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J1228 MAR86 

RATIONALE: 

Not applicable. 

RELATIONSHIP OF SAE STANDARD TO ISO STANDARD: 

Comparable to ISO 3046. 

REFERENCE SECTION: 

ISO 3046 

ISO 1000, 51 Units 

ISO 27~0, Reciprocating Internal Combustion Engines: Vocabulary 

ISO 3046/1, Reciprocating Internal Combustion Engines: Performance-Part I: 
Standard Reference Conditions and Declarations of Power, Fuel Consumption, and 
Lubricating Oil Consumption 

ISO 3046/2, Reciprocating Internal Combustion Engines: Performance-Part II: 
Test Methods 

ISO 3046/3, Reciprocating Internal Combustion Engines: Performance-Part III: 
Test Measurements 

APPLICATION: 

The purpose of this code is to provide a standard for documenting the declared 
(rated) performance of a marine propulsion engine or propulsion system and a 
standard procedure for determining this performance in an engine dynamometer 
1 aboratory. 

CO~1rlITTEE COMPOSITION: 

DEVELOPED BY THE POWER ENGINE RATING SUBCOMMITTEE: 

R. L. Sluka, GMC, Detroit, MI - Chairman 
D. A. Armstrong, Las Cruces, NM 
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J. H. Hodge, White Engines, Inc., Canton, OH 
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E. J. Reinelt, Grosse Pointe Woods, MI 
W. C. Shanks, Jr., Livonia, MI 
D. M. Wilcox, Be11ews Creek, NC 

SPONSORED BY THE SAE MARINE TECHNICAL COMMITTEE: 
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~A ~ The Engineering 
~ Resource For 
,.....-- Advancing Mobility® 

400 COMMONWEALTH DRIVE. WARRENDALE. PA 15096 

SPECIALIZED 
VEHICLE 

PRACTICE 
Submitted for recognition as an American National Standard 

MARINE ENGINE RATING CODE 

CONTENTS: This code is composed of the following sections: 

1. Terminology and Power Declarations 
2. Test Measurements 
3. Test Procedures 
4. Presentation of Results 

SAE J1228 

Issued 
Revised 

March 1980 
t·1a rc h 1986 

Supersedes J1228 JUN84 

Comparable to ISO 3046 

PURPOSE: The purpose of this code is to provide a standard for documenting the 
declared (rated) performance of a marine propulsion engine or propulsion system 
and a standard procedure for determining this performance in an engine 
dynamometer laboratory. 

SCOPE: This recommended practice specifies requirements in addition to those 
given in ISO 3046 for testing a high speed reciprocating internal combustion 
marine propulsion engine or propulsion system for recreational and small 
commercial craft, for the determination of the rated power (single point) or 
power curve. This code is not intended as a complete laboratory test manual or 
for derating engines for site conditions. 

REFERENCES: 

ISO 3046/1 - Reciprocating Internal Combustion Engines: Performance-Part I: 
Standard Reference Conditions and Declarations of Power, Fuel Consumption, and 
Lubricating Oil Consumption. 

ISO 3046/2 - Reciprocating Internal Combustion Engines: Performance-Part II: 
Test Methods. 

SAE Technical 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. 

Copyright 1986 Society of Automotive Engineers. Inc. 
All rights reserved. 

Printed in U.S.A. 
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SAE® J1228 Page 2 

REFERENCES (Cont'd.): 

ISO 3046/3 - Reciprocating Internal Combustion Engines: Performance-Part III: 
Test Measurements. 

ISO 2710 - Reciprocating Internal Combustion Engines: Vocabulary. 

ISO 1000 - SI Units. 

1. TERMINOLOGY AND POWER DECLARATIONS: 

1.1 Observed power is the power actually developed by an engine under the 
atmospheric conditions existing during the test. 

1.2 Corrected power is the observed power adjusted to the standard atmospheric 
conditions specified in ISO 3046/1 using the correction methods specified in 
ISO 3046/2. 

1.3 Power shall be declared (rated) at the final output shaft of the engine or 
propulsion unit as offered for sale by the manufacturer and according to the 
following principles: 

1.3.1 The rated power is that power declared at a given crankshaft speed (the 
ra ted speed). .. 

1.3.1.1 In the case of ungoverned engines, if any power within the 
manufacturer's recommended speed range exceeds the rated power by more 
than 6%, it shall be stated additionally. 

1.3.2 Propeller Shaft Power shall be declared at the propeller shaft of engines 
sold with complete propulsion units, and at the coupling to the propeller 
shaft of inboard engines sold with reduction or reversing gear. 

1.3.3 Crankshaft Power shall be declared at the crankshaft (flywheel) of engines 
sold without reduction gears, stern drive, or sail drive units. 
Declaration of rated power shall contain a statement that usable power 
will be reduced by transmission or gear box losses. 

1.3.4 In the case of ungoverned engines, the rated speed shall be the midpoint 
of the full throttle speed range recommended by the manufacturer for 
propeller selection. 

1.3.5 In the case of governed engines, the rated speed shall be that speed 
decl ared by the manufacturer. 

2. TEST MEASUREMENTS: Test measurements and their degree of accuracy shall be 
as specified in ISO 3046/3. 
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2.1 Temperatures: 

2.1.1 Temperature of the inlet air to the engine (ambient air) shall be measured 
in a manner to get a mass average temperature. The temperature shall be 
taken in the engine inlet air stream, or within 150 mm of the air inlet 
horn to the air cleaner. (Inside the engine cowl, if furnished.) 

2.1.2 Temperature of coolant medium shall be measured within 150 mm of sea water 
inlet. Water jacket temperatures in liquid-cooled engines shall be 
measured at the inter-cooler inlet if applicable, or at an outlet point of 
the engine specified by the manufacturer. Temperatures in air-cooled 
engines should be measured at point(s) specified by the manufacturer, such 
as spark plug(s) or cylinder heads. 

2.1.3 Oil temperatures shall be measured at point(s) specified by the 
manufacturer. 

3. TEST PROCEDURES: Thi s secti on contai ns the requi red test procedures for 
determining propeller shaft power and crankshaft power. 

3.1 Description of Tests: 

3.1.1 Power tests consists of runs at full throttle to determine power output as 
defined in paragraph 1.3. 

3.2 Engine Installation: The test engine or propulsion system shall be 
representative of the manufacturer's production units, and shall be fitted 
with the exhaust system and all auxiliary equipment delivered with the unit 
except the propeller. Auxiliary equipment shall be listed and described. 

3.2.1 Carburetor wedges may be removed or added to maintain carburetors in a 
normal running angle if the engine is run in a horizontal position. 

3.2.2 If it is necessary to utilize auxiliary equipment, such as an exhaust 
piping, not furnished with the propulsion system, the exhaust back 
pressure at rated speed shall be within 0.75 kPa of the maximum back 
pressure specified by the manufacturer at which rated power can be 
achieved. If the exhaust system as delivered is not complete, and no back 
pressure is specified by the manufacturer, the unit will be operated at 10 
kPa + 0.75 kPa back pressure measured at the exit of the engine exhaust 
manifold or turbocharger. If the exhaust system as delivered, is 
complete, the laboratory exhaust system shall maintain exhaust pressure at 
the unit outlet within ~0.75 kPa of barometric pressure at the test bed. 

3.2.3 If the engine air inlet is connected to a laboratory air system, the 
system shall supply air to the engine within +0.75 kPa of barometric 
pressure at the test bed. -

3.2.4 For liquid cooled engines, the temperature of the coolant at the sea water 
inlet shall be maintained at 20 + 15~C, except that for inter-cooled 
engines the temperature shall be-maintained at 20 + 5°C. The coolant 
supply pressure shall not exceed 50 kPa. The coolant outlet temperature 
shall be within the range specified by the manufacturer if a range is 
speci fi ed. 
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SAE® J1228 Page 4 

3.2.5 Fuel temperature at the inlet of the comeression ignition engine fuel 
injection pump shall be controlled to 40 C ~ 3°C. 

3.3 Run-In: The engine shall be run-in according to the manufacturer's 
recommendations. 

3.4 Fuels/Lubricants: 

3.4.1 Fuels used shall conform to the manufacturer's specifications. 

3.4.1.1 For spark ignition engines, record research and motor numbers and API 
gravity of liquid fuel. 

3.4.1.2 For compression ignition engines, record cetane number API gravity and 
heat content. Use ASTM 0975-20 or equivalent fuel if compatible with 
the engine. • 

3.4.2 Lubri cati ng oil used shall conform with the manufacturer's 
recommendations. Record oil perfonnance level designation and SAE 
viscosity number (if applicable), of the lubricant. 

3.5 Test Conditions: Perfonnance data shall be obtained under stabilized nonna1 
operating conditions with an adequate fresh air supply to the engine. Test 
conditions, such as inlet air temperature, should be controlled as near to 
standard as possible (see paragraph 1.2) in order to minimize the magnitude 
of the correction factor. Adjustments shall be made before the test in 
accordance with the manufacturer's instructions. No changes or adjustments 
shall be made during the test except as indicated in the test procedure. 

3.5.1 The generator or alternator, hydraulic systems, and similar systems 
intended for intennittent operation shall be operated under no-load 
conditions. 

3.5.2 No data shall be taken until torque, speed,and engine temperature have 
been maintained within 1% for at least 2 min. 

3.5.3 Engine speed should be held as nearly constant as possible during a run or 
reading, and shall not deviate from the nominal speed by more than +1% or 
~1O rpm, whichever is greater. -

3.5.4 All fluid levels shall be within the range specified by the manufacturer. 

3.5.5 Wet exhaust systems shall be operated with nonnal water flow. 

3.6 Data ACquisition: 

3.6.1 Observed dynamometer load, speed, ambient air pressure, wet and dry bulb 
readings, and fuel consumption data (if recorded) shall be taken 
simultaneously, and shall be the average of at least two stabilized 
sustained values which do not vary more than 1%. A measuring interval of 
not less than 30 s shall be used when measuring speed and fuel consumption. 
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Page 5 SAE,~ J1228 

3.6.2 Power Test Data to be Recorded for Test Documentation: See Fig. 1. To be 
recorded simultaneously (within 1 min): 

Speed 
Torque or Beam Load 
Intake Air Temperature and Pressure 
Fuel Temperature (Diesel Only) 
Barometer Air Temperature 
Barometric Pressure 
Wet and Dry Bulb Temperature 

Also record: 

Laboratory Exhaust System Pressure 
Oil Temperature (see paragraph 2.1.3) 
Coolant Temperature at Sea Water Inlet and Engine Outlet (see paragraphs 

2.1.2 and 3.2.4) 
Coolant S~pp1y Pressure (see paragraph 3.2.4) 
Fuel per Cycle (Diesel Only) 
Exhaust Back Pressure (see paragraph 3.2.2) 
All Auxiliary Equipment 

The following optional data should be recorded where applicable or for 
safety of operation: 

Oi 1 Pressure 
Intake Manifold Temperature and Pressure 
Exhaust Temperature 
Ignition of Injection Timing 
Fuel Supply Pressure 
Fuel Consumption 

4. PRESENTATION OF RESULTS: The corrected power value shall be used to 
determine rated power (single point) together with the rated speed, or may be 
presented graphically. Data shall be corrected per paragraph 1.2. Reported 
corrected curves shall carry the notation: Performance obtained and 
corrected in accordance with SAE J1228 Propshaft Power, or SAE J1228 
Crankshaft Power. Power shall be expressed in units of kilowatts. In 
addition, power may be expressed in English units of horsepower, equivalent 
to 0.746 kW. 

5. POWER TOLERANCE: The corrected power at the rated speed of any marine 
o propulsion engine or propulsion system shall not deviate from the declared 

(rated) power by more than +10% or 0.45 kW, whichever is greater, except that 
governed propulsion engines-and systems rated above 100 kW shall not deviate 
from the rated power by more than ~5%. 
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" . 

" 

, 

REQUIRED DATA--(CRANKSHAFT OR PROPEllER SHAFT POWER) 
1. Speed rpm 
2. Torque or Beam load Torque KNm (l b-ft) "' 

Beam Load KN i1b) 
, 

3. Intak~ Air Temperature °c ( F) 
4. Fuel Temperature (Diesel Only) ° C (oF) 
5. Barometric Air Temperature °c (oF) 
6. Barometric Air Pressure mm H~ (in Hg) 
7. Wet and Dry Bulb Temperature °c ( F) 
8. Laboratory Exhaust System Pressure kPa imm H20) (in H2O) 
9. Oil Temperature °c ( F) 

10. Coolant Temperature °c (oF) 
11. Fuel per Cycle (Compression mg/l/cycle 

Ignition Engines) 

OPT! ONAl DATA 
1. Air Inlet Restriction kPa (mm H2~)(in H2O) 
2. Oil Pressure kPa (l b/in ) 
3. Intake ~,1anifol d Temperature °c (oF) 
4. Intake Manifold Pressure kPa (mm Hg) (inHg) 
5. Exhaust Temperature °c (oF) 
6. Ignition or Injection Timing deg 
7. Fuel Supply Pressure kPa ~mm Hg) (lb/in2) 
8. Temperature of Coolant to Sea °c ( F) 

Water Pump 
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APPENDIX A 

~.e J1228 
..... ® 

For the convenience of the user, this appendix contains inforMation contained in 
the applicable parts of the latest ISO 3046 standards, as of March 1, 1986. 

A.l STANDARD REFERENCE CONDITIONS: (Ref. ISO 3046/1, Third Edition) 
.. ' , 

The standard reference conditions are: 

Total Barometric Pressure 100 kPa 
Air Temperature 298 K 
Relative Humfdity 30% - equivalent to 1.0 kPa 

A.2 CORRECTION f1ETHOnS: (-Ref. ISO 304-6/2", Second Edition) 

Correcte~ power is equal to observed power times the correction factor. The 
correction methods are: 

A.2.1 Spark Ignition Engines: The formula for the power 'correction factor for 
spark ignition engines in SI units is: 

(

Ty ~ 273)' 0.6 
. 298 . 

~lhere: Pi' i~ the barometric pressure in.the test cell in/Pa 
0Psy 1S the water vapor pressure 1n the test cell 1n kPa at 

applicable temperature and hUTTlidity 
Ty is the intake air temperature in °c 

A.2.2 Compression Ignition Engines: The general formula for the power 
correction factor for compression ignition engines: 

ad = (fa) fm 

where fa is the atmospheric factor and 
where fm is the engine factor 

A.2.2.1 The atmospheric factor indicates the effect of environmental conditions 
(pressure, temperature, and humidity) on the air drawn in by the 
engine. The atmospheric factor formula differs according to the types 
of engines. Naturally Aspirated and Mechanically Supercharged engines: 

f = a ( 99) (T + 273) 
P y - liP sy . y 298 

0.7 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j1
22

8_
19

86
03

https://saenorm.com/api/?name=58e3e9465cd1f5547f5baf07b5054a5a


J1228 Page 8 

A.2.2.1 Contlnued: 

Turbosupercharged Engines Hith or Without Cooling of Inlet Air: 

_ ( 99 ) 0.7 (Ty + 273) 1.5 
fa - P - 0P 298 y sy 

A.2.2.2 Engine factor (fm) is a function of corrected fuel flow. 

fm = 0.036 qc - 1.14 where: qc = q/r and: 

q = fuel delivery per cycle measured in milligrams per liter of 
total swept volume. 

r = rate of absolute pressure at compressor outlet to that at 
compressor inlet. (r is equal to one for naturally aspirated 
en9ines.) 

This formula is valid for a value interval of qc included between 
40 mg/Q and 65 mg/Q. 

40 ~ qc ~ 65 

For Qc values lower than 40, a constant value of fm equal to 
0.3 (fm = 0.3) shall be used. 

For qc values higher than 65, a constant value of fm equal to 
1.2 (fm = 1.2) shall be used. (See Fig. A-I.) 

A.2.2.3 Limitation in Use of the Correction Formula: This correction formula is 
only applicable where the correction factor ad is between 0.9 and 1.1, 
the ambient temperature of the air inlet of the engine is Tr ~ 15~C 
and the dry barometric pressure is 80 - 110 kPa. If these limits are 
exceeded, the correction value obtained shall be given, and test ambient 
conditions (temperature and pressure) precisely stated in the test 
report. 
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1.2 --------
1.0 I 

I 
fm 0.8 I 

0.6 I 
I 

0.4 I 
0.2 I I 

I I 
l---t---.J I I I qc 

20 30 40 50 60 70 

FIGURE A - 1 

A.3 MEASUREMENT CONDITIONS AND DEFINITIONS OF DEGREES OF ACCURACY: (Ref. 
ISO 3046/2, First Edition.) 

A.3.1 Operating Conditions: 

A.3.1.! Before a set of measurements is commenced, the engine shall have 
operated at the particular conditions of load and speed for a sufficient 
length of time to ensure that the operating temperatures have reached 
stable conditions as laid down by the manufacturer. 

A.3.1.2 During the period in which a set of measurements is being made, the 
load, speed and all fluid temperatures and pressure shall be maintained 
constant within the limits of accuracy of measurement given in Section 
A.4. 

A.3.2 Methods of Measurement: 

A.3.2.1 Methods of measurement are selected by the manufacturer and, if 
necessary, may be subject to contractual agreement between the 
manufacturer, customer and/or inspecting authority. 

A.3.2.2 The location of points of measurement is selected by the manufacturer. 

A.3.3 Accuracy of Measurement: 

A.3.3.1 The accuracy of measurement indicated in Section A.4 applies to the 
power declared and not only includes the accuracy of the instrument 
being used but also involves the correctness of its location, the 
conditions under which it is being used, and the interpretation of the 
results obtained. 
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