenperature observed during the test.

Full flow dilution system

A dilution systemis described in Figure 20 based upon the dilution
of the total exhaust using the CVS (Constant Vol une Sanpli ng)
concept. The total volune of the mixture of exhaust and dilution air
must be nmeasured. Either a PDP or a CFV system nmay be used.

For subsequent collection of the particulates, a sanple of the dilute
exhaust gas is passed to the particul ate sanpling system
(paragraph 2.4., figures 21 and 22). If this is done directly, it is

referred to as single dilution. |If the sanple is diluted once nore
in the secondary dilution tunnel, it is referred to as double
dilution. This is useful, if the filter face tenperature requirenent

cannot be net with single dilution. Although partly a dilution

system the double dilution systemis described as a nodification of
a particulate sanpling systemin paragraph 2.4., Figure 22, since it
shares nost of the parts with a typical particulate sanpling system
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2.

3.

1

to background filter

DAF HE optional

air IPSP
PTT onal
t
exhaust see flgure 21 optiona

/N

to particulate sampling system PDP

or to DDS see figure 22
CFV
//// FC3
if EFC is used

\ ¢ vent ' vent
———

FC3 |-

Figure 20 - Full flow dilution system

The total amount of raw exhaust gas is mixed in the dilution tunne
DT with the dilution air. The diluted exhaust gas flowrate is
measured either with a Positive Displacenment Punp PDP or with a
Critical Flow Venturi CFV. A heat exchanger HE or electronic flow
conpensati on EFC may be used for proportional particulate sanpling
and for flow deternination. Since particulate nass deternmination is
based on the total diluted exhaust gas flow, the dilution ratio is
not required to be cal cul ated

Conponents of Figure 20
EP Exhaust pi pe

The exhaust pipe length fromthe exit of the engi ne exhaust nmanifold,
turbocharger outlet or after-treatnent device to the dilution tunne
must not exceed 10 m |If the exhaust pipe downstream of the engine
exhaust manifold, turbocharger outlet or after-treatnent device
exceeds 4 min length, then all tubing in excess of 4 mnust be

i nsul ated, except for an in-line snmokeneter, if used. The radial

thi ckness of the insulation nust be at least 25 nm The thernal
conductivity of the insulating material nust have a val ue no greater
than 0.1 WnK neasured at 673 K. To reduce the thermal inertia of
the exhaust pipe a thickness to dianeter ratio of 0.015 or less is
recommended. The use of flexible sections nust be linmted to a
length to diameter ratio of 12 or |ess.
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PDP Positive displacenent punp

The PDP neters total diluted exhaust flow fromthe nunber of the punp
revolutions and the punp displacenent. The exhaust system back-
pressure nust not be artificially |owered by the PDP or dilution air
inlet system Static exhaust back-pressure neasured with the PDP
system operating nust remain within £ 1.5 kPa of the static pressure
measured without connection to the PDP at identical engine speed and
|l oad. The gas mixture tenmperature inmedi ately ahead of the PDP nust
be within £ 6 K of the average operating tenperature observed during
the test, when no flow conpensation is used. Flow conpensation may
only be used if the tenperature at the inlet to the PDP does not
exceed 323K (50°C)

CFV Critical flow venturi

CFV neasures total diluted exhaust flow by maintaining the flow at
choked conditions (critical flow). Static exhaust back-pressure
measured with the CFV system operating nust remain within £ 1.5 kPa
of the static pressure nmeasured w thout connection to the CFV at

i dentical engine speed and | oad. The gas m xture tenperature

i medi ately ahead of the CFV nust be within £ 11 K of the average
operating tenperature observed during the test, when no fl ow
conpensation i s used.

HE Heat exchanger (optional, if EFC is used)

The heat exchanger nust be of sufficient capacity to maintain the
tenperature within the limts required above.

EFC El ectronic fl ow conpensation (optional, if HE is used)

If the tenperature at the inlet to either the PDP or CFV is not kept
within the limts stated above, a flow conpensation systemis
required for continuous neasurenent of the flow rate and control of
the proportional sanpling in the particulate system To that

pur pose, the continuously neasured flow rate signals are used to
correct the sanple flowrate through the particulate filters of the
particul ate sanpling system (see paragraph 2.4., figures 21, 22),
accordingly.

DT Dilution tunne

The dilution tunnel

— nmust be small enough in dianeter to cause turbulent flow (Reynolds
Nunber greater than 4000) and of sufficient length to cause
conplete m xing of the exhaust and dilution air; a mxing orifice

may be used;

— nust be at least 460 nmin dianmeter with a single dilution system
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— nust be at least 210 mMmmin dianeter with a double dilution system
— may be insul at ed.

The engi ne exhaust nust be directed downstream at the point where it
is introduced into the dilution tunnel, and thoroughly nixed.

When using single dilution, a sanple fromthe dilution tunnel is
transferred to the particul ate sanpling system (paragraph 2. 4.
Figure 21). The flow capacity of the PDP or CFV nust be sufficient
to maintain the diluted exhaust at a tenperature of |ess than or
equal to 325 K (52°C) imredi ately before the primary particul ate
filter.

When using double dilution, a sanple fromthe dilution tunnel is
transferred to the secondary dilution tunnel where it is further
diluted, and then passed through the sanpling filters

(paragraph 2.4., Figure 22). The flow capacity of the PDP or CFV
nmust be sufficient to maintain the diluted exhaust streamin the DT
at a tenperature of |less than or equal to 464 K (191°C) at the
sanpling zone. The secondary dilution system nust provide sufficient
secondary dilution air to maintain the doubly-diluted exhaust stream
at a tenperature of less than or equal to 325 K (52°C) immediately
before the primary particulate filter.

DAF Dilution air filter

It is recoomended that the dilution air be filtered and charcoa
scrubbed to elim nate background hydrocarbons. At the engine

manuf acturers request the dilution air nust be sanpled according to
good engineering practice to deternmine the background particul ate

| evel s, which can then be subtracted fromthe val ues neasured in the
di | uted exhaust.

PSP Particul ate sanpling probe

The probe is the |eading paragraph of PTT and:

- must be installed facing upstream at a point where the dilution
air and exhaust gas are well mxed, i.e. on the dilution tunne
(DT) centreline approximately 10 tunnel dianmeters downstream of
the point where the exhaust enters the dilution tunnel

- must be of 12 mm nmi ni num i nsi de di ameter;

- may be heated to no greater than 325 K (52°C) wall tenperature by
direct heating or by dilution air pre-heating, provided the air
tenperature does not exceed 325 K (52°C) prior to the
i ntroduction of the exhaust in the dilution tunnel

- may be insul at ed.
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Particul ate sanpling system

The particul ate sanpling systemis required for collecting the
particul ates on the particulate filter. |In the case of tota
sanmpling partial flow dilution, which consists of passing the entire
di l uted exhaust sanple through the filters, dilution (paragraph 2.2.
figures 14, 18) and sanpling systemusually forman integral unit.

In the case of fractional sanpling partial flow dilution or full flow
dilution, which consists of passing through the filters only a
portion of the diluted exhaust, the dilution (paragraph 2.2.
figures 11, 12, 13, 15, 16, 17, 19; paragraph 2.3., Figure 20) and
sanmpling systens usually formdifferent units.

In this Regul ation, the double dilution system (Figure 22) of a ful
flow dilution systemis considered as a specific nodification of a
typical particulate sanpling systemas shown in Figure 21. The

doubl e dilution systemincludes all inportant parts of the
particul ate sanpling system like filter holders and sanpling punp,
and additionally sone dilution features, like a dilution air supply

and a secondary dilution tunnel

In order to avoid any inpact on the control |oops, it is recomended
that the sanple punp be running throughout the conplete test
procedure. For the single filter nethod, a bypass system nust be
used for passing the sanple through the sanpling filters at the
desired times. |Interference of the switching procedure on the
control |oops nust be minin sed.

PTT lfronldnuﬂontunnelDT
see figures 11 to 20

BV
FH
P
FC3 optional

from EGA

or
fi PDP

FM3 rom

or
from CFV

or
from GFUEL

Figure 21 - Particulate sanpling system
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4,

1

A sanple of the diluted exhaust gas is taken fromthe dilution tunne
DT of a partial flow or full flow dilution systemthrough the
particul ate sanpling probe PSP and the particul ate transfer tube PTT
by neans of the sanpling punp P. The sanmple is passed through the
filter holder(s) FH that contain the particulate sanpling filters.
The sanple flowrate is controlled by the flow controller FC3. |If

el ectronic fl ow conpensation EFC (see Figure 20) is used, the diluted
exhaust gas flow is used as conmand signal for FC3.

from dilution BV optional
tunnel DT PDP
see figure 20 or

Figure 22 - Double dilution system (full flow system only)

A sanple of the diluted exhaust gas is transferred fromthe dilution
tunnel DT of a full flow dilution systemthrough the particulate
sanpling probe PSP and the particul ate transfer tube PTT to the
secondary dilution tunnel SDT, where it is diluted once nore. The
sanple is then passed through the filter holder(s) FH that contain
the particulate sanpling filters. The dilution air flowrate is
usual | y constant whereas the sanple flowrate is controlled by the
flow controller FC3. |If electronic flow conpensation EFC (see
Figure 20) is used, the total diluted exhaust gas flow is used as
command signal for FC3.

Conponents of figures 21 and 22
PTT Particul ate transfer tube (Figures 21, 22)

The particul ate transfer tube nust not exceed 1020 mmin |l ength, and
must be minimsed in | ength whenever possible. Were applicable
(i.e. for partial flowdilution fractional sanpling systens and for
full flow dilution systens), the Iength of the sanpling probes (SP

| SP, PSP, respectively, see paragraphs 2.2. and 2.3.) nust be

i ncl uded.

The di mensions are valid for:
- the partial flow dilution fractional sanpling type and the ful

flow single dilution systemfromthe tip of the probe (SP, ISP
PSP, respectively) to the filter hol der

- the partial flow dilution total sanpling type fromthe end of
the dilution tunnel to the filter hol der
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- the full flow double dilution systemfromthe tip of the probe
(PSP) to the secondary dilution tunnel

The transfer tube:

may be heated to no greater than 325K (52°C) wall tenperature by
direct heating or by dilution air pre- heating, provided the air
tenperature does not exceed 325 K (52°C) prior to the

i ntroduction of the exhaust in the dilution tunnel

may be insul at ed.
SDT Secondary dilution tunnel (Figure 22)

The secondary dilution tunnel should have a m ni mum di aneter of 75
mm and shoul d be of sufficient |length so as to provide a residence
time of at |east 0.25 seconds for the doubly-diluted sanple. The
primary filter holder FH nust be |ocated within 300 nm of the exit of
t he SDT.

The secondary dilution tunnel

- may be heated to no greater than 325 K (52°C) wall tenperature
by direct heating or by dilution air pre-heating, provided the
air tenmperature does not exceed 325 K (52°C) prior to the
i ntroduction of the exhaust in the dilution tunnel

- may be insul at ed.

FH Filter holder(s) (Figures 21, 22)

For primary and back-up filters one filter housing or separate filter
housi ngs may be used. The requirenents of annex 4, appendix 4,

paragraph 4.1.3. nust be net.

The filter hol der(s):

- may be heated to no greater than 325 K (52°C) wall tenperature by
direct heating or by dilution air pre-heating, provided the air
tenperature does not exceed 325 K (52°C) prior to the
i ntroduction of the exhaust in the dilution tunnel

- may be insul at ed.
P Sanpling punp (Figures 21, 22)
The particul ate sanpling punp nust be located sufficiently distant

fromthe tunnel so that the inlet gas tenperature is nmintained
constant (= 3 K), if flow correction by FC3 is not used.



TRANS/ WP. 29/ 752

page 152

DP Dilution air punp (Figure 22)

The dilution air punp nust be | ocated so that the secondary dilution
air is supplied at a tenperature of 298 K+ 5 K (25°C + 5°C), if the
dilution air is not preheated.

FC3 Fl ow controller (Figures 21, 22)

A flow controller nmust be used to conpensate the particul ate sanple
flowrate for tenperature and back pressure variations in the sanple
path, if no other neans are available. The flow controller is
required if electronic flow conpensati on EFC (see Figure 20) is used.

FMB Fl ow measur ement device (Figures 21, 22)

The gas neter or flow instrunmentation for the particul ate sanple flow
must be located sufficiently distant fromthe sanpling punp P so that
the inlet gas tenperature remains constant (x 3 K), if flow
correction by FC3 is not used.

Fva Fl ow measur enment device (Figure 22)

The gas neter or flow instrumentation for the dilution air flow nust
be | ocated so that the inlet gas tenperature remains at 298 K+ 5 K
(25°C = 5°C).

BV Bal | val ve (optional)

The ball valve nust have an inside dianeter not | ess than the inside
di ameter of the particulate transfer tube PTT, and a switching tinme
of less than 0.5 seconds.

Note: |If the anbient tenperature in the vicinity of PSP, PTT, SDT,
and FH i s bel ow 293K (20°C), precautions should be taken to
avoid particle |losses onto the cool wall of these parts.
Therefore, heating and/or insulating these parts within the
limts given in the respective descriptions is reconmended.

It is also recommended that the filter face tenperature during
sampl i ng be not bel ow 293K (20°C).

At high engine | oads, the above parts may be cool ed by a non-
aggressive neans such as a circulating fan, as long as the
tenperature of the cooling nediumis not bel ow 293K (20°C)

DETERM NATI ON OF SMOKE OPACI TY
I ntroduction

Par agraphs 3.2. and 3.3. and figures 23 and 24 contain detailed
descriptions of the reconmended opaci neter systems. Since various
configurations can produce equival ent results, exact conformance with
figures 23 and 24 is not required. Additional conponents such as

i nstrunents, valves, solenoids, punps, and switches nmay be used to
provi de additional information and coordinate the functions of the
conponent systens. O her conponents, which are not needed to
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maei ntain the accuracy on sone systens, may be excluded if their
exclusion is based upon good engi neering judgenent.

The principle of neasurenent is that light is transmtted through a
specific length of the snoke to be neasured and that proportion of
the incident |ight which reaches a receiver is used to assess the

| i ght obscuration properties of the nedium The snoke neasurenent
depends upon the design of the apparatus, and may be done in the
exhaust pipe (full flowin-line opacineter), at the end of the
exhaust pipe (full flow end-of-1line opacineter) or by taking a sanple
fromthe exhaust pipe (partial flow opacineter). For the

determ nation of the |ight absorption coefficient fromthe opacity
signal, the optical path length of the instrument nust be supplied by
the instrument manufacturer.

Ful | Fl ow Opaci net er

Two general types of full flow opacimeters nay be used (Figure 23).
Wth the in-1ine opacineter, the opacity of the full exhaust plume
wi thin the exhaust pipe is neasured. Wth this type of opacineter,
the effective optical path length is a function of the opacineter
desi gn.

Wth the end-of-line opacineter, the opacity of the full exhaust
plune is neasured as it exits the exhaust pipe. Wth this type of
opaci neter, the effective optical path length is a function of the
exhaust pipe design and the distance between the end of the exhaust
pi pe and t he opaci neter.

T1 (optional)

"0

CL T CcL

EP

|

Figure 23 - Full flow opacineter
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Conponents of Figure 23
EP Exhaust Pi pe

Wth an in-line opacineter, there nmust be no change in the exhaust
pi pe dianeter within 3 exhaust pipe dianmeters before or after the
measuring zone. |If the dianeter of the nmeasuring zone is greater
than the dianeter of the exhaust pipe, a pipe gradually convergent
before the neasuring zone is recomended.

Wth an end-of-1ine opacinmeter, the termnal 0.6 mof the exhaust
pi pe nust be of circular cross paragraph and be free from el bows and
bends. The end of the exhaust pipe nust be cut off squarely. The

opaci neter must be nmounted centrally to the plunme within 25 + 5 nm of
the end of the exhaust pipe.

OPL Optical Path Length

The length of the snoke obscured optical path between the opacineter
l'ight source and the receiver, corrected as necessary for

non-uni formty due to density gradients and fringe effect. The
optical path length nust be submtted by the instrument manufacturer
taking into account any neasures agai nst sooting (e.g. purge air).

If the optical path length is not available, it nust be determned in
accordance with SO IDS 11614, paragraph 11.6.5. For the correct
determ nation of the optical path Iength, a m ni rum exhaust gas
velocity of 20 m's is required.

LS Li ght source

The |ight source nust be an incandescent |anp with a col our
tenperature in the range of 2800 to 3250 K or a green light emtting
di ode (LED) with a spectral peak between 550 and 570 nm The |i ght
source nust be protected against sooting by neans that do not

i nfluence the optical path length beyond the manufacturers

speci fications.

LD Li ght detector

The detector must be a photocell or a photodiode (with a filter, if
necessary). 1In the case of an incandescent |ight source, the

recei ver nust have a peak spectral response simlar to the phototopic
curve of the human eye (maxi mum response) in the range of 550 to

570 nm to less than 4 per cent of that maxi mum response bel ow 430 nm
and above 680 nm The |ight detector nust be protected agai nst
sooting by neans that do not influence the optical path | ength beyond
the manuf acturers specifications.
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CL Collimating | ens

The light output nust be collimated to a beamw th a maxi nrum di anet er
of 30 mm The rays of the |light beam nust be parallel within a

tol erance of 3° of the optical axis.

T1 Tenperature sensor (optional)

The exhaust gas tenperature may be nonitored over the test.

Partial Fl ow Opaci neter

Wth the partial flow opacineter (Figure 24), a representative
exhaust sanple is taken fromthe exhaust pipe and passed through a
transfer line to the neasuring chanber. Wth this type of

opaci neter, the effective optical path length is a function of the
opaci neter design. The response tines referred to in the foll ow ng
paragraph apply to the minimumflow rate of the opacineter, as
speci fied by the instrument manufacturer

Exhaust
E ) N SP O
EP —TT
FM
LD T1 LS
/ ' 1
OO OPL OD
/ !
CL
/ |
CL 6;:29
I P(opnonaD
Figure 24 - Partial flow opacineter

Conponents of figure 24
EP Exhaust pi pe

The exhaust pipe nust be a straight pipe of at | east 6 pipe dianeters
upstream and 3 pipe dianmeters downstream of the tip of the probe.
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SP Sanpl i ng probe

The sanpling probe nust be an open tube facing upstream on or about
the exhaust pipe centreline. The clearance with the wall of the

tail pipe nust be at least 5 i The probe di aneter nust ensure a
representative sanpling and a sufficient flow through the opacineter.

TT Transfer tube

The transfer tube nust:

- Be as short as possible and ensure an exhaust gas tenperature

of 373 + 30 K (100°C + 30°C) at the entrance to the neasuring
chamber .

- Have a wall tenperature sufficiently above the dew point of the
exhaust gas to prevent condensati on.

- Be equal to the dianeter of the sanpling probe over the entire
| engt h.

- Have a response tinme of less than 0.05 s at mini numinstrunent
flow, as deternined according to annex 4, appendix 4,
par agraph 5. 2. 4.

- Have no significant effect on the snoke peak
FM Fl ow neasurenent device

Flow instrunentation to detect the correct flow into the neasuring
chanber. The m ni num and nmaxi nrum fl ow rates nust be specified by the
i nstrument manufacturer, and nust be such that the response tine
requi renent of TT and the optical path length specifications are net.
The fl ow nmeasurenent device nmay be close to the sanpling punp, P

if used.

MC Measuri ng chanber

The nmeasuring chanber nust have a non-reflective internal surface, or
equi val ent optical environnment. The inpingenent of stray |ight on
the detector due to internal reflections of diffusion effects nust be
reduced to a m ni num

The pressure of the gas in the neasuring chanber nust not differ from
the atnospheric pressure by nore than 0.75 kPa. Where this is not
possi bl e by design, the opaci neter reading nmust be converted to

at nospheric pressure.

The wal |l tenperature of the measuring chanber nust be set to within +
5 K between 343 K (70°C) and 373 K (100°C), but in any case
sufficiently above the dew point of the exhaust gas to prevent
condensation. The neasuring chanber nust be equi pped with
appropriate devices for neasuring the tenperature.
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OPL Optical path length

The |l ength of the snoke obscured optical path between the opacineter
|'ight source and the receiver, corrected as necessary for

non-uni formty due to density gradients and fringe effect. The
optical path length nust be submtted by the instrument nanufacturer
taking into account any measures against sooting (e.g. purge air).

If the optical path length is not available, it nust be determned in
accordance with SO I DS 11614, paragraph 11.6.5.

LS Li ght source

The light source nust be an incandescent |anp with a col our
tenperature in the range of 2800 to 3250 K or a green light emtting
diode (LED) with a spectral peak between 550 and 570 nm The |i ght
source must be protected agai nst sooting by nmeans that do not

i nfluence the optical path |length beyond the nmanufacturers

speci fications.

LD Li ght detector

The detector nmust be a photocell or a photodiode (with a filter, if
necessary). In the case of an incandescent |ight source, the

recei ver nust have a peak spectral response sinmilar to the phototopic
curve of the human eye (maxi mum response) in the range of 550 to 570
nm to |less than 4 per cent of that nmaxinmum response bel ow 430 nm and
above 680 nm The light detector must be protected agai nst sooting
by means that do not influence the optical path |ength beyond the
manuf act urers specifications.

CL Collimating | ens

The light output nust be collinmated to a beamwi th a maxi mum di anet er
of 30 mm The rays of the |light beam nust be parallel within

a tolerance of 3° of the optical axis.

T1 Tenper at ure sensor

To nonitor the exhaust gas tenperature at the entrance to the
measuri ng chanber.

P Sanpl i ng punp (optional)

A sampling punp downstream of the neasuring chanber may be used to
transfer the sanple gas through the neasuring chanber.
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Annex 5,

amend to read:
"Annex 5

TECHNI CAL CHARACTERI STI CS OF REFERENCE FUEL FOR C. 1. ENG NES
PRESCRI BED FOR APPROVAL TESTS AND TO VERI FY CONFORM TY OF PRODUCTI ON

1. DI ESEL FUEL (D
Par anet er Uni t Limts Test Method (9 Publ i cati on
M ni mum| Maxi mum
Cet ane nunber 3 52 54 | SO 5165 1998
Density at 15 °C kg/ e 833 837 | SO 3675 1995
Distillation :
- 50 % point °C 245 | SO 3405 1998
- 95 % poi nt °C 345 350 | SO 3405 1998
- final boiling °C --- 370 | SO 3405 1998
poi nt
Fl ash poi nt °C 55 --- EN 27719 1993
CFPP °C --- -5 EN 116 1981
Viscosity at 40 °C |mm?/s 2.5 3.5 EN-1 SO 3104 1996
Pol ycyclic % mm 3.0 6.0 IP 391 O 1995
aromatic
hydr ocar bons
Sul phur content my/ kg --- 300 pr. EN-1SODI'S 14596 1998 @
(5
Copper corrosion --- 1 EN- | SO 2160 1995
Conr adson carbon % m m --- 0.2 EN-1 SO 10370
residue (10 % DR)
Ash cont ent % m m --- 0.01 EN- | SO 6245 1995
WAt er cont ent % m m --- 0. 05 EN-1 SO 12937 1995
Neutralisation m OHg| --- 0.02 ASTM D 974-95 1998 (4
(strong acid)
nunber
Oxi dation mg/ m --- 0. 025 EN-1 SO 12205 1996
stability (9

(1) If it

is required to calculate the thernal

efficiency of an engine or

vehicle, the calorific value of the fuel can be cal cul ated from
Specific energy (calorific value) (net) in MI/kg = (46.423 - 8.792d2
+ 3.170d) (1 - (x +y + s8)) + 9.420s - 2.499x
wher e:
d = the density at 15 °C
X = the proportion by nmass of water (% divided by 100)
y = the proportion by mass of ash (% di vided by 100)
s = the proportion by mass of sul phur (% di vided by 100).

(2) The val ues quoted in the specification are "true values". In
establishnent of their lint values the terns of |SO 4259, Petrol eum

products - Determ nation and application of precision data in
relation to nethods of test, have been applied and in fixing a
m ni mum val ue, a mnimum di fference of 2R above zero has been taken
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into account; in fixing a maxi mum and m ni nrum val ue, the m ni num
difference is 4R (R - reproducibility). Notw thstanding this
measure, which is necessary for statistical reasons, the nanufacturer
of a fuel should nevertheless aimat a zero val ue where the

stipul ated maxi rum value is 2R and at the nean value in the case of
quot ations of maxinmumand minimumlimts. Should it be necessary to
clarify the question as to whether a fuel neets the requirenments of
the specification, the terms of |SO 4259 should be applied.

The range for cetane nunmber is not in accordance with the requirenent
of a mnimumrange of 4R However, in the case of dispute between
fuel supplier and fuel user, the terms in | SO 4259 can be used to
resol ve such di sputes provided replicate nmeasurenents, of sufficient
nunber to achieve the necessary precision, are nmade in preference to
singl e determ nations.

The nonth of publication will be conpleted in due course.

The actual sul phur content of the fuel used for the test nust be
reported. 1In addition, the sul phur content of the reference fue
used to approve a vehicle or engine against the limt values set out
in row B of the Table in paragraph 5.2.1. of this Regul ati on nust
have a maxi mum sul phur content of 50 ppm

Even though oxidation stability is controlled, it is likely that

shelf life will be limted. Advice should be sought fromthe
supplier as to storage conditions and life.
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Annex 6, anend to read:
"Annex 6

TECHNI CAL CHARACTERI STI CS OF REFERENCE N. G FUEL PRESCRI BED FCR
APPROVAL TESTS AND TO VERI FY CONFORM TY OF PRODUCTI ON

Type: NATURAL GAS (NG
Eur opean market fuels are available in two ranges:

— the H range, whose extrenme reference fuels are Gy and Gyg;
— the L range, whose extrenme reference fuels are G3 and Gs.

The characteristics of Gy, Gs and Gs reference fuels are summari sed
bel ow

Ref erence fuel Gy

Characteristics Units Basi s Limts Test Met hod
M n Max.

Conposition:

Met hane 100 99 100

Bal ance %ol e - - 1 | SO 6974

[Inerts +C)/ C+ ]

N>

Sul phur cont ent ng/ nv - - 50 | SO 6326-5

Ref erence fuel (32_3

Characteristics Units Basi s Limts Test Met hod
M n Max.
Conposition:
Met hane 92.5 91.5 93.5
Bal ance %ol e - - 1 | SO 6974
[Inerts +Cy C+ ]
N> 7.5 6.5 8.5
Sul phur cont ent mg/ m () - - 50 | SO 6326-5

() value to be determined at standard conditions (293.2 K (20°C) and
101. 3 kPa).
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Ref erence fuel Gy
Characteristics Units Basi s Limts Test Met hod
M n Max.

Conposition:

Met hane 86 84 88

Bal ance %ol e - - 1 I SO 6974

[Inerts +C)/ Ct+ ]

N, 14 12 16

Sul phur cont ent mg/ e ) - - 50 I SO 6326-5

(*) value to be determined at standard conditions (293.2 K (20°C) and

101. 3 kPa).
Insert new Annexes 7 and 8, to read
"Annex 7
Type: LI QUEFI ED PETROLEUM GAS (LPG
Par anet er Uni t Limts Fuel A [Limts Fuel B | Test Method
M ni mum| Maxi nrum|{ M ni rum| Maxi mum
EN 589
Mot or Oct ane Nunber 93.5 93.5 Annex B
Conposition:
C3 content % vol 48 52 83 87
C4 content % vol 48 52 13 17 | SO 7941
A efins % vol 0 12 9 15
Evapor ati on Resi due mg/ kg 50 50 NFM 41- 015
Total sul phur content ppm 50 50 EN 24260
Hydr ogen sul phi de --- None None | SO 8819
Copper strip corrosion | rating class 1 class 1| 1SO 6251(2
R vi sual

Water at 0°C free free i nspecti on

(1) Value to be deternmined at standard conditions 293.2 K (20 °C) and

101. 3 kPa
(2) This nmethod may not accurately determ ne the presence of corrosive

materials if the sanple contains corrosion inhibitors or other
chemi cals, which dimnish the corrosivity of the sanple to the
copper strip. Therefore, the addition of such conpounds for the
sol e purpose of biasing the test nethod is prohibited.
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EXAMPLE OF CALCULATI ON PROCEDURE
1. ESC TEST

1.1. Gaseous eni ssi ons

Annex 8

The nmeasurenent data for the cal cul ati on of the individua

results are shown bel ow.
measured on a dry basis,
The HC concentration is given in propane equivalent (C3) and

has to be nultiplied by 3 to result

In this exanple,
HC on a wet basis.

CO and NQ; are

in the Cl equivalent.

node

The cal cul ation procedure is identical for the other npdes.

P Ta Ha Gex Ga rw G HC CO NG,
(kW (K 1(g’kg) | (kg) | (kg) (kg) | (ppm | (ppm | (ppm
82.9 | 294.8 | 7.81 |[563.38([545.29| 18.09 6.3 41.2 495

Cal cul ation of the dry to wet correction factor Ky, (annex 4,
appendi x 1, paragraph 4.2.):
1,969 1608* 7,81

Frh = —— = 1.9058 and Kyp = = 0.0124

, 1809 ¢ 1000+ (1,608* 7,81)

(é 545,29 g

ke = - 10058+ 2299 © 4 5194 20,9239

e 541,06 g

Cal cul ati on of the wet concentrations:

CcO
NG,

41.2 * 0.9239 =

Cal cul ati on of the NGO hum dity

38.1 ppm

495 * 0.9239= 457 ppm

appendi x 1, paragraph 4.3.):

A
B

0.309 * 18.09/541.

06 - 0.0266

-0.209 * 18.09/541.06 + 0.00954

correction factor

-0.0163
0. 0026

K = =
"° 1. 0.0163* (7.81- 10.71) + 0.0026* (294.8- 298)

Cal cul ation of the em ssion nass flow rates (annex 4,

appendi x 1, paragraph 4.4.):

NO, =
CO = 0.000966 * 38.1 * 563.38 = 20.735 g/h
HC = 0.000479 * 6.3 * 3 * 563.38 =

0. 001587 * 457 * 0.9625 * 563.38 = 393.27 g/h

5.100 g/h

0.9625

Knp (annex 4,
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Cal cul ati on of the specific em ssions (annex 4, appendix 1,
par agraph 4.5.):

The follow ng exanple calculation is given for CO the
cal cul ation procedure is identical for the other conponents.

The emission mass flow rates of the individual npdes are

mul tiplied by the respective weighting factors, as indicated in
annex 4, appendix 1, paragraph 2.7.1., and sunmmed up to result
in the nean em ssion mass flow rate over the cycle:

CO= (6.7 * 0.15) + (24.6 * 0.08) + (20.5 * 0.10) + (20.7 *

0.10) + (20.6 * 0.05) + (15.0 * 0.05) + (19.7 * 0.05) + (74.5 *
0.09) + (31.5 * 0.10) + (81.9 * 0.08) + (34.8 * 0.05) + (30.8 *
0.05) + (27.3 * 0.05) = 30.91 g/h

The engi ne power of the individual nodes is nmultiplied by the
respective weighting factors, as indicated in annex 4,
appendi x 1, paragraph 2.7.1., and summed up to result in the
mean cycl e power:

P(n) = (0.1 * 0.15) + (96.8 * 0.08) + (55.2 * 0.10) + (82.9 *
0.10) + (46.8 * 0.05) + (70.1 * 0.05) + (23.0 * 0.05) +(114.3 *
0.09) + (27.0 * 0.10) + (122.0 * 0.08) + (28.6 * 0.05) + (87.4
* 0.05) + (57.9 * 0.05) = 60.006 kW

=5 3091

= = 0.515 g/ kwh
60,006

Cal cul ation of the specific NO; enission of the random point
(annex 4, appendix 1, paragraph 4.6.1.):

Assune the follow ng val ues have been determ ned on the random
poi nt:

n; = 1600 min!?

Y = 495 Nm

NO mess,z = 487.9 g/h(cal cul ated according to the previous
formul ae)

P(n) 2 = 83 kW

NO 7 = 487.9/83 = 5.878 g/ kW

Determ nati on of the em ssion value fromthe test cycle
(annex 4, appendix 1, paragraph 4.6.2.):

Assune the val ues of the four envel oping nodes on the ESC to be
as follows:

Ngr Nsy Er Es Er Eu Mk Ms My My

1368 | 1785 | 5.943 | 5.565(5.889|4.973| 515 460 681 610

Ery = 5.889 + (4.973-5.889) * (1600-1368)/(1785-1368) = 5.377 g/ kW
Ers = 5.943 + (5.565-5.943) * (1600-1368)/(1785-1368) = 5.732 g/ kW
My = 681 + (601-681) * (1600-1368)/(1785-1368) = 641.3 Nm
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1

Ms = 515 + (460-515) * (1600-1368)/(1785-1368) = 484.3 Nm
E, = 5.732 + (5.377-5.732) * (495-484.3)/(641.3-484.3) = 5.708 g/ kW

Conparison of the NO
par agraph 4.6.3.):

em ssion val ues (annex 4, appendix 1

NO girsr = 100 * (5.878-5.708)/5.708 = 2.98 %

Particul ate Em ssions

Particul ate nmeasurenment is based on the principle of sanpling the
particul ates over the conplete cycle, but determ ning the sanple
and flow rates (MSAM and GEDF) during the individual nodes. The
cal cul ati on of GEDF depends on the systemused. 1In the follow ng
exanples, a systemw th CO2 neasurenent and carbon bal ance net hod
and a systemw th flow nmeasurenent are used. When using a ful
flow dilution system GEDF is directly neasured by the CVS

equi pnent .

Cal cul ati on of GEDF (annex 4, appendix 1, paragraphs 5.2.3.
and 5.2.4.):

Assune the follow ng measurenent data of node 4. The cal cul ation
procedure is identical for the other nodes.

Gew Gua Gow Grorw COp CQa
(kg/ h) (kg/ h) (kg/ h) (kg/ h) (% (%
334. 02 10. 76 5. 4435 6.0 0. 657 0. 040

a) carbon bal ance net hod

206,5*10,76

——— = 3601.2 kg/h

0,657- 0,040
b) flow neasurenent nethod

6,0
q=-——————"—"-°= 10. 78
(6,0- 5,4435

Geprw = 334.02 * 10.78 = 3600.7 kg/h

Cal culation of the mass flow rate (annex 4, appendix 1
par agraph 5.4.):

The Ggrw flow rates of the individual nodes are nmultiplied by the
respective weighting factors, as indicated in annex 4, appendix 1
paragraph 2.7.1., and sumred up to result in the nean Gz over the
cycle. The total sanple rate Msav i s sunmed up fromthe sanple rates
t he individual nopdes.

of
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Geppyw = (3567 * 0.15)+(3592 * 0.08)+(3611 * 0.10)+(3600 * 0. 10)

+(3618 * 0.05) +(3600 * 0.05)+(3640 * 0.05)+(3614 * 0.09)+(3620 *
0.10) +(3601 * 0.08) +(3639 * 0.05)+(3582 * 0.05)+(3635 * 0.05)
= 3604.6 kg/h

Msav = 0.226 + 0.122 + 0.151 + 0.152 + 0.076 + 0.076 + 0.076 +

0.136 + 0.151 + 0.121 + 0.076 + 0.076 + 0.075 = 1.515 kg
Assune the particulate mass on the filters to be 2.5 ng, then
25 , 3604,6
mss — T — = 5.948 g/h
1515 1000

Background correction (optional)

Assunme one background nmeasurenent with the follow ng val ues.
The cal culation of the dilution factor DF is identical to
paragraph 3.1. of this annex and not shown here.

My = 0.1 nmy; MyL = 1.5 kg

Sum of DF = [(1-1/119.15) * 0.15] + [(1-1/8.89) * 0.08] + [(1-
1/14.75) * 0.10] + [(1-1/10.10) * 0.10] + [(1-1/18.02) * 0.05]
+ [(1-1/12.33) * 0.05] + [(1-1/32.18) * 0.05] + [(1-1/6.94) *
0.09] + [(1-1/25.19) * 0.10] + [(1-1/6.12) * 0.08] + [(1-
1/20.87) * 0.05] + [(1-1/8.77) * 0.05] + [(1-1/12.59) * 0.05]
= 0.923
Pl = 2 8 gp3% 300 ¢ 206 g/
1515 &15 g 1000

Cal cul ation of the specific enmission (annex 4, appendix 1,
paragraph 5.5.):

P(n) = (0.1 * 0.15) + (96.8 * 0.08) + (55.2 * 0.10) +(82.9 *
0.10) +(46.8 * 0.05) +(70.1 * 0.05) + (23.0 * 0.05) +(114.3 *
0.09) + (27.0 * 0.10) +(122.0 * 0.08) + (28.6 * 0.05) + (87.4 *
0.05) + (57.9 * 0.05) = 60.006 kW

— 5948 .
PT = = 0.099 g/ kwh, if background corrected
60,006
ﬁ:—5'726 = 0.095 g/ kWwh

60,006
Cal cul ation of the specific weighting factor (annex 4,
appendi x 1, paragraph 5.6.):
Assune the values cal cul ated for npde 4 above, then

0,152* 3604,6
We, = —————— = 0.1004
1515* 3600,7

This value is within the required value of 0.10 = 0.00S3.
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ELR TEST

Since Bessel filtering is a conpletely new averagi ng procedure in

Eur opean exhaust |egislation, an explanation of the Bessel filter,

an exanple of the design of a Bessel algorithm and an exanple of the
cal cul ation of the final snoke value is given below. The constants
of the Bessel algorithmonly depend on the design of the opacineter
and the sanpling rate of the data acquisition system It is
recommended that the opaci neter nanufacturer provide the final Besse
filter constants for different sanpling rates and that the customer
use these constants for designing the Bessel algorithmand for

cal cul ating the snoke val ues.

General remarks on the Bessel filter

Due to high frequency distortions, the raw opacity signal usually
shows a highly scattered trace. To renpve these high frequency
distortions a Bessel filter is required for the ELR-Test. The Besse
filter itself is a recursive, second-order |ow pass filter which
guarantees the fastest signal rise wi thout overshoot.

Assuming a real time raw exhaust plunme in the exhaust tube, each
opaci neter shows a del ayed and differently neasured opacity trace.
The del ay and the nagnitude of the neasured opacity trace is
primarily dependent on the geonetry of the measuring chanber of the
opaci neter, including the exhaust sanple lines, and on the tine
needed for processing the signal in the electronics of the

opaci neter. The values that characterise these two effects are
call ed the physical and the electrical response tinme which represent
an individual filter for each type of opacineter.

The goal of applying a Bessel filter is to guarantee a uniform
overall filter characteristic of the whole opacineter system

consi sting of:

- physical response tinme of the opacimeter (ty)
- electrical response time of the opacinmeter (tg)
- filter response tinme of the applied Bessel filter (tg

The resulting overall response tine of the systemt e IS given by:

2 2 2
taver = '\/tF +tp +te y

and nmust be equal for all kinds of opacinmeters in order to give the
same snoke value. Therefore, a Bessel filter has to be created in
such a way, that the filter response tine (tg) together with the
physical (tp,) and electrical response time (tg) of the individua
opaci meter must result in the required overall response tinme (taper)-
Since t, and te are given values for each individual opacinmeter, and
taer IS defined to be 1.0 s in this Regulation, tg can be cal cul ated
as foll ows:

te = \/tAver2 - tp2 - te2
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By definition, the filter response tine tgis the rise time of a

filtered output signal between 10 % and 90 % on a step input signal

Therefore the cut-off frequency of the Bessel filter has to be

iterated in such a way, that the response tinme of the Bessel filter

fits into the required rise tine.

12 St Input Sigr
1 _- T~
08 | \\\
= 08 Beassel Flltarsd
_C na | Cutpt Signal
(0p) L
. 02 4 tF
T e[ A
-0.50 0.00 0.50 1.00 1.50 200 250
Time [s]
Figure (a) - Traces of a Step Input Signal and the Filtered

Qut put Si gna

In figure (a), the traces of a step input signal and Besse
filtered output signal as well as the response tinme of the
Bessel filter (tg are shown.

Designing the final Bessel filter algorithmis a nmulti step
process which requires several iteration cycles. The schene of
the iteration procedure is presented bel ow
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Cal cul ation of the Bessel algorithm

In this exanple a Bessel algorithmis designed in several steps
according to the above iteration procedure which is based upon
annex 4, appendi x 1, paragraph 6.1.

For the opacineter and the data acquisition system the
followi ng characteristics are assuned:

- physical response tine t, 0.15 s

- electrical response tine tg 0.05 s

- overall response time taer 1.00 s (by definition in this
Regul ati on)

- sanmpling rate 150 Hz

Step 1 Required Bessel filter response tinme tg

tr = 4/12- (0152+0,05?) = 0.987421 s

Step 2 Estimation of cut-off frequency and cal cul ati on of
Bessel constants E, K for first iteration:

fe= 3.1415 / (10 * 0.987421) = 0.318152 Hz
At: 1/ 150 = 0.006667 s
U= 1/ [tan (3.1415 * 0.006667 * 0.318152)] = 150.076644
1
E = = 7.07948 E-5

1+150,076644* ,/3* 0,618034 +0,618034* 150,076644°

K=2%* 7.07948 E-5 * (0.618034 * 150.076644 - 1) — 1 = 0.970783
This gives the Bessel algorithm

Yi = Y1 + 7.07948 E-5 * (Sj + 2 * S+ S, - 4 * Y., +
0.970783 * (Yi.1 - Yi.»)

where S; represents the values of the step input signal (either
"0" or '1') and Y; represents the filtered val ues of the output
si gnal .

Step 3 Application of Bessel filter on step input:

The Bessel filter response tine tgis defined as the rise tine
of the filtered output signal between 10 % and 90 % on a step
input signal. For determning the tinmes of 10 % (ty) and 90 %
(tgg) of the output signal, a Bessel filter has to be applied to
a step input using the above values of f.,, E and K

The index nunbers, the tine and the values of a step input

signal and the resulting values of the filtered output signha
for the first and the second iteration are shown in table B
The points adjacent to tio and tgyg are marked in bold nunbers.
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In table B, first iteration, the 10 % val ue occurs between

i ndex nunber 30 and 31 and the 90 % val ue occurs between i ndex
nunber 191 and 192. For the calculation of tgiie the exact tig
and tgo values are determ ned by |inear interpolation between
the adj acent measuring points, as follows:

t10=tjower + At * (0. 1-0uUtoner)/ (OUut upper - OUL | over)
too=tiower + At * (0.9-0utoner)/ (Out upper - OUL | over)
wher e out ypper and outouer, respectively, are the adjacent points of the
Bessel filtered output signal, and t g IS the time of the adjacent
time point, as indicated in table B
t 10=0. 200000+0. 006667* (0. 1- 0. 099208) / (0. 104794- 0. 099208) =0. 200945 s
t go=1. 273333+0. 006667* (0. 9-0. 899147) /(0. 901168- 0. 899147) =1. 276147 s
Step 4 Filter response tine of first iteration cycle:

triter = 1.276147 - 0.200945 = 1.075202 s

Step 5 Deviation between required and obtained filter response tine
of first iteration cycle:

A = (1.075202 - 0.987421) / 0.987421 = 0.081641
Step 6 Checking the iteration criteria:

|A] O 0.01 is required. Since 0.081641 > 0.01, the iteration
criteria is not net and a further iteration cycle has to be started.
For this iteration cycle, a new cut-off frequency is calculated from
fo and A as foll ows:

fenew = 0.318152 * (1 + 0.081641) = 0.344126 Hz

This new cut-off frequency is used in the second iteration cycle,
starting at step 2 again. The iteration has to be repeated until the
iteration criteria is met. The resulting values of the first and
second iteration are summarised in table A

Par anmet er 1. Iteration 2. lteration
fe (Hz) 0. 318152 0. 344126

E (-) 7.07948 E-5 8.272777 E-5
K (-) 0.970783 0. 968410

tio (9) 0. 200945 0. 185523

tog (S) 1.276147 1.179562
tEiter(S) 1.075202 0. 994039

A (-) 0. 081641 0. 006657

f ¢ new (Hz) 0. 344126 0. 346417

Table A - Values of the first and second iteration
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Step 7 Final Bessel algorithm

As soon as the iteration criteria has been nmet, the final Besse
filter constants and the final Bessel algorithmare calcul ated
according to step 2. In this exanple, the iteration criteria has
been met after the second iteration (A = 0.006657 0 0.01). The fina
algorithmis then used for determining the averaged snpoke val ues
(see next paragraph 2.3).

Y =Yi.1+8. 272777E- 5* ( S+2* S;.1+Sj .- 4* Y;.5) +0. 968410* ( Y;.1- Yi.2)
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Step | nput Filtered Qutput Signa
Si gnal Y
I ndex i Ti me Si [-]
[-] [ s] [-] 1. Iteration 2. lteration
-2 -0.013333 0 0. 000000 0. 000000
-1 -0. 006667 0 0. 000000 0. 000000
0 0. 000000 1 0. 000071 0. 000083
1 0. 006667 1 0. 000352 0. 000411
2 0.013333 1 0. 000908 0. 001060
3 0. 020000 1 0.001731 0. 002019
4 0. 026667 1 0. 002813 0. 003278
5 0. 033333 1 0. 004145 0. 004828
24 0. 160000 1 0.067877 0.077876
25 0.166667 1 0.072816 0.083476
26 0.173333 1 0.077874 0. 089205
27 0. 180000 1 0. 083047 0. 095056
28 0. 186667 1 0. 088331 0.101024
29 0. 193333 1 0. 093719 0. 107102
30 0. 200000 1 0. 099208 0.113286
31 0. 206667 1 0.104794 0. 119570
32 0.213333 1 0. 110471 0. 125949
33 0. 220000 1 0.116236 0. 132418
34 0. 226667 1 0. 122085 0.138972
35 0. 233333 1 0.128013 0. 145605
36 0. 240000 1 0. 134016 0. 152314
37 0. 246667 1 0. 140091 0. 159094
175 1.166667 1 0. 862416 0. 895701
176 1.173333 1 0. 864968 0. 897941
177 1. 180000 1 0. 867484 0. 900145
178 1.186667 1 0. 869964 0. 902312
179 1.193333 1 0. 872410 0. 904445
180 1. 200000 1 0.874821 0. 906542
181 1.206667 1 0.877197 0. 908605
182 1.213333 1 0. 879540 0.910633
183 1. 220000 1 0. 881849 0.912628
184 1.226667 1 0. 884125 0.914589
185 1.233333 1 0. 886367 0.916517
186 1. 240000 1 0. 888577 0.918412
187 1. 246667 1 0. 890755 0. 920276
188 1.253333 1 0. 892900 0. 922107
189 1. 260000 1 0. 895014 0. 923907
190 1.266667 1 0. 897096 0. 925676
191 1.273333 1 0. 899147 0.927414
192 1. 280000 1 0.901168 0.929121
193 1.286667 1 0. 903158 0. 930799
194 1.293333 1 0. 905117 0. 932448
195 1. 300000 1 0. 907047 0. 934067
Table B - Values of step input signal and Bessel filtered output

si gnal

for the first and second iteration cycle
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Cal cul ati on of the Snpke Val ues

In the schene bel ow t he general
snoke val ue is presented.

procedure of determ ning the final
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Speot A Speod B
Load Step 1 Load Step 1
Speed A Speed B
Load Step 2 Load Step 2
Spoad A Speed B
Load Step 3 Load Step 3

Speed C
Load Step 1

Speed C
Load Step 2

Speed C
Load Stap 3

raw opanity valuss N [%]

[ [ ] [ [ ] [ 1 ]
convarsion 1o light absorption coefficient k [1/m]
|k--(1/LA}'In(1-NI1nD) |

[ N N N O B B

fitering with Besse! fiter

[ I I N B

salection of madmum k-value (pask) for
aach speed and load step

Ymax1C
Ymax2A Ym=a2B Yma2C
YA YmadB Yma3C

[ I N A B

cycle validasien for each epoed

trr trt wbu

YmaxiA YmaxiB

caiculation of mean smoka valus for sach spead

SVA =
Ymanc A Y mexASYiman NS

SVB =
(Y S Yma2BAY manaa)s

V=
(VI C+Y MG+ Yneax3C )

— 3

.

hl

calcutation of the final smeke value

|sv=o.43-sVA+o.50'svs+o.o1-svc |
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In figure b, the traces of the neasured raw opacity signal, and of
the unfiltered and filtered |ight absorption coefficients (k-value)
of the first load step of an ELR-Test are shown, and the maxi mum
val ue Ymx1 a (peak) of the filtered k trace is indicated.
Correspondingly, table C contains the numerical values of index i
time (sanpling rate of 150 Hz), raw opacity, unfiltered k and
filtered k. Filtering was conducted wusing the constants of the
Bessel al gorithm designed in paragraph 2.2. of this annex. Due to
the | arge ambunt of data, only those sections of the snpke trace
around the begi nning and the peak are tabl ed.

i 100
-
o\oﬂ
Pz *
3 m
O
$
dj ® )
8 10 23 10 45 52 & 75 80 B3 Wé 11D
Time k]
Figure b - Traces of neasured opacity N, of unfiltered snoke k and of
filtered snmoke k
The peak value (i = 272) is cal culated assuning the foll ow ng data of

table C. All other individual snoke

Cal cul ati on of the k-value (annex 4, appendix 1, paragraph 6.3.1.):

La(m 0. 430

| ndex | 272

N (% 16. 783
So71 (MY 0.427392
So70 (MY 0.427532
Yor1 (N17) 0.542383
Yoz (M) 0.542337
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(=L & 167880 o oss m

0430 & 100 g
This value corresponds to S, in the equation that follows.

Cal cul ati on of Bessel averaged snmoke (annex 4, appendix 1,
paragraph 6.3.2.):

In the foll owing equation, the Bessel constants of the previous
paragraph 2.2. are used. The actual unfiltered k-val ue, as
cal cul at ed above, corresponds to Sy7» (Si). Sy71 (Si.1) and Sy (Si.2) are
the two preceding unfiltered k-values, Y1 (Yi.1) and Yoo (Yj.2) are
the two preceding filtered k-val ues.

Yo7, = 0.542383+8. 272777E-5* (0. 427252+2*0. 427392+0. 427532- 4*0. 542337) +
0.968410* (0. 542383- 0. 542337) = 0.542389 m'!

This val ue corresponds to Ymia in the followi ng equation

Cal cul ation of the final snoke value (annex 4, appendix 1,
paragraph 6.3.3.):

From each snoke trace, the maximumfiltered k-value is taken for the
further calculation. Assune the follow ng val ues:

Yomx (M)

Speed Cycle 1 Cycle 2 Cycle 3

A 0. 5424 0. 5435 0. 5587

B 0. 5596 0. 5400 0. 5389

C 0.4912 0. 5207 0.5177
SVa = (0.5424 + 0.5435 + 0.5587) / 3 = 0.5482 m!
SVg = (0.5596 + 0.5400 + 0.5389) / 3 = 0.5462 m?
SVc = (0.4912 + 0.5207 + 0.5177) / 3 = 0.5099 m!
SV = (0.43*0.5482) +(0.56*0.5462) +(0.01*0.5099) = 0.5467 m?
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Cycle validation (annex 4, appendix 1, paragraph 3.4.)
Before cal cul ating SV, the cycle must be validated by cal culating the

relative standard devi ations of the snoke of the three cycles for
each speed.

Speed Mean SV (m?) absol ute standard rel ati ve standard
devi ation (m?) devi ation (%
A 0. 5482 0. 0091 1.7
B 0. 5462 0.0116 2.1
C 0. 5099 0. 0162 3.2

In this exanple, the validation criteria of 15 per cent is net for
each speed.
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Table C
Val ues of opacity N, unfiltered and filtered k-value at begi nni ng of
| oad step

unfiltered filtered
I ndex | Ti me Opacity N k- Val ue k- Val ue

[-] [s] [A [mf [mf
-2 0. 000000 0. 000000 0. 000000 0. 000000
-1 0. 000000 0. 000000 0. 000000 0. 000000
0 0. 000000 0. 000000 0. 000000 0. 000000
1 0. 006667 0. 020000 0. 000465 0. 000000
2 0.013333 0. 020000 0. 000465 0. 000000
3 0. 020000 0. 020000 0. 000465 0. 000000
4 0. 026667 0. 020000 0. 000465 0. 000001
5 0. 033333 0. 020000 0. 000465 0. 000002
6 0. 040000 0. 020000 0. 000465 0. 000002
7 0. 046667 0. 020000 0. 000465 0. 000003
8 0. 053333 0. 020000 0. 000465 0. 000004
9 0. 060000 0. 020000 0. 000465 0. 000005
10 0. 066667 0. 020000 0. 000465 0. 000006
11 0.073333 0. 020000 0. 000465 0. 000008
12 0. 080000 0. 020000 0. 000465 0. 000009
13 0. 086667 0. 020000 0. 000465 0. 000011
14 0. 093333 0. 020000 0. 000465 0. 000012
15 0. 100000 0. 192000 0. 004469 0. 000014
16 0. 106667 0.212000 0. 004935 0. 000018
17 0.113333 0. 212000 0. 004935 0. 000022
18 0. 120000 0.212000 0. 004935 0. 000028
19 0. 126667 0. 343000 0. 007990 0. 000036
20 0. 133333 0. 566000 0. 013200 0. 000047
21 0. 140000 0. 889000 0. 020767 0. 000061
22 0. 146667 0. 929000 0. 021706 0. 000082
23 0. 153333 0. 929000 0. 021706 0. 000109
24 0. 160000 1. 263000 0. 029559 0. 000143
25 0. 166667 1. 455000 0. 034086 0. 000185
26 0.173333 1. 697000 0. 039804 0. 000237
27 0. 180000 2. 030000 0. 047695 0. 000301
28 0. 186667 2. 081000 0. 048906 0. 000378
29 0. 193333 2. 081000 0. 048906 0. 000469
30 0. 200000 2. 424000 0. 057067 0. 000573
31 0. 206667 2. 475000 0. 058282 0. 000693
32 0.213333 2. 475000 0. 058282 0. 000827
33 0. 220000 2.808000 0. 066237 0. 000977
34 0. 226667 3. 010000 0.071075 0.001144
35 0.233333 3.253000 0. 076909 0. 001328
36 0. 240000 3. 606000 0. 085410 0. 001533
37 0. 246667 3. 960000 0. 093966 0. 001758
38 0. 253333 4. 455000 0. 105983 0. 002007
39 0. 260000 4.818000 0.114836 0. 002283
40 0. 266667 5. 020000 0. 119776 0. 002587
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Val ues of opacity N

Tabl e C (conti nued)

(o peak val ue,

i ndi cated in bold nunber)

unfiltered and filtered k-value around Ypai a

unfiltered filtered
I ndex i Ti me Opacity N k- Val ue k- Val ue
[-] [s] [ %A [m] [m!]
259 1.726667 17.182000 0. 438429 0. 538856
260 1.733333 16. 949000 0.431896 0.539423
261 1. 740000 16. 788000 0. 427392 0. 539936
262 1.746667 16. 798000 0.427671 0. 540396
263 1.753333 16. 788000 0. 427392 0. 540805
264 1. 760000 16. 798000 0.427671 0.541163
265 1. 766667 16. 798000 0.427671 0.541473
266 1.773333 16. 788000 0. 427392 0.541735
267 1. 780000 16. 788000 0. 427392 0.541951
268 1.786667 16. 798000 0.427671 0.542123
269 1.793333 16. 798000 0.427671 0.542251
270 1. 800000 16. 793000 0. 427532 0. 542337
271 1.806667 16. 788000 0. 427392 0.542383
272 1.813333 16. 783000 0. 427252 0.542389
273 1. 820000 16. 780000 0.427168 0. 542357
274 1. 826667 16. 798000 0.427671 0.542288
275 1.833333 16. 778000 0. 427112 0.542183
276 1. 840000 16. 808000 0. 427951 0.542043
277 1. 846667 16. 768000 0. 426833 0.541870
278 1.853333 16. 010000 0. 405750 0.541662
279 1. 860000 16. 010000 0. 405750 0.541418
280 1.866667 16. 000000 0. 405473 0.541136
281 1.873333 16. 010000 0. 405750 0. 540819
282 1. 880000 16. 000000 0. 405473 0. 540466
283 1. 886667 16. 010000 0. 405750 0. 540080
284 1.893333 16. 394000 0. 416406 0. 539663
285 1. 900000 16. 394000 0. 416406 0.539216
286 1.906667 16. 404000 0. 416685 0.538744
287 1.913333 16. 394000 0. 416406 0.538245
288 1. 920000 16. 394000 0. 416406 0.537722
289 1.926667 16. 384000 0.416128 0.537175
290 1.933333 16. 010000 0. 405750 0. 536604
291 1. 940000 16. 010000 0. 405750 0. 536009
292 1.946667 16. 000000 0. 405473 0. 535389
293 1.953333 16. 010000 0. 405750 0.534745
294 1. 960000 16. 212000 0.411349 0. 534079
295 1.966667 16. 394000 0. 416406 0.533394
296 1.973333 16. 394000 0. 416406 0.532691
297 1. 980000 16. 192000 0. 410794 0.531971
298 1.986667 16. 000000 0. 405473 0.531233
299 1.993333 16. 000000 0. 405473 0.530477
300 2.000000 16. 000000 0. 405473 0.529704
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ETC TEST

Gaseous emni ssions (Diesel engine)

Assune the following test results for a PDP-CVS system

Vo (¥l rev) 0.1776
Ny (rev) 23073
Ps (kPa) 98.0
P1 (kPa) 2.3
T (K) 322.5
H, (g/ kg) 12.8
NQ( conce (pprr) 53 7
NQ( concd (ppm) 0.4
Coconce (pprr) 38 9
Co concd ( ppm) 1.0
HC conce ( pprr) 9 OO
HC concd (ppr') 3.02
COZ, conce (% 0 723
Wict (kWh) 62.72

Cal cul ation of the diluted exhaust gas flow (annex 4, appendi x 2,
par agraph 4.1.):

Mow = 1.293 * 0.1776 * 23073 * (98.0 - 2.3) * 273 / (101.3 * 322.5)
= 4237.2 kg

Cal cul ation of the NO correction factor (annex 4, appendix 2,
paragraph 4.2.):

K = 1 =
o T 1.0,0182* (12,8- 10,7))

1.039
Cal cul ation of the background corrected concentrations (annex 4,
appendi x 2, paragraph 4.3.1.1.):

Assum ng a di esel fuel of the conposition CH g

1 = 13.6
1+ (1,8/ 2) +(3,76* (1+ (1,8/ 4)))

Fs = 100*

136
DF = = 18.69
0,723+ (9,00+38,9)*10°*

NO conc = 53.7 - 0.4 * (1 - (1/18.69)) = 53.3 ppm
COonc = 38.9 - 1.0 * (1 - (1/18.69)) = 37.9 ppm
HCone = 9.00 - 3.02 * (1 - (1/18.69)) = 6.14 ppm

Cal cul ation of the emissions nmass flow (annex 4, appendix 2,
paragraph 4.3.1.):

NO, mss = 0. 001587 * 53.3 * 1.039 * 4237.2 = 372.391 g
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COmss = 0.000966 * 37.9 * 4237.2 = 155.129 ¢
HCmss = 0.000479 * 6.14 * 4237.2 = 12.462 ¢

Cal cul ation of the specific em ssions (annex 4, appendiXx 2,
par agraph 4.4.):

NO, =372.391/62.72 =5.94 g/kWh
CO, =155.129/ 62.72 = 2.47 g/kWh

HC, =12.462/ 62.72 = 0.199 g/kWh

3. 2. Parti cul ate Em ssions (Diesel Engine)

Assunme the following test results for a PDP-CVS systemw th doubl e

di lution
Mrorw (kg) 4237. 2
M., (D) 3. 030
M.o_ () 0. 044
Mor  (kg) 2.159
Msec  (kg) 0. 909
My (mg) 0. 341
MyL (kg) 1. 245
DF 18. 69
Wt (kWh) 62.72

Cal cul ation of the mass enission (annex 4, appendix 2, paragraph 5.1.):
M = 3.030 + 0.044= 3.074 ny

Myw= 2.159 - 0.909 = 1.250 kg

_ 3074, 4237.2 _

S 10.42
1.250 1000

Cal cul ation of the background corrected mass em ssion (annex 4,
appendi x 2, paragraph 5.1.):

_€3074 @341, % 1 00, 4237,2 _

= - - 9.32
me= 21,250 §1,245 & 186945 1000 J

Cal cul ati on of the specific em ssion (annex 4, appendix 2,
par agraph 5. 2):

NO, =372.391/62.72 = 5.94g/kWh
CO =155.129/62.72 = 2.47 g/kWh

HC =12.462 / 62.72 = 0.199 g/kWh
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Gaseous em ssions (CNG engi ne)

Assune the following test results for a PDP-CVS systemw th doubl e
dilution

Mrorw (kg) 4237.2
Ha (9/kg) 12.8
NG conce  (PPM) 17.2
NQ( concd (ppm) 0.4
CO conce  (PPM 44.3
Co concd (ppm) 1.0
HC conce  (PPM 27.0
HC concd ( ppn’? 3.02
CHs conce  (PPM 18.0
Cl"4 concd ( ppn’? 1.7
COZ, conce (% 0.723
Wit (KV\h) 62. 72

Cal cul ati on of the NOx correction factor (annex 4, appendix 2
paragraph 4.2.):

KH G = 1 =1.074
© 1. 0.0329* (12.8- 10.71)

Cal cul ati on of the NWMHC concentrati on (annex 4, appendix 2,
paragraph 4.3.1.):

a) GC net hod
NVHC once = 27.0 - 18.0 = 9.0 ppm
b) NMC net hod

Assum ng a nethane efficiency of 0.04 and an ethane efficiency of 0.98
(see annex 4, appendix 5, paragraph 1.8.4.)

_27.0* (1- 0.04) - 18.0

NM HCconce -
0.98-0.04

=8.4ppm
Cal cul ati on of the background corrected concentrations (annex 4,

appendi x 2, paragraph 4.3.1.1.):

Assuming a G20 reference fuel (100 % net hane) of the conposition CH,

* 1 =95
1+ (4/2) + (3.78* (L+ (4/ 4)))

F, =100

e 95
0.723+(27.0+ 44.3*10°*

=13.01
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For NWVHC, the background concentration is the difference between HCioncq
and CH4 concd

NO cone = 17.2 - 0.4 * (1 - (1/13.01)) = 16.8 ppm
CQ:onc =44.3 - 1.0 * (1 - (1/13.01)) =  43.4 ppm
NVHCcone = 8.4 - 1.32 * (1 - (1/13.01)) = 7.2 ppm
CHycone = 18.0 - 1.7 * (1 - (1/13.01)) = 16.4 ppm

Cal cul ation of the em ssions nass flow (annex 4, appendix 2
paragraph 4.3.1.):

NO mss = 0.001587 * 16.8 * 1.074 * 4237.2 =121.330 ¢
COrass = 0.000966 * 43.4 * 4237.2 = 177.642 ¢
NVHCmss = 0.000502 * 7.2 * 4237.2 = 15.315 ¢

CHy mess = 0.000554 * 16.4 * 4237.2 = 38.498 ¢

Cal cul ation of the specific em ssions (annex 4, appendi x 2
par agraph 4.4.):

NO, = 121.330/62.72 = 1.93 g/ kWh
CO = 177.642/62.72 = 2.83 g/ kW
NMHC = 15.315/62.72 = 0.244 g/ kW
CH, = 38.498/62.72 = 0.614 g/kwh
4. - SHI FT FACTOR (Se)
4.1. Calculation of the é-shift factor (Sg @
2

inert%gee . mo O, *
T *h+

g 100 é 45 100

wher e:
Ss = é-shift factor;
inert % = %by volune of inert gases in the fuel (i.e. Np, CO, He
etc.);
O* = % by volune of original oxygen in the fuel
n and m= refer to average CnHm representing the fuel hydrocarbons,
i.e:
. €CH %0, €C,%u 3*eC %0 4*eC4%u 5*eC5%u
8 100 H €100 ~ &100H4  &100Y ~ §100Y
diluent%

100

(2 stoichionetric Air/Fuel ratios of autonotive fuels: SAE J1829, June 1987
John B. Heywood, Internal Conmbustion Engi ne Fundamentals, McGraw-Hill, 1988,
Chapter 3.4. “Conbustion stoichionetry”

(pages 68 to 72).
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(CH %0, CHu, o, €M%y, o, €CH%u,

€100 4" § 100 U 81005 € 100 Y

1 diluent %
100

wher e:

CH;, =% by volune of nethane in the fue

(o) =% by volunme of all C,hydrocarbons (e g.: GHs, CH4 etc.)
in the fuel

Cs =% by volune of all C; hydrocarbons (e.g.: GCHs, GCiHs, etc.)
in the fuel

Cy =% by volune of all C; hydrocarbons (e.g.: CjHyp, C4Hs, etc.)
in the fuel

G =% by volune of all GCs hydrocarbons (e.g.: GCsHyp, GsHyp, etc.)
in the fuel

diluent =% by volunme of dilution gases in the fuel (i.e.: O*, Ny,

CO,, He, etc.).

Exanples for the calculation of the é-shift factor Ss

Exanple 1: Gy: CHy= 86% N, = 14% (by vol)

éCH, %u . €C, /ou

1*
8100H 8100H _1*086_0.86 _
1- diluent% 1_& 086
100 100

, €CH,%u b4 éC,H, A)u
8100H & 100 H _4*0.86_
L. diluent% 086
100

m=

S = Y 2 o 142 —1.16
iner oca% mo ai 0 ai+

$ 100 & a, 100 & 1004 & 44
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Exanple 2: Gy: CHy = 87 % GCHs = 13 % (by vol)

éCH, /ou eCz%u

1* .
& 100 Y elOOu _1*0,87+2%0,13 1.13_
= = =113
1_dlluent% 1_i 1
100 100
L €CH %u_ ., éC,H %,
U " * *
. 8100 8 100 " _4*087+6 013_426
1_dlluent% 1
100
- t 0% - 0, - - 4.26¢ =091
g_lner o—qci:en mg_ 8‘1-——*3‘113 0
e 100 ¢ 4g 100 ¢ 100g e 4 g

Exanple 3: USA: CH, = 89 % CHs = 4.5 % GCiHg = 2.3 % GCgHiy = 0.2 %
0, =0.6% N, = 4%

ECH %0, , &0,
100 tl X8100 H _ 1*0.89+2*0.045+ 3* 0,023+ 4* 0.002
L. diluent% 1.10.64+4)
100 100

=111

4* eCH %u 4*éC2H4%g+6*éC2H6%@+ "+8*éC3H8%l;l
1ooH € 100 § & 100 § & 100 {_
diluent % B

100
_ 4*0.89+4*0.045+ 8* 0.023+ 14* 0.002

- 06+4

1-
100

= 4,24

= 2 = 2 =0.96
inert%t.'a-FH mo O,* % 40 aei 4240 0.6

g 100 é 4g 100 g 100 g e 4 g 100
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