@ A = The Engineering Society

For Advancing Mobility
Land Sea Air and Space

INTERNATIONAL

SURFACE
VEHICLE

SAE 13046-1

STANDARD

Issued

400 Commonwealth Drive, Warrendale, PA 15096-0001

Submitted for recognition as an American National Standard

1994-11

RECIPROCATING INTERNAL COMBUSTION ENGINES—PERFORMANCE—
PART 1: STANDARD REFERENCE CONDITIONS, DECLARATIONS

OF POWER, FUEL AND LUBRICATING OIL CONSUMPTIONS, AND TEST METHODS

Foreword—ISO
bodies (ISO m
technical com
established hg
nongovernme
Electrotechnic

Draft Internatid
Publication as

International
engines, Subc

This fourth ed
1:1986/Amd. 1

ISO 3046 con
Performance:

Part 1

te
Part 3
Part 4
Part 5
Part 6
Part 7

(the International Organization for Standardization) is a worldwide federation’ of nati
ember bodies). The work of preparing International Standards is normally carried o
mittees. Each member body interested in a subject for which a_ technical comm
s the right to be represented on that committee. International organizations, gov,
tal, in liaison with 1SO, also take part in the work. ISO collaberates closely with th
hl Commission (IEC) on all matters of electrotechnical standardization.

nal Standards adopted by the technical committees are-girculated to the member bo

btandard 1SO 3046-1 was prepared by Technical Committee ISO/TC 70, Intern
bmmittee SC 2, Performance and tests.

:1987. A method of power correction\(see clause 14) has been added.

sists of the following parts, under the general title Reciprocating internal combus

Standard reference ¢anditions, declarations of power, fuel and lubricating oil cond
5t methods

Test measurements
Speed governing
Torsional vibrations
Overspeed protection
Codés\for engine power

bnal standards
Lit through 1SO
ttee has been
ernmental and
e International

dies for voting.

an International Standard requires approval by at least 75% of the member bodies casting a vote.

al combustion

tion cancels and replaces the third edition (ISO 3046-1:1986), ISO 3046-2:1987, and 1ISO 3046-

ion engines—

umptions, and

Appendices A,

B.C, D, E, and F of this part of ISO 3046 are for information only.

6.

The standard reference conditions defined in this edition of ISO 3046-1 were first introduced in the third edition
(ISO 3046-1:1986). The 5-year transition period, which permitted the use of ISO 3046-1:1981 conditions, expired
at the end of 1991. Users of this part of ISO 3046 are therefore now required to adopt the values quoted in clause

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely

voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8512 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER,; (724) 776-4970 FAX: (724) 776-0790
SAE WEB ADDRESS http://lwww.sae.org

Copyright 1994 Society of Automotive Engineers, Inc.

All rights reserved.

Printed in U.S.A.

ISSUED



https://saenorm.com/api/?name=175d4586e273caf32cedf252f80054cc

SAE J3046-1 Issued

2.1
211

3.1
3.1.1
3.1.2
3.1.3
3.14
3.2
3.2.1
3.2.2
3.2.3
3.24
3.3
3.3.1
3.3.2
3.3.3
3.34
3.3.5
3.3.6
3.3.7
3.3.8
3.3.9
3.3.10
3.3.11
3.3.12
3.3.13
3.4
34.1
3.4.2
3.4.3
3.4.4
3.4.5
3.4.6
3.5
3.5.1
3.5.2
3.5.3

TABLE OF CONTENTS

ST el0] oL TSRO PTTPPUPPPUPPRPRIN 4
R TE] (=T =] g (o L TP PPPPPPERRTR 4
YN o] o] [Tor=T o] S0 = U] o] Tor= i o] o =S UR PR 4
[IST @ ¥ o] o= 11 To] <R PPPPUPPTR 4

SEIVICE POWEN ...t e e e e e e e e e e e e e e e et e e e e eeeeennnnnnnnnnnnnnnnn e an e n e n e e e rereneees 6
Service Standard POWET .........oooveeeenalid e ee e snne e b 6
POWET AQJUSIMENT ...ceviiiieeicc e A e ettt e e s ee e e e e e e e e e s s s snnnnnnneneeaaesessssnnnnnnsfanennreeenennnnannns 6
0 =T G @a ] (=T o 1T I PSP PRTRSPPPIN OTPRPROTPTTR 6
0T T P UPPPPUPPREN R 6
ConsUMPLION AN DEIVEIY S .t e e e e e e e e e e e s s s snnn e eeeeeeeeeeesseesfanrnnnereneeeeesnes 7
FUEI CONSUMPLION ...cee e 0 sttt e e e e e e s s sttt e e e e e eeeeesesssanntaeaeeeeaeaesessssnnsnnnnnseessesessssnnnsnnsfereereeeenennnneinns 7
SpeGific FUEl CONSUMPLION ...t e e e e e e s s s e e e e ee e e s e s ssnnnnrenneereeeeesssessfansnnnnnreereeesnns 7
ISO [Specific FUEl CONSUMPLION .....ciiiiiii i ee e e e e e s s ssnnrenereeeeeeeesssssnnnnnsfereaeeeessesnnnnnnes 7
U DEIIVETY ... e ettt e e e e e e e e e s st e e e e e e e e e s s s sssnsrntaneeeeeeeessssnsnnnnssfareeeessreeneeesnns 7
SPEGIfIC FUEKRDEIIVEIY ...oeeiieee ettt e e e e e s r e e e e e e s e s s s snnnbaneeeeeeaeeessensfanrnnnnnnneraeesaes 7
Lubrjcating, Oil CONSUMPLION......uuuiiiiiee i ir e e e e s s sre e e e e e e e e e s sssnnnreeneeseeseeessssnsnnnnnsfereeseeesnesnnnnnnns 7
ST SUTOTPTPTTRTT 7
Yoo Jo e g (oI 1= P PPPPPPTT SRR 7
B S LT 1 S PP UPPPPTTNN 7
ST LYol = L = PR 7
Y7 1] 0 £ SRR 7
Other Regulations and Additional REQUIFEMENTS..........uuuuiiiiiiee e e e e e e e e snnrrreee s 7
Standard Reference CONUITIONS .........uuuiiiiiiiiiiie ittt st s e e e st e e e s sbae e e e s sbbbeeeesannaeeaens 9
AAUXIIBITES ... ettt ettt e e e e e sttt e e e ettt e e e ettt e e e e asba e e e e e ant bt e e e e e b bee e e e e anbbeeeeeanbbeeeeeeeanbbeeeeannrns 9



https://saenorm.com/api/?name=175d4586e273caf32cedf252f80054cc

SAE J3046-1 Issued

8.1
8.1.1
8.1.2
8.1.3
8.2
8.3
8.4

9.1
9.2
9.2.1
9.2.2
9.3

10.
11.
12.

13.

131
13.2
13.3
13.4

14.
141
14.2
1421
14.2.2
14.3

15.
151
15.2
15.3
154
155
155.1
155.2
15.5.3
15.6
15.6.1
15.6.2

16.

DECIaratioNS Of POWET ... ...ttt oottt et e e e e e e e e ettt e e e e aa e e e s e s annnbsbneeeeeaaaaaeeaannnnnes 10
(CT=T LT - TR 10
Purpose of Statement Of POWET .........oooi ettt e e e e e e e e e e e e e e e e e annnnes 10
o1V =g o B L] o [ U= PRSP PRPRPURT 11
ENgine With INtEGral GEAIING . ... . e ettt e e e e e e e et e e e e e e e e e e s aaannnbeaseeeeaaaeaesaaannns 11
TYPES OF POWET ...ttt ettt et e e oo oo ookttt e et e e e e e e e e e e aabetteeeeeeeaaeeeesaannsbesaeeeeaaaaaeaaseaaannns 11
DY L oLl = o1V =T g Y o] o] o= 4o ] [P UEURTRP 11
Types Of StAtEMENT OF POWET ......ooiiiiieii ettt e e ettt e e e e e e e e e e s nbeb e e e e eaaaaeaeeaaannn 12
Declarations of FUel CONSUMIPLION ......coiiiiiit ettt e e e e e e e s e s et eeeeaaeaeeeaaannenes 12
LT oo YU 4] o] (o] o DO TP PP P PP PP PP PPPPPRPRPURT 12
Calgrific Value Of FUBIS ......cooiiiee e ee e e eeeineeeeeee e e e e B 12
LiQUId-FUEBI ENQINES ...ttt e e e e e e e e s sineee e eeeaeae e e e e e e has s Dhrecf e ee e e e e e eeiiees 12
=Ty =1 o L1 OSSPSR ) SN SO 12
Spegific Fuel Consumption DecClarations ..........ccccvvveeieeeeeeiiniiiiiiiieeeeeee e e s esss Boas iteaeeeseeneenneeneeeee e e 12
Declarations of Lubricating Oil CONSUMPLION .......cciieeiiiiiiiiiiiiieieee e e e e sesspmeeeerseeeeeesessnnrnnnesheereeeesesennnnns 13
Information to be Supplied by the CUSIOMEN........ccceieiiiiiiiiieecee ek eer e e e e e e s e b e e e e e 13
Information to be Supplied by the Engine Manufacturer ............ 0. e, 13
Methods of Power Adjustment and Specific Fuel Consumption Recalculation................coofeeeeeeeinns 15
LCTeT o] ] - | T USRI SUTRTPRR 15
F Y 0] ]| [o7= 11 I SRR SUY PRPRPRPERPRRR 15
Adjustment of Power for Ambient ConditioNS....... il i b 15
Recalculation of Fuel Consumption for Test or Site Ambient Conditions for Adjusted Engines.............. 17
Method Of POWET COMTECHION ......oiiiiiiiiie e ettt e e s snneeeee s fareee e e s neaeeee s 18
Corrpction Factor a, for Naturally Aspirated and Pressure-Charged Spark-Ignition Engines ................ 18
Corrpction Factor a; for Compression-Ignition ENGINES .........cocoveiiveiniicnieee e 19
AIMPSPNEIIC FACLOT, T4 wviiiiiee i e stttk e 19
ENQGINE FACTON, g voiveeiiieiiiie et 19
(O 1 1= T 1Y/ o TSR0l = o 1 = T SRS S 20
LS (121 { g To o A PRSP PURUOPUPRPN FUPPTOTPI 20
DT o g Eo (o] g o) H =T PRSPPI UTUPPPRTTPI 20
L a1A oY LTS (PP RRSPPURIN OTOPPPR 20
MeaBUreMENE TECNIQUES ... ...uuiiiiiiiiie e e e it e e e e s s e e e e e e e e e e s e s snbatreeeeeaeeeesesnnnssnnneshereeeensennnnnnnns 21
L1510 (©0] aTo 116 T [P RUP PP PPRPPOPPPRPN FUPPPTPTRTRRRRN 21
TESEPIOCEUUIES ...cei ittt ettt ettt e e e s st ee e e s ntbbeeeessnbaeeeessnnneeessnnnneeeessnnsferessninneeneenins 24
F ool Jo e T (o] T 1= £ PO PPTP SUUPPRRPPPNS 24
B LI [T TSP PRSPPI 25
ST L CT ol T= L =) SO 25
Power Adjustment, Specific Fuel Consumption Recalculation, and Power Correction ..........c.cccccceeeenene 26
y Yo [T £ (=T I 1 T 11 =TSRSSt 26
Nonadjusted ENgiNeS (PreSet ENQINES) .......uuuiiiiiiiieeeeeiiiiiiiitieeteeae e e et s s sststreeeeaaaeeasessnnsnrasaeeeeaeaesesannnnes 27
B =25 2 U= Lo ] S PSP PR RUPPPPIN 27



https://saenorm.com/api/?name=175d4586e273caf32cedf252f80054cc

SAE J3046-1 Issued

APPENDIX AEXAMPLES OF AUXILIARIES WHICH MAY BE FITTED

APPENDIX BTABLES FOR DETERMINATION OF WATER VAPOR PRESSURE, RATIOS, AND FACTORS

APPENDIX CEXAMPLES OF POWER ADJUSTMENT AND SPECIFIC FUEL CONSUMPTION
RECALCULATION FROM STANDARD REFERENCE CONDITIONS OR SUBSTITUTE

REFERENCE CONDITIONS TO SITE AMBIENT CONDITIONS

APPENDIX DEXAMPLES OF POWER CORRECTION FOR NONADJUSTED ENGINES (PRESET ENGINES)....40

APPENDIX EEXAMPLE OF POWER ADJUSTMENT FROM SITE AMBIENT CONDITIONS TO TEST

2.

2.1

211

AMB
ENG

Scope—T
fuel consu

engines in

given for p

This part ¢
propel agri

This part 0

industrial t

This part @
(see 15.4.4

Referencs

Applicablé
herein. Th

ISO PuB

ISO 13

cy

log
ISO 15
ISO 21
ISO 21
ISO 3(
ISO 3046-4—Reciprocating internal combustion engines—Performance—Part 4:
ISO 3046-5—Reciprocating internal combustion engines—Performance—Part 5:
ISO 3046-6—Reciprocating internal combustion engines—Performance—Part 6:
ISO 3046-7—Reciprocating internal combustion engines—Performance—Part 7:
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commercial production using liquid or gaseous fuels. Where necessary, individual re
articular engine applications.

f ISO 3046 covers RIC engines for land, rail-traction, and marine use, excluding e
cultural tractors, road vehicles, and aircraft.
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Definitions—For the purposes of this part of ISO 3046, the following definitions apply. For the convenience of
users of this part of ISO 3046, some definitions are quoted from ISO 2710 and ISO 7876-1.

DEPENDENT AUXILIARY—Item of equipment, the presence or absence of which affects the final shaft output of

INDEPENDENT AUXILIARY—Item of equipment which uses power supplied from a source other than the engine.

EssENTIAL AUXILIARY—Item of equipment which is essential for the continued or repeated o

eration of the

NTIAL AUXILIARY—Item of equipment which is not essential for the continued(or’reps

A\DJUSTMENT—Physical procedure of modifying an engine for the purpose of adapting
hbient conditions, such as by moving limiting fuel stop, rematching the turbocharge
tion timing or other mechanical changes. In that case the efgine is an adjusted engir

STED ENGINE—EnNgine which is preset so that no physical procedure of modifying theg
of adapting it to a different set of ambient conditions.is carried out.

EPEED—The number of revolutions of the crankshaft in a given period of time. [IS

D ENGINE SPEED—The engine speed.corresponding to the declared power.

—In some applications, the declared engine speed is named "rated speed."”

D Power—The value,of the power, declared by the manufacturer, which an engine w
et of circumstances:

—In some applications, the declared power is named "rated power."

D PoweR—The total power developed in the working cylinders as a result of the
medium acting on the pistons. [ISO 2710:1978, 10.3.1]

ated operation

it to a different
, changing the
e (see 3.3.11).
engine for the

bO 2710:1978,

Il deliver under

ressure of the

BRAKE POWER—The power or the sum of the powers measured at the driving shaft or shafts. [ISO

CoNTINuouSs POwerR—The power which an engine is capable of delivering continuously, between the normal
maintenance intervals stated by the manufacturer, at the stated speed and under stated ambient conditions,

tenance prescribed by the manufacturer being carried out.

3.
3.1 Auxiliary
3.1.1

the engine.
3.1.2
3.1.3

engine.
3.1.4 NONESSH

of the engine.
3.2 Engine
3.2.1 ENGINE A

set of ar

fuel injed
3.2.2 NONADJU

purpose
3.2.3 ENGINE §

10.2.1]
3.2.4 DECLARE

NOTE 11
3.3 Power and Load
3.3.1 DECLARE

a given {

NOTE 2-
3.3.2 INDICATE

working
3.3.3

2710:1978, 10.3.2]
3.34

the main
3.3.5

OVERLOAD POwer—The power which an engine may be permitted to deliver, with a duration and frequency
of use depending on the service application, at stated ambient conditions, immediately after operating at the

continuo

us power.
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3.3.6

3.3.7

3.3.8

3.3.9

3.3.10

3.3.11

3.3.12

3.3.13

FUEL STOP POWER—The power which an engine is capable of delivering during a stated period
corresponding to its application, and stated speed and under stated ambient conditions, with the fuel limited
so that this power cannot be exceeded.

ISO Power—The power determined under the operating conditions of the manufacturer's test bed and
adjusted or corrected as determined by the manufacturer to the standard reference conditions specified in
Section 6.

ISO STANDARD POwWER—The continuous brake power which the engine manufacturer declares that an engine
is capable of delivering using only the essential dependent auxiliaries, between the normal maintenance

intervals

stated by the manufacturer, and under the following conditions.

At
W
ref
W

a.
b.

C.

SERVICE

SERVICE
declares

normal maintenance intervals stated by the manufacturer and under the following conditions:

At
Wi

a.
b.

anpbient and operating conditions of the engine-application

c. W

POWER A
modified

approxinpately constant thermal and/or mechanical load in critical engine components (see S¢

POWER (
conditior
conditior
a functio

LoAD—A
driven m

NOTE 3;

a stated speed at the operating conditions of the engine manufacturer's test bed

th the declared power adjusted or corrected as determined by the manufaCturer t
erence conditions specified in Section 6

th the maintenance prescribed by the engine manufacturer being carried out

Power—The power delivered under the ambient and operating conditions of an eng
STANDARD POWER—The name given to the continuous brake power which the engin
that an engine is capable of delivering, using only the ess€ential dependent auxiliarie]
a stated speed at the ambient and operating conditions of the engine application

th the declared power adjusted or corrected ‘as’ determined by the manufacture
th the maintenance prescribed by the engine*'manufacturer being carried out
DJUSTMENT—Calculation procedure by-which a power value under one set of ambie

to represent the power value exXpected under another set of ambient condition

ORRECTION—Calculation ‘procedure by which a power value determined undd
s is modified so that it represents the power value expected under other operatin
s without any enginesadjustment. In that case, the power and performance paramete
h of ambient conditions (see Section 14).

general term-describing the magnitude of the "power" or "torque" demanded from th
achinery.and usually expressed relative to a declared power or torque.

—Far-quantitative purposes, the terms "power" or "torque" should be used, insteag

b the standard

ne application.

e manufacturer
s, between the

to the stated

Nt conditions is
s, to maintain
ction 13).

r engine test
g or reference
rs may vary as

e engine by its

of "load,”

together with a statement of speed.

[ISO 2710:1978, 10.3.4]
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3.4

34.1

3.4.2

3.4.3

3.4.4

3.4.5

3.4.6

3.5

3.5.1

3.5.2

3.5.3

51

Consumption and Delivery

FUEL CoNsumPTION—The quantity of fuel consumed by an engine per unit of time at a stated power and

under stated ambient conditions.

SPECIFIC FUEL CoNsuMPTION—The quantity of fuel consumed by an engine per unit of power and time.

ISO SpecIFic FUEL CONSUMPTION—The name given to the specific fuel consumption at the ISO standard

power.

FueL DeELivVERY—Metered volume (mass) of fuel delivered by a fuel injection system durin

g one working

cycle.
[ISO 7876-1:1990, 10.24]

SPECIFIC| FUEL DELIVERY—Metered volume (mass) of fuel delivered by a fuel-injection syst
working tycle per liter of engine swept volume.

LUBRICATING OIL CONSUMPTION—The quantity of lubricating oil consumed\by an engine per urn
[1ISO 2710:1978, 10.4.3]
Tests

ACCEPTANCE TEST—Test carried out as an overall check«on the manufacturing quality, and tq
the contactual commitments have been fulfilled.

TyPe TEJT—Test carried out on a representative: 'engine of a certain engine type to estal
performgnce data of the engine and, as far as possible, to enable their reliability and durabil
be assegsed.

SPECIAL [TEST—Test additional to acceptance or type tests carried out to meet the requiremen
and legiglative authorities, classification societies, or customers.

Symbols—The symbols usedrin‘this part of ISO 3046 are given in Table 1. Subscripts are give

Other Regulations and.Additional Requirements

For engings used an _board ships and offshore installations which have to comply with rules of
society, the additional requirements of the classification society shall be observed. The classi
shall be statediby’the customer prior to placing the order.

bm during one

it of time.

establish that

blish the main
ty in service to

s of inspecting

nin Table 2.

a classification
fication society
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TABLE 1—SYMBOLS

Symbols Symbols
Common epp®
Use Representation Definition Unit
a A Humidity factor dimensionless
b, BR Specific fuel consumption under standard reference conditions kg/(kWhh)
by BX Specific fuel consumption under site ambient conditions kg/(kW>h)
by BY Specific fuel consumption under test ambient conditions kg/(kW>h)
fa FA Atmospheric factor dimensionless
fn FM Engine Tactor (characteristic parameter for each type of engine) dinhensionless
k K Ratio of indicated power dinpensionless
m M Exponent of the dry air pressure ratio or total barometric pressure ratio dinpensionless
n N Exponent of the ambient air thermodynamic temperature ratio dimensionless
o PR Standard reference total barometric pressure kPa
Pra PRA Substitute reference total barometric pressure kPa
Psr PSR Standard reference saturated water vapor pressure kPa
Psx PSX Ambient saturated water vapor pressure on site kPa
Psy PSY Ambient saturated water vapor pressure during test kPa
Py PX Ambient total barometric pressure on site kPa
Py PY Ambient total barometric pressure during test kPa
P, PPR Brake power or net brake power under standardwreference conditions kw
Pra PPRA Brake power or net brake power under substitute reference conditions kw
Py PPX Brake power or net brake power under ambient conditions on site kw
Py PPY Brake power or net brake power under, ambient conditions during test kw
q Q Fuel mass per cycle per liter of engine 'swept volume mg/(cycle-I)
Jc QC Fuel mass per cycle per liter of airavailable for combustion mg/(cycle-I)
r R Boost pressure ratio (ratio of absolute air pressure at the compressor outletto  dinpensionless
that at the compressor inlet)
I RR Boost pressure ratio under standard reference conditions dimensionless
T max RRMAX Maximum allowable @gost pressure ratio under standard reference conditions  dinpensionless
s S Exponent of the charge air coolant thermodynamic temperature ratio dimensionless
ter TCR Standard reference charge air coolant temperature °C
tex TCX Ambient charge air coolant temperature on site °C
t, TR Standard reference ambient air temperature °C
ty X Ambient air temperature on site °C
Ter TTCR Standard reference charge air coolant thermodynamic temperature K
Tera TTCRA Substitute reference charge air coolant thermodynamic temperature K
Tex TTCX Ambient charge air coolant thermodynamic temperature on site K
Tey TTCY. Ambient charge air coolant thermodynamic temperature during test K
T, TIR Standard reference ambient air thermodynamic temperature K
Tia TTRA Substitute reference ambient air thermodynamic temperature K
Ty TTX Ambient air thermodynamic temperature on site K
Ty TTY Ambient air thermodynamic temperature during test K
a ALP Power adjustment factor dimensionless
a, ALPA Power correction factor for spark-ignition engines dimensionless
ac ALPC Power correction factor for compression-ignition engines dimensionless
b BET Fuel consumption recalculation factor dimensionless
hm ETAM Mechanical efficiency dimensionless
fr PPHIR Standard reference relative humidity %
fy PPHIX Ambient relative humidity on site %
fy PPHIY Ambient relative humidity during test %

1. EDP = Electronic data processing if using uppercase letters only
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5.2

53

TABLE 2—SUBSCRIPTS

Subscript Meaning
a Atmospheric
c Compression ignition engine(l)
Coolant®

Corrected®

For nonclg
manufactu

If special 1
have to be

Any furthe

Standard
engines, th

a. To
b. Ai
c
d

RHg
CHh

NOTE 4—

Auxiliaries
necessary
are necess

m Mechanical
max Maximum
r Standard reference conditions
ra Substitute reference conditions
Saturated

Site conditions
Test conditions

1. Depending on the application.

ssed engines, such additional requirements are in each casé’subject to agreement between the

rer and customer.

equirements from regulations of any other authority (€.9., inspecting and/or legislat
met, the authority shall be stated by the customer prior to placing the order.

additional requirements shall be subject to agreement between the manufacturer an

Reference Conditions—For the purpose of determining the power and fuel ¢
e following standard reference conditiofis shall be used.

al barometric pressure—p, = 100:kPa
temperature—T, = 298 K (tr =25 °C)

lative humidity—f r = 30%

arge air coolant temperature—T, = 298 K (t., = 25 °C)

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

—In order{toe-show clearly the conditions under which the power output is de
to distinguish those auxiliaries which affect the final shaft output of the engine and al

ary for,the continuous or repeated use of the engine. For examples, see Appendix A.

ve authorities)

d customer.

bnsumption of

ressure of

termined, it is
50 those which

Iltems of €

guipment fitted to the engine and without which the engine could not under any

circumstances

operate at its declared power are considered to be engine components and are not, therefore, classed as

auxiliaries.

NOTE—Items such as fuel injection pump, exhaust turbocharger and charge air cooler are in this category

of

engine components.
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8.

8.1

8.1.1

General

Declarations of Power

PURPOSE OF STATEMENT OF POWER—Statements of power are required for two main purposes, as follows.

a.
b.

The declaration of the value of the power
The verification by measurement that the engine delivers the power which has been declared in (a),

under the same set of circumstances or after proper allowance has been made for any difference in
circumstances.

To speci
declarati

a.

b.
c.
d.

For the methodology of expressing the engine power according to a, b, and c, see Figure 1. |
codes, W

The type of statement of power (see 8.4, standard or service power) and, ifinecessa
an
The type of power application (see 8.3, continuous power with overload powet and/or fU
The type of power (see 8.2, indicated or brake power)
The declared engine speed (see 3.2.4)

pn shall state:

d operating conditions (see 8.4)

here necessary, refer to 1ISO 3046-7.

the sel Ol circumstances under wnich the declared value Ol a power would D€

achieved, the

y, the ambient

el stop power)

For appropriate

o) Type of stdtement b) Type of power application ¢) Type of power d) Engjne speed
of power
1 [ —
! |
| Continuous || Brake power (3.3.3)
' power {3.3.4) [ with dependent
1 T auxiliaries not
1SO power ! === restricted to
3.3.7 : essentials
'
)
]
]
]

Fuel stop
power (3.3.6)

Deq

speed (3.2.4)

lared engine

| Service pg

(3.3.9)

Brake power (3.3.3)
with only the

essential dependent|
ilauxiliaries

Overload power
(3.3.5)

o ——y

I

]
]
'
[}
]
|
]
!
v
[}
'
1
[}
[}
[}
T
[}
1
]

NOTE -[_] applies to " I1SO standard power".

T Jiapplies to “service standard power~.

FIGURE 1—DIAGRAM SHOWING THE METHODOLOGY TO BE USED IN POWER STATEMENTS

-10-
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8.1.2

8.1.3

8.2

8.2.1

8.2.2

8.3

NOTE 6—The terms used in a to ¢ may be combined, for example, continuous brake fuel stop power.

NOTE 7—Where appropriate to the engine application and the method of manufacture, the power

achieved may be subject to a tolerance on the declared power. The existence
tolerance and its magnitude should be stated by the manufacturer.

of such a

PoOwWER AND TORQUE—TFor engines delivering power by a shaft or shafts, for the purposes of this part of
ISO 3046, any power is a quantity proportional to the mean torque, calculated or measured, and to the mean
rotational speed of the shaft or shafts transmitting this torque.

For engines _delivering power other than by a shaft or shafts, reference shall be made to the appropriate

Internati

ENGINE
increasir
engine s

Types of Rower

Indicated power and brake power are types of power.

pnal Standard for the driven machine.
\VITH INTEGRAL GEARING—When stating the power of an engine fitted with an intg¢gral

peed.

built-in) speed

g or reducing device, the speed of the driving-shaft extremity shall also jhe’given at the declared

Except ix the cases of ISO standard power and service standard power, any statement of brgke power shall

be supp

a. Egssential dependent auxiliaries as defined in 3.1.1<and 3.1.3
b. Egsential independent auxiliaries as defined in 3.2 and 3.1.3

c. Ndg

The pow
requiren

NOTE 8-

Types of H

application.

The durati
application
to be delive
together w

Unless oth

rted by the following list of auxiliaries:

nessential dependent auxiliaries as definedun 3.1.1 and 3.1.4

er absorbed by the auxiliaries listedsif b and ¢ may be significant. In such case
ent shall be declared.

—Examples of typical auxiliari€s*are listed in Appendix A for guidance purposes.

Power Application—Continuous power, overload power, and fuel stop power are {

pn and frequency~of use of the overload power which is permitted will depend

bred satisfagtorily. The overload power shall be expressed as a percentage of the con
th the duration and frequency permitted and the appropriate engine speed.

efwise stated, an overload power of 110% of the continuous power at a speed corres

s, their power

ypes of power

bn the service

, but adequate-allowance shall be made in setting the engine fuel stop to permit the gverload power

tinuous power,

ponding to the

engine ap
operation.

fcation is—permittedfor a periodof 11T, withror withoutmterruptions, withima pe
This period also applies to any overload power up to 110% of the continuous power.

iod of 12 h of

NOTE 9—The power of marine main-propulsion engines is normally limited to the continuous power, so
that the overload power cannot be given in service. However, for special applications, marine
main-propulsion engines may develop overload power in service.

For engines for electrical power generation, the specifications given in ISO 8528-1 apply.

-11-
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8.4 Types of Statement of Power—ISO power and service power are types of statement of power.

To establish service power, the following conditions shall be taken into account:

a. The ambient conditions, or any nominal ambient conditions according to the special requirements of
inspecting and/or legislative authorities and/or classification societies, as specified by the customer
(see Section 11).

NOTE 10—For example, the following nominal ambient conditions apply to main and auxiliary RIC

engines on ships for International Association of Classification Societi
unrestricted service:

Tofal barometric pressure: p, = 100 kPa
Aill temperature: T, = 318 K (t, = 45 °C)

R

S

b. T

c. T

d T

e. A

9. Declarati

9.1 Fuel Cons
The quanti

If not othe
the 1ISO sp

9.2 Calorific \

9.2.1 LiQuiD-F
liquid-fue

Where a
energy U
shall be

9.2.2 GAS ENG
calorific

lative humidity: f, = 60%
a or raw temperature (change air coolant inlet): T, = 305 K (t., = 32 °C)

normal duty of the engine

expected interval between maintenance periods

nature and amount of supervision required
y information relevant to the operation of the engine in service (see Sections 11 and
ns of Fuel Consumption
umption—The quantity of liquid fuels shall be expréssed in mass units (kg) or in ene

ty of gaseous fuels shall be expressed in epergy units (J).

wise specified by the manufacturer, a declared specific fuel consumption shall be cd
ecific fuel consumption.

alue of Fuels
UEL ENGINES—Where a distillate type of fuel is specified, any declared specific fuel co
Ny other type of fuel is specified, the declared specific fuel consumption shall either b
nits, or both_ the' specific fuel consumption in mass units and the associated lower

Stated.

INES<Any declared specific fuel consumption of a gas engine shall be related to
alue of the gas. The type of gas shall be declared.

| engine given in mass\units shall be related to a lower calorific value of 42 700 kJ/kg.

es (IACS)

12)

rgy units (J).

nsidered to be

nsumption of a

e expressed in
calorific value

a stated lower

9.3 Specific Fuel Consumption Declarations—The specific fuel consumption of an engine shall be declared at:

a. Th

e ISO standard power

b. (If required by special agreement) any other declared power and at specified engine speeds

ap

propriate to the particular engine application

Unless otherwise stated, a deviation of +5% is permitted for the specific fuel consumption for the declared

power.

-12-
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10. Declarations of Lubricating Oil Consumption

10.1 The value of the lubricating oil consumption is used for guidance. It shall be expressed in liters or kilograms
per engine operating hour at the declared power and engine speed.

10.2 The lubricating oil consumption after a stated period of running-in shall be declared.

10.3 The oil discarded during an engine oil change shall not be included in the lubricating oil consumption
declaration.

10.4 The lubricating oil used shall be declared.

11. Informatign to be Supplied by the Customer—The customer shall supply the following infermation.

a. The application and the power required from the engine and details arising frem’these
b. The expected frequency and duration of the required powers and the corresponding ¢ngine speeds,

préferably as a load profile
c. Site conditions

1. $ite barometric pressure: highest and lowest readings available; if no pressure data are available,
he altitude above sea level

2. The monthly mean minimum and maximum ambient air temperatures on site during the hottest and

oldest months of the year

he highest and lowest ambient air temperatures qn Site around the engine

he relative air humidity (or alternatively, the.«Wwater vapor pressure or the wet| and dry bulb

emperature) at the maximum ambient air temperature on site

5. The maximum and minimum temperatures af\the cooling water available

pw

2

The specification and lower calorific valugZof the fuel available

e. Whether the engine is to comply withthe requirements of any classification society pr with special
requirements

f. ChHaracteristics of the essential dependent auxiliaries supplied by the customer

g. Any other information appropriate to the particular engine application

12. Informatign to be Supplied by.the Engine Manufacturer—The engine manufacturer shall supply the
following information.

a. The declared brake powers and, where appropriate, their tolerances
b. The correspording engine speed
NOQTE\L1—For certain applications of variable-speed engines, it is common practice o supply a

power Qpnnd dingrnm Pn\/nring the ranges of power over which the nngi]e may be

used in continuous and in short-period operation.

A typical example for a marine main-propulsion engine with a fixed-pitch propeller is given in Figure 2.
For the preparation of such a diagram, the customer should supply the required information according
to Section 11.

c. The direction of rotation (see 1SO 1204).

-13-
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d. The number and arrangement of cylinders (see ISO 1204).

e. W

f.  The air flow required for the operation of the engine for:

1.
2.

Overtioad power

A

Continuous power

Nominal propeller curve

NN

/
%
A %

Speed

Range of continuous power
Range of intermittent operation

Range of short-time overload operation for special applications

FIGURE 2—EXAMPLE OF A POWER/SPEED DIAGRAM

Combustion and scavenging

nether the engineis two-stroke or four-stroke, naturally aspirated, mechanically pressure-charged or
tubocharged,“and whether with or without a charge air cooler.

ooling and ventilation

g. The method of starting apparatus supplied and additional apparatus required

h. The type and grade of lubricating oil recommended

-14-
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i. The type of governing, with speed droop if required (see ISO 3046-4 and 1ISO 3046-6)
For variable speed duties, the working engine speed range and the idling speed
If necessary, the critical engine speed range shall be indicated

j-  The method of cooling and the capacity of the cooling system with the rates of circulation of the cooling
fluids

k. Whether hot air discharge ducting can be fitted (for air-cooled engines only)

I. A schedule of recommended maintenance and overhaul periods

m. Sp

n. En

0. Maximum permissible back-pressure in the exhaust system and the maximum permis
depression

p. CH
g. An
13. Methods g
13.1 General—

may differ
specific fug

13.2 Applicatign—The procedures given in this part 0f ISO 3046 shall be applied to calculate:

a. Th
std
b. W
co

13.3 Adjustme

13.3.1 When it
condition
standard
manufag

ecifications and lower calorific values of fuels recommended

gine fuel supply temperature and/or viscosity

aracteristics of the essential independent auxiliaries supplied by'the manufacturer
y other information appropriate to the particular engine appli¢ation
f Power Adjustment and Specific Fuel Consumption’Recalculation

The engine manufacturer shall indicate the am@unts by which the test or site amb
from the standard reference conditions without having to adjust the power and
| consumption.

ndard reference conditions (see 13.3 and 13.4)
nether the values of power/and fuel consumption attained under engine test amb
frespond to the declared values (see 13.3 and 13.4)

t of Power for Ambient Conditions

is required{that the engine be operated under conditions different from the stan
s given.in_Section 6 and if it is required that the power output shall be adjusted
reference conditions, Equations 1 to 3 shall be used if other methods are not
turer(see Note 12 in 13.3.2 and also 13.3.4).

sible air-intake

ient conditions
recalculate the

e expected power and specific.fuel consumption for site ambient conditions from vaJues known for

ent conditions

Hard reference
to or from the
stated by the

P, = aP,

(Eq. 1)

-15-
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13.3.2

where the power adjustment factor, a, is given by:
1 .
a=k-07(1-k)&=-10 (Eq. 2)
éh, @
(see Note 13in 13.3.2)

where the ratio of indicated power is:

epr_afrpsr Txﬂ €

o ba el -

For examples, see C.1, D.3 and Appendix E.

In the case of turbocharged engines in which the limits of turbocharger speed, turbocharger turbine inlet
temperaTure and maximum combustion pressure have not been reached at the declared power under
standard reference conditions, the manufacturer may declare substitute reference~conditipns to or from
which pgwer adjustment shall be made. (For an example, see C.2.)

In this cgse:

P, = aP,, (Eq. 4)

X

Equatior]s 5 and 6 shall then be used instead of Equation 3.

Replacing the dry air pressure ratio in Equation 3 by the total barometric pressure ratio, the ratio of the
indicated power is given by

K = aéaxo ag-rao a;crao (Eq. 5)

epraﬂ eT 9 eT ﬂ

where thie substitute reference total barometri¢ pressure is

r

Pra = PE— (Eq. 6)
r,max

The fact¢r a and exponents m, n and’s have the numerical values given in Table 3 (see 13.3.4).

NOTE 12—See also the tables\in Appendix B, and the numerical examples in Appendices C, D, and E.

NOTE 13—When the test or site ambient conditions are more favorable than the standard reference
conditiofis-or substitute reference conditions (see 13.3.2), the declared power ungler the test
or site.ambient conditions may be limited by the manufacturer to the declared pgwer under
the, standard reference conditions or substitute reference conditions.

NOTE 14—=If the relative humidity is not known, a value of 30% should be assumed in formulajreferences
A, E, and G in Table 3.

For all other formula references, the power adjustment is independent of humidity (a = 0).

-16-
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13.3.3 The value of the mechanical efficiency shall be stated by the engine manufacturer. In the absence of any
such statement, the value of hm = 0.80 shall be assumed.

13.3.4 When declaring the 1ISO standard power, the engine manufacturer shall state which of the formula references
in Table 3 is applicable.

TABLE 3—NUMERICAL VALUES FOR POWER ADJUSTMENT

Formula Factor Exponent Exponent Exponent
Engine AVIaT=} Caonditions Conditions Reference a m n S

Compression-ignitipn Nonturbocharged Power limited by air excess A 1 1 075 0
oil engines and
dual-fuel engines

Compression-ignitipn Nonturbocharged Power limited by therma B 0 1 1 0
oil engines and dugl-fuel engines reasons
Compression-ignitipn Turbocharged Low and medium speed C 0 0.7 2 0

oil engines and dugl-fuel engines without charge air cooling four-stroke engines

Compression-ignitipn Turbocharged Low and medium speed D 0 0.7 1.2 1
oil engines and du4l-fuel engines with charge air cooling  four-stroke engines

Spark-ignition engihes Nonturbocharged E 1 0.86 0.55 0
using gaseous fuel

Spark-ignition engipes Turbocharged Low andnedium speed F 0 0.57 0.55 1.75
using gaseous fuel with charge air cooling four-stroke engines
Spark-ignition engipes Naturally aspirated G 1 1 0.5 0

using liquid fuel

1 The formula refg¢rences and the exponents have béenderived by CIMAC (CIMAC = International Council on Combustion Engines).

2 The factors and|exponents have been established by tests on a number of engines to be generally representative and shal be
used if not otheljwise stated by the manufacturer; for example in formula reference D, for an engine with the charge air codled by engine
jacket water, thg value for exponents couldibe zero. At present, they apply only to the types of engine specified, but the taple will be
extended to include other types when sufficient data area available. For these engines, the power adjustment shall be stajed by the
engine manufacturer.

3 The formula refgrences A, B, C, .G are applied in examples given in Appendices C, D, and E.

13.4 Recalculation of Fuel Consumption for Test or Site Ambient Conditions for Adjusted Englines—When it
is required that/the engine be operated under test or site ambient conditions different from the standard
reference fonditions given in Section 6, the specific fuel consumption will differ from that declared for the
standard reference conditions and shall be recalculated for or from the standard reference condjtions.

The following equation shall be used if other methods are not declared by the manufacturer:

b, = bb, (Eq. 7)

X
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14.

14.1

where:

b

D |x

NOTE 15—See also the tables in Appendix B and the numerical example in C.1.

(Eqg. 8)

Method of Power Correction—This power correction method, which is similar to the method given in
ISO 1585, has been verified by tests on a representative number of preset engines with engine speeds of
2 000 min~! and above. Manufacturers may extend this method to other engines as considered appropriate, or
restrict it, if justified by experience.

This powe
reference
conditions

For the pu
follows in H

for spark-ig

or, for com

NOTE 16+

NOTE 17

Correction Factor a, for Naturally Aspirated and Pressure-Charged Spark-Ignition Enging

correction

Equation 1
designed t
see 14.3.

Equation 1

correction method shall be applied to determine by calculation the power corrected
conditions specified in Section 6 from the power observed (determined) ,unde

rpose of power correction, the observed (determined) power shall be_multiplied by
Fquations 9 and 10:
nition engines:
P,=a, Py,
pression-ignition engines:
Pr=a, Py

-In Equations 9 and 10, the mathematical approach is the inverse of that of Equation

-Examples illustrating how correctionfactors are applied when testing preset engine
in Appendix D.

actor a, is calculated from.Equation 11:

=T P 5t 2d 508

a” épy—fypsyﬂ éfﬂ

b maintain_a_ relatively constant fuel/air ratio as ambient conditions change. For othe

1 istonly applicable if the correction factor a, is between 0.93 and 1.07, the ambient

o the standard
test ambient

a factor a as

(Eq. 9)

(Eq. 10)
1in 13.3.

5 are given

ps—The

(Eq. 11)

1 applies to engines with carburetors and to other engines where the fuel managemment system is

I engine types,

temperature at

the air inlg

t to)the engine is T, + 10 K (t, £ 10 °C) and the dry barometric pressure is 80 kPa

to 110 kPa. If

these limits are exceeded, the corrected value obtained shall be given, and the test ambient conditions
(temperature and pressure) precisely stated in the test report.
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14.2 Correction Factor a. for Compression-lgnition Engines—The power correction factor ac for compression-
ignition engines with preset fuel settings is calculated from Equation 12:

fm
a; = (fa)

(Eq. 12)

Correction Equation 12 is only applicable where the correction factor a. is between 0.9 and 1.1, the ambient
temperature of the air inlet of the engine is T, + 15 K (t, + 15 °C) and the dry barometric pressure is 80 kPa to
110 kPa. If these limits are exceeded, the corrected value obtained shall be given and test ambient conditions
(temperature and pressure) precisely stated in the test report.

14.2.1 ATMOSPHERIC FACTOR, f,

—Factor fa indicates the effect of environmental conditions (pressure, temperature,

and hu
engine

a. For naturally aspirated engines, mechanically pressure-charged engines, and-turboch

Wi

14.2.2 ENGINE H
correspo

The eng

in which

idity) on the air drawn in by the engine. The atmospheric factor differs according
d is calculated from the following equations.

h waste-gates operating:

f_aéjr rpsroagyo

a epy —f ypsyﬂeT (%]

r turbocharged engines without charge air cooling or with, charge cooling by air/air co

égr I’perO 76;)’ 1.2

a
Epy ypsyﬂ eTrﬂ

r turbocharged engines with charge air cooling’by engine coolant:

(P P

a~ @ o €T o
Py —fyPsy? ©T

FACTOR, fr,—Factor f, is depéendent on the type of engine and the trapped
nding to the fuel setting.

ne factor f,,, is a function of the corrected specific fuel delivery g, as follows:
f, = 0.036q,—-1.14

g = 3

-
-

NOTE 18—=For two-stage turbocharging, r, is the overall pressure ratio (r, = 1 for naturally

to the type of

arged engines

(Eq. 13)

oler:

(Eq. 14)

(Eq. 15)

air/fuel ratio

(Eq. 16)

(Eq. 17)

aspirated

engines).

Equation 16 is valid for the following range of q., in milligrams per cycle per liter of air available for
combustion:

37.2£q.£65
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For g. values lower than 37.2, a constant value of f,,, equal to 0.2 shall be taken. For g values higher than
65, a constant value of f,, equal to 1.2 shall be taken (see Figure 3).

Fm

12

08

0.6 |

04 |

0.2
1 I j 1 1 1 1

20 30 37.2 40 S0 60 70 Qe

FIGURE 31—ENGINE FACTOR, f,;, AS A FUNCTION OF CORRECTED SPECIFIC FUEL DELIVERY, g,

14.3 Other Typrrs of Engine—For engines not covered by-14.1 and 14.2, a correction factor equal to 1 shall be
applied when the ambient air density does notcvary by more than £2% from the density ynder standard
reference ¢onditions. When the ambient air density is beyond these limits, no correction shall pe applied, but
the test copditions shall be stated in the test.feport.

15. Test Methpds—Acceptance tests, if required, shall be included in the contract. Type tests and/pr special tests
are subject to agreement between the-manufacturer and customer.

15.1 Designatipn of Tests—This part of ISO 3046 gives two test categories; reference may b¢ made to the
relevant cgtegory of test as follows.

a. Faor acceptance‘tests (see 3.5.1)—ISO 3046-1 - A
b. For type testsAsee 3.5.2)—ISO 3046-1 - T

15.2 Extent of Tests

15.2.1 The program of acceptance and type tests shall be established by the manufacturer.

15.2.2 1t is the responsibility of the manufacturer to define the extent of measurements, which shall be agreed with
the customer. Table 4 may be taken as a guide for selecting the engine groups appropriate to the test
measurements given in list A (see Table 5).
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TABLE 4—ENGINE GROUPS FOR SELECTION OF TEST MEASUREMENTS

Engine Group
Number

Typical Characteristics of Engine Group

1

Engines whose operating conditions are not measured in service; usually with maximum design engine sp

than 1800 minL.

a b~ WON

Naturally aspirated engines with maximum design engine speeds of approximately 1500 min~! and above.
Pressure-charged engines with maximum design engine speeds of approximately 1500 min~! and above.
Engines with maximum design engine speeds of approximately 250 min-1 to 1500 min~1.

Enaines with maximum desion enaine speeds un to 250 min=L
=2 ) =2 T T

eeds of more

15.2.3 For mas
of a full 4

15.2.4 Depende
measure

The follg
between

a. Ad

representative.

b. Th

15.2.5 Whether|
subject t

15.3 Measuren

15.3.1 For the
under m

5-produced engines not all tested on load, an adequate inspection procedure may b
\cceptance test.

nt on the test categories and the engine group number, five lists, of reco
ments, calculated values and functional checks (lists A, B, C, D, E) are given in 15.5.

wing requirements are not included in the content of purchase and are subject
the manufacturer and the customer.

ditional measurements or tests requested during the“test procedure by the cy

e source and date of provision of data necessary far additional calculations, if require

some or all of the results from previous tests shall be recognized as a part of the aca
D agreement between the manufacturer and.customer.

ent Techniques

methods of measurement to be used during acceptance and type tests, symbols
Pasurement, units, etc., refertelSO 3046-3.

15.3.2 If printin

during the test.

15.4 Test Conditions

15.4.1 Before

engine type andiapplication, when mutually agreed between the manufacturer and customer.

or memory-type measuring instruments are used, the printed and/or stored data sha

engine test, the manufacturer shall submit the necessary technical documentation

e used instead

mmended test

to agreement

stomer or his

d.

eptance test is

for parameters

1l be displayed

concerning the

15.4.2 A period 6frunning-in and preliminary tests considered adequate by the manufacturer shall precede the
acceptance or type test.

15.4.3 Measurements for an acceptance or type test shall be carried out only when the engine has reached stable
operating conditions as specified by the manufacturer.

15.4.4 Unless otherwise agreed between the manufacturer and customer, tests shall be carried out on a test bed at
the manufacturer's works.
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TABLE 5—LIST A—TEST MEASUREMENTS

Engine Engine Engine Engine Engine
Group Group Group Group Group
Number Number Number Number Number
(see (see (see (see (see
Table 4) Table4) Tabled4) Tabled4) Table4)
No. Parameter to be Measured 1 2 3 4 5
Al Barometric pressure, humidity, and ambient temperature X X X X X
A2 Engine speed or cycle frequency X X X X X
A3  Engine-bfake torque and/or fuel pump or governor or throttle control rod X X X X X
setting
A4 Engine-bfake torque and/or fuel pump or governor or throttle control rod X X X X
setting
A5  Fuel congumption X X X X
A6  Lubricatifg oil pressure X X X X
A7 Temperajure and pressure of exhaust gas leaving the engine X X X X
A8  Air intakg pressure and temperature at the engine or pressure charger inlet X X X X
A9 Exhaust-fjas temperature at the turbine inlet X X X
A10 Boost prgssure in the air manifold X X X
All Turbochafger speed X X X
Al2 Coolant rhean temperature in and out of the cylinder block X X X
Al13 Lubricating oil temperature at the engine inlet and outlet X X X
Al4 Boost prgssure drop through the charge air cooler X X X
Al15 Boost prgssure after each charge air cooler X X X
Al6 Charge gr temperature after each charge air cooler X X X
Al17 Coolant rthean temperature at the inlet and outlet of the chargg air cooler X X X
Al18 Maximunp cylinder pressure X X
Al19 Exhaust-pas pressure at the turbine inlet X X X
A20 Exhaust-pjas temperature of each cylinder X X
A21 Individual coolant circuit temperature and pressures X X
A22 Lubricatigg-oil pressure in individual circuits, .9., turbocharger, piston X X
cooling, gtc.
A23 Lubricatifg-oil pressure before and after filters and coolers X X
A24  Secondafy coolant and lubricating-oil‘temperatures in and out of heat X
exchanggrs
A25 Fuel supply pressure and temperature X
A26 Compresfion pressure
Note—Additionallitems may.be.included by agreement between the manufacturer and customer.
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154.4.1

15.4.4.2

15.4.4.3

15.4.5

15.4.6

15.4.7

15.4.8

15.4.9

15.4.10

If the acceptance test is carried out on site, testing shall take place after the engine is in operating

condition and at a time agreed upon by the customer and engine manufacturer.

The presence of the

engine manufacturer or his representative and their authority during acceptance testing, if required, should
be included in the purchase agreement. The engine manufacturer or his representative shall be given the
opportunity to instruct sufficiently all on-site personnel in operating the engine set and in the application of

the measuring equipment.

If the acceptance test is carried out on site, the customer shall provide sufficient fuel,

lubricants and

coolants, as well as auxiliary personnel, unless otherwise agreed with the engine manufacturer.

On engine-related machinery not supplied by the engine manufacturer, any points of

measurement

necessary shall be located by the customer on instructions by the engine manufacturer.

Tests shpll be carried out on the engine equipped with dependent auxiliaries necessary fo
either supplied with the engine or belonging to the test-bed equipment.

Test-bed| equipment (e.g., air-inlet system, exhaust system; also independent auxiliaries
pumps, pil filters, heat exchangers, etc.) may be used, provided that the-contractual reg
fulfilled.

Only th
mechani
tested w

se engines which are supplied with built-in transmisSion systems (for exal
5MSs, reversing couplings) or electric generators, and which cannot be tested separ
th the transmission systems or generator coupled tothe’engine.

If engineg
variation
with this

s are tested with coupled-driven machinery or a.transmission system which is sepa
in power, due to these coupled items, shall-be eliminated from the power declared
part of ISO 3046.

If the ac
verified
the manyfacturer and the customer shall.accept the test report of the test on the manufactu
bed as vplid, and verify only:

Ceptance test is carried out on site and the declared power at the corresponding sp

declared speed at a power other than the declared power or
declared power at-an engine speed other than the declared speed

I its operation,

such as water
uirements are

ple, hydraulic

z;rely, need to be

able, then any
in accordance

eed cannot be

r achieved, due to the special circumstances of the installation and/or situation of the installation,

er's works test

test conditions

s given in the

During tests on the engine, no additional measures, other than those required to maintain the
and those required for normal operation as given in the working manual, shall be made.

The only permitted interruptions in testing are those necessary for engine maintenance ¢
working i i

equipment, the
manufacturer and customer.

ine or the test

decision on whether to repeat the tests partially or entirely shall be agreed between the

15.4.11 The standard reference conditions and decelerations of power, fuel, and lubricating oil consumption shall be

as specified in Sections 6, 8, 9, and 10.
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15.4.12 In cases where it is not possible to maintain the specified ambient conditions and the fuel or fluid properties
for the acceptance or type test, the influence of the differing conditions and/or properties and the necessary
correction of the test results shall be subject to agreement between the manufacturer and customer.

In dual-fuel engines, the acceptance test is carried out with liquid fuel. An additional acceptance test with
gaseous fuel may be stipulated by agreement if gaseous fuel is available at the manufacturer's works with
approximately the same ignition characteristics as the gaseous fuel available on site.

In the case of spark-ignition gas engines and pilot injection gas engines, the acceptance test may be carried
out at the manufacturer's works only if the composition and ignition characteristics of the gaseous fuel
available are approximately the same as those of the gaseous fuel used on site.

If the acg¢eptance test must be carried out on the basis of a special agreement at the manufacturer's works
with a ggseous fuel with chemical values and properties differing significantly from those,oh sirle, the test may
be madd at agreed values of declared power, declared speed, and fuel consumption-by resetting the engine
accordingly. In such a case, a readjustment of the engine is necessary for the engine opdration with the
contractdally specified gaseous fuel which is used on site.

15.5 Test Procedures
15.5.1 ACCEPTANCE TESTS
15.5.1.1 Accepiance tests comprise a specified sequence of powep settings with measurements pgnd calculated
values|given in lists A (see Table 5) and B (see Table 6) and the functional checks given in list C (see Table
7).
TABLE 6—LIST"B—TEST RESULTS
No. Parameter to be Calculated
B1 Brake power
B2 Specific fuel consumption
TABLE 7—LIST C—FUNCTIONAL CHECKS
No. Function to be Verified
Ci he correct functioning of the overspeed limiting device in accordance with ISO 3046-6
c2 [he carfect functioning of the speed governing system in accordance with ISO 3046-4
C3 [he ability of all malfunction protection and warning devices to respond correctly to the fault conditions in Which they
Ehotld operate (for example, low-lubricating oil pressure, high-lubricating oil temperatures, high-coolant tenjperatures,

pressure rise Iin the engine crankcase, etc.)
c4 The correct functioning of all automatic pressure and temperature controls

C5 The ability of the starting system to perform prior to and/or after the acceptance test conditions of the engine are
reached, subject to agreement between the manufacturer and customer

C6 The correct functioning of the reversing mechanism, built-in reverse reduction gear and couplings

C7 That the temperature of important components is satisfactory

cs8 That the crank web deflection does not exceed the given limits

C9 Stability of the engine on its support

C10 The condition after test of one or more piston and cylinder assemblies and bearings, chosen randomly for inspection
Note—Additional checks may be included by agreement between the manufacturer and customer.
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15.5.1.2 The duration of the total acceptance test depends on the engine power and applications.

15.5.1.3 Measurements in list A (see Table 5) normally shall be made according to the specified engine group for
each operating condition wherever appropriate and where provision exists on the engine for doing so.
Where measurements are carried out for the purpose of verifying the declaration of power, engine speed,
and fuel consumption, valid measurements shall be carried out at least twice. A measurement shall be
considered valid if the variations of the engine-brake torque and engine-speed values in relation to the
settings of the operating values do not exceed +2%. The variation of the power output during this period
shall not exceed +3%. This requirement shall not normally apply to spark-ignition engines with a brake

power

less than 50 kW.

Measu
and ar
Either
of eng
stated
15.5.1.4 Whereg
basis ¢

155.1.4.1 Mea

15.5.1.4.2 For q
cons
conga
155.1.4.3 Fuel
meal

15.5.1.5 List C
groupd

customer.

15.5.2 TvypPE TES
15.5.2.1 Atype

15.5.2.2 Type tg
A, eng

rements in list A (see Table 5) are arranged in an ascending order of test measuren]
e presented for guidance when the contract is drawn up between the manufacturer
party may, by agreement, add to or delete from the measurements in list A, to(Suit the
ne involved. Where no provision exists on the engine for a particular measuremer
by the manufacturer.

appropriate, the manufacturer shall supply the calculated values given’in list B (see
f test measurements obtained from list A (see Table 5).

surement of the fuel consumption shall be carried out during.the measurement of poy
bngines having a brake power of 200 kW and above if‘'the variation between the res
umption measurements is more than 2%, the measurement shall be repeated fon
ition.

[«

fed to the engine which is surplus and-'not consumed shall be taken into
surements.

(see Table 7) comprises functional checks which may additionally be carried out
2to 5in Table 4. Selection frem list C shall be made by agreement between the m3

TS

test comprises a(specified sequence of power/engine speed combined values, rever

ne group's (see Table 5), and lists B and C (see Tables 6 and 7), and in addition list [}

ent complexity
and customer.
particular type
t, this shall be

Table 6) on the
ver.

ults of two fuel
this operating
iccount in the
on engines in

nufacturer and

bals, and stop.

psts shall inClude, as far as applicable, all measurements, calculations, and functional checks in list

(see Table 8).

TABLE 8—LIST D—ADDITIONAL TESTS

No. Parameter/Measures
D1 Air consumption
D2 Lubricating-oil consumption
D3 Dismantling, inspection, and measuring of important parts subject to wear

15.5.3 SpPecIAL TESTS—Special tests are any of those in list E (see Table 9) which may be required by inspecting
authorities, classification societies, by legislation or by the customer.
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TABLE 9—LIST E—SPECIAL TESTS (EXAMPLES)

No. Parameter or Function

El Torsional vibration frequencies and amplitudes at prescribed power/engine speed combinations when the engine
is tested coupled to its contract-driven machinery, in accordance with ISO 3046-5

E2 Engine-heat balance

E3 Sound level

E4 Exhaust-gas emission characteristics

E5 Tests in conjunction with contract-driven machinery

E6 Pearaftetranningand-otheretectricat-testsof engine-driverrgenerators

E7 Emergency reversal of marine engines

E8 Determination of minimum stable engine speed of marine engines

E9 Change-over on dual-fuel engines

E10 | Ability to carry out maintenance tasks within the time stated by the manufacturer

E1l1l Ability to maneuver and provide a stated power when operating with specified malfunctions,for example |with one
or more turbochargers inoperative

15.6 Power AdJustment, Specific Fuel Consumption Recalculation, and Power Correction—The
manufactuler shall specify which method (power adjustment or power correction) is applicable tp the engine.

15.6.1 ADJUSTEP ENGINES—The test power may be determined, using'thie equation in Section 13 wHere necessary,
in one ol more of the following ways.

a. Byjadjusting the ISO power from standard reference-conditions to test ambient conditiops
b. .By adjusting the declared service power from.the site ambient conditions to the pojer under test
anpbient conditions
c. By making the test power equal to the.declared service power and testing under conditions altered
artificially in accordance with 15.6.1.4 te\simulate the site ambient conditions
d. Bytesting under conditions simulating.some of the site ambient conditions in accordange with 15.6.1.4
and adjusting the declared servicepower to allow for the remaining differences

NOTE 19—Power adjustment by ‘using equation from 13.3 is only permissible if the turbocharging
equipment or timing_ of the engine is not changed or modified for site ambient conditions.

15.6.1.1 When djusting the power;-the engine manufacturer shall state which of the equation refeflences given in
Table 3 shall be used:!

If therg is no suitable equation reference for power adjustment in Table 3, the method of afljustment shall
be agrped in-writing by the manufacturer and customer.

15.6.1.2 If a turpocharged engine at the declared power and under the standard reference conditiond attains neither
the turbocharger speed Timit nor the exhaust-gas temperature Timit at the turbine inlet, nor the maximum
combustion pressure, the manufacturer may declare substitute reference conditions as specified in 13.3.2
for the power adjustment.

15.6.1.3 When adjusting the declared power on site for test ambient conditions, results may be attained where, for
example, the maximum combustion pressure in the engine cylinder exceeds the permitted value. In this
case, the engine test shall be carried out at such a power considered safe by the manufacturer, at which
the permitted value is not exceeded.

The values of the engine parameters corresponding to the required power may be extrapolated from the
measured values by a method agreed upon between the manufacturer and customer.
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15.6.1.4 Engine tests may be carried out under ambient conditions created artificially to simulate site ambient
conditions by one of the following.

a. Altering the air temperature at the engine inlet by artificial heating
b. .Altering the coolant temperature at the inlet of the charge air cooler, etc.
c. Other appropriate methods considered safe by the manufacturer

15.6.2 NONADJUSTED ENGINES (PRESET ENGINES)—Where the test conditions differ from the standard reference
conditions, the method given in Section 14 may be used for power correction of measured power to standard
reference conditions (correction by calculation).

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

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

a. Aydtomatic air temperature controls where the device is still operating’at 25 °C

b. Adtomatic boost control when the atmospheric pressure is such that the boost control i working

c. Adtomatic fuel control where the governor adjusts the fuel (delivery for constant poyer output (by
compensating for the influence of ambient pressure and temperature)

Howevel, in the case of 15.6.2.a, if the automatic air temperature device is fully closed at full load at 25 °C
(no heated air added to the intake air), the test shall he carried out with the device fully dosed, and the
normal g¢orrection factor applied. In the case of 15.6.2.c, the fuel consumption for compression-ignition
engines ghall be corrected by the reciprocal of the power correction factor.
16. 16. Test Report
16.1 The manuflacturer shall provide a test report.
Normally, acceptance test reports shall;be provided only for engine groups numbers 3, 4, and 5|(see Table 4).
Type test reports shall be provided for all groups of engine.
16.2 The test rgport shall include enhgine identification and the following test information:
a. Rdference to this part of ISO 3046, including the year of publication

b. Dd3te, place;rdesignation of test, and inspecting authority
c. Type of fuel and lubricating oil used during tests

NOTE20—tfthe fuetusedtompties withthespecification of a mationat or titermational Standard,
the properties need be verified only by explicit agreement between the manufacturer
and customer.

If the fuel does not comply with the specification of a national or International
Standard, the properties and constituents should be stated as agreed between the
manufacturer and customer.

The lower calorific value of the fuel and its method of determination should be stated.

d. Dependent auxiliaries, engine settings, and proprietary equipment
e. Table of values measured during the test
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f. Parameters calculated during the test
g. Results of functional checks
h. Results of additional tests and special tests, if required

PREPARED BY THE SAE MARINE TECHNICAL COMMITTEE
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APPENDIX A

(INFORMATIVE)
EXAMPLES OF AUXILIARIES WHICH MAY BE FITTED—

These lists are given for guidance purposes only and are not necessarily complete.
A.1 List F—Essential Dependent Auxiliaries—(see 3.1.1 and 3.1.3)

Engine-driven lubricating oil pressure pump
Engine-driven lubricating oil scavenge pump for dry-sump engines
gine-driven engine-cooling water pump
gine-driven raw-water pump
gine-driven radiator-cooling fan
gine-driven engine-cooling fan for air-cooled engines
gine-driven gaseous fuel compressor
gine-driven fuel-feed pump
gine-driven fuel-pressure pump for common rail or servo-injection system
gine-driven scavenge-air blower and/or charge-air blower
.Engine-driven generator, air compressor, or hydraulic pump when:supplying power to ifems in list G
Erlgine-driven cylinder lubricating pump
. Aill cleaner or air silencer (normal or special)
haust silencer (normal or special)

S3TATTS@Toa0Ty
mmmimmimimim

m

A.2 List G—Esgsential Independent Auxiliaries—(see 3.1.2 and 3.1.3)

Sdparately driven lubricating oil pressure pump

Sdparately driven lubricating oil scavenge-pump for dry-sump engines
Sdparately driven engine-cooling water.pump

Sdparately driven raw-water pump

Sdparately driven radiator-cooling.fan

Sqparately driven engine-cooling-fan for air-cooled engines
Sqparately driven gaseous fuel compressor

Sqparately driven fuel-feed pump

Sdparately driven fuelspressure pump for common-rail or servo-injection system
Sdparately driven s€ayenge-air blower and/or charge-air blower
Sdparately driven‘crankcase extractor fan

Sdparately driven cylinder-lubricating pump

Gqverning-or_control system using power from an external source

—RT T S@moeoooTe

3

A.3 List H—N¢neSsential Dependent Auxiliaries—(see 3.1.1 and 3.1.4)

a. Engine-driven starting air compressor

Engine-driven generator, air compressor, or hydraulic pump when supplying power to items not in
list G

Engine-driven bilge pump

Engine-driven fire pump

Engine-driven ventilation fan

Engine-driven fuel-transfer pump

Engine-integral thrust bearing

o

@~oao
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APPENDIX B

(INFORMATIVE)
TABLES FOR DETERMINATION OF WATER VAPOR PRESSURE, RATIOS, AND FACTORS

B.1 Determination of Water Vapor Pressure—The water vapor pressure (f,ps,) values are given in Table B1, in
kilopascals, for different values of the air temperature t,, in degrees Celsius, and relative humidity f .

TABLE B1—WATER VAPOR PRESURE VALUES

fxPsx: KPa fypex, kPa fypsy, kPa fypsy, kPa fypsy, kPa fypsy, kPa fypsy, kPa fypsy, kPa fypgcikPa
ty fy fy fy fy fy fy fy fy fy
°C 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2
-10 0.30 0.27 0.24 0.21 0.18 0.15 0.12 0.09 0.04
-9 0.33 0.29 0.26 0.23 0.20 0.16 0.13 0.10 0.01
-8 0.35 0.32 0.28 0.25 0.21 0.18 0.14 0.11 0.01
-7 0.38 0.34 0.30 0.27 0.23 0.19 0.15 0.11 0.04
-6 0.41 0.36 0.32 0.28 0.24 0.20 0.16 0.12 0.0
-5 0.43 0.39 0.35 0.30 0.26 0.22 0.17 0.13 0.04
-4 0.46 0.41 0.37 0.32 0.28 0.23 0.18 0.14 0.04
-3 0.49 0.44 0.39 0.34 0.30 0.25 0.20 0.15 0.14
-2 0.53 0.47 0.42 0.37 0.32 0.26 0.21 0.16 0.14
-1 0.56 0.50 0.45 0.39 0.34 0.28 0.22 0.17 0.113
0 0.60 0.54 0.48 0.42 0.36 0.30 0.24 0.18 0.19
1 0.64 0.58 0.51 0.45 0:89 0.32 0.26 0.19 0.13
2 0.69 0.62 0.55 0.48 0.41 0.34 0.28 0.21 0.14
3 0.74 0.66 0.59 0.52 0.44 0.37 0.30 0.22 0.1
4 0.79 0.71 0.63 0.55 0.47 0.40 0.32 0.24 0.14
5 0.85 0.76 0.68 0:59 0.51 0.42 0.34 0.25 0.11
6 0.91 0.82 0.73 0.64 0.55 0.46 0.36 0.27 0.1
7 0.98 0.88 0.78 0.68 0.59 0.49 0.39 0.29 0.2
8 1.05 0.94 0.84 0.73 0.63 0.52 0.42 0.31 0.23
9 1.12 1.01 090 0.78 0.67 0.56 0.45 0.34 0.29
10 1.20 1.08 0.96 0.84 0.72 0.60 0.48 0.36 0.24
11 1.28 1.16 1.03 0.90 0.77 0.64 0.51 0.39 0.24
12 1.37 124 1.10 0.96 0.82 0.69 0.55 0.41 0.21
13 1.47 1.32 1.17 1.03 0.88 0.73 0.59 0.44 0.29
14 1.57 1.41 1.25 1.10 0.94 0.78 0.63 0.47 0.31
15 1.67 151 1.34 1.17 1.00 0.84 0.67 0.50 0.3
16 1579 161 1.43 1.25 1.07 0.89 0.71 0.54 0.34
17 196 = 152 133 14 6-95 876 657 6-36
18 2.03 1.83 1.62 1.42 1.22 1.01 0.81 0.61 0.41
19 2.16 1.94 1.73 151 1.30 1.08 0.86 0.65 0.43
20 2.30 2.07 1.84 1.61 1.38 1.15 0.92 0.69 0.46
21 2.45 2.20 1.96 171 1.47 1.22 0.98 0.73 0.49
22 2.60 2.34 2.08 1.82 1.56 1.30 1.04 0.78 0.52
23 2.77 2.49 2.21 1.94 1.66 1.38 111 0.83 0.55
24 2.94 2.65 2.35 2.06 1.76 1.47 1.18 0.88 0.59
25 3.12 2.81 2.50 2.19 1.87 1.56 1.25 0.94 0.62
26 3.32 2.98 2.65 2.32 1.99 1.66 1.33 0.99 0.66
27 3.52 3.17 2.82 2.46 2.11 1.76 1.41 1.06 0.70
28 3.73 3.36 2.99 2.61 2.24 1.87 1.49 1.12 0.75
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B.2

B.3

TABLE B1—WATER VAPOR PRESURE VALUES (CONTINUED)

fyPsx, kKPa fypgy, KPa fypgy, kPa fypgy, kPa fypgy, kPa fypgy, kPa fypgy, kPa fypsy, kPa fypgy, kPa

ty fx fy fy fy fy fy fy fy fy
°C 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2
29  3.96 3.56 3.17 2.77 2.38 1.98 1.58 1.19 0.79
30  4.20 3.78 3.36 2.94 2.52 2.10 1.68 1.26 0.84
31 445 4.01 3.56 3.12 2.67 2.23 1.78 1.34 0.89
32 472 4.25 3.78 3.30 2.83 2.36 1.89 1.42 0.94
33  5.00 4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00
34 5.9 4.76 4.24 3.71 3.18 2.65 2.12 1.59 1.06
35[ 5.60 5.04 278 392 336 2.80 2.24 168 117
36| 5.93 5.34 4.74 4.15 3.56 2.97 2.37 1.78 1.19
371  6.27 5.64 5.02 4.39 3.76 3.14 2,51 1.88 1.24
38| 6.63 5.97 5.30 4.64 3.98 3.32 2.65 1.99 1.33
39| 7.01 6.31 5.61 4.90 4.20 3.50 2.80 2.10 1.44
40| 7.40 6.66 5.92 5.18 4.44 3.70 2.96 2.22 1.44
41 7.81 7.03 6.25 5.47 4.69 3.91 3.12 2.34 1.54
42| 8.24 7.42 6.59 5.77 4.94 4.12 3.30 2.47 1.64
43|  8.69 7.82 6.95 6.08 5.21 4.34 3.47 2.61 1.74
44|  9.15 8.24 7.32 6.41 5.49 4.58 3.66 2.75 1.83
45|  9.63 8.67 7.71 6.74 5.78 4.82 3.85 2.89 1.93
46| 10.13 9.12 8.11 7.09 6.08 5:07 4.05 3.04 2.03
47| 10.65 9.58 8.52 7.45 6.39 5133 4.26 3.20 2.13
48| 11.18 10.07 8.95 7.83 6.71 5.59 4.47 3.36 2.24
49| 11.73 10.56 9.39 8.21 7.04 5.87 4.69 3.52 2.35
50| 12.30 11.07 9.84 8.61 7.38 6.15 4.92 3.69 2.44
D P e . . . . £x —af Xpsxo .
etermingtion of Dry Air Pressure Ratio—The(dry air pressure ratio g used in

given in Taple B2 for the value of a = 1 of formula references A, E, and G (see Table 3) and for
ometric pressure (py) and watervapor pressure (f ,psy). If the water vapor pressure

of total ba
can be obt

Determina

p,—af rpsrﬂ

r

hined from the air temperaturée and relative humidity by the use of Table B1.

tion of the Ratio of indicated Power, k—Equation 3 or 5 can be written as:

Px
pra

k = (R))™(Ry)*(Ry)”

where:
R, = px_afxpsx
! pr_afrpsr
T
R = _I' or _fa
2 TX TX
TCI’ Tcra
R;= FoOr T

CX

andy; =m;y,=n;y3=s

Equation 3 is

lifferent values
s not known, it

(Eq. B1)
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B.4

B.5

The value of
Py — af xPsx
R= ———= Eqg. B2
Pr —af Psr (B )
can be obtained from Table B2 and other values of R can be calculated.
The values of m, n, and s are obtained from Table B3.
Table B3 then gives values of RY for known ratios R and known factors y.

The value of k is then obtained by multiplying together the appropriate values of RY.

Determingtion of the Fuel Consumption Recalculation Factor, b—Table B4 gives values of the fuel
consumption recalculation factor, b (see Equation 8), for known values of the ratio of indicated power k and
mechanicq| efficiency hy,.

The value pf k can (see Equations 3 and 5) be determined for B.3.
The value pf hy, is stated by the manufacturer (see 13.3.3).

Determingtion of the Power Adjustment Factor, a—Table B5 gives values of the power adjugtment factor, a
(see Equation 2), for known values of the ratio of indicated powerk;and mechanical efficiency hj,,.

The value pf k (see Equations 3 and 5) can be determined from B.3.

The value pf hy, is stated by the manufacturer (see 13.3.3).
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px_afxpsx
TABLE B2—VALUES OF DRY AIR PRESSURE RATIO— ——~—=

Pr— af rPsr
f Py, KPa
Total
Barometric
Altitude Pressure, py

m kPa 0 1 2 3 4 5 6 7 8 9 10 11 12 13
0 1013 1.02 1.01 1.00 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89
100 100.0 1.01 1.00 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0:87
200 98.9 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87\0.86
400 96.7 0.97 0.96 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.85 0.84
600 94.4 0.95 0.94 0.93 0.92 0.91 0.90 0.89 0.88 0.87 0.86 0.85 0.84 0.83 0.82
800 92.1 0.93 0.92 0.91 0.90 0.88 0.87 0.86 0.85 0.84 0.83 0.82 0.8170.80 0.79
1000 89.9 0.90 0.89 0.88 0.87 0.86 0.85 0.84 0.83 0.82 0.81 080 0:79 0.78 0.77
1200 87.7 0.88 0.87 0.86 0.85 0.84 0.83 0.82 0.81 0.80 0.79"0.78 0.77 0.76 0.75
1400 85.6 0.86 0.85 0.84 0.83 0.82 0.81 0.80 0.79 0.78 0,77 0.76 0.75 0.74 0.73
1600 83.5 0.84 0.83 0.82 0.81 0.80 0.79 0.78 0.77 0.76,0.75 0.74 0.73 0.72 0.71
1800 815 0.82 0.81 0.80 0.79 0.78 0.77 0.76 0.75.0.74 0.73 0.72 0.71 0.70 0.69
2000 79.5 0.80 0.79 0.78 0.77 0.76 0.75 0.74 0,73/0.72 0.71 0.70 0.69 0.68 0.67
2200 77.6 0.78 0.77 0.76 0.75 0.74 0.73 0.72 0.71 0.70 0.69 0.68 0.67 0.66 0.65
2400 75.6 0.76 0.75 0.74 0.73 0.72 0.71¢0.70 0.69 0.68 0.67 0.66 0.65 0.64 0.63
2600 73.7 0.74 0.73 0.72 0.71 0.70 0.69,0.68 0.67 0.66 0.65 0.64 0.63 0.62 0.61
2800 71.9 0.72 0.71 0.70 0.69 0.68%0:67 0.66 0.65 0.64 0.63 0.62 0.61 0.60 0.59
3000 70.1 0.70 0.69 0.68 0.67 0.66 0.65 0.64 0.63 0.62 0.61 0.60 0.59 0.58 0.57
3200 68.4 0.69 0.68 0.67 0.66\065 0.64 0.63 0.62 0.61 0.60 0.58 0.57 0.56 0.55
3400 66.7 0.67 0.66 0.65 0.64 0.63 0.62 0.61 0.60 0.59 0.58 0.57 0.56 0.55 0.54
3600 64.9 0.65 0.64 0.63%0.62 0.61 0.60 0.59 0.58 0.57 0.56 0.55 0.54 0.53 0.52
3800 63.2 0.63 0.62 0.61 0.60 0.59 0.58 0.57 0.56 0.55 0.54 0.53 0.52 0.51 0.50
4000 61.5 0.62 0.61°0.60 0.59 0.58 0.57 0.56 0.55 0.54 0.53 0.52 0.51 0.50 0.48
4200 60.1 0.60°0.59 0.58 0.57 0.56 0.55 0.54 0.53 0.52 0.51 0.50 0.49 0.48 0.47
4400 58.5 0.59 0.58 0.57 0.56 0.55 0.54 0.53 0.52 0.51 0.50 0.48 0.47 0.46 0.45
4600 56.9 0.57 0.56 0.55 0.54 0.53 0.52 0.51 0.50 0.49 0.48 0.47 0.46 0.45 0.44
4800 55:3 0.55 0.54 0.53 0.52 0.51 0.50 0.49 0.48 0.47 0.46 0.45 0.44 0.43 0.42
5000 541 0.54 0.53 0.52 0.51 0.50 0.49 0.48 0.47 0.46 0.45 0.44 0.43 0.42 0.41
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TABLE B3—VALUES OF RY FOR DETERMINATION OF THE RATIO OF INDICATED POWER, k

RY RY RY RY RY RY RY RY RY

y y y y y y y y y

R 0.5 0.55 0.57 0.7 0.75 0.86 1.2 1.75 2.0
0.60 0.775 0.755 0.747 0.699 0.682 0.645 0.542 0.409 0.360
0.62 0.787 0.769 0.762 0.716 0.699 0.663 0.564 0.433 0.384
0.64  0.800 0.782 0.775 0.732 0.716 0.681 0.585 0.458 0.410
0.66 0.812 0.796 0.789 0.748 0.732 0.700 0.607 0.483 0.436
0.68  0.825 0.809 0.803 0.763 0.749 0.718 0.630 0.509 0.462
0.70  0.837 0.822 0.816 0.779 0.765 0.736 0.652 0.536 0.490
0.72  0.849 0.835 0.829 0.795 0.782 0.754 0.674 0.563 0.518
0.74  0.860 0.847 0.842 0.810 0.798 0.772 0.697 0.590 0.548
0.76  0.872 0.860 0.855 0.825 0.814 0.790 0.719 0.619 0.578
0.78 0.883 0.872 0.868 0.840 0.830 0.808 0.742 0.647 0.608
0.80 0.894 0.885 0.881 0.855 0.846 0.825 0.765 0677 0.640
0.82  0.906 0.897 0.893 0.870 0.862 0.843 0.788 0.707 0.672
0.84 0.917 0.909 0.905 0.885 0.877 0.861 0.81d 0.737 0.706
0.86  0.927 0.920 0.918 0.900 0.893 0.878 0-834 0.768 0.740
0.88  0.938 0.932 0.930 0.914 0.909 0.896 0.858 0.800 0.774
0.90  0.949 0.944 0.942 0.929 0.924 0.943 0.881 0.832 0.810
0.92  0.959 0.955 0.954 0.943 0.939 0.931 0.905 0.864 0.846
0.94 0.970 0.967 0.965 0.958 0.955 0.948 0.928 0.897 0.884
0.96  0.980 0.978 0.977 0.972 0.970 0.966 0.952 0.931 0.922
0.98  0.990 0.989 0.989 0.986 0:985 0.983 0.976 0.965 0.960
1.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.02 1.010 1.011 1.011 1.014 1.015 1.017 1.024 1.035 1.040
1.04 1.020 1.022 1.023 1.028 1.030 1.034 1.048 1.071 1.082
1.06  1.030 1.033 1.034 1042 1.045 1.051 1.072 1.107 1.124
1.08 1.038 1.043 1.045 1.055 1.059 1.068 1.097 1.144 1.166
1.10 1.049 1.054 1056 1.069 1.074 1.085 1121 1.182 1.210
1.12  1.058 1.064 1.067 1.083 1.089 1.102 1.146 1.219 1.254
1.14 1.068 1.075 1.078 1.096 1.103 1.119 1.170 1.258 1.300
116  1.077 1085 1.088 1.110 1.118 1.136 1.195 1.297 1.346
1.18 1.086 1095 1.099 1.123 1.132 1.153 1.220 1.336 1.392
1.20 1.095 1.106 1.110 1.135 1.147 1.170 1.245 1.376 1.440
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TABLE B4—FUEL CONSUMPTION RECALCULATION FACTOR, b, VALUES

b b b b b b
hm hm hm hm hm hm

k 0.70 0.75 0.80 0.85 0.90 0.95
0.50 1.429 1.304 1.212 1.141 1.084 1.038
0.52 1.383 1.275 1.193 1.129 1.077 1.035
0.54 1.343 1.248 1.175 1.118 1.071 1.032
0.56 1.308 1.225 1.159 1.108 1.065 1.030
0.60 1.250 1.184 1.132 1.090 1.055 1.025
0.62 1.225 1.167 1.120 1.082 1.050 1.023
0.64 1.203 1.151 1.109 1.075 1.046 1.021
0.66 1.183 1.137 1.099 1.068 1.042 1.019
0.68 1.164 1.123 1.090 1.062 1.038 1.018
0.70 1.148 1111 1.081 1.056 1.035 1.016
0.72 1.132 1.100 1.073 1.051 1.031 1.015
0.74 1.118 1.089 1.066 1.045 1.028 1.013
0.76 1.105 1.080 1.059 1.041 1,025 1.012
0.78 1.092 1.070 1.052 1.036 1.022 1.011
0.80 1.081 1.062 1.046 1.032 1.020 1.009
0.82 1.071 1.054 1.040 1.028 1.017 1.008
0.84 1.061 1.047 1.035 1:024 1.015 1.007
0.86 1.051 1.040 1.029 1.021 1.013 1.006
0.88 1.043 1.033 1.024 1.017 1.011 1.005
0.90 1.035 1.027 1.020 1.014 1.009 1.004
0.92 1.027 1.021 Y016 1.011 1.007 1.003
0.94 1.020 1.015 1.011 1.008 1.005 1.002
0.96 1.013 1.010 1.007 1.005 1.003 1.002
0.98 1.006 1.005 1.004 1.003 1.002 1.001
1.00 1.000 1.000 1.000 1.000 1.000 1.000
1.02 0.994 0.995 0.997 0.998 0.999 0.999
1.04 0:989 0.991 0.993 0.995 0.997 0.999
1.06 0.983 0.987 0.990 0.993 0.996 0.998
1.08 0.978 0.983 0.987 0.991 0.994 0.997
1.10 0.974 0.979 0.984 0.989 0.993 0.997
112 0.969 0.976 0.982 0.987 0.992 0.996
1.14 0.965 0.972 0.979 0.985 0.991 0.996
1.16 0.960 0.969 0.976 0.983 0.989 0.995
1.18 0.956 0.966 0.974 0.982 0.988 0.994
1.20 0.952 0.963 0.972 0.980 0.987 0.994
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TABLE B5—VALUES OF THE POWER ADJUSTMENT FACTOR, a

a a a a a a
hm hm hm hm hm hm
k 0.70 0.75 0.80 0.85 0.90 0.95

0.50 0.350 0.383 0.413 0.438 0.461 0.482
0.52 0.376 0.408 0.436 0.461 0.483 0.502
0.54 0.402 0.433 0.460 0.483 0.504 0.523
0.56 0.428 0.457 0.483 0.506 0.526 0.544
0.60 0.480 0.507 0.530 0.551 0.569 0.585
0.62 0.506 0.531 0.554 0.573 0.590 0.606
0.64 0.532 0.556 0.577 0.596 0.612 0.627
0.66 0.558 0.581 0.601 0.618 0.634 0.648
0.68 0.584 0.605 0.624 0.641 0.655 0.668
0.70 0.610 0.630 0.648 0.663 0.677 0.689
0.72 0.636 0.655 0.671 0.685 0.698 0710
0.74 0.662 0.679 0.695 0.708 0.720 0.730
0.76 0.688 0.704 0.718 0.730 0.741 0.751
0.78 0.714 0.729 0.742 0.753 0,763 0.772
0.80 0.740 0.753 0.765 0.775 0.784 0.793
0.82 0.766 0.778 0.789 0.798 0.806 0.813
0.84 0.792 0.803 0.812 0,820 0.828 0.834
0.86 0.818 0.827 0.836 0.843 0.849 0.855
0.88 0.844 0.852 0.859 0.865 0.871 0.876
0.90 0.870 0.877 0.883 0.888 0.892 0.896
0.92 0.896 0.901 0,906 0.910 0.914 0.917
0.94 0.922 0.926 0.930 0.933 0.935 0.938
0.96 0.948 0.951 0.953 0.955 0.957 0.959
0.98 0.974 0.975 0.977 0.978 0.978 0.979
1.00 1.000 1.000 1.000 1.000 1.000 1.000
1.02 1.026 1.025 1.024 1.023 1.022 1.021
1.04 1.052 1.049 1.047 1.045 1.043 1.042
1.06 1078 1.074 1.071 1.067 1.065 1.062
1.08 17104 1.099 1.094 1.090 1.086 1.083
1.10 1.130 1.123 1.118 1.112 1.108 1.104
312 1.156 1.148 1.141 1.135 1.129 1.124
14 1.182 1.173 1.165 1.157 1.151 1.145
1.16 1.208 1.197 1.188 1.180 1.172 1.166
1.18 1.234 1.222 1.212 1.202 1.194 1.187
1.20 1.260 1.247 1.235 1.225 1.216 1.207
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APPENDIX C

(INFORMATIVE)
EXAMPLES OF POWER ADJUSTMENT AND SPECIFIC FUEL CONSUMPTION RECALCULATION
FROM STANDARD REFERENCE CONDITIONS OR SUBSTITUTE REFERENCE CONDITIONS
TO SITE AMBIENT CONDITIONS

C.1 Example 1—A nonturbocharged engine with its power limited by air excess has an ISO standard power of
500 kW with a mechanical efficiency of 85%, and an ISO specific fuel consumption of 220 g/(kW>h).

What is the expected service standard power and specific fuel consumption at a site with a total barometric
pressure of 87 kPa, air temperature 45 °C, and relative humidity 80%7?

Standard Reference Conditions Site Conditions
pr F 100 kPa py = 87 kPa
T, F 298 K T,=318K
f,FO0.3 fy=0.8
and h,, = 0.85.

FromB.1, att, =45 °C and f, = 0.8:

f = 7.71 kPa (Eq. C1)

XpSX

From B.2, at p, = 87 kPa and f ,pg, = 7.71 kPa, by interpglation:

—af
P78 Psx _ g.g01 (Eq. C2)
T Pr —af rPsr
From B.3, pt £ = 298_ 0.937 and n =0.75, by interpolation:
T, 318
n
s’ -
et - 0.952 (Eg. C3)

From Equation 3, k = 0.801 x0.952 = 0.763.
From B.4, At k = 0.763yand h,,, = 0.85, by interpolation b = 1.040.

From B.5, at k=0763 and h,,, = 0.85, by interpolation a = 0.733 6.

Hence:

site continuous brake power = 500 x 0.733 6 = 366.8 kW
site specific fuel consumption = 220 x 1.040 = 228.8 g/(kW>)
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