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INTERNATIONAL STANDARD ©1SO

ISO 9249:1997(E)

Earth-moving machinery — Engine test code — Net power

1 Scope

ISO 1585:1992, Road vehicles - Engine test code -

This InternLtionaI Standard specifies a method for
testing intgrnal combustion engines intended for
propulsion pf earth-moving machinery as defined in
ISO 6165. | It applies to evaluation of performance
with a viey, in particular, to presenting curves of
power and |specific fuel consumption at full load as
a function |of engine speed. The engines may be
naturally agpirated or pressure-charged.

It applies t@ net power assessment.

This Interpational Standard concerns internal
combustior] engines used in earth-moving
machinery |and included in one of the following
categories:

- reciprocgting internal combustion engines

(spark-ig
excludin

- rotary pi

nition or compression-ignition) but
g free piston engines;

5ton engines.

These engines may be naturally ;aspirated or

pressure-ch
pressurechs

prged,  either usingy-a mechanical

rger or turbochargér:

NOTE - Th{s International\Standard provides engine

power corrgction facters{ in conformity with SO
1585:1992.
2 Normativereferences

Net power

ISO 2710:1978, Reciprocating internal
engines - Vocabulary.

ISO 3104:1994, Petroleum-products - T

combustion

ansparent

and opaque liquids -,Determination of kinematic
viscosity and calculation of dynamic viscosity.

ISO 3173:1974; Road vehicles - Apparatus for

measurement.of the opacity of exhaust
diesel engines operating under steady s
conditions.

1ISQ.3675:1993, Crude petroleum and
petroleum products - Laboratory detern
density or relative density - Hydrometer

ISO 5163:1990, Motor and aviation-tyg

Determination of knock characteristics
method.

ISO 5164:1990, Motor fuels - Determin
knock characteristics - Research metho

ISO 5165:1992, Diesel fuels - Determin
ignition quality - Cetane method.

ISO 6165:1987, Earth-moving machine
types - Vocabulary.

ISO 7876-1:1990, Fuel injection equipm

gas from
tate

fquid
ination of
method.
e fuels -
Motor
ation of

.

ation of

y - Basic

ent -

Vocabulary - Part 1: Fuel injection pumgs

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of
publication, the editions indicated were valid. All
standards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of
applying the most recent editions of the standards
listed below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 7967-1:1987, Reciprocating internal
combustion engines - Vocabulary of components
and systems - Part 1: Structure and external
covers.

ISO 7967-2:1987, Reciprocating internal
combustion engines - Vocabulary of components
and systems - Part 2: Main running gear.
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ISO 7967-3:1987, Reciprocating internal
combustion engines - Vocabulary of components

and systems

- Part 3: Valves, camshaft drive and

actuating mechanisms.

ISO 7967-4:1988, Reciprocating internal
combustion engines - Vocabulary of components

and systems

- Part 4: Pressure charging and

air/exhaust gas ducting systems.

ISO 7967-5:1992, Reciprocating internal
combustion engines - Vocabulary of components

© ISO

4.2 Engine speed (rotational frequency)

The engine speed (rotational frequency) measuring
system shall have an accuracy of £ 0,5 %.

4.3 Fuel flow

The fuel flow measuring system shall have an
accuracy of £ 1 %.

4.4 Fuel temperature

and systems|

- Part 5: Cooling systems.

ISO 7967-8:1994, Reciprocating internal
combustion fengines - Vocabulary of components

and systems

ASTM D 24(

- Part 8: Starting systems.

-87, Standard test method for heat of

combustion of liquid hydrocarbon fuels by bomb

calorimeter.

ASTM D 333

8-88, Standard test method for

estimation of heat of combustion of aviation fuels.

3 Definitions

For the purp@ses of this International Standard, the

definitions gi
ISO 7967-1,
ISO 7967-4,
following def

ven in ISO 2710, ISO 7876-1,

1ISO 7967-2, 1SO 7967-3,

ISO 7967-5 and ISO 7967-8, and the
initions apply.

3.1 net power

power obtai
crankshaft g
engine spee

hed on a test bed at the end of the
r its equivalent at-the corresponding
] with the equipment and auxiliaries

listed in table 1.

NOTE - If theg
out with a mag
should be ad
engine power.

power measurement can only be carried
unted geéar-box, the losses in the gear-box
Hed to,the measured power to give the

The fuel temperature measuring system|shall have
an accuracy of + 2 K.

4.5 Air temperature

The air temperature measuring system [shall have
an accuracy of * 2 K\

4.6 Barometric pressure

The barometric pressure measuring syjstem shall
have an“accuracy of + 100 Pa.

NOTE-1 Pa = 1 N/m?
4.7 Back pressure in exhaust system

The system used to measure the back pressure in
the exhaust system shall have an accufacy of *

200 Pa. The measurement shall be made| subject to
footnote 1b) of table 1.
4.8 Depression in inlet system

Subject to footnote 1a of table 1, this pressure
shall be measured to = 50 Pa.

4.9 Absolute pressure in inlet duct

The system used to measure the absolufe pressure

in the inlet duct shall have an accuracylof = 2 %

3.2 standard production equipment

any equipme

nt provided by the manufacturer for a

particular engine application.

4 Accuracy of measuring equipment
instruments

4.1 Torque

The dynamometer torque-measuring system shall
have an accuracy within = 1 % in the range of

scale values

required for the test.

of the measured pressure.
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Table 1 - Equipment and auxiliaries to be installed for the test to determine net engine power

No. Equipment & auxiliaries Fitted for engine net power test

1 Inlet system

Inlet manifold

Crankcase emission control system

Control devices for dual induction inlet manifold
system

Air flow meter', Air inlet ductwork™, Air filter'?,
Inlet silencer'®,

Speed limiting device™

Yes, standard production equipment

2 Induction heating device of inlet manifold Yes, standard production equipment if
possible to be set in the mogt favorable
position.

2 Cvhaiiet auatam

~J LAlIGUOL OYOO.UIII

Exhaust purifier
Exhaust manifold Yes, standard praduction eqiiipment

Pressure-charging devices
Connecting pipes'”, Silencer™, Tail pipe',
Exhaust brake?

Fuel supply pump?® Yes, standard production equipment

5 Carburation equipment
Carburettor, Electronic control system, air-flow, Yes, standard production eqgipment

etc. (if fitted), Equipment for gaseous fuel engines,
Pressure reducer, Evaporator, Mixer

6 Fuel injection equipment [Spark-ignition and
compression ignition (diesel}]
Prefilter, Filter, Pump, High-pressurepipe, Injector, |Yes, standard production equjpment
Air inlet valve (if fitted) ¥, Electronic control
system, etc. (if fitted), Governor/control
system: automatic full-loadstop for the control
depending on atmospheric-conditions

7 Liquid cooling equipment
Radiator, Fan ®'¢\Fan cowl, Water pump, Yes, standard production eqpipment
Thermostat "

8 Air cooling
Cowl\Fan or blower ¥ ®, Temperature regulating | Yes, standard production equipment

device

9 Electrical or electronic ignition equipment
Generator ®, Spark distribution system, Coil or coils,| Yes. standard production equipment
Wiring, Spark-plugs, Electronic control system
including knock sensor/ spark-retard system '"

10 __[Pressure-charging equipment (if fitted)
Compressor driven either directly by the engine, . _
and/or by the exhaust gases, Boost control '2, Yes, standard production equipment

Charge-air-cooler ®® ? Coolant pump or fan
{(engine-driven), Coolant flow control devices (if

fitted)
11 |Auxiliary test bed fan Yes, if necessary
12 |Anti-pollution devices '* Yes, standard production equipment
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Table 1 - (concluded)

1a) Except in

air filter.

1b) Except in

the case where there is a risk of the system having a noticeable influence upon engine

power, an equivalent system may be used. In this case, a check should be made to ascertain that inlet
depression does not differ by more than 100 Pa from the limit specified by the manufacturer for a clean

the case where there is a risk of the system having a noticeable influence upon engine

power, an equivalent system may be used. In this case, a check should be made to ascertain that the
back-pressure in the engine exhaust system does not differ by more than 1,000 Pa from the upper limit
specified by the manufacturer.

3) The fuel f4
consistent w
or filter, is ug

injected.

relative posit
by the enging

position.

Where the fa
absorbed by
(if used), shal
of the engine|
corrected to
power.

6) Where a d
disconnectab)

7) The therm

the operation
is necessary,

9) Charge-air
air-cooled, by
In either casdq

2) If an exhagst brake is incorporated in the engine, the throttle valve shall be fixed fully open.

ed pressure may be adjusted, if necessary, to reproduce the inlet pump pressure conditions
th the particular engine application (particularly where a "fuel return" system, e.g. to(tank
ed).

4) The air inlet valve is the control valve for the pneumatic governor of the injection pump( The
governor of the fuel injection equipment may contain other devices which may affect the“amount of fuel

5) The radiatpr, fan, fan cowl, water pump and thermostat shall be located on ¢he ‘test bed in the same

ons that they will occupy on the machine. The cooling liquid cifculation shall be operated
water pump only.

Cooling of the liquid may be produced either by the engine radiator or by an external circuit, provided
that the prespure loss of this circuit and the pressure at the pump inlet’remains substantially the same
as those of the engine cooling system. The radiator shutter, if incorporated, shall be in the open

n, radiator and cowl system cannot conveniently*be fitted to the engine, the power

he fan when separately mounted in its correct) position in relation to the radiator and cowl
| be determined at the speeds corresponding to the engine speeds used for measurement
power either by calculation from standard' characteristics or by practical tests. This power
he standard atmospheric conditions(defined in 6.2 shall be deducted from the corrected

sconnectable or progressive fan.or blower is incorporated, the test shall be made with the
e fan or blower disconnected-er with the progressive fan running as maximum slip.

pbstat may be fixed in the fully open position.

8) Minimum power of the generator: the power of the generator shall be limited to that necessary for

of accessories which are indispensable for engine operation. If the connection of a battery
a fully charged’battery in good order shall be used.

cooled engines shall be tested complete with charge-air-cooling whether liquid- or
t, if thecengine manufacturer prefers, a test bed system may replace the air-cooled cooler.
the,measurement of power at each speed shall be made with the pressure drop and

temperature

rop ‘of the engine air across the charge air cooler in the test bed the same as those

specified by the_manufacturer for the system on the complete machine.

rating and/or

10) They may include for example exhaust gas recirculation (EGR) system, catalytic converter, thermal
reactor, secondary air supply system and fuel evaporation protecting system.

11) The spark advance shall be representative of in-use conditions established with the minimum octane
fuel recommended by the manufacturer.

11) The spark advance shall be representative of in-use conditions established with the minimum octane
fuel recommended by the manufacturer.

12) For engines equipped with variable boost as a function of charge or inlet air temperature, octane

engine speed, the boost pressure shall be representative of in-machine conditions

established with the minimum octane fuel as recommended by the manufacturer.

© IS0
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5 Tests

5.1 Auxiliaries

5.1.1 Auxiliaries to be fitted

During the test, auxiliaries necessary to make the
engine acceptable for service in the intended
application (as listed in table 1) shall be installed
on the test bed as far as possible in the same

position as in the intended application.

5.1.2 Auxiliaries to be removed

ISO 9249:1997(E)

Table 2 - Setting conditions

1| Setting of carburettor(s)

2 | Setting of injection
pump delivery system

In accorda

3| Ignition or injection
timing (timing curve)

4 | Governor setting

Anti-pollution devices

6 | Boost control

nce with the

manufacturer's
production
specifications and used
without further
alternation for the
particular application.

5.3 Test conditions

Certain nl»achine accessories necessary only for
operation| of the machine, and which may be
mounted pn the engine, shall be removed for the
test. Thd following non-exhaustive list is given as
an example:

- machie hydraulic system(s) pumps;

- machi:l:e control system(s) hydraulic system
pumps|

- air compressor for machine systems;

- air-corlditioning system compressor.

Where accessories cannot be removed, the power
absorbed |by them in the unloaded condition may
be deternfined and added to the measured engine
power.
5.1.3 Compression-ignition starting
auxiliaries

engine

For auxilipries used to start compression -ignition
engines, | the two following cases shall be
consideref.

a) Electridal starting: the generator is fitted and
supplils, where necessary, the auxiliaries
indispgnsable to the eperation of the engine.

b) Starting other than electrical: if there are any
electrigally operated accessories indispensable
to the|operation of the engine, the generator is
fitted {0-supply these accessories. Otherwise,

5.3.1 The net power test shall consigt of a run at

full throttle for spark-ignition engines
full load fuel injection O)pump
compression-ignition engines, the
equipped as specified in‘table 1.

5.3.2 Performance_data shall be ok
stabilized operating conditions with
fresh air supply to the engine.

Engines.shall have been run-in in acc
the manufacturer's recommendations.
chambers may contain deposits, b
gUantity. Test conditions such

temperature shall be selected as neaf
conditions (see 6.2) as possible
minimize the magnitude of the correct

5.3.3 The temperature of the inlet air
shall be measured within the inlet du
inlet depression measurement shall bg
same point.

The thermometer or thermocouple sha
from radiant heat and located direc
stream. It shall also be shielde
spray-back. A sufficient number of |
be used to give a representative
temperature.

5.3.4 The inlet depression shall
downstream of the entry ducts, a

and at fixed
setting for

¢ngine being

tained under
an adequate

ordance with
Combustion
Ut in limited
as inlet air
to reference
in order to
on factor.

to the engine
ctwork. The
made at the

Il be shielded
tly in the air
d from fuel
bcations shall
hverage inlet

be measured
r filter, inlet

it is removed.
In either case, the system for producing and
accumulating the energy necessary for starting is
fitted and operates in the unloaded condition.

5.2 Setting conditions

The setting conditions for the test to determine net
power are indicated in table 2.

sTteTTceT; bpt:cu'-“lllilillg devicetif tin:;y
their equivalents.

are fitted) or

5.3.56 The absolute pressure at the entry to the
engine downstream of the compressor and heat
exchanger, if they are fitted, shall be measured in
the inlet manifold and at any other point where
pressure has to be measured to calculate
correction factors.

5.3.6 The exhaust back pressure shall be
measured at a point at least three pipe diameters
from the outlet flanges(s) of the exhaust
manifold(s) and downstream of the
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turbocharger(s), if fitted. The location shall be

specified.

5.3.7 No data shall be taken until torque, engine
speed and temperature have been maintained
substantially constant as specified by the
manufacturer.

5.3.8 The engine speed during a run or reading
shall not deviate from the selected speed by more

than £ 1% or £ 10 min', whichever is greater.

5.3.9 Obse , fuel flow and | i
temperature [ data shall be taken simultaneously
and shall, in|each case, be the average of at least
two stabilizqd consecutive readings which do not

vary more

consumption.

determined
approximat

5.3.10 The
outlet from 1
of the

temperature
temperature
temperature

For air-coole
indicated by

0
_20K of th

manufacture
5.3.11 Fuel 1

a) For spark{

han 2% for the brake load and fuel
The second reading shall be
vithout any adjustment of the engine,
ply 1 min after the first.

temperature of the coolant at the
he engine shall be kept within * 5 K
upper  thermostatically controlled
specified by the manufacturer. If no
is specified by the manufacturer, the
shall be 363 K + 5 K.

i engines, the temperature at a point
the manufacturer shall be kept within

e maximum value specified by the
F for the reference conditions.

emperatures shall be as follows.

ignition engines, the fuel temperature

shall be medsured as near as possible to the inlet

of the or
temperature

assembly of fuel’injectors.  Fuel
shall be maintained within + 5 K of

the temperature specified-by the manufacturer.

However, t
allowed shal
the test fue

manufacture

he minimum™ test fuel temperature
be theévambient air temperature. If
temperature is not specified by the

,(tshall be 298 K + 5 K.

©1SO

5.3.12 The Ilubricant temperature shall be
measured at either the oil gallery inlet, the oil
cooler outlet, if fitted, or as is specified by the
manufacturer. The temperature shall be
maintained within the limits specified by the
manufacturer.

5.3.13 An auxiliary regulation system may be used
if necessary to maintain temperatures within limits
specified in 5.3.10, 5.3.11 and 5.3.12.

5.3.14 The selection of fuel for the net power test
tes nd the fuel

shall be selected in accordance with table¢ 3.

Table 3 -Test fuels

Test Involved Fel
purpose parties selegtion
Type 1. Certification - Refergnce
approval bady fuel, if one is
(certification) defingd
2. Manufacturer |- Commjercial
or supplier fuel ifno
referepce
fuel is
defingd
Acceptance |1. Manufacturer |- Commnjercial
test or supplier fuel ap
2. Customer or specified
inspector by theg
manufacturer

5.4 Test Procedure

Measurements shall be taken at a |sufficient
number of engine speeds to define the power and
torque curve completely between the Ipwest and
the highest engine speeds recommend¢d by the
manufacturer. The range of speeds shpll include
the speed at which the engine produces its
maximum power and torque.

5.5 Data to be recorded

Data to be recorded shall he those indicated in

b) For

compression-ignition engines,

the fuel

temperature shall be measured at the inlet to the
fuel-injection pump. At the manufacturer's request
the fuel temperature measurement can be made at
another point in the pump representative of the
engine operating condition. Fuel temperature shall
be maintained within £ 3 K of the temperature
specified by the manufacturer. In all cases, the
minimum allowable fuel temperature at the pump
entrance is 303 K. If the test fuel temperature is
not specified by the manufacturer, it shall be 313

K+ 3K.

clause 8.

6 Correction factors
6.1 Definition of factor « for power correction

This is the factor by which the observed power
shall be multiplied to determine the engine power
at the reference atmospheric conditions specified
in 6.2. The corrected power (i.e. power at reference
conditions), P, is given by

Pref=aPy
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where
o is the correction factor (a, being the
correction factor for spark-ignition engines
and «a, the correction factor for
compression-ignition engines);

P, is the measured (observed) power.

6.2 Atmospheric conditions

6.2.1 Reference atmospheric conditions

ISO 9249:1997(E)

6.3 Determination of power correction factors

The test may be carried out in air-conditioned test
rooms where the atmospheric conditions are
controlled to equal the reference conditions.

Where an influencing parameter is controlled by
an automatic device, no power correction for that
parameter shall be applied, provided that the
relevant parameter is within the relevant range of
the device. This applies in particular to:

For the pufpose of determining the power and fuel
consumptijon of engines, the standard reference
conditions|given in 6.2.1.1 to 6.2.1.3 shall be used.
6.2.1.1 Temperature

The referepce temperature, T, is 298 K.

6.2.1.2 Dry|pressure

The total barometric pressure, p,, is 100 kPa.

The refergnce dry barometric pressure, pg e is
99 kPa.

NOTE - Relgtive humidity of 30 % at a temperature of
298 K correpponds to a water vapor pressure of 1kPa.
Hence the [corresponding dry barometric pressure ‘is
99 kPa.

6.2.1.3 Relative humidity
The reference relative humidity, ¢, (i5)30 %.
6.2.2 Test atmospheric conditions

The test atmospheric conditions shall be within the
values givgn in 6.2.2.1 and6.2.2.2 during the test.

6.2.2.1 Temperature, I’

For spark-ignition engines

a) automatic air temperature controls where the
device is still operating at 298 K;

b) automatic boost controh« independent of
atmospheric pressure,,when the |atmospheric
pressure is such that”the boost control is
working;

c) automatic fuels control, where the governor
adjusts thé, fuel delivery for constant power
output (by) compensating for the |influence of
ambient\pressure and temperature)|.

Howeyer, in the case of a), if the automatic air
temperature device is fully closed at| full load at
298 K (no heated air added to the infake air), the
test shall be carried out with the [device fully
closed, and the normal correction fagtor applied:;
in the case of c), the fuel consyimption for
compression-ignition engines shall be corrected
by the reciprocal of the power correctipn factor.

6.3.1 Naturally aspirated and pressure{charged
spark-ignition engines - Factor «,

The correction factor, «,, for spark-ignition engines
shall be as calculated from the formula

" - ﬂm( T jo,e
@ pg 298

where

288 K<T<308K

For compression-ignition engines
283 K<T<313K

6.2.2.2 Dry pressure, py

For all engines

80 kPa <py <110 kPa

Fstheabsotutetermperature,1n kelvins, at
the engine air inlet;

pq is the dry atmospheric pressure, in
kilopascals, i.e. the total barometric
pressure minus the water vapor pressure.

This formula applies to carburetor equipped
engines and to other engines where the
management system is designed to maintain a
relatively constant fuel/air ratio as ambient
conditions change. For other engine types see
6.3.3.
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This formula

onlv abnlies if
nly ap

0,93 < a, < 1,07

If these limits are exceeded, the corrected value
obtained shall be given, and the test conditions
(temperature and pressure) precisely stated in the

test report.

6.3.2 Compression-ignition engines - Factor ¢,

wer C'\rrnr\fir\n fantar v

far comnreceinn-
t

©1S0

in which ¢ is the fuel delivery parameter, in
milligrams per cycle per litre of engine swept
volume, in mg/(l - cycle) and is equal to:

(Z) x (fuel flow ing/s)

- (displacementinl) x (engine speedinmin™)

ignition engi

hes at constant fuel delivery setting is

obtained by applying the formula:

g = (£)"

where

fiist

fn i
type
6.3.2
6.3.2.1 Atmo

The atmosp

effect of dnvironmental

he atmospheric factor (see 6.3.2.1);
the characteristic parameter for each

of engine and adjustment (see
2).

spheric factor, f,

heric factor, f,, which indicates the
conditions (pressure,

where

NN
It

20 000 for 4-stroke cyclérengines and
N NNN f~r D _atralra Aunl
U UUVU 11Ul £°0LIVRT LY

o =

A" A NI Ao
Lig Tliyigico,

r is the ratio between the absolute static
pressure at the_ outlet of the| pressure
charger or charge’air cooler, if fitted, and

the ambient ‘pressure (r=1 foq naturally
aspirated engines).
The formula~for engine factor, f,, is pnly valid
for a valuer of g, = 37,2 mg/(l-cycle) and
g, < 650mg/(l-cycle). For values [Jess than
37,2 myg/(l - cycle), a constant value of 0,2 shall

be taken for f,, while for ¢, values greater than
65:°“mg/(l - cycle), a constant value of 12 shall be
taken for f,,, (see figure 1).

temperature|and humidity) on the air drawn in by
the engine shall be as calculated from the formula
in a), b), orc|: 6.3.2.3 Limitation in use of correction forimula
a) naturally |aspirated engines and mechanically This correction formula is only applicablé if
pressure-¢harged engines:
09<a.<1,1
/= (?2] (__T_) °
® { fa J\ 298 If these limits are exceeded the corre¢ted value
. . . . obtained shall be given, and the test ponditions
b) turbocharpged engines without charge air cooling (temperature and pressure) precisely stated in the
or with cHarge cooling.by air/air cooler: test report
0,7 12
99 \” AN
s z["] [298]
Hd 6.3.3 Other types of engines
2l B-CL D aasitby Al Aty A~ Al A
c) turbocr_lau MR AT A For engines not covered by 6.3.1 and 6.3.2, a
by engine coolant:

f ~ ﬁ 0,7[L)0,7
&\ pg 298

where T and

pq are defined in 6.3.1.

6.3.2.2 Engine factor, f,,

fm is a functi

on of corrected fuel delivery, g., and

shall be calculated from the formula:

frn=0,036g,- 1,14

correction factor equal to 1 shall be applied when
the ambient air density does not vary by more
than £2 % from the density at the standard
reference conditions (298 K and 99 kPa). When the
ambient air density is beyond these limits, no
correction shall be applied, but the test conditions
shall be stated in the test report.
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fm‘

1,2

08

‘

0,61

0.4
02 | /

1 1 1 1 1 1 1 1

S
20 30 3724 50 60 10 qg.
Figure 1 - Engine factor, 1, as a function of corrected fueldelivery, g,
7 Measufement of and correction for 7.2 Determination of correction factor for light
smoke vplue for compression-ignition absorption coefficient of smoke
engines .
The'correction factor, «, for compregsion-ignition
The smoke value shall be measured and recorded engines under constant fuel delivery settings is
at every t}st point. The opacimeter used, and its obtained from the following formula:
installation, shall be designed in accordance with

ISO 3173. as=-I _S(fa_1)

where f, is the atmospheric factor (see|6.3.2.1).

7.1 Corregtion factor for light absorption

fficient of smok .. ..
coe tofs © 7.3 Limits of application
This is the factor by which the, light absorption Thi . £ )
coefficient|of smoke, S, expressed in absolute units IS colrrec’uon actor only applieg when, for
shall be multiplied to detérmine the engine light approval purposes,
absorption coefficient .of smoke at the standard

reference | atmospherict conditions specified in 092<f,<1,08

2.1:
6.2 283K<T<313K

S =08

r=0s 80 kPa < p, < 110 kPa
where

as is the correction factor (see 7.2);

S is the measured light absorption
coefficient of smoke in reciprocal metres
(observed smoke).
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8 Test report

(State "none

8.1 Compression-ignition engines - Essential characteristics "

" where inapplicable, or delete)

8.1.1 Description of engine

I8/ o1

Stroke: ......
Number of ¢
Layout of cy
Engine swep
Compression
8.1.2 Coolin

a) Liquid

Nature of |i

Circulating
Characteris
Drive ratio:
Thermostat
Radiator: d

Relief valvg

/liNders: ..o

F volume: oo litres

pump: yes/no ?

Fan: chara

[LaTe (=] =3 Firing order: .....ooeevee e

tics or make(s): cvvvvvie e o Type(s): oo

E1=Y 44V e O
rawing(s) ommake(s): .ooovvvviiiiiiiiii TYPE(S): weiiiiii i

, PIESSUTE SETTING I tuvriririeiiti ittt e e aeeaaas

teristics or make(s) : Tvpels) :

DT AV =Y o T

=T oX0 V.Y TR

)

the manufacturer.

2)
3)

10

Strike out what does not apply.
Specify the tolerance.

©1SO

In the case of non-conventional engines and systems, particulars equivalent to those referred to here shall be supplied by
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b) Air
Blower: characteristics or make(s): .........coeevvnennnnn. Type(s): coveviiiiiiiiiieeenn,

DAV - 4o T

Air ducting (standard producCtion): .....cuvee it

Temperature regulating system: yes/no "

Brief deSCriPtiON: (et e

8.1.3 Temperatures specified by the manufacturer

Liguid cooling
Maximum temperature at outlet: ........coooviiiiiiiiiiiii )

Air cooling

Reference point (desCription): cooviiiiiiii e N T et eaeeens
Maximum temperature at reference point: .......ccocoomtGiniiiniiiin e,
Maximum eXhaust tEMPETATUIE: ....ueieeitiiiii e e et e et e en e et eeaeaeanennns
Fuel temperature, min.: ......cccovvviviveinnniiin @ K max.: i,
Lubricant temperature, min: ...............o58 . K max.: .ooovviiiiiiiiiiiiiieeinnns

8.1.4 Pressure-charger: with/without ¢

Description of the SystemM: ... st e enan
MakKe: ..o B e T P8 et
Compressor systemi{ Make: ..........c.cceevnenen B Y o 1
Charge-air-cooling system: Make: .............. TYPE: i

8.1.5 Inlet system

Description and diagrams of air inlets and their accessories (heating device, inlet silencer, etc.):

Iblet manifold: .......cociiiiiiiiiiiiiiii e Description: ........ccooovviiiiiiniiinnn. .
Air Filter: o Make: ...covviiiiiiiin, Type: ........
Inlet silencer: ...cooovviiiiii Make: ..o Type: .......

8.1.6 Additional anti-pollution control devices (if any, and if not covered by another heading)

Description and diagramiS: .....iiivuie i

8.1.7 Fuel feed system

D Strike out what does not apply.

11
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Fuel feed
Fgaed pump

Pressure:

or characteristic diagram ¥

997(E)

.......................................... kPa " ..,

LY =Yoo Y TV =1 o T

Pump

Typels)

Delivery

....... mm? per stroke " ...... at pump speed of ...... min" " ..., at full injection,

or charadfteristic diagram ¥.......ccocceviriiiiiiiiiiinn e

Quote th¢ method used : on engine/on pump bench ¥

INJECTION AAVANCE CUMVE I ciuvnenininiiiiinitisitiaieare e e ettt e et e et et eaeenes

Timing : ..

Injection piping

Length :

FRRR= 0 a1 I (= 0 1= 1 =) S o S P mm

Injector(s)
Make(s) :

Typel(s) : .

1

Opening priessure : ....... &0 s kPa "

or charactgristic diagram 2 ... ...couiiii i e

Governor

Make(s) :

Speed at which cut-off starts under full load 2 .......ccooiiiiiiiiiiii min’

Maximum

NO-10ad SPEEA 2% ...eiiiiiieeeerreiiaa e e et min®

1o e T T oYL 1 R min™

1)

3)

12

Specify the tolerance
1 min "' = 1 r/min
Strike out what does not apply

©1SO
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Cold-starting system

Y Y Y= N T PPN

[DT=Y-Tot 11 0] 4 o PSPPSR

8.1.8 Valve timing

Maximum lift of valves and angles of opening and closing in relation to dead centres: ...............

Reference and/or Setting ranges™ @ ....coceviiiiiiiiiiii i RN
8.1.9 Exhaust system

Description of exhaust manifold : .........coovviii VL
Description of other parts of the exhaust equipment if the test is made with

exhaust equipment provided by the manufacturer, or indication of the maximum |
at maximum power specified by the manufacturer V: ...l

8.1.10 Lubrication system
Description Of SYSTEM & .iviuiieini i B e
Position of IUDFCANT reServoir & .o.evvee s it aaes

Feed system (circulation by pump, ifjection into inlet, mixing with fuel, etc.) : ...

Mixture with fuel
PEICERIAGE 2 ovvveeeeeeeirreeeststeansnasses st

Qil eooler : with/without "

Drawing(s) or Make(s) @ ...ocovvviriiiinieriiinnineen, Type(s) © covevvrinnnnns

the complete
pback-pressure

8.1.11 Electrical equipment

Generator/alternator "

8.1.12 Auxiliary equipment driven by the engine and not removed for the test
List and brief description if NECESSANY: ....ovviiiiiiiiiiii

Strike out what does not apply.
Specify the tolerance

13
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8.2 Spark-igni

tion engines - Essential characteristics "

8.2.1 Description of engine

L1 1

StrOKE . it mm

Number of cy
Layout of cyli
Engine swept
Compression
8.2.2 Cooling
a) Liquid
Nature of liq
Circulating p
Characterist
Drive ratio:
Thermostat
Radiator: dr
Relief valve
Fan : charag
Fan drive sy

Drive ratio:

LYo 1= 3 N
1 PP Firing order: ..oooiiiiii i e

VOIUMB: tiiiiiiiiiiiiiieeiainneeaees litres

ump: yes/no?

CS OF MAKE(S): vt e TYPe(S) e s
ST 4 4] T T

hwing(s) or make(s): ....vhudiiiiini. TYPE(S) : et e

oY LT ] £ =N-T=1 1 (] 4T ey PP

teristics or Make(s) @ vvvvviiiiiiiiiiiies TYPE(S): it

Fan cowl: ..

b) Air

Blower: characteristics or make(s): ...coevviviieiiiiiinnns TYPE(S) ettt

DTG AV T - (o TP

b In the case of non-conventional engines and systems, particulars equivalent to those referred to here

supplie

d by the manufacturer.

Strike out what does not apply.
Specify the tolerance.

© ISO

shall be
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Air ducting (standard production):
Temperature reguiating system: yes/no "

Brief desCriDtion: ..o

.......... [ LR R

8.2.3 Temperatures specified by the manufacturer

Liquid cooling

Maximum temperature at OULIET: .....iuiiiiiie et e e e e eeas

Air cooling

ISO 9249:1997(E)

........ K

Relference POINt (AESCIIPTION): i

Fuel temperature: min.: .........ooovveveeevee. Komaxe: o N7
Lupricant temperature: min : .......cccovveennnnn. K max:

8.2.4 Pressure-charger: with/without "

Description of the system:

........

Make:|.cooviiiii TYREY e
Compiessor system: Make: .........c.cooeinenand. B Y7 o -
Chargg-air-cooling system: Make: ......L..)...... LY/ o - N

8.2.5 Inlet system

Maximum temperature at reference point: ........ccocevvviiiiiiiiiiiiniiiinnnnenn N

Maximum exhaust teEMPErature @ .......coveiiiieiiiiii e T e

.................................................................................................................

........ K

........ K

Description and diagrams of-air inlets and their accessories ( dash-pot, heating device, inlet gilencer, etc.):

Inlet manifold: ..... oo eeiiii s Description: ...cceiviiiiiiiii s
Air fiBr o Make: .cooeiiiiiiii Type: «cccvennn.
Inlet sflenGer: ....covvviiiiiiiiiiiiiii i Make: coovviiiiiiiiiiis Type: .........

8.2.6 Additional anti-pollution devices (if any, and if not covered by another heading)

Description and diagrams: .......ovivieieiiiii i e

8.2.7 Fuel feed system

Fuel feed

By carburettor(s) : ... N[0T 3] o= S

D Strike out what does not apply.
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Adjustments

JOTS: i \

Venturis & .ooovvviiiiiiiiiieiieiiieenns
Curve of fuel delivery plotted
Float-chamber level : ................... or against air flow, and setting
required to keep the curve "
Mass of float: .......cccoevivivinininnnnn.

Float need

e v /

Manual/autor]matic choke "

Closure setti

Feed pump
Pressure:

By fuel inject
Make(s): ...
Type(s): ...
Description

Calibration:

Lo T=Y 0 1= -1 P

........................... kPa? ...........e..r....._ OP characteristic diagram ": .................

8.2.8 Valve tjming

Maximum lift

Reference an

8.2.9 Ignition

Ignition distri

/07 SEHHNG FANGES i s 5e i eeeiiieeerte e e et e et e e e e e e e
systems

butor

Knock senspr: yes/no”’

Strategy: rq

tard only or advance/retard "

8 1577 1= P P

IgNItion @dVANCE CUIVE 2 .. ... iiiiieiiiieeeeeeeiiiiii e s ettt e s

Ignition timing ?:

Contact-poi

nt gap? and dwell-angle 2 1 ....oouiieiieie i degree

D Strike

16

out what does not apply.

Specify the tolerance.

©1SO
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Spark-plugs

1577 1= P

3] oF: 10 Qo F-T o I d 4 oY A PP

Ignition coil

B 577 <= OO

11577 1 N S

1577 01 S
8.2.10 Exhaust system
Description and diagrams: .....ccveveveeeereineea et ecaere ettt et e
8.2.11 Lubrication system
DeSCription Of SYSTEM: L.iuiuii el ittt e et r e e e
Position of UDricant reSErVaIr: .oo.eieiiieiii i
Feed system (circulation by pump, injection into inlet, mixing with fuel, etc.): .....

Circulating pump:’yes/no :

Mixture with fuel

PEICENTAGE 27 ...ttt sttt eta e et e e b e sae s sae e s e e s e e et e eaeeenteenseenneenseentes

Oil cooler: with/without "
Drawing(s) or make(s) : ..cccovviiiiiiiiiiii TYPe(S): oo
8.2.12 Electric equipment

Generator/alternator”

h Strike out what does not apply.

Specify the tolerance.

17
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Characteristics or Make(S): c.veveveeririiiiiiiiiiiiniennins Typels): voviiiiiiiiiiiieea

8.2.13 Auxiliary equipment driven by the engine and not removed for the test
List and brief description if NECESSAIY: ...ioiiiiiiiiiiiiiiiii e

8.3 Test conditions for measuring engine net power
Trade-name or -mark Of the ENGINE: ...ciuiiiiiiii i e aeaas
Type and identification numMber of eNgINe: .....coiiiiiiiiiiiiii

Test conditions

Pressures mpasured at MaXiMmUM POWEE: ..vueuiureeneninintiintr ettt
Total bafometric PresSsUre: .....ovvvveveiiiiriienerneiiiieiennns kPa
Water VAPOr PreSSUIE: tiuevuennrneiniiniiniinraeitenniinaneneanes kPa
Exhaust|back-pressure: ......cocoviiiiiiiiiiiiiiiiiii kPa
Locatior| of exhaust back-pressure measurement point: .....ocovvvvienn L0
INlet dERreSSION: ..cccerceireririninrn et o Yo Pa
Absolutg pressure in the inlet ductwork: ......oocvviiivivn S0 Pa
Temperature fneasured at maximum power
= oY AR € =R a1 L 11 S, A K
b) at the engine intercooler oUtIET: .. ...cccvevivinii Nttt K

c) of the co¢ling fluid

- at the ergine cooling flUId OULIEt: (It it K"

- at the reference point in the dase of air CooliNg: ..coovviiiiiiiiiiiiii K"
d) of the IAu o1 o= 1 41 a Vo T T I K
P 0 8 L= Y= Eo10 L= (LA L o To LT P PPN

e) of the fupl

- at the inlet/fuel injection system inlet™ & i K

- in the fuel flow-measuring deVICE: ......o.iririii i K

Characteristics of the dynamometer

b Strike out what does not apply.

18
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Characteristics of the opacimeter

MK i e Model: oo

Fuel flow-measuring apparatus: gravimetric/volumetric "

Fuel for spark-ignition engines operating on liquid fuel

MEKE BN Ty PO ottt et et et e e e,
ST o L= 1ot ot 14 o] o T
Research Octane Number (RON): ....cccoviiiiiircceeceececcene (in accordance witlh ISO 5164) 2
Motor Octane Number (MON): ....ccooorivvrvrnieeceeeecee e (in accordance with ISO 5163) 2
Percentage and type of OXYgeNates . ..ccviviieiiiiiieiiiiiiiiinieenee e Eime b eee e,
DENSITY: oottt g/cm3 at 288 Kdinaccordance with I1SO 3675) 2
Lower calorific value, measured " : ......covevnniinnnnn. kd/kg(in accordance with|ASTM D 240)
or, lower calorific value, estimated ": ...............& KJ/kg (in accordance with|ASTM D3338)

For spark-ignition engines operating on gaseous_fuel

Make: ..o e
] o LYo Lot} Ao o A PR ST
STOTAGE PrESSUIE: ..uieuitierneeedmir s e teeteeteetretrenreneeneenerniesesnesnssernensensseereenensenedionersenenren kPa
UtiliZation PresSsUre: ..ol e e ee e ee e e e kPa
Lower calorific valugi ). ....iviiniiii i e kJ/kg

For compression-ignition engines operating on gaseous fuel
Feed SYStEIMIS: GaS: tiiuiiiiiiiiiii et e
Speeification of gas Used: .......ccoiiiiiiiiiiiiiii e b

FUel 0il/gas proportion: .....c.vi it e

LUVVCI bd;UlifiL vaiuc. ........................................................................................... k\J/kg

For compression-ignition engines operating on liquid fuel

LK B e e aaas
Specification of fUBI USBA: .iiiiiiii e e e
Cetane MUMDDEI: ceiitii ittt ee e aeas (in accordance with ISO 5165)2
VISCOSITY: iiiiiiiiiiiiiee st mm?/s at 40 °C (in accordance with ISO 3104) 2

1)

Strike out what does not apply.
? ASTM Standards also exist.

19
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DeNSItY: it
Lower calorific value, measured ": ..

or lower calorific value, estimated ":

Lubricant

Specification: ......ccvveiiiiiiiiiiiienenne.

SAE viscosity:

.............. g/cm?® at 288 K (in accordance with ISO 3675)

...................... kJ/kg (in accordance with ASTM D 240)

.................... kJ/kg (in accordance with ASTM D 3338)

h Strike out what does not apply.

20
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8.4 Statement of results as functions of engine speed"

Engine speed, min-1
Results

Measured torque, N-m

Measured power, kW

Maonciirad fiial flawr /e 2)
o 9

Measured smoke, m™

Water vapor pressure, kPa
e

Inlet air temperature, K

IPower to be added for auxiliaries No. 1
in excess of table 1 (see 8.1.12 and No. 2
8.1.13), kW No. 3

Power correction factor

Corrected fuel flow, g/s ?

Corrected brake power, kW (with/without ¥ fan or
blower)

Davarar ~F §
rouvwcoci Ui

an
or blower is not fitted)

hinwarar Y. YAES
%) \u

Oor iIower, Kv

<

Net power, kW

Net torque, N-m

Specific fuel consumption, g/(kW:h) @

Smoke correction factor

Corrected smoke, m’’

Cooling liquid temperattire at outlet, K

Lubricating oil temperature at measuring point, K

Air temperaturelafter pressure-charger, K ®

Fuel temperature at injection pump inlet, K

Air temperature after charge air cooler, K ®

PresSure after pressure-charger, kPa *

Préssure after charge air cooler, kPa *

1Y The characteristic curves of the net power and net torque, of the specific fuel consumption and of the exhaust
smoke values shall be drawn as a function of the engine speed.
2-Forspark=rgmiti frTes; T ot correction
factor. The concept of corrected fuel flow is added only for calculation purposes. For compression-ignition engines
the corrected fuel flow is equal to the measured fuel flow, except for constant power engines [see 6.3c].

3) Strike out what does not apply.

4) Calculated with corrected net power and corrected fuel flow.

’
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9 Declaration and verification of engine
performance

9.1 Designation

When the performances (power curves, torque and
specific fuel consumption) of an engine are
determined according to this International
Standard, reference shall be made to the method
used by stating "determined in accordance with

©1SO

Qualify declared “specific fuel consumption and
engine speed (range)” by the word “1SO”.

EXAMPLE

ISO specific fuel consumption: .............. g/(kW-h) at
............... min~' (in accordance with ISO 9249).

ISO 9249".

9.2 Notation

9.2.1 Declare
engine speed

The declared
speed (range

i net power and corresponding
(range)

net power and corresponding engine
are that power and engine speed

(range) which the manufacturer indicates in the

sales literatur

e for an engine type.

Qualify declared “net power and engine speed
(range)” by thHe word “1SO”.

EXAMPLE

ISO 9249).

9.2.2 Declare
engine speed

The declared
speed (range

........................... kW at

d net torque and corresponding
(range)

net torque and corresponding engine
are that torque and-corresponding

engine speed (range) which-the manufacturer
indicates in the sales literature,for an engine type.

Qualify declared “net~torque and engine speed
(range)” by the word-4ISO”.

EXAMPLE

ISO net torque: ..ccovevvviiiiiiiiiiceeenen Nm at
......................................... min ' {in accordance
with ISO 9249).

9.2.3 Declared specific fuel consumption and
corresponding engine speed (range)

The declared specific fuel consumption and the
corresponding engine speed (range) are those
specific fuel consumption and corresponding engine
speed (range) which the manufacturer indicates in the
sales literature for an engine type.

22
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9.3 Tolerances
9.3.1 Declared values
9.3.1.1 Power

9.3.1.1.1 Declared single maximum power engine
speed, N,

At least one engine speed which is in the range of

n, * 2%, the correctedpower statt—be ot tess
than (100 - a)% (see figure 2) of the declared
power| "

At no |engine speed shall the corrected power be
more [than (100 + a)% (see figure 2) of the
declar¢d power. "2

In no [case shall the corrected power differ from
the dgclared power at a given engine speed by
more than d %. "

Power

—

100 * 3)%

Declared power

Corrected power

Engine speed

2% 2%
Np

Figure 2 - Declared single engine speed maximum power graph

N See 9.3.1.4.

2) In normal cases near the declared maximum power engine speed, it is recommended that measurements be made in
steps no smaller than 3 % of the declared maximum power engine speed or 3 % of the maximum engine speed, #,,,
of the power range as appropriate.
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