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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
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Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting.\Publication a
Standard requires approval by at least 75 % of the member bodies casting a-vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

st gas emission measurement.

edition cancels and replaces the first edition (1SO;8178-4:1996) which has been techn

nsists of the following parts, under the generalditle Reciprocating internal combustion engin
ssion measurement:

[est-bed measurement of gaseous and particulate exhaust emissions
Measurement of gaseous and patticulate exhaust emissions under field conditions
Definitions and methods of measurement of exhaust gas smoke under steady-state conditions
bteady-state test cycles-for different engine applications
[est fuels

Report ofaneasuring results and test

Engine family determination

the

ards
S an

atent

was prepared by Technical Committee ISO/TC 70, Internal-cembustion engines, Subcomnpittee

cally

Part 8:

—ngine group determination

compression ignition engines operating under transient conditions

compression ignition engines operating under transient conditions

nonroad mobile machinery under transient test conditions

Part 9: Test cycles and test procedures for test bed measurement of exhaust gas smoke emissions from

Part 10: Test cycles and test procedures for field measurement of exhaust gas smoke emissions from

Part 11: Test-bed measurement of gaseous and particulate exhaust emissions from engines used in

In this corrected version of ISO 8178-4:2007, in Table 7, the weighting factors for mode numbers 1 and 2 have
been changed to 0,15 and 0,25, respectively.
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Introduction

In comparison with engines for on-road applications, engines for off-road use are made in a much wider range
of power output and configuration and are used in a great number of different applications.

The objective of this part of ISO 8178 is to rationalize the test procedures for off—road engmes in order to
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ertification of engines to control gaseous and particulate emissions.

part of ISO 8178 embraces three concepts in order to achieve the objectives.

first principle is to group applications with similar engine operating characteristics’in order t
per of test cycles to a minimum, but ensure that the test cycles are representative of a

ation.

second principle is to express the emissions results on the basis™ of brake power as
B178-1:2006, 3.9. This ensures that alternative engine applications do'not result in a multiplic

third principle is the incorporation of an engine family concept in which engines with sim
pcteristics and of similar design may be represented by the highest emitting engine within the

b reduce the
ctual engine

5 defined in
ty of tests.

lar emission
group.
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Reciprocating internal combustion engines — Exhaust
emission measurement —
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part of ISO 8178 specifies the test cycles for the measurement and(the evaluation of g
culate exhaust emissions from reciprocating internal combustion)(RIC) engines co
mometer. With certain restrictions, this part of ISO 8178 can also bé&used for measurementg
are carried out under steady-state operation using test cyeles’which are representat
cations.

part of ISO 8178 is applicable to RIC engines for mobile,, transportable and stationary us
nes for motor vehicles primarily designed for road use. ‘it\mhay be applied to engines used, €
ng machines, generating sets and for other applications.

bngines used in machinery covered by additional requirements (e.g. occupational health
ations, regulations for powerplants) additional-tést conditions and special evaluation methods

Normative references

ences, only the edition cited\applies. For undated references, the latest edition of theg
ment (including any amendments) applies.

B178-1:2006, Reciprocating internal combustion engines — Exhaust emission measureme
bed measurement-of gaseous and particulate exhaust emissions

B178-2:1996, Reciprocating internal combustion engines — Exhaust emission measureme
surement of-.gaseous and particulate exhaust emissions at site

B178-3:1994, Reciprocating internal combustion engines — Exhaust emission measureme
itionsvand methods of measurement of exhaust gas smoke under steady-state conditions

following referenced documents are indispensable for the application of this document.

aseous and
upled to a
at site. The
ve of given

e, excluding
Lg. for earth-

and safety
may apply.

For dated
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Test
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- ustion—engines
fuels

ISO 8178-6:2000, Reciprocating internal combustion engines — Exhaust emission measuremen — Part 6:
Report of measuring results and test

ISO 8178-7:1996, Reciprocating internal combustion engines — Exhaust emission measurement — Part 7:
Engine family determination

ISO 8178-8:1996, Reciprocating internal combustion engines — Exhaust emission measurement — Part 8:
Engine group determination

ISO 8528-1:2005, Reciprocating internal combustion engine driven alternating current generating sets —

Part

1: Application, ratings and performance
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ISO 14396:2002, Reciprocating internal combustion engines — Determination and method for the measurement

of engine po

wer — Additional requirements for exhaust emission tests in accordance with ISO 8178

3 Terms and definitions

For the purp

3.1
test cycle

oses of this document, the following terms and definitions apply.

sequence of engine test modes each with defined speed, torque and weighting factor where the weighting

factors only

3.2

preconditio
warming up
according to

NOTE A

system from @ former test. There is also a period of stabilization in the test modes which fia$ been included to min

point-to-point

3.3
mode

engine operating point characterized by a speed and a torque (or a power output)

Bpply if the test results are expressed in grams per kilowatt hour

hing of the engine
of the engine under load conditions higher than 80 %, to stabilize the engihe param
the recommendations of the manufacturer

preconditioning phase also protects the actual measurement against the influence of deposits in the ex|

influences.

bters

haust
imize

3.4

mode length

time betwegn leaving the speed and/or torque of the previous mode or the preconditioning phase ang the
beginning of|the following mode

NOTE It|lincludes the time during which speed and/or torque is being changed and the stabilization at the beginning
of each mode

3.5

rated speed

speed at which, according to the statement of the engine manufacturer, the rated power is delivered

NOTE For details see ISO 14396

3.6

intermediatp speed

speed declafed by the.manufacturer, taking into account the requirements governed by the torque curve
NOTE Ske 6.2;

3.7

low speed

lowest engine speed where 50 % of the rated or prime power is delivered

3.8
high speed
highest engi

3.9

ne speed where 70 % of the rated or prime power is delivered

engine family
manufacturer's grouping of engines which, through their design, are expected to have similar exhaust
emission characteristics where members of the family must comply with the applicable emission limit values

[ISO 8178-7

1996, definition 2.1]
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4 Symbols and abbreviations

For the use of this part of 1ISO 8178 the symbols and abbreviations defined in ISO 8178-1, 1SO 8178-2,
ISO 8178-3, ISO 8178-5, ISO 8178-6, ISO 8178-7 and ISO 8178-8 shall be used.

In addition, see Table 1:

Table 1 — Essential units for this part of ISO 8178

Symbol Term Unit
n Engine speed r/min
M Torque N:m
P Power kW
We Weighting factor 1
5 [forque

5.1 | The torque figures given in the test cycles are percentage values(that represent, for a giveh test mode,
the rptio of the required torque to the maximum possible torque (C1,<C2, E1, E2, F, G1, G2, G3|and H) or of
the tprque corresponding to the continuous power or prime powerjrating as defined in ISO 8528-1 (D1, D2) at
this given speed (see ISO 8178-1:2006, 12.5). Figure 1 shows>orque scales for engines operatifg on a non-
propgller curve.

M \
100 %
1
—100 %
— 75 %
— 75 %
— 50 %
— 50 %
— 2 ()
5% — 25 %
—10 % - 10 %
. .
2 3 4 n
Key
1  full-load torque curve
2 lowidle
3  intermediate speed
4  rated speed

Figure 1 — Torque scales: percentage of full-load torque at each engine speed

© 1SO 2007 — All rights reserved 3
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5.2 For the test cycle E3 the power figures are percentage values of the maximum rated power at the rated
speed as this cycle is based on a theoretical propeller characteristic curve for vessels driven by heavy duty
engines without limitation of length.

For the test cycle E4 the torque figures are percentage values of the torque at rated power. This cycle is
based on the theoretical propeller characteristic curve representing typical pleasure craft spark ignition engine

operation.

For the test cycle E5 the power figures are percentage values of the maximum rated power at the rated speed
as this cycle is based on a theoretical propeller characteristic curve for vessels of less than 24 m in length
driven by diesel engines.

NOTE Other propeller characteristic curves exist.

Figure 2 shgws the two representative curves chosen by ISO/TC 70/SC 8.

0 0—
0 20 40 60 80 100 120 140 n
Key
1 torque Ef
2  power EB
3 idling
NOTE The values of 4, ¥M and P are expressed in percent of rated speed, maximum torque and maximum {

respectively.

M \ P
120 120
100 100

80 y Ve 80
60 \/ / 60
s
40 // 2 40
20 20
5

Figure 2 — Examples of torque and power scales for propeller curves

6 Test speeds

6.1 Rated speed

ower

For the purposes of this part of ISO 8178, the rated speed is defined in 3.5. With the prior agreement of the
parties involved, the following reference speed may replace the rated speed for running the test cycles listed

in Clause 8.

Reference speed = low speed + 0,95 x (high speed — low speed)

© 1SO 2007 — All rights reserved
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where

low speed = lowest engine speed where 50 % of the rated or prime power is delivered;

high speed = highest engine speed where 70 % of the rated or prime power is delivered.

If the measured reference speed is within + 3 % of the reference speed declared by the manufacturer, the
declared reference speed shall be used. If the tolerance is exceeded, the measured reference speed shall be

used

6.2

Intermediate speed

6.2.1
inter!
rateg
spe¢g

If the¢ declared maximum torque speed is less than 60 % of the declared rated speed, then

inter

If the
spee

If the

obse
inter

6.2.2
state

6.2.3
the i

6.2.4

For engines that are designed to operate over a speed range on a full-load torque
mediate speed shall be the declared maximum torque speed if it occurs between 60 %~and

speed, on condition that the torque observed on the test engine at the declaredxinterme
d is not less than 96 % of the maximum torque observed between 60 % and 75,% of the rate

mediate speed shall be 60 % of the rated speed.

declared maximum torque speed is greater than 75 % of the rated-speed then the declared
d shall be 75 % of the rated speed.

torque observed at the declared intermediate engine speed is less than 96 % of the max
rved between 60 % and 75 % of the rated speed then thé,observed maximum torque speed
mediate speed.

For engines which are not designed to operate Qver a speed range on a full-load torque cu
conditions, the intermediate speed will typicall{’be between 60 % and 70 % of the rated speg

For marine application engines to be used to propel vessels with a fixed propeller, as spe
ntermediate speeds are defined in Clause 8.

For engines to be tested on cycle*G1, the intermediate speed shall be 85 % of the rated spe

curve, the
75 % of the
diate engine
j speed.

he declared

intermediate

mum torque
shall be the

ve at steady
bd.

cified in 8.5,

ed.
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7 Information regarding preparation of the test

See Table 2.
Table 2 — Parameters
No. Parameter ISO 8178-1:2006, ISO 8178-2:1996,
clause/subclause | clause/subclause

71 Test conditions 5 5.2
7.2 Power; brake power 39.53 39.53
7.3 Engine air inlet system 54.1 54
7.4 Engine exhaust system 54.2 5.5
7.5 Test fuels; reference fuels (ISO 8178-5) 6 6
7.6 Measurement equipment and data to be measured 7 7
7.7 Accuracy of the measuring instruments 7.4 7.3
7.8 Determination of exhaust gas flow 7.3 7.2
7.9 Determination of the gaseous components 75,124 74,152
7.10 | | Determination of the particulates 7.6, 17 75,162
7.11 | | Calibration of the analytical instruments 8 8a

7.11.1| | Calibration procedure 8.5 82

7.11.2| | Verification of the calibration 8.5.7 8a
7.12 Efficiency test of the NO, converter 8.7 ga
7.13 | | Checking of HFID hydrocarbon response 8.8.2 8a
7.14 | | Calibration intervals 8.10,9.4 82
7.15 | | Calibration of the particulate measuring system 9 9a
7.17 | |Testrun 12 112
7.18 | | Data evaluation for gaseous’and particulate emissions 13 122
7.19 | | Calculation of the gaseous emissions 14 132
7.20 | | Calculation of particulate emissions 15 142
7.21 | | Analytical and sampling systems 16 152

@  For parameters. %9 to 7.21 the operative clause of 1ISO 8178-2 contains references to the applicable clause(s) of
ISO 8178-1. In seme cases the necessary differences for the site conditions are described in ISO 8178-2.

8 Modes and weighting factors for test cycles

8.1 General remarks

The exhaust emission measurement and evaluation shall be carried out using the appropriate test cycle for
the application as described in general in 8.3 to 8.8. With the prior agreement of the parties involved, the
universal test cycle described in Annex B may be used and the emissions values for the respective application
calculated using the appropriate weighting factors. For special cases not shown, an adequate choice shall be
made and agreed upon by the parties concerned. Most of the following test cycles have been derived from

and follow the same principles as the UN-ECE R49[17] 13-mode steady-state test cycle.

6 © 1SO 2007 — All rights reserved
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The particulate emission may be measured by either the multiple filter or the single filter method according to
13.3 of ISO 8178-1:2006. To evaluate the particulate emission by the multiple filter method, it is necessary to
measure the particulate concentration and the particulate mass emission of each test mode at stabilized
engine operation. The time needed for stabilization of the engine depends on engine size and ambient

cond

itions.

The test equipment and test cycles of ISO 8178-1 and this part of ISO 8178 may also be used for the
measurement of particulate emissions from spark ignition engines.

8.2

Requirements

Each
test

lengf
engi

The

ExcH
and
torqu
calcl

Parti
beer
the {
gass

For
repe
met.

Test
of th
dela
anot
engi

If at
ther
be re

test shall be performed in the given sequence of the test modes for a particular test cycle4 T
mode length is 10 min which is the standard, except for cycles “G” (see 8.7.3). If necéssal
h may be extended e.g. to collect sufficient particulate sample mass or to achieve stabilizati
nes.

mode length shall be recorded and reported.

pt for test cycles “G” (see 8.7.3), the gaseous exhaust emission concentration values shall
recorded for at least 3 min anywhere in the mode if the engine is stabilized and meets thg
e requirements of the respective mode. Only the last 60 s of the 3, min period shall be used
lation in accordance with 13.2 of ISO 8178-1:2006.

culate sampling shall not commence before engine stabilization, as defined by the manuf
achieved, and shall preferably be conducted at the same.time as gaseous emissions are m
ingle filter method, the completion of particulate sampling shall be within + 5 s of the comp
ous emission measurement.

the multiple filter method only, particulate .sampling and gaseous emissions measurem
hted during the mode until a valid sample is-obtained as long as the speed and torque requ

modes may be repeated, as long as.the engine is preconditioned by running the previous m
b first mode of any cycle, the engine shall be preconditioned according to 12.3 of ISO 8178
of more than 20 min, but less than 4 h, occurs between the end of one mode and the

ne shall be preconditioned according to 12.3 of ISO 8178-1:20086.
any time during a testymode, the test equipment malfunctions or the engine speed and load

bquirements of 12.4.1 of ISO 8178-1:2006, the test mode is void and may be aborted. The te
started by precanditioning with the previous mode.

he minimum
ry the mode
bn with large

e measured
e speed and
for emission

acturer, has
pasured. For
letion of the

ent may be
rements are

ode. In case
-1:2006. If a
beginning of

ner mode, the engine shall pe ‘preconditioned by running the previous mode. If the delay excgeds 4 h, the

do not meet
5t mode may
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8.3 Test cycles type C “Off-road vehicles and industrial equipment”

8.3.1 Cycle type C1 “Off-road vehicles, diesel-powered off-road industrial equipment”

8.3.1.1 Test modes and weighting factors

See Table 3.

Table 3 — Cycle C1 test modes and weighting factors

Mode number 1 2 3 4 5 6 7 8
Speed 2@ Rated speed Intermediate speed Low-igle
speed
Torque §, % 100 75 50 10 100 75 50 0
Weighting factor 0,15 0,15 0,15 0,1 0,1 0,1 0,1 0,15

a8  See [SO 8178-1:2006, 12.5 and 3.5, 3.6, 5 and 6 of this part of ISO 8178.

8.3.1.2  Performing the test

The test shajl be performed in ascending order of mode numbers of cycle C1)

The provisiohs of 8.2 shall be taken into account.

8.3.1.3  Cyiteria for the application of this test

Typical examples are:

— industrial drilling rigs, compressors etc.;

— construgtion equipment including wheel lgaders, bulldozers, crawler tractors, crawler loaders, truck
loaders| dumpers, hydraulic excavators etc;;

— agricultyiral equipment, rotary tillers;
— forestry|lequipment;
— self-propelled agriculturalvehicles (including tractors);

— material handling-equipment;

—  fork-lift frucks;

Htype

d H Y 5 + Fawa <l <l il bald £l AY
— road mamenance— equipment(graders;roaaroners,aspnart tSnersy,;

— snow plough equipment;

— show tractors;

— airport supporting equipment;

— aerial lifts;

— mobile cranes.

This list is not exhaustive.

© 1SO 2007 — All rights reserved
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NOTE 1 Diesel engines with rated power typically below 20 kW intended for applications listed under 8.7.4 (test
cycles G), can be tested according to the test cycles given in 8.3 (test cycles C).

NOTE 2  Diesel engines with hydrostatic or hydraulic transmission which operate within £ 15 % of the rated speed and
spend less than 15 % of their time at low idle speed can be tested according to test cycle D2 (see 8.4).

8.3.2 Cycle C2 “Off-road vehicles, spark ignition powered off-road industrial equipment”, > 20 kW

8.3.21 Test modes and weighting factors

See Table 4.
Table 4 — Cycle C2 test modes and weighting factors
Mode number 1 2 3 4 5 6 7
Bpeed @ SR:;E(; Intermediate speed _;\)Ne-i:dle
lTorque 2, % 25 100 75 50 25 10 0
Weighting factor 0,06 0,02 0,05 0,32 0,30 0,10 0,15
F See ISO 8178-1:2006, 11.5 and 3.5, 3.6, 5 and 6 of this part of ISO 8178,

8.3.2.2 Performing the test
The [est shall be performed in ascending order of modesxnumbers of cycle C2.

The provisions of 8.2 shall be taken into account.

8.3.4.3 Criteria for the application of this test
Typi¢al examples are:

—  fork-lift trucks;

— pirport supporting equipment;

— material handling@guipment;

— [oad maintenance equipment;

— Rgricultural equipment.

This|listis not exhaustive.

8.4 Test cycles type D “Constant speed”

8.4.1 Applications
— cycle D1: power plants;

— cycle D2: generating sets with intermittent load.

© 1SO 2007 — All rights reserved 9
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8.4.2 Test modes and weighting factors
See Table 5.
Table 5 — Cycles type D test modes and weighting factors
Mode
number 1 2 3
(cycle D1)
Speed 2 Rated speed Intermediate speed Lgr\:\:ﬂe
[ f
Torque,? % 100 75 50
\fNelght|J|g 0.3 0.5 0.2
actor
Mode
number 1 2 3 4 5
(cycle D2)
Speed 2@ Rated speed Intermediate speed Low-idle
speed
Torque,? % 100 75 50 25 10
Weightifg 005 | 025 | 03 | 03 | 0,1
factor
a8  See [SO 8178-1:2006, 12.5 and 3.5, 3.6, 5 and 6 of this part of ISO 8178

8.4.3 Performing the test

Test cycles
The provisio

For test cyg
power rating

For the test

D1 and D2 shall be performed in ascending-order of mode numbers of cycle D1 and of cycle [

hs of 8.2 shall be taken into account.

as defined in ISO 8528-1.

rating as defined in ISO 8528-1:

8.4.4 Critdria for the application of these tests

Typical exar

cycle D1:

nples are;

le D1 the torque figures arepércentage values of the torque corresponding to the contin

cycle D2 the torque figures are percentage values of the torque corresponding to the prime p|

D2.

LIOUS

pwer

— power plants;

cycle D2:

— (@as compressors;

— irrigation pumps;

— generating sets with intermittent load including generating sets on board of ships and trains (not for

propulsi

on), refrigerating units, welding sets;

— turf care, chippers, snow removal equipment, sweepers.

10
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This list is not exhaustive.

NOTE 1 Diesel engines with rated power typically below 20 kW intended for application listed under 8.7.4 (test
cycles G) can be tested according to the test cycles given in 8.4 (test cycles D).

NOTE 2  Diesel engines with hydrostatic or hydraulic transmission with load sensing can be tested according to the
cycle given in 8.4 (test cycle D2). See also 8.3.1.3.

8.5 Test cycles type E “Marine applications”

8.5.1 Applications

Five [test cycles are described:

— pycle E1: diesel engines for craft less than 24 m in length;

— Fycle E2: heavy-duty constant speed engines for ship propulsion;

— Fycle E3: heavy-duty marine engines (propeller law);

— Fycle E4: pleasure craft spark ignition engines for craft less than 24.m in length;

— rycle E5: diesel engines for craft less than 24 m in length (propeller law).

8.5.1 Test modes and weighting factors

See [Table 6.

8.5.3 Performing the test

The fest cycles E1, E2, E3, E4 or E5 shall be performed in ascending order of the mode number of the cycle
in gyestion.

The provisions of 8.2 shall be taken into_aceount.

For dliesel engines in craft less than 24 m in length, test cycle E1 or E5 can be applied depending on which
cyclg is closer to the actual operation.

For ¢onstant-speed marine_engines cycle E2 applies. For variable pitch propeller sets cycle E2 of E3 may be

used
spe€

For s
8.5.4

Typi

depending on which-cycle is closer to the actual the operation; usually the operation is close]
d operation (cycle-E2).

park ignition.gengines in craft less than 24 m in length test cycle E4 applies.

Criteriafor the application of these tests

Cal.examples are:

r to constant

— cycle E1:

— cycle E2:

— cycle E3:  propeller-law heavy duty engines for ship propulsion without limitation of length;

diesel-engines for craft less than 24 m in length except those of tug boats and push boats;

constant-speed heavy duty engines for ship propulsion without limitation of length;

— cycle E4:  spark ignition engines for craft less than 24 m in length except for tug boats and push boats;

— cycle E5:  diesel engines for craft less than 24 m in length when operated on a propeller law except for
tug boats and push boats.

This list is not exhaustive.

© 1SO 2007 — All rights reserved
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Table 6 — Cycles type E test modes and weighting factors

Mode number
(cycle E1) 1 2 3 4 5
Speed * Rated speed Intermediate speed Low-idle
speed
Torque 2, % 100 75 75 50 0
Weighting factor 0,08 0,11 0,19 0,32 0,3
Mode number
(cycle E2) 1 2 3 4
Speed @ Rated speed Intermediate speed Lowridle
spged
Torque 2, % 100 75 50 25
Weighting factor 0,2 0,5 0,15 0,15
Mode number
(cycle E3) 1 2 3 4
Speed 8, % 100 91 80 63
Power, % 100 75 50 25
Weighting factor 0,2 0,5 0,15 0,15
Mode number g
(cycle E4) 1 2 3 4 A
Speed @, % 100 80 60 40 Idle
Torque 2, % 100 71,6 46,5 25,3 q
Weighting factor 0,06 0,14 0,15 0,25 0,40
Mode number .
(cycle E5) 1 2 3 4 A
Speed 2, % 100 91 80 63 Idle
Power, % 100 75 50 25 (
Weighting factor 0,08 0,13 0,17 0,32 0,3
2  See ISO $178-1:2006, 12.5 and 3.5:3.6, 5 and 6 of this part of ISO 8178.
8.6 Test ¢ycles type F “Rail traction”
8.6.1 Testmodes-and weighting factors
See Table 7
Table 7 — Cycles type F test modes and weighting factors

Mode number 1 2 3

Speed 2 Rated speed Intermediate speed Low-idle speed

Torque 2, % 100 50 5

Weighting factor 0,15 0,25 0,6

a8  See ISO 8178-1:2006, 12.5 and 3.5, 3.6, 5 and 6 of this part of ISO 8178.
12 © IS0 2007 — All rights reserved
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8.6.2 Performing the test
The test shall be performed in ascending order of modes of cycle F.
The provisions of 8.2 shall be taken into account.

NOTE For engines using a discrete control system (i.e. notch type controls) mode 2 is defined as an operation in the
notch closest to mode 2 or 35 % of the rated power.

8.6.3 Criteria for the application of this test

Typi¢al examples are:

— |ocomotives;

— rail cars;

— Bhunting locomotives.

This|list is not exhaustive.

NOTE Diesel engines for railcars can be tested according to the cycle givenin 8.3.1.1 (C1).

8.7 | Test cycles type G “Utility, lawn and garden”; typically < 20 kW

8.7.1 Applications

Threg test cycles are described:

— ftycle G1: non-hand-held intermediate _speed applications;
— pycle G2: non-hand-held rated speed applications;

— pycle G3: hand-held rated speed applications.

© IS0 2007 — Al rights reserved 13
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8.7.2 Test modes and weighting factors

See Table 8.

Table 8 — Cycles type G test modes and weighting factors

Mode number
(cycle G1) 1 2 3 4 5 6
Speed 2 Rated speed Intermediate speed Low-idle
speed

Torque 2, % 100 75 50 25 10 0
Weighting factor 0,09 | 0,20 | 0,29 | 0,30 | 0,07 0,05
Mode number
(cycle G2) 1 2 3 4 5 6

. Low-idle

a

Speed Rated speed Intermediate speed speed
Torque 2, % 100 75 50 25 10 0
Weighting factor 0,09 | 0,20 | 0,29 | 0,30 | 0,07 0,05
Mode number 1 2
(cycle G3)

. Low-idle

a

Speed Rated speed Intermediate speed speed
Torque 2, % 100 0
Weighting factor 0,85 0,15
@  See ISP 8178-1:2006, 12.5, and 3.5, 3.6, 5 and 6 of this partef ISO 8178.

8.7.3 Performing the test
The test cycles G1, G2 or G3 shall be perfermed in ascending order of mode number of the cycle in question.
The provisiohs of 8.2 shall be taken.inte’account.
For spark ighition engines when.only gaseous emissions are measured, each mode time shall be 3 min] The
gaseous exhaust emission¢concentration values shall be measured and recorded for the last 2 min of the

respective tgst mode.

For spark igpition engines the gaseous emissions shall only be measured in one of the specific cycles G1, G2
or G3. It is npt permitted to calculate the emission results from the test cycle type B.

8.7.4 Criteriafor-the-application-of thesetests

8.7.41 Choosing an appropriate test cycle

If the primary end use of an engine model is known then the test cycle may be chosen based on the examples
given in 8.7.4.2. If the primary end use of an engine model is uncertain then the appropriate test cycle should
be chosen based upon the engine specification. Both compression ignition and spark ignition engines may be
tested in any of the three cycles; whichever is most appropriate.

NOTE Diesel engines of any rated power intended for applications listed in other test cycles can be tested according
to that cycle (e.g. cycles D and C1).

14 © IS0 2007 — All rights reserved
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8.74.2 Examples

Typical examples are:

— cycle G1:
— pedestrian-controlled rotary or cylinder lawn mowers;
— front or rear engine riding lawn mowers;

— rotary tillers;

— edge trimmers;

— lawn sweepers;

— waste disposers;

— sprayers;

— snow removal equipment;

— golf carts;

— pycle G2:

— portable generators, pumps, welders, air compressors;
— may also include lawn and garden equipment that operates at engine-rated speed;
— pycle G3:

— edge trimmers;

— string trimmers;

— blowers;

— vacuum equipment;

— chain saws;

— portable saw mills.

Thegde-lists are not exhaustive.
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8.8 Test cycle type H “Snowmobile”

8.8.1 Test modes and weighting factors
See Table 9.
Table 9 — Cycle type H test modes and weighting factors

Mode number 1 2 3 4 5
Speed 2, % 100 85 75 65 Idle
Torque 2, [% 100 51 33 19 0
Weightingd factor 0,12 0,27 0,25 0,31 0,05
a8  See ISP 8178-1:2006, 12.5 and 3.5, 3.6, 5 and 6 of this part of ISO 8178.

8.8.2 Performing the test

The test cyc

The provisio

8.8.3 Critdria for the application of this test

Typical exan

snowmg

9 Engin

9.1

The exhaus
emission res
require that
of ISO 8178
on the engin

9.2 Multi

This subclagr

shown in Figute,y3, is defined as follows:

e H shall be performed in ascending order of mode number of cycleH.

hs of 8.2 shall be taken into account.

ples are:

b control area

General remarks

e operation described in 9.2 to 9.4.

ble speed\engines

biles.

emissions are measured ‘using the appropriate test cycles in accordance with 8.3 to 8.8.
ults will therefore be representative for the respective application. In addition, certain regul
he emissions from the-engine be controlled in areas not covered by the test cycle. While this

The
ators
part

does not specify any‘emission limits in those areas, it defines the engine control area depending

seapplies to engines typically covered by test cycles C1, C2, E1 and H. The control are

where:
speed A
speed B

speed C

16

speed range: speed A to high speed;

torque range: 30 % to 100 %;

= low speed + 15% (high speed — low speed);
= low speed + 50 % (high speed — low speed);

= low speed + 75 % (high speed — low speed);
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with
low speed = lowest engine speed where 50 % of the rated or prime power is delivered;

high speed = highest engine speed where 70 % of the rated or prime power is delivered.

M
110 [
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50

40

30

20

10

0 10 20 30 40 50 _"60 70 80 90 100 110 120 130 7

Key

Control area
bll emissions carve-out
3 PM carve-out

a Percentage of maximum(power.
b Percentage of maximum-torque.

NOTE n is expressed as a percentage of rated speed (100 %), (idle =0 %); M is expressed as a percentage of
maximum torque.

Figure 3 — Engine control area for multiple speed engines

If the measured engine speeds A, B and C are within £+3 % of the engine speeds declared by the
manufacturer, the declared engine speeds shall be used. If the tolerance is exceeded for any of the test
speeds, the measured engine speeds shall be used.

The following speed and torque points shall be excluded from the control area:

— points below 30 % of maximum power;

— for particulate matter only, if the C speed is below 2 400 r/min, points to the right of or below the line

formed by connecting the points of 30 % of maximum torque or 30 % of maximum power, whichever is
greater, at the B speed and 70 % of maximum power at the high speed;
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for particulate matter only, if the C speed is above 2 400 r/min, points to the right of the line formed by

connecting the points of 30 % of maximum torque or 30 % of maximum power, whichever is greater, at
the B speed, 50 % of maximum power at 2 400 r/min, and 70 % of maximum power at the high speed.

9.3 Constant speed engines

This subclause applies to engines typically covered by test cycles D1, D2, E2, G1, G2 and G3. Since those

engines are mainly operated very close to their designed operating speed, the control area is defined as:
— speed: operating speed within the speed drop tolerance specified by the engine manufacturer;
— load: |50 % to 100 %.
9.4 Engines operated on a propeller curve
9.4.1 Clengines
This subcladise applies to engines typically covered by test cycles E3, E5 and F. Since those engine$ are
mainly operated slightly above and below their propeller curve or at constant speed;the control area is rejated
to the propeller curve and is defined as follows where «, b, ¢, x and y are exponents of mathematical equations
defining the poundaries of the control area.
For E3 test ¢ycle of marine engines:
low spegd limit: 63 %;
low power limit: 45 % for control area A; 25 % for control area B.
For marine gngines with an individual cylinder displacement < 5 liter:
a=1,1§; b=0,85; c=1; Xe=2; y=4.
For marine gngines with an individual cylinder displacement > 5 liter:
a=1,04; b=0,76; c=0)9 x=2; y=4.
For F test cycle of locomotive engifies:
a=1,15; b=0,85; c=1; x=2,5; y=4.
18 © 1SO 2007 — All rights reserved
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P A
100 [
80
60 -
40 -
20
O 1 | 1 | 1 | 1 | 1 |
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Key
1 bower curve
2 x n3
3 < n¥
4 b x nY
5 brea A
6 hrea B
a L ow power limit for control area A and B (% of maximum power).
b Low speed limit (% of maximum rated lspeed).
NOTE n is expressed as a percentage of rated speed (100 %), (idle =0 %); P is expressed as a percentage of
maximum power.
Figure 4 — Engine control area for E3 cycle marine engines
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