
 

  

 

Reference number
ISO 8178-11:2006(E)

© ISO 2006
 

 

 

INTERNATIONAL 
STANDARD 

ISO
8178-11

First edition
2006-04-01

Reciprocating internal combustion 
engines — Exhaust emission 
measurement — 
Part 11: 
Test-bed measurement of gaseous and 
particulate exhaust emissions from 
engines used in nonroad mobile 
machinery under transient test conditions

Moteurs alternatifs à combustion interne — Mesurage des émissions de 
gaz d'échappement — 

Partie 11: Mesurage au banc d'essai des émissions de gaz et de 
particules des gaz d'échappement de moteurs d'engins mobiles non 
routiers en régime transitoire 

 

This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006?source=preview


ISO 8178-11:2006(E) 

PDF disclaimer 
This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but 
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In 
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat 
accepts no liability in this area. 

Adobe is a trademark of Adobe Systems Incorporated. 

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation 
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In 
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below. 

 

©   ISO 2006 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, 
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or 
ISO's member body in the country of the requester. 

ISO copyright office 
Case postale 56 • CH-1211 Geneva 20 
Tel.  + 41 22 749 01 11 
Fax  + 41 22 749 09 47 
E-mail  copyright@iso.org 
Web  www.iso.org 

Published in Switzerland 
 

ii  © ISO 2006 – All rights reserved
 

 

This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006?source=preview


ISO 8178-11:2006(E) 

© ISO 2006 – All rights reserved  iii

Contents Page 

Foreword............................................................................................................................................................ vi 
Introduction ...................................................................................................................................................... vii 
1 Scope ..................................................................................................................................................... 1 
2 Normative references ........................................................................................................................... 1 
3 Terms and definitions........................................................................................................................... 2 
4 Symbols and abbreviated terms ......................................................................................................... 4 
4.1 General symbols ................................................................................................................................... 4 
4.2 Symbols and abbreviations for the fuel composition....................................................................... 6 
4.3 Symbols and abbreviations for the chemical components.............................................................. 7 
4.4 Abbreviations ........................................................................................................................................ 7 
5 Test conditions ..................................................................................................................................... 8 
5.1 Engine test conditions ......................................................................................................................... 8 
5.1.1 Test condition parameter..................................................................................................................... 8 
5.1.2 Test validity ........................................................................................................................................... 8 
5.2 Engines with charge air cooling.......................................................................................................... 8 
5.3 Power ..................................................................................................................................................... 8 
5.4 Engine air intake system...................................................................................................................... 9 
5.5 Engine exhaust system........................................................................................................................ 9 
5.6 Cooling system ..................................................................................................................................... 9 
5.7 Lubricating oil ....................................................................................................................................... 9 
5.8 Test fuel ................................................................................................................................................. 9 
6 Test cycle............................................................................................................................................. 10 
6.1 General................................................................................................................................................. 10 
6.2 General test sequence........................................................................................................................ 10 
6.3 Engine mapping procedure ............................................................................................................... 11 
6.3.1 General................................................................................................................................................. 11 
6.3.2 Determination of the mapping speed range .................................................................................... 11 
6.3.3 Engine mapping curve ....................................................................................................................... 12 
6.3.4 Mapping curve generation ................................................................................................................. 12 
6.3.5 Alternative mapping ........................................................................................................................... 12 
6.3.6 Replicate tests..................................................................................................................................... 12 
6.4 Generation of the reference test cycle ............................................................................................. 13 
6.4.1 Reference speed ................................................................................................................................. 13 
6.4.2 Denormalization of engine speed ..................................................................................................... 13 
6.4.3 Denormalization of engine torque..................................................................................................... 13 
6.4.4 Example of denormalization procedure ........................................................................................... 13 
6.5 Dynamometer ...................................................................................................................................... 14 
6.5.1 General................................................................................................................................................. 14 
6.5.2 Eddy-current dynamometer............................................................................................................... 14 
6.6 Verification of the test run ................................................................................................................. 14 
6.6.1 Data shift.............................................................................................................................................. 14 
6.6.2 Calculation of the cycle work ............................................................................................................ 14 
6.6.3 Validation statistics of the test cycle................................................................................................ 15 
7 Emissions test run.............................................................................................................................. 16 
7.1 General................................................................................................................................................. 16 
7.2 Preparation of the sampling filters ................................................................................................... 16 
7.3 Installation of the measuring equipment ......................................................................................... 16 
7.4 Starting and preconditioning the dilution system and the engine ................................................ 16 

This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006?source=preview


ISO 8178-11:2006(E) 

iv  © ISO 2006 – All rights reserved
 

7.5 Starting the particulate sampling system......................................................................................... 16 
7.6 Adjustment of the dilution system .................................................................................................... 17 
7.7 Checking the analysers ...................................................................................................................... 17 
7.8 Engine starting procedure ................................................................................................................. 17 
7.9 Cycle run .............................................................................................................................................. 17 
7.9.1 Test sequence ..................................................................................................................................... 17 
7.9.2 Analyser response .............................................................................................................................. 17 
7.9.3 Particulate sampling ........................................................................................................................... 18 
7.9.4 Engine stalling..................................................................................................................................... 18 
7.9.5 Operations after test ........................................................................................................................... 18 
8 Principles of emissions measurement ............................................................................................. 18 
8.1 General ................................................................................................................................................. 18 
8.2 Equivalence ......................................................................................................................................... 19 
8.3 Accuracy .............................................................................................................................................. 19 
9 Determination of gaseous components in the raw exhaust gas and of the particulates 

with a partial flow dilution system..................................................................................................... 20 
9.1 General ................................................................................................................................................. 20 
9.2 Determination of exhaust gas mass flow ......................................................................................... 21 
9.2.1 General ................................................................................................................................................. 21 
9.2.2 Response time..................................................................................................................................... 21 
9.2.3 Direct measurement method.............................................................................................................. 21 
9.2.4 Air and fuel measurement method.................................................................................................... 21 
9.2.5 Tracer measurement method............................................................................................................. 21 
9.2.6 Air flow and air to fuel ratio measurement method......................................................................... 22 
9.3 Determination of the gaseous components ..................................................................................... 23 
9.3.1 General ................................................................................................................................................. 23 
9.3.2 Sampling for gaseous emissions...................................................................................................... 23 
9.3.3 Data evaluation.................................................................................................................................... 23 
9.3.4 Calculation of mass emission............................................................................................................ 24 
9.3.5 Dry/wet correction............................................................................................................................... 26 
9.3.6 NOx correction for humidity and temperature ................................................................................. 27 
9.3.7 Calculation of the specific emissions............................................................................................... 28 
9.4 Particulate determination ................................................................................................................... 28 
9.4.1 General ................................................................................................................................................. 28 
9.4.2 Particulate sampling ........................................................................................................................... 28 
9.4.3 System response time ........................................................................................................................ 28 
9.4.4 Data evaluation.................................................................................................................................... 29 
9.4.5 Calculation of mass emission............................................................................................................ 29 
9.4.6 Particulate correction factor for humidity ........................................................................................ 30 
9.4.7 Calculation of the specific emissions............................................................................................... 31 
10 Determination of gaseous and particulate components with a full flow dilution system ........... 31 
10.1 General ................................................................................................................................................. 31 
10.2 Determination of the diluted exhaust gas flow ................................................................................ 32 
10.2.1 General ................................................................................................................................................. 32 
10.2.2 PDP-CVS system................................................................................................................................. 32 
10.2.3 CFV-CVS system ................................................................................................................................. 32 
10.2.4 SSV-CVS system ................................................................................................................................. 33 
10.3 Determination of the gaseous components ..................................................................................... 34 
10.3.1 General ................................................................................................................................................. 34 
10.3.2 Sampling for gaseous emissions...................................................................................................... 34 
10.3.3 Data evaluation.................................................................................................................................... 34 
10.3.4 Calculation of mass emission............................................................................................................ 34 
10.3.5 Dry/wet correction............................................................................................................................... 37 
10.3.6 NOx correction for humidity and temperature ................................................................................. 38 
10.3.7 Calculation of the specific emissions............................................................................................... 38 
10.4 Particulate determination ................................................................................................................... 38 
10.4.1 General ................................................................................................................................................. 38 
10.4.2 Particulate sampling ........................................................................................................................... 39 

This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006?source=preview


ISO 8178-11:2006(E) 

© ISO 2006 – All rights reserved  v

10.4.3 Calculation of mass emission ........................................................................................................... 39 
10.4.4 Particulate correction factor for humidity........................................................................................ 40 
10.4.5 Calculation of the specific emissions............................................................................................... 40 
11 Measurement equipment for the gaseous components ................................................................. 40 
11.1 General analyser specifications........................................................................................................ 40 
11.1.1 General................................................................................................................................................. 40 
11.1.2 Accuracy.............................................................................................................................................. 40 
11.1.3 Precision.............................................................................................................................................. 41 
11.1.4 Noise .................................................................................................................................................... 41 
11.1.5 Zero drift .............................................................................................................................................. 41 
11.1.6 Span drift ............................................................................................................................................. 41 
11.1.7 Rise time .............................................................................................................................................. 41 
11.1.8 Gas drying ........................................................................................................................................... 41 
11.2 Analysers............................................................................................................................................. 41 
11.2.1 General................................................................................................................................................. 41 
11.2.2 Carbon monoxide (CO) analysis ....................................................................................................... 41 
11.2.3 Carbon dioxide (CO2) analysis .......................................................................................................... 41 
11.2.4 Hydrocarbon (HC) analysis................................................................................................................ 42 
11.2.5 Non-methane hydrocarbon (NMHC) analysis .................................................................................. 42 
11.2.6 Oxides of nitrogen (NOx) analysis .................................................................................................... 42 
11.2.7 Formaldehyde (HCHO) analysis ........................................................................................................ 42 
11.2.8 Methanol (CH3OH) analysis ............................................................................................................... 42 
11.2.9 Air to fuel measurement..................................................................................................................... 43 
11.3 Calibration ........................................................................................................................................... 43 
11.3.1 General................................................................................................................................................. 43 
11.3.2 Response time check of the analytical system ............................................................................... 43 
11.3.3 Verification of the calibration curve.................................................................................................. 44 
11.3.4 Calibration of tracer gas analyser for exhaust flow measurement ............................................... 44 
11.3.5 Calibration intervals ........................................................................................................................... 44 
11.4 Analytical system................................................................................................................................ 44 
12 Measurement equipment for particulates ........................................................................................ 44 
12.1 General specifications........................................................................................................................ 44 
12.1.1 General................................................................................................................................................. 44 
12.1.2 Particulate sampling filters................................................................................................................ 45 
12.1.3 Weighing chamber and analytical balance specifications ............................................................. 45 
12.1.4 Specifications for flow measurement ............................................................................................... 46 
12.1.5 Additional specifications ................................................................................................................... 47 
12.2 Dilution and sampling system........................................................................................................... 47 
12.3 Calibration ........................................................................................................................................... 47 
12.3.1 General................................................................................................................................................. 47 
12.3.2 Flow measurement ............................................................................................................................. 47 
12.3.3 Determination of the transformation time (partial flow dilution system only) ............................. 48 
12.3.4 Calibration of the CVS system (full flow dilution system only) ..................................................... 49 
12.3.5 Calibration intervals ........................................................................................................................... 49 
Annex A (normative)  NRTC engine dynamometer schedule ....................................................................... 50 
Annex B (normative)  Determination of system equivalence ....................................................................... 61 
Annex C (normative)  Determination of system sampling error................................................................... 63 
Annex D (normative)  Carbon flow check....................................................................................................... 65 
Annex E (informative)  Example of calculation procedure (raw/partial flow).............................................. 67 
Annex F (informative)  Ramped modal cycle (RMC) ...................................................................................... 70 
Annex G (normative)  Statistical equations.................................................................................................... 71 
 

This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.This is a preview of "ISO 8178-11:2006". Click here to purchase the full version from the ANSI store.

http://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/RecordDetail.aspx?sku=ISO%208178-11:2006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006&source=preview
https://webstore.ansi.org/Standards/ISO/ISO8178112006?source=preview


ISO 8178-11:2006(E) 

vi  © ISO 2006 – All rights reserved
 

Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies 
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested in a subject for which a technical committee has been 
established has the right to be represented on that committee. International organizations, governmental and 
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the 
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2. 

The main task of technical committees is to prepare International Standards. Draft International Standards 
adopted by the technical committees are circulated to the member bodies for voting. Publication as an 
International Standard requires approval by at least 75 % of the member bodies casting a vote. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. 

ISO 8178-11 was prepared by Technical Committee ISO/TC 70, Internal combustion engines, Subcommittee 
SC 8, Exhaust gas emission measurement. 

ISO 8178 consists of the following parts, under the general title Reciprocating internal combustion engines — 
Exhaust gas emission measurement: 

⎯ Part 1: Test-bed measurement of gaseous and particulate exhaust emissions 

⎯ Part 2: Measurement of gaseous and particulate exhaust emissions at site 

⎯ Part 3: Definitions and methods of measurement of exhaust gas smoke under steady-state conditions 

⎯ Part 4: Test cycles for different engine applications 

⎯ Part 5: Test fuels 

⎯ Part 6: Report of measuring results and tests 

⎯ Part 7: Engine family determination 

⎯ Part 8: Engine group determination 

⎯ Part 9: Test cycles and test procedures for test bed measurement of exhaust gas smoke emissions from 
compression ignition engines operating under transient conditions 

⎯ Part 10: Test cycles and test procedures for field measurement of exhaust gas smoke emissions from 
compression ignition engines operating under transient conditions 

⎯ Part 11: Test-bed measurement of gaseous and particulate exhaust emissions from engines used in 
nonroad mobile machinery under transient test conditions 
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Introduction 

Today’s measurement systems depend on the type of test cycle, steady state or transient, and the type of 
pollutant to be measured. On a steady state cycle, the mass of gaseous emissions can be calculated either 
from the concentration in the raw exhaust gas and the exhaust flow of the engine, which can easily be 
determined, or from the concentration in the diluted exhaust gas and the CVS (Constant Volume Sampling) 
flow of a full flow dilution system. Both equivalent systems are described in ISO 8178-1. For PM, full flow 
dilution or partial flow dilution systems, in which only a portion of the exhaust gas is diluted, can be used. 

On a transient cycle as covered by this International Standard, real-time exhaust flow determination is more 
difficult. Therefore, the CVS principle has been used for many years due to the fact that exhaust mass flow 
measurement is not required with this system. The total exhaust gas is diluted, the total flow as the sum of 
dilution air and exhaust gas flow is kept virtually constant and the emissions (gaseous and PM) are measured 
in the diluted exhaust gas. The space and cost requirements of such a system are considerably higher than 
for the partial flow dilution systems used on steady state cycles. On the other hand, raw exhaust 
measurement and partial flow systems can only be applied to transients if sophisticated control systems and 
calculation algorithms are used. 

For most nonroad applications and heavy-duty engines, the CVS system is large and costly. Therefore, 
ISO 16183 has been developed by ISO/TC 22/SC 5, which defines raw gaseous emissions measurement and 
partial flow dilution for heavy-duty engines under transient test conditions. Since many nonroad engines are 
similar to heavy-duty engines in engine size, displacement and power, it is believed that the contents of 
ISO 16183 can also be applied to nonroad engines. 

For the purpose of this International Standard, both full flow dilution and partial flow dilution/raw exhaust 
methods are considered equivalent and are therefore covered herein. 
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