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Agricuiturai tractors and machines — Engine test code —

Net power

ISO 789-1:1990. Aaricitural trantnre - Toct

1 Scone
Sc0ope

This Interngtional Standard specifies a method for
testing int¢rnal combustion engines intended for
propulsion|of agricultural tractors and machines. It
applies to gvaluation of performance with a view,
in particular, to presenting curves of power and
specific fugl consumption at full load as a function
of engine |speed. The engines may be naturaiiy
aspirated o pressure-charged.

It applies tq@ net power assessment.

This Interphational Standard concerns internal
combustior] engines used in agricultural tractors

and machirles and included in one of the following
categories:

- reciprocfiting internal combustion engines
(spark-ignition or compression-ignition) but
excluding free piston engines;

- rotary piston engines.

These engines may be naturally aspirated or
pressure-chiarged, either ,using a mechanical
pressurechgrger or turbocharger.

NOTE - This International Standard provides engine
power corrgction faetors in conformity with SO
1585:1992.

2 Normative’references

Procedures - Part 1: Power tests for’/po
off.

ISO 1585:1992, Road vehicles+ Enging
Net power.

ISO 2710:1978, Reciprocating internal

engines - Vocabulary.

ISO 3104:1994,<Petroleum products - T
and opaqu@ liquids - Determination of
viscosity.and calculation of dynamic vi

iISO.8173:1974, Road vehicles - Appar,

1 COt

wer take

b fest code -

combustion

fansparent
kinematic
sCosity.

measurement of the opacity of exhaust gas from
diesel engines operating under steady State

conditions.

ISO 3675:1993, Crude petroleum and

iquid

petroleum products - Laboratory determination of

density or relative density - Hydromete

method.

ISO 5163:1990, Motor and aviation-type fuels -

Determination of knock characteristics
method.

t Motor

ISO 5164:1990, Motor fuels - Determiriation of

knock characteristics - Research metho

.

ISO 5165:1992, Diesel fuels - Determination of

ignition quality - Cetane method.

1ISO 7876-1:1990, Fuel injection equipment -

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.

Vocabulary - Part 1: Fuel injection pumps

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

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

ISQ 7967-3:1987 Decllnrecatlng internal

vae (vie AN al

combustion engines - Vocabulary of components
and systems - Part 3: Valves, camshaft drive and
actuating mechanisms.

ISO 7967-4:1988, Reciprocating internal

© 18O

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.

4.2 Engine speed (rotational frequency)

combustior
and system
air/exhaust

ISO 7967-9:
combustior]
and systeni

ISO 7967-8

engines = Vocabulary of Tompornerts
s - Part 4: Pressure charging and
gas ducting systems.

1992, Reciprocating internal

englnes - Vocabuiary of COITiponents
s - Part 5: Cooling systems.

1994, Reciprocating internal

combustiofn engines - Vocabulary of components

and systen

ASTM D 24
combustiorn
calorimeter

ASTM D 3]
estimation

3 Definiti

For the pur
definitions

1ISO 7967-1,

ISO 7967-4

s - Part 8: Starting systems.

}0-87, Standard test method for heat of
of liquid hydrocarbon fuels by bomb

838-88, Standard test method for
bf heat of combustion of aviation fuels.

pNsS

hoses of this International Standard, the
biven in 1ISO 2710, ISO 7876-1,

ISO 7967-2, I1SO 7967-3,

L, ISO 7967-5 and 1S©.\7967-8, and the

following dgfinitions apply.

3.1 net po

wer

power obt

ined onfa) 'test bed at the end of the

The engine speed (rotational frequehc
system shali have an accuracy of\t 0,5

4.3 Fuel flow

} measuring
%.

The fuel flow meaSuring system shpll have an

accuracy of £ 1 %:

4.4 Fuel temperature

The fueltemperature measuring syster
an accuracy of + 2 K.

4.5 Air temperature

n shall have

The air temperature measuring systenp shall have

an accuracy of * 2 K.

4.6 Barometric pressure

The barometric pressure measuring s

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

ystem shall

pressure in

crankshaft [or its“equivalent at the corresponding
engine speed”with the equipment and auxiliaries
listed in tableZl.

the exhaust system shall have an accliracy of *+
200 Pa. The measurement shall be macﬁe subject to

NOTE - If the power measurement can only be carried
out with a mounted gear-box, the losses in the gear-box
should be added to the measured power to give the
engine power.

3.2 standard production equipment

any equipment provided by the manufacturer for a
particular engine application.

IUULHUle ID} OI IaDle |
4.8 Depression in inlet system

Subject to footnote 1a of table 1,
shall be measured to + 50 Pa.

this pressure

4.9 Absolute pressure in inlet duct

The system used to measure the absolute pressure
in the inlet duct shall have an accuracy of + 2 %
of the measured pressure.


https://standardsiso.com/api/?name=fad0cca01b6d3d7fc9ac2c9ab2dd5364

©1S0 ISO 2288:1997(E)

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'?,

Yes, standard production equipment

Spccd :;Illit;lls dcv;bc"a’

2 Induction heating device of inlet manifold Yes, standard productiofiequipment if
possible to be set in the)modt favorable
position.

3 Exhaust system

Exhaust purifier
Exhaust manifold Yes, standard production eqyipment
Pressure-charging devices
Connecting pipes', Silencer', Tail pipe',
Exhaust brake?
4 Fuel supply pump® Yes, standard production equipment

5 Carburation equipment
Carburettor, Electronic control system, air-flow, Yes, standard production eqyipment
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-préssure pipe, Injector, |Yes, standard production equfpment
Air inlet valve (if fitted) ¥, Eleetronic control
system, etc. (if fitted), Gaovernor control
system: automatic full-lead stop for the control
depending on atmaospheric conditions

7 Liquid cooling equipment
Radiator, Fany® ®, Fan cowl, Water pump, Yes, standard production eqliipment
Thermostat ”

8 Air coeqling
Cowl, Fan or blower ®®, Temperature regulating | Yes, standard production eqyiipment
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 '?, 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

specified by

consistent wi
or filter, is us

4) The air inig

injected.

5) The radiatq
relative positi
by the enging|
Cooling of th
that the presg
as those of tH
position.

Where the fa

(if used), sha
of the engine

power.

disconnectab
7) The therm
the operation
is necessary,

9) Charge-air

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

e manufacturer.

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

3) The fuel feed pressure may be adjusted, if necessary, to reproduce the inlet pump pressure cenditions

h the particular engine application (particularly where a "fuel return" system, e.g) to tank
pd).

t valve is the control valve for the pneumatic governor of the injection pump. The

governor of tlhe fuel injection equipment may contain other devices which may affect.the amount of fuel

r, fan, fan cowl!, water pump and thermostat shall be located\on the test bed in the same
bns that they will occupy on the machine. The cooling liquid.¢irculation shall be operated
water pump only.

e liquid may be produced either by the engine radiator, or by an external circuit, provided

ure loss of this circuit and the pressure at the pumpinlet remains substantially the same
e 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

absorbed by the fan when separately mounted in its cofrect 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

corrected to fthe standard atmospheric conditions defined in 6.2 shall be deducted from the corrected

6) Where a disconnectable or progressive-fan or blower is incorporated, the test shall be made with the

e fan or blower disconnected or with the progressive fan running as maximum slip.

bstat may be fixedlin 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’éngines shall be tested complete with charge-air-cooling whether liquid- or

air-cooled, b
In either cas

tif. the engine 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

specified by t

12) For engin
rating and/or

temperature drop of the engine air across the charge air cooler in the test bed the same as those

he manufacturer for the system on the complete machine.

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.

es 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.

© ISO
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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.

ISO 2288:1997(E)

Table 2 - Setting conditions

1| Setting of carburettor(s)

In accordance with the
manufacturer's

2 | Setting of injection
pump delivery system

production

3| Ignition or injection Aot
specifications and used

timing (timing curve)

without further

4 | Governor setting alternation for the

Anti-pollution devices particular application.

Boost control

B.3 Test conditions

5.1.2 Au’:riadnwntmed
Certain npachine accessories necessary only for

operation| of the machine, and which may be
mounted pn the engine, shall be removed for the
test. The following non-exhaustive list is given as
an example:

- machine hydraulic system(s) pumps;

- machine control system(s) hydraulic system
pumps

- air compressor for machine systems;

- air-conditioning system compressor.

Where acfessories cannot be removed, the power
absorbed |by them in the unloaded condition may
be deternjined and added to the measured engine
power.

5.1.3 <|:ompression-ignition engine  starting
auxiliaries

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

a) Electrical starting: the generator is fitted and
suppligs, where necessary, the auxiliaries
indispgnsable to the operation of the engine.

b) Starting other than electrical: if there are any
electrigally operated accessories indispensable
to the ppération of the engine, the generator is
fitted tio_supply these accessories. Otherwise,

5.3.1 The net power test shall consigt of a run at
full throttle for spark-ignition engines|and at fixed
full load fuel injectiomy Cpump [setting for
compression-ignition engdines, the eéngine being
equipped as specified in tdble 1.

5.3.2 Performance data shall be olgtained under
stabilized operating conditions with [an adequate
fresh air supply to the engine.

Engines.shall have been run-in in accprdance with
the manufacturer's recommendations.| Combustion
chambers may contain deposits, byt in limited
quantity. Test conditions such [as inlet air
temperature shall be selected as near| to reference
conditions (see 6.2) as possible [in order to
minimize the magnitude of the correct|on factor.

5.3.3 The temperature of the inlet air
shall be measured within the inlet du
inlet depression measurement shall be|

to the engine
ctwork. The
made at the

same point.

The thermometer or thermocouple shall be shielded
from radiant heat and located directly in the air
stream. It shall also be shieldeg from fuel
spray-back. A sufficient number of Igcations shall
be used to give a representative average inlet
temperature.

5.3.4 The inlet depression shall he measured
downstream of the entry ducts, ait 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.

silencer, speed-limiting device (if they are fitted) or
their equivalents.

5.3.6 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 areater.

©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.

m m 1cad
te ay be used

within limits

5.3.9 Obseryed brake load, fuel flow and inlet air
temperature [data shall be taken simultaneously
and shall, in pach case, be the average of at least
two stabilizedl consecutive readings which do not
vary more than 2% for the brake load and fuel

consumption, The second reading shall be
determined without any du;ustﬁ‘leﬁl of the engine,

approximatgly 1 min after the first.

5.3.10 The [temperature of the coolant at the
outlet from the engine shall be kept within £ 5 K
of  the Lpper thermostatically controlled
tnarmnaratiira drnanifiad bl abh o en e b

temperature gpecified by the manufacturer. If no
temperature is specified by the manufacturer, the

temperature ghall be 3563 K + 5 K.

For air-cooled engines, the temperature at a point
indicated by the manufacturer shall be kept within

_20K of thgd maximum value specified by the

manufacturer[for the reference conditions.
5.3.11 Fuel tgmperatures shall be as follows.

a) For spark-inition engines, the~fuel temperature
shall be meagured as near asCppssible to the inlet
of the or |assembly of\fuel injectors.  Fuel
temperature ghall be maintained within £ 5 K of
the temperatlire specified by the manufacturer.
However, the minimum test fuel temperature
allowed shall [be”the ambient air temperature. [f
the test fuel |témperature is not specified by the

5.3.14 The selection of fuel for the net|\plower test
shall be agreed by the parties involved’and the fuel
shaii be seiected in accordance with. tabiel 3.

Table 3 -Test fuels

Test Involved Fuel
purpose parties selecfion
Type 1. Certification - Referemce
approval body fuel, if{one is
(certification) defined
2. Manufacturer |- Commgrcial
or supplier fuel if ho
reference
fuel is
defineq
Acceptance |1. Manufacturer |- Commaércial
test or supplier fuel as
2. Customer or specifi¢d
inspector by the
manufgcturer

5.4 Test Procedure

Measurements shall be taken at a Fpufficient
number of engine speeds to define the ppwer and
torque curve completely between the loywest and
the highest engine speeds recommendedl by the
manufacturer. The range of speeds shall include
the speed at which the engine produces its
maximum power and torque. For |part-load
performance measurements, see 1ISO 789 Part 1.

manufacturer, it shall be 298 K + 5 K.

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.

6

5.5 Data to be recorded

Data to be recorded shall be those indicated in
clause 8.

6 Correction factors
6.1 Definition of factor o 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 (¢, 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

ISO 2288:1997(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:

6.2.1 Refelence atmospheric conditions

For the purpose of determining the power and fuel
consumptfon of engines, the standard reference
conditiong given in 6.2.1.1 to 6.2.1.3 shall be used.
6.2.1.1 Terhperature

The reference temperature, T, is 298 K.

6.2.1.2 Dry pressure

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

The refergnce dry barometric pressure, py . is
99 kPa.

NOTE - Relative humidity of 30 % at a temperature of
298 K corresponds to a water vapor pressure of 1 kPa:
Hence the |corresponding dry barometric pressure' is
99 kPa.

6.2.1.3 Relative humidity
The referepce relative humidity,-¢, is 30 %.
6.2.2 Test atmospheric conditions

The test atmospheric conditions shall be within the
values given in 6.2.2:]{and 6.2.2.2 during the test.

6.2.2.1 Temperattre, T

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

b) automatic boost cogntrol, inddpendent of
atmospheric pressure/ when the [atmospheric
pressure is such\that the boodt control is
working;

c) automaticifuel control, where the governor
adjusts’the fuel delivery for corfstant power
output (by compensating for the|influence of
ambient pressure and temperature].

However, in the case of a), if the dutomatic air
temperature device is fully closed af 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 consiimption for
compression-ignition engines shall be corrected
by the reciprocal of the power correctipn factor.

6.3.1 Naturally aspirated and pressurefcharged
spark-ignition engines - Factor o,

The correction factor, «,, for spark-ign|tion engines
shall be as calculated from the formul4

L _[99 1'2( T j"’s
@ pg 298

For spark-igmitiomengines
288 K<T<308K

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

6.2.2.2 Dry pressure, py

For all engines

80 kPa < p, <110 kPa

where
T is the absolute temperature, in 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 only applies if

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 ¢,

©1S0O

where

_q
qC—';

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)

q =
(displacementinl) x (engine speedinmin™")

ignition engihes at constant fuel delivery setting is

The power Trrectlon factor, a,, for compression-
obtained by

pplying the formula:

o= (fa)fn

where
f, is the atmospheric factor (see 6.3.2.1);

fm s [the characteristic parameter for each

type | of engine and adjustment (see
6.3.22).
6.3.2.1 Atmospheric factor, f,

The atmosp
effect of e
temperature

neric factor, f,, which indicates the
hvironmental conditions (pressure,
and humidity) on the air drawn in by

the engine shall be as calculated from the formuta

in a), b), orc):

a) naturally
pressure-d

fa=(3
P

aspirated engines and mechanically
harged engines:

(s

b) turbocharged engines without charge air cooling

or with ch

Ao

9
7

Arge cooling-by air/air cooler:

2 0,7( T j‘l,2
L |7\ 298

where
Z =120 000 for 4-stroke cycle“engines and
Z =60 000 for 2-stroke cycle engihes;

r is the ratio between the absdiute static
pressure at the “outlet of the| pressure
charger or charge air cooler, if fitted, and
the ambient\ pressure (r=1 fo naturally
aspirated engines).

The formula<{for engine factor, f,, is pnly valid
for a yalue of ¢, > 37,2 mg/(l-clcle) and
g. < 65 mg/(l-cycle). For values Jess than
37,2:mg/(l - cycle), a constant value of 0,2 shall
be\taken for f,, while for g, values grgater than
65 mg/(l - cycle), a constant value of 1,p shall be
taken for £, (see figure 1).

6.3.2.3 Limitation in use of correction formula

f

This correction formula is only applicablé

09<a,<11
If these limits are exceeded the corregted value
obtained shall be given, and the test ¢onditions

(temperature and pressure) precisely stgted in the
test report.

6.3.3 Other types of engines

c) turbocharged engines with charge air cooling

by engine

coolant:

f ~ % 0,7(L]0,7
2 py 298

where T and

pq are defined in 6.3.1.

6.3.2.2 Engine factor,

fm is a functi

on of corrected fuel delivery, ¢., and

shall be calculated from the formula:

fn=0,036g,— 1,14

For engines not covered by 6.3.1 and 6.3.2, a
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.


https://standardsiso.com/api/?name=fad0cca01b6d3d7fc9ac2c9ab2dd5364

©1S0O

fmA
1,2
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'
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20 30 3724
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Figure 1 - Engine factor, f,, as a function of corrected fuel delivery, ¢

7 Measurement of and correction for
smoke Value for compression-ignition

engines

The smoke value shall be measured and recorded
at every test point. The opacimeter used, and ‘its
installatiop, shall be designed in accordance-with

ISO 3173.

7.1 Corr

tion factor for light absorption

coefficient of smoke

This is the factor by whjehthe light absorption
of smoke, S, expressed in absolute units
shall be rhultiplied toldetermine the engine light
absorption coefficient of smoke at the standard

coefficien

reference
6.2.1:

atmospheric conditions specified

in

7.2 Determination of correction fac
absorption coefficient of smoke

The correction factor, ay, for compre
engines under constant fuel deliver
obtained from the following formula:

o =1-5(f,—-1)

where f, is the atmospheric factor (seq

7.3 Limits of application

This correction factory only applie
approval purposes,

0,92<f,<1,08

283 K<T<313K

tor for light

Esion-ignition
y settings is

6.3.2.1).

s when, for

o, is the correction factor (see 7.2);

S

is the measured light absorption
coefficient of smoke in reciprocal metres
(observed smoke).

80 kPa < p, < 110 kPa
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8 Test report

(State "none"

8.1 Compres

where inapplicable, or delete)

sion-ignition engines - Essential characteristics "

8.1.1 Description of engine

Stroke: ........
Number of cy
Layout of cyli
Engine swept
Compression
8.1.2 Cooling
a) Liquid
Nature of i
Circulating p
Characterist
Drive ratio:

Thermostat

10 =Y £ P Firing order: ........5 i
VOIUME: .o litres
atio ¥ L,

system

ump: yes/no ?
cs or make(s): .oooevveven Lol Type(s): covieviiiiiiiiiiiiee,

Y= | T

Radiator: drawing(s) or'make(s): .....cocovviiiiiiiiiiiiniiinn, Type(s): oo

Relief valve,

PrESSUIE SETTIMG I ittt i e ettt e,

Fan: characteristics or make(s) - Type(s) :

Drive ratio: .

=T T oT0 1Y,V T

D

the manufactu
2)

3)

10

rer.

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): ..........c...oceuuine. TYPE(S): wueniiiiiiiiiiiin

Drive ratio: ............. PP

Temperature regulating system: yes/no "

T Ty o [T o] g1 o1 o] o PPN

8.1.3 Temperatures specified by the manutacturer
Liquid cooling
Maximum temperature at outlet: ......cccoviiiiiiiiiiiiiiier e @3 e e K

Air cooling

Reference point {description): .o @ e e

Maximum temperature at reference point: ......... oo b e K
Maximum exhaust teMPerature: ........cvoeveirerneeifitdtereneenenesneraersenernesnereneenrsersnfonininenn, K
Fuel temperature, min.: .......ccocviinnnn 2000, K mMaxX.: ovoveviiiiriiiiinnrnnsb e, K
Lubricant temperature, min: ............. K maX.: coioviiiiiiiiiiiieiiiieeiee b eriinenn, K

8.1.4 Pressure-charger: with/without-"

Description of the System: ..o . i
MaKe: .t e TYPE: et
Compressor system:Make: ...................... TYPE: i
Charge-air-cooling system: Make: .............. B Y o 1= PP PRSPPI PO

8.1.5 Inletsystem

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

Infet manifold: ... e B I g T N 1o P N
Air fIler: o Make: .iviviiiiiii TYPE: iiviiiiiiiiiinieens
Inlet silencer: ..ovviiiiiiiii Make: .oiviviiiiiii TYpE: eiviiiiiiiieieens

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

Description @nd di@gramMIS: «.uiuiuriie ittt e

8.1.7 Fuel feed system

D" Strike out what does not apply.

11
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Fuel feed
Feed pump
PreSSUIE: v.iviieiii e kPa " .o, ,
or characteristic diagram ¥ ...

INjection SYSTEM: .....cceeevuvverrrrrereeeeeeinnnnes e et

Pump

Make(s) /i, e e

IR ¢ 15T 53 T PP

Delivery :|....... mm? per stroke " ...... at pump speed of ...... min' "2 . at full injegtion,

or charactleristic diagram 2. ........coiiiiiiiiiiiec e e e
Quote thel method used : on engine/on pump bench ¥
Injection @advanCe ... .iiiiiiiii e e e e e e

INjection adanCe CUIVE :© ....c.iviiiiiiiiiiiiiiii e N et e e aaaeas

Injection piping
1Y Yo ) f o T S O PP mm
INternal diBMETET & ..ot T R e et mm
Injector(s)
1T =3 TR e N
B Y =T 6] T - PRSP
Opening prassure : ... 8¢ e eneneennnn kPa " i,

or charactefistic iAGIAM ¥ ... iiri et e e e e e

Governor

1Y E2 Y G 3 T

B INZ X=X =) TR PP PP

Speed at which cut-off starts under full 10ad 2: .....ooviiiiiiiiiiiei e min’'

Maximum NO-10ad SPEEA 21 ..u.ireieiiii e i et min™

IAIING SPEEAZ & e iitiiit et e e e ettt et et e e e a s min’'

Specify the tolerance
1 min ! = 1 r/min

3 Strike out what does not apply

12
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Cold-starting system

D ToT Yo g o) { o o T PSPPI
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™ & .....ooviviiiviiiiiniiiniinrireiieeiineirenresneeeenerensabaly S ereenie s
8.1.9 Exhaust system
Description of exhaust manifold @ ..o e e b
Description of other parts of the exhaust equipment if the test is made with the complete

exhaust equipment provided by the manufacturer, or indication of the maximum back-pressure
at maximum power specified by the manufacturer™: ... 8¢ e

8.1.10 Lubrication system
Description of system 1 ..o R e
Position of lubricant reServoir & ... . i fare e

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

Mixture with fuel
PEICEMEATE 2% .euvireeieniieer e eee st et e st e et et e st e et e st e s e sne e ssesstssrnesnnesssesnnsssessnchenetint s

Oil.cooler : with/without "

Drawing(s) or make(s) : ..cccoeiiiiiiiiiiiii Typels) i vvvevevvnn b

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: ...i.iiriiiiiiiiii et aaaaes
D Strike out what does not apply.
2)

Specify the tolerance
13
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8.2 Spark-ignition engines - Essential characteristics "

8.2.1 Description of engine

117/ oY= S PP

BOrE: ciiiiiiii i mm

(1 o) - A R mm

Number of cylinders: ....cccooviiiiiiiiiiii

Layout of cylinders: .......cooviiiiiiiiiiiiiiiiiiiiinns Firing order: ..oooveveiiviiiiiiiiiic e e e e e
Engine swept{volume: .......ocoeiiiiiiiiiiinin, litres

Compression Fatio ¥: ....cccvvieiiiiiiiiiie

8.2.2 Cooling system
a) Liquid
Nature of Uid: ...oeuververirienneriiiine e e

Circulating pump: yes/no?

Characteristics or make(s): ..cooovveiiiriiiiiiiiinieni s FYPE(S): tviiriie i
(DY RV L= I = 14T T P i Uy P
Thermostat|Setting: ..vv.ceviueereer N
Radiator: drfawing(s) or make(s): .57 eiiiiiiiniinnnns TYPE(S): cuveeiiiiiei e
Relief valvel pressure SEttiNg:i i et
Fan : charagteristics or make(s) : ....ocovvvviiiiiiiiinns TYPE(S): teeneiiiiiiiiii
T AT ARV TR 1o LT T

[ YRRV = o RN 40 P

F AN COWIE oottt et et e e an e s aasae e e s ansesanssanseaaaaasanaeaaseaaaesaasesatesateeenatesaassantesesnasssnaerannnns

b) Air
Blower: characteristics or make(s): .............ooiiinin, TYPE(S): wirieiiiiiii

[ RN Y = R4 T o X PP

D In the case of non-conventional engines and systems, particulars equivalent to those referred to here  shall be
, supplied by the manufacturer.
3; Strike out what does not apply.

Specify the tolerance.

14
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Air ducting (standard produCTiON): ... e

Tem

perature regulating system: yes/no "

2 TG Ty e (=YY od 410} £ 1o o A

8.2.3

Temperatures specified by the manufacturer

Liquid cooling

Maximum temperature at OULIET: ... e K
Air geeling
Rdference point (desCription): ..icviiieiiiiiiii i e N e
Maximum temperature at reference point: .......ccoevviiiiiiiiiiiiiiiiiii e S T K
Maximum exhaust temperature @ ......oooiiiiiiiiiiiiiiiiii e L N e e K
Fuel temperature: min.: ....coccovveiieieinienenenan, K o max.: .o S e K
Lubricant temperature: min @ .......coovveiiinnnnnn K max : . s K
8.2.4 |Pressure-charger: with/without "

Description of the system:

“Make:
Comp
Charg
8.2.5

Descr

..................................................... LIS < 1= S
essor system: Make: .........oovveen s LY < 1=
p-air-cooling system: Make: ....,..+....... B I 1T P
Inlet system

ption and diagrams_of air inlets and their accessories ( dash-pot, heating device, inlet

silencer, etc.):

Inlet manifold: ... Description: ...vviiiiiiii e
Air fier: o i Make: ...oovviiiiiiiii Type: covviiiiiininnnns
Inlet SHIeNCEr: ...ovvvii i e Make: ...ccoviiiiii Type: civevvvvina o,
8.2.6 Additional anti-pollution devices (if any, and if not covered by another heading)
Description @nd di@agramiS: ...c.oeieiiniiiit e e
8.2.7 Fuel feed system
Fuel feed
By carburettor(s) ": ..o VT 0 0] o T= ] S-S
o1 = PP
1)

Strike out what does not apply.
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VENTUNIS & .vivriiiniiiiiieeireeinennerneeans
Float-chamber level : .....cccocveennnet.

Mass of float: ....ooovvvviiiiiiiniinnnns

Float need

or

Curve of fuel delivery plotted
against air flow, and setting
required to keep the curve ?

Manual/automatic choke "

Closure setting

Feed pump

Pressure: |.o.ccovieiiiieeiiiiiinnns

By fuel injectipn

Make(s): ...

Typel(s): ....

Description [[GeNeral): ..o.vviieie e e e

Calibration:

8.2.8 Valve timing

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

Reference ang/or Setting raNGeS (i ettt itie et tet et e e st e e e e e e e et e een et e r et enaeaeeaeans

8.2.9 Ignition|systems

Ignition distrijutor

Knock sens[r: yes/no"’

Strategy: retard only or advance/retard "

57701

IGNITION BAVANCE CUIVE 2i ooiitiiiiiiiii ettt ettt e e et et e et ettt st e ea s e et e e e e e et e e et e e et eneenas

Ignition timing ?:

Contact-point gap? and dwell-angle ? :

1)
2)

16

Strike out what does not apply.
Specify the tolerance.

© ISO
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Spark-plugs

o] 0T 1 e F=T  E=T= 1 41 T [

Ignition coil

IR/ 1= TR

1157 1= U

115 1
8.2.10 Exhaust system
Description and di@gramiS: .....uiuiiieiiiiie e i ettt e et e e e a et anas
8.2.11 Lubrication system
Description Of SYSTEMI .uiuiiii it
Position of lubricant reServoir: .......ooiiiiiiii e
Feed system (circulation by pump, injection into inlet, mixing with fuel, etc.): .....

Circulating pumpsyes/no :

Mixture with fuel

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

oY (o= Y €= o [ TR RRRRRRT

Oil cooler: with/without "
Drawing(s) or make(s) : ..ocovviiiiiiiiiiiiiii e, Type(s): oo,
8.2.12 Electric equipment

Generator/alternator”

D Strike out what does not apply.

Specify the tolerance.

17
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Characteristics or Make(S): «oveervrreeiiiiiiiiiiiiiinnann, TYPE(S): i

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

8.3 Test conditions for measuring engine net power
Trade-name or -mark 0f the BNGINE: «vuveuiiertiiiiii e aaes

Type and identification number of €NGINE: ......ooiiiiiiiiiiiiiii

Test conditiorfs
Pressures mieasured at maXiMum POWET: ....ouiviiiiiiiieiiiiiirneierieriranrensnssiesnnennenesnennsnns G
Total barometric PreSSUre: ....covviveiereviiriiniii, kPa
Water VAPOT PreSSUNE: ..uvuivrrnerrrnersesininriintiiii kPa
Exhaust| back-pressure: .......coocveveirinisiniiin. kPa
Location of exhaust back-pressure measurement point: ... i
INIEt AEPTESSION: .eucueeiiuirirerereseses ettt s Pa
Absoiutp pressure:in the iniet dUCTWOIK: ..oiuiiviinenne 3O e Pa
Temperature measured-at maximum power
A) OF the INIBL @Ir veuvnieiniriiierierinee e et e s K
b) at the enjgine intercooler OULIET: ........vu Nt K

c) of the copling fluid"

- at the ehgine cooling fluid OULIEt......ccoiiiiiiiiiiiii e K"

- at the r@ference point inthe-Case of air COOlING: .....ccoivuiiiiiiiiiiiiiii K"
d) of the IUbricating Oil G e K
At MEASUTEMMENT POIMTY Liu.tienienetitiii ittt e st a sttt sttt et a s s e e

e) of the fyel

- at the inlet/fuel injection system inlet" @ .......cccciiiiiiiiiii K
- in the fuel flow-measuring deVICE: .......civiiiiiiiiiiiiiii e K

Characteristics of the dynamometer

D Strike out what does not apply.
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Characteristics of the opacimeter
MaKe: e s Model: ..o
1N =
Fuel flow-measuring apparatus: gravimetric/volumetric "

Fuel for spark-ignition engines operating on liquid fuel

MaAKE AN By P ittt
Specification: T e e
Research Octane Number (RON): ......ccccoeiviiriiciiiceeee, (in accordance with ISO 5164) 2
Motor Octane Number (MON): .....ccoovvieeiciicceecee e, (in accapdance with ISO 5163) 2
Percentage and type of OXYgenates:........ovvveiivinininieeeeeeiea e, ........
DENSItY: it g/cm? at 288K (in accordance with ISO 3675) 2
Lower calorific value, measured " : .............coe.e. kJvkglin accordance with ASTM D 240)
or, lower calorific value, estimated ": .............5\. kJ/kg (in accordance with ASTM D3338)

For spark-ignition engines operating on gaseous<uel

MaKE: Lo G e e e e e
Specification: ......oocoviiiiii e
STOTAGE PreSSUIE: ..uuiuiitsit e b e et et ete et eet e et eaneet et eeteseeneeneeneensensenneeneeneeneeneaberrenrenans kPa
UtiliZation PresSSUIe: .. i et en e e e s e s e enseneneesbenennanins kPa
Lower calorific valligl .......oooiiiii i e kd/kg

For compression=ignition engines operating on gaseous fuel
Feld SY S BMS, GaS: ottt et et e
Spegification of gas used: ........cc.oiiiiii i L

Fuel 0il/gas PropOrtioN: ... et neneneenen e

Lower calorific value: ... ..o kJ/kg

For compression-ignition engines operating on liquid fuel

=T PR
Specification of fuel USed: ... ..o
Cetane NUMDET: ..o (in accordance with ISO 5165)?
ViSCOSITY: wrreeeireririeeee et e e e e, mm?/s at 40 °C (in accordance with ISO 3104) 2

D]

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

19
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DENSITY: tuiitiiii i g/cm?® at 288 K (in accordance with 1ISO 3675)

Lower calorific value, measured "t ..., kJ/kg (in accordance with ASTM D 240)

or lower calorific value, estimated "t .........ccoeuiins kJ/kg (in accordance with ASTM D 3338)

Lubricant

Sy YT Ao 1o s LT PP PP PP PP PP PP PP PP PRI PPTPPPPPPPRPRS

SAE viscos

D Strike out what does not apply.
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8.4 Statement of results as functions of engine speed”

ISO 2288:1997(E)

Engine speed, min-1
Results

Measured torque, N-m

Measured power, kW

Measured fuel flow, g/s ?

|

V.1 = ek
wvreasarCt—SToCceT—m

Barometric pressure, kPa

Water vapor pressure, kPa

Inlet air temperature, K

Power 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)

Power of fan or blower, kW (to be subtracted if fan
or blower is not fitted)

Net power, kW

Net torque, N-m

Specific fuel consumption, g/(kW-h) 4

Smoke correction factor

Corrected smoke, m”’

Cooling liquid temperature at outlet, K

Lubricating oil temperature at measuring point, K

Air temperature after pressure-charger, K ¥

Fuel temperature_at injection pump inlet, K

Air temperéature after charge air cooler, K ¥

Pressure ‘after pressure-charger, kPa

Pressure after charge air cooler, kPa ¥

smoke values shall be drawn as a function of the engine speed.

factor The concept of corrected fuel flow is added only for calculation purposes

1) The characteristic curves of the net power and net torque, of the specific fuel consumption and of the exhaust

2) For spark-ignition engines, the corrected fuel flow is the measured fuel flow multiplied by the power|correction

For compression-ignition engines,

3) Strike out what does not apply.
4) Calculated with corrected net power and corrected fuel flow.

the corrected fuel flow is equal to the measured fuel flow, except for constant power engines [see 6.3c].
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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
1ISO 2288".

©1SO

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

EXAMPLE

ISO specific fuel consumption: ....... g/(kW-h) at
....... min-' (in accordance with ISO 2288).

9.2 Notation

9.2.1 Declared net power and corresponding
engine speed {range)

The declared het power and corresponding engine
speed (range)| are that power and engine speed
(range) whicH the manufacturer indicates in the
sales literaturg for an engine type.

Qualify declafed “net power and engine speed
(range)” by thie word “ISO”.

EXAMPLE
........................... kW at
ISO 2288).

9.2.2 Declaref net torque and corresponding

engine speed

The declared
speed (range

(range)

net torque and corresponding engine
are that torque and. cefresponding

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

Qualify decldred “net totque and engine speed
(range)” by the word 4S0".

EXAMPLE

ISO net torque— e Nrr-at
......................................... min ' (in accordance
with [ISO 2288).

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 corrected power shall be not less
than (10D - a) % (see figure 2} of the declared
power. "

At no engine speed shall the corrected power be
more than (100 + 3) % (see figure 2) of the
declared power. " ?

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

Power

LLLLLLL L LSV L LS /l///// L L
|
(100 * 3)%
Declared power
|
| |
O ; : Corrected power

& ]
Q < | |
| |
| |
| |
| |
| [
| |

| ! bng ,

]
2% 2%
Np
Figure 2 - Declared single engine speed maximum power graph
D 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,

n
2>
of the power range as appropriate.
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