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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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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 

1 Scope 

This part of ISO 8178 specifies the measurement and evaluation methods for gaseous and particulate exhaust 
emission from reciprocating internal combustion (RIC) engines under transient conditions on a test bed, 
necessary for determining one value for each exhaust gas pollutant. 

The specific transient test cycle covered by this part of ISO 8178 is applicable to compression-ignition engines 
for mobile use with a power output between 37 kW and 560 kW, excluding engines for motor vehicles 
primarily designed for road use. This part of ISO 8178 may be applied to engines used in off-road vehicles 
and diesel powered off-road industrial equipment as described in 8.3.1.3 of ISO 8178-4. This includes e.g. 
engines for construction equipment including wheel loaders, bulldozers, crawler tractors, crawler loaders, 
truck-type loaders, off-highway trucks, hydraulic excavators, agricultural equipment, self propelled agricultural 
vehicles (including tractors), forestry equipment, fork lift trucks, road maintenance equipment and mobile 
cranes. 

Many of the procedures described below are detailed accounts of laboratory methods, since determining an 
emissions value requires performing a complex set of individual measurements, rather than obtaining a single 
measured value. Thus, the results obtained depend as much on the process of performing the measurements 
as they depend on the engine and test method. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

ISO 8178-1, Reciprocating internal combustion engines — Exhaust emission measurement — Part 1: 
Test-bed measurement of gaseous and particulate exhaust emissions 

ISO 8178-5, Reciprocating internal combustion engines — Exhaust emission measurement — Part 5: Test 
fuels 

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full — Part 1: General principles and requirements 

ISO 5725-2:1994, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic 
method for the determination of repeatability and reproducibility of a standard measurement method 
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ISO 14396:2002, Reciprocating internal combustion engines — Determination and method for the 
measurement of engine power — Additional requirements for exhaust emission tests in accordance with 
ISO 8178 

ISO 15550, Internal combustion engines — Determination and method for the measurement of engine 
power — General requirements 

ISO 16183:2002, Heavy duty engines — Measurement of gaseous emissions from raw exhaust gas and of 
particulate emissions using partial flow dilution systems under transient test conditions 

SAE J 1937:1995, Engine testing with low-temperature charge air-cooler systems in a dynamometer test cell 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
particulate matter 
any material collected on a specified filter medium after diluting exhaust with clean filtered air to a temperature 
of greater than 315 K (42 °C) and less than or equal to 325 K (52 °C), as measured at a point immediately 
upstream of the filter 

NOTE This is primarily carbon, condensed hydrocarbons, and sulfates with associated water. 

3.2 
gaseous pollutants 
carbon monoxide, hydrocarbons and/or non-methane hydrocarbons, oxides of nitrogen (expressed in nitrogen 
dioxide (NO2) equivalent), formaldehyde, and methanol 

3.3 
partial flow dilution method 
process of separating a part of the raw exhaust from the total exhaust flow, then mixing it with an appropriate 
amount of dilution air prior to the particulate sampling filter 

3.4 
full flow dilution method 
process of mixing dilution air with the total exhaust flow prior to separating a fraction of the diluted exhaust 
stream for analysis 

NOTE It is common in many full flow dilution systems to dilute this fraction of pre-diluted exhaust a second time to 
obtain appropriate sample temperatures at the particulate filter. 

3.5 
specific emissions 
mass emissions expressed in g/kWh 

3.6 
steady-state test cycle 
test cycle with a sequence of engine test modes in which the engine is given sufficient time to achieve defined 
speed, torque and stability criteria at each mode 

3.7 
transient test cycle 
test cycle with a sequence of normalized speed and torque values that vary relatively quickly with time 
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3.8 
rated speed 
engine speed at which, according to the statement of the engine manufacturer, the rated or prime power is 
delivered 

NOTE For details see ISO 14396. 

3.9 
low speed 
lowest engine speed where 50 % of the rated or prime power is delivered 

3.10 
high speed 
highest engine speed where 70 % of the rated or prime power is delivered 

3.11 
reference speed 
100 per cent speed value to be used for denormalizing the relative speed values of the NRTC test, as set out 
in 6.4.2 

3.12 
response time 
difference in time between a rapid change of the component to be measured at the reference point and the 
appropriate change in the response of the measuring system whereby the change of the measured 
component is at least 60 % FS and takes place in less than 0,1 second 

NOTE 1 The system response time (t90) consists of the delay time to the system and of the rise time of the system. 

NOTE 2 The response time may vary dependent on where the reference point for the change of the component to be 
measured is defined, either at the sampling probe or directly at the port entrance of the analyser; in this International 
Standard, the sampling probe is defined as the reference point. 

3.13 
delay time 
time between the change of the component to be measured at the reference point and a system response of 
10 % of the final reading (t10) 

NOTE 1 For the gaseous components, this is basically the transport time of the measured component from the 
sampling probe to the detector. 

NOTE 2 For the delay time, the sampling probe is defined as the reference point. 

3.14 
rise time 
time between the 10 % and 90 % response of the final reading (t90 – t10) 

NOTE 1 This is the instrument response after the component to be measured has reached the instrument. 

NOTE 2 For the rise time, the sampling probe is defined as the reference point. 

3.15 
transformation time 
time between the change of the component to be measured at the reference point and a system response of 
50 % of the final reading (t50) 

NOTE 1 For the transformation time, the sampling probe is defined as the reference point. 

NOTE 2 The transformation time is used for the signal alignment of different measurement instruments. 

NOTE 3 3.12 to 3.15 do not apply to full flow dilution systems covered by Clause 10. 

   B55EB1B3C7662F79D1B59483A53B9F2F82C98BEEB793818969D57AAA82D41E826BFB0E2F8FFF63D2BBA84EAC061299CCB275DDB23DF45647FD7A72EA6C9B3F806464E8F7177E48E7572F01130FBF326BF0B3793E8E

N
o

rm
en

-D
o

w
n

lo
ad

-B
eu

th
-R

o
b

er
t 

B
o

sc
h

 G
m

b
H

-K
d

N
r.

14
02

50
-L

fN
r.

34
86

43
80

01
-2

00
7-

01
-2

2 
10

:0
9

Full document details: ISO 8178-11-2006

http://www.avadocuments.com/doc/iso-8178-11-2006
http://www.avadocuments.com/doc/iso-8178-11-2006


ISO 8178-11:2006(E) 

4  © ISO 2006 – All rights reserved
 

 

Key 
Y response 

1 response time 
2 transformation time 
3 step input 
4 delay time 
5 rise time 

Figure 1 — Definitions of system response 

4 Symbols and abbreviated terms 

4.1 General symbols 

Table 1 — List of general symbols 

Symbol Unit Term 

A/Fst — Stoichiometric air to fuel ratio 

c ppm / Vol% Concentration 

Cc — Slip factor 

de m Exhaust pipe diameter 

dp m Sampling probe diameter 

dPM m Particle diameter 

f Hz Data sampling rate 

fa — Laboratory atmospheric factor 

ECO2 % CO2 quench of NOx analyser 

EE % Ethane efficiency 

EH2O % Water quench of NOx analyser 

EM % Methane efficiency 

ENOx % Efficiency of NOx converter 

η Pa*s Dynamic viscosity of exhaust gas 
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Table 1 (continued) 

Symbol Unit Term 

Ha
 g/kg Absolute humidity of the intake air 

i — Subscript denoting an instantaneous measurement (e.g. 1 Hz) 

kf
 — Fuel specific factor  

kh,D — Humidity correction factor for NOx for CI engines 

kw
 — Dry to wet correction factor for the raw exhaust gas 

λ — Excess air ratio 

medf kg Mass of equivalent diluted exhaust gas over the cycle 

mf
 mg Particulate sample mass collected 

mgas g Mass of gaseous emissions (over the test cycle) 

mPM g Mass of particulate emissions (over the test cycle) 

mse
 kg Exhaust sample mass over the cycle 

msed
 kg Mass of diluted exhaust gas passing the dilution tunnel 

msep
 kg Mass of diluted exhaust gas passing the particulate collection filters 

Mgas g/kWh Specific emission of gaseous emissions 

MPM g/kWh Specific emission of particulate emissions 

n — Number of measurements 

pa
 kPa Saturation vapor pressure of the engine intake air 

pb
 kPa Total atmospheric pressure 

pr
 kPa Water vapor pressure after cooling bath 

ps
 kPa Dry atmospheric pressure 

P — Particle penetration 
q

mad
 kg/s Intake air mass flow rate on dry basis 

q
maw

 kg/s Intake air mass flow rate on wet basis 
q

mCe
 kg/s Carbon mass flow rate in the raw exhaust gas 

q
mCf

 kg/s Carbon mass flow rate into the engine 
q

mCp
 kg/s Carbon mass flow rate in the partial flow dilution system 

q
mdew

 kg/s Diluted exhaust gas mass flow rate on wet basis 
q

mdw
 kg/s Dilution air mass flow rate on wet basis 

q
medf

 kg/s Equivalent diluted exhaust gas mass flow rate on wet basis 
q

mew
 kg/s Exhaust gas mass flow rate on wet basis 

q
mex

 kg/s Sample mass flow rate extracted from dilution tunnel 
q

mf
 kg/s Fuel mass flow rate 

qvs l/min System flow rate of exhaust analyser system 

qvt cm³/min Tracer gas flow rate 

rd — Dilution ratio 

rh — Hydrocarbon response factor of the FID 

rm — Methanol response factor of the FID 
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Table 1 (continued) 

Symbol Unit Term 

rs — Average sample ratio 

ρ kg/m3 Density 

ρe kg/m3 Exhaust gas density 

ρPM kg/m3 Particle density 

σ  Standard deviation 

T K Absolute temperature 

Ta K Absolute temperature of the intake air 

t10 s Time between step input and 10 % of final reading 

t50 s Time between step input and 50 % of final reading 

t90 s Time between step input and 90 % of final reading 

τ s Particle relaxation time 

u — Ratio between densities of gas component and exhaust gas 

Vs l Total volume of exhaust analyser system 

Wact kWh Actual cycle work of the respective test cycle 

υe m/s Gas velocity in the exhaust pipe 

υp m/s Gas velocity in the sampling probe 

4.2 Symbols and abbreviations for the fuel composition 

wALF hydrogen content of fuel, % mass 

wBET carbon content of fuel, % mass 

wGAM sulfur content of fuel, % mass 

wDEL nitrogen content of fuel, % mass 

wEPS oxygen content of fuel, % mass 

α molar hydrogen ratio (H/C) 

β molar carbon ratio (C/C) 

γ molar sulfur ratio (S/C) 

δ molar nitrogen ratio (N/C) 

ε molar oxygen ratio (O/C) 

referring to a fuel CβHαOεNδSγ 
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4.3 Symbols and abbreviations for the chemical components 

ACN Acetonitrile 

C1 Carbon 1 equivalent hydrocarbon 

CH4 Methane 

CH3OH Methanol 

C2H6 Ethane 

C3H8 Propane 

CO Carbon monoxide 

CO2 Carbon dioxide 

DNPH Dinitrophenyl hydrazine 

DOP Di-octylphtalate 

HC Hydrocarbons 

HCHO Formaldehyde 

H2O Water 

NMHC Non-methane hydrocarbons 

NOx Oxides of nitrogen 

NO Nitric oxide 

NO2 Nitrogen dioxide 

PM Particulate matter 

RME Rapeseed oil methylester 

4.4 Abbreviations 

CLD Chemiluminescent Detector 

FID Flame Ionization Detector 

FTIR Fourier Transform Infrared (Analyser) 

GC Gas Chromatograph 

HCLD Heated Chemiluminescent Detector 

HFID Heated Flame Ionization Detector 

HPLC High Pressure Liquid Chromatograph 

MW Molecular Mass 

NDIR Non-Dispersive Infrared (Analyser)  

NMC Non-Methane Cutter 

NRTC Non Road Transient Cycle 

% FS Percent of full scale 

SIMS Soft Ionization Mass Spectrometer 

Stk Stokes number 
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5 Test conditions 

5.1 Engine test conditions 

5.1.1 Test condition parameter 

The absolute temperature (Ta) of the engine air at the inlet to the engine expressed in Kelvin, and the dry 
atmospheric pressure (ps), expressed in kPa shall be measured and the parameter fa shall be determined 
according to the following provisions. In multi-cylinder engines having distinct groups of intake manifolds, such 
as in a “Vee” engine configuration, the average temperature of the distinct groups shall be taken. 

Naturally aspirated and mechanically supercharged engines: 

0,7
a

s
a

99
298
Tf

p
= ×

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

 (1) 

Turbocharged engines with or without cooling of the intake air: 

0,7 1,5
a

s
a

99
298
Tf

p
= ×

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠

 (2) 

NOTE Equations (1) and (2) are identical with the exhaust emissions legislation from ECE, EEC and EPA, but 
different from the ISO power correction equations. 

5.1.2 Test validity 

For a test to be recognized as valid, the parameter fa shall be such that: 0,93 u fa u 1,07. 

NOTE It is recommended that the test be conducted with the parameter fa between 0,96 and 1,06. 

5.2 Engines with charge air cooling 

The charge air temperature shall be recorded and shall be, at the speed of rated power and full load, within 
± 5 K of the maximum charge air temperature specified by the manufacturer. The temperature of the cooling 
medium shall be at least 293 K (20 °C). 

If a test shop system or external blower is used, the charge air temperature shall be set to within ± 5 K of the 
maximum charge air temperature specified by the manufacturer at the speed of the declared maximum power 
and full load. Coolant temperature and coolant flow rate of the charge air cooler at the above set point shall 
not be changed for the whole test cycle. The charge air cooler volume shall be based upon good engineering 
practice and typical vehicle/machinery applications. 

Optionally, the setting of the charge air cooler may be done in accordance with SAE J 1937:1995. 

5.3 Power 

The basis of specific emissions measurement is uncorrected brake power as defined in ISO 14396. The 
engine shall be submitted for testing with the auxiliaries needed for operating the engine. 

If it is impossible or inappropriate to install the auxiliaries on the test bench, the power absorbed by them shall 
be determined and subtracted from the measured engine power over the whole operating area of the test 
cycle. 

Certain auxiliaries necessary only for the operation of the machine and which may be mounted on the engine 
should be removed for the test. The following incomplete list is given as an example: 

⎯ air compressor for brakes, 
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⎯ power steering compressor, 

⎯ air conditioning compressor, and 

⎯ pumps for hydraulic actuators. 

For further details see ISO 14396 and ISO 15550, Table 1. 

Where auxiliaries have not been removed, the power absorbed by them shall be determined and added to the 
measured engine power over the whole operating area of the test cycle, except for engines where such 
auxiliaries form an integral part of the engine (e.g. cooling fans for air cooled engines). 

The correction equation for converting the measured power or measured cycle work, as determined according 
to 6.6.2, to uncorrected brake power or uncorrected cycle work, shall be submitted by the engine 
manufacturer for the whole operating area of the cycle, and agreed by the parties involved. 

5.4 Engine air intake system 

An engine air intake system or a test shop system shall be used presenting an air intake restriction within 
± 300 Pa of the maximum value specified by the manufacturer for a clean air cleaner at the speed of rated 
power and full load. 

If the engine is equipped with an integral air inlet system, it shall be used for testing. 

5.5 Engine exhaust system 

An engine exhaust system or a test shop system shall be used presenting an exhaust backpressure within 
± 650 Pa of the maximum value specified by the manufacturer at the speed of rated power and full load. 
The exhaust system shall conform to the requirements for exhaust gas sampling, as set out in 9.4.2 and 16.2 
of ISO 8178-1. 

If the engine is equipped with an exhaust aftertreatment device, the exhaust pipe shall have the same 
diameter as found in-use for at least four pipe diameters upstream to the inlet of the beginning of the 
expansion section containing the aftertreatment device. The distance from the exhaust manifold flange or 
turbocharger outlet to the exhaust aftertreatment device shall be the same as in the vehicle configuration or 
within the distance specifications of the manufacturer. The exhaust backpressure or restriction shall follow the 
same criteria as above, and may be set with a valve. The aftertreatment container may be removed during 
dummy tests and during engine mapping, and replaced with an equivalent container having an inactive 
catalyst support. 

5.6 Cooling system 

An engine cooling system with sufficient capacity to maintain the engine at normal operating temperatures 
prescribed by the manufacturer shall be used. 

5.7 Lubricating oil 

The lubricating oil shall be specified by the manufacturer; the specifications of the lubricating oil used for the 
test shall be recorded and presented with the results of the test. 

5.8 Test fuel 

Fuel characteristics influence the engine exhaust gas emission. Therefore, the characteristics of the fuel used 
for the test should be determined, recorded and presented with the results of the test. Where fuels designated 
in ISO 8178-5 as reference fuels are used, the reference code and the analysis of the fuel shall be provided. 
For all other fuels the characteristics to be recorded are those listed in the appropriate universal data sheets in 
ISO 8178-5. 
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The fuel temperature shall be in accordance with the manufacturer’s recommendations. The fuel temperature 
shall be measured at the inlet to the fuel injection pump or as specified by the manufacturer, and the location 
of measurement recorded. 

The selection of the fuel for the test depends on the purpose of the test. Unless otherwise agreed by the 
parties, the fuel shall be selected in accordance with Table 2. When a suitable reference fuel is not available, 
a fuel with properties very close to the reference fuel may be used. The characteristics of the fuel shall be 
declared. 

Table 2 — Selection of fuel 

Test purpose Interested parties Fuel selection 

Type approval 
(Certification) 

1. Certification body 
2. Manufacturer or supplier 

Reference fuel, if one is defined 
Commercial fuel if no reference fuel is defined 

Acceptance test 1. Manufacturer or supplier 
2. Customer or inspector 

Commercial fuel as specified by the 
manufacturer a 

Research/development 
One or more of: 
Manufacturer, research organization, 
fuel and lubricant supplier, etc. 

To suit the purpose of the test 

a Customers and inspectors should note that the emission tests carried out using commercial fuel will not necessarily comply with 
limits specified when using reference fuels. 

6 Test cycle 

6.1 General 

The nonroad transient cycle (NRTC) is listed in Annex A as a second-by-second sequence of normalized 
speed and torque values applicable to all engines covered by this International Standard. In order to perform 
the test on an engine test cell, the normalized values shall be converted to the reference values for the 
individual engine under test based on the engine mapping curve. The conversion is referred to as 
denormalization, and the test cycle so developed as the reference cycle of the engine to be tested. With those 
reference speed and torque values, the cycle shall be run on the test cell, and the actual speed, torque and 
power values shall be recorded. In order to validate the test run, a regression analysis between reference and 
actual speed, torque and power values shall be conducted upon completion of the test. For calculation of the 
brake specific emissions, the actual cycle work shall be calculated by integrating actual engine power over the 
cycle. For cycle validation, the actual cycle work must be within prescribed limits of the cycle work of the 
reference cycle (reference cycle work). 

6.2 General test sequence 

The following flow chart outlines the general guidance that should be followed during testing. The details of 
each step are described in the relevant clauses. Deviations from the guidance are permitted where 
appropriate, but the specific requirements of the relevant clauses are mandatory. 
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Engine preparation, pre-test measurements, performance checks and calibrations 

 

Generate engine map (maximum torque curve) see 6.3

Generate reference test cycle see 6.4

 

Run one or more practice cycles as necessary to check engine/test cell/emissions 
systems 

 

START 

 

Run prescribed preconditioning cycle to condition engine and 
particulate system including tunnel system (partial flow or full flow). see 7.4

Particulates are collected on a dummy filter. 

 

With engine running, set PM system in by-pass mode and change 
PM filter to stabilized and weighed sampling filter. see 7.5

Ready all other systems for sampling and data collection. see 7.7

 

Run cycle exhaust emissions test within 5 minutes either from 
engine shut down or from running engine that has been 
 brought down to idle conditions. see 7.8

One or more practice cycles may be run as necessary to check engine, test cell and emissions systems 
before the measurement cycle. 

6.3 Engine mapping procedure 

6.3.1 General 

For generating the NRTC on the test cell, the engine shall be mapped prior to the run of the test cycle for 
determining the speed vs. torque curve. 

6.3.2 Determination of the mapping speed range 

The minimum and maximum mapping speeds are defined as follows: 

Minimum mapping speed = idle speed. 

Maximum mapping speed = nhi × 1,02 or speed where full load torque drops off to zero, whichever is smaller. 

   B55EB1B3C7662F79D1B59483A53B9F2F82C98BEEB793818969D57AAA82D41E826BFB0E2F8FFF63D2BBA84EAC061299CCB275DDB23DF45647FD7A72EA6C9B3F806464E8F7177E48E7572F01130FBF326BF0B3793E8E

N
o

rm
en

-D
o

w
n

lo
ad

-B
eu

th
-R

o
b

er
t 

B
o

sc
h

 G
m

b
H

-K
d

N
r.

14
02

50
-L

fN
r.

34
86

43
80

01
-2

00
7-

01
-2

2 
10

:0
9

Full document details: ISO 8178-11-2006

http://www.avadocuments.com/doc/iso-8178-11-2006
http://www.avadocuments.com/doc/iso-8178-11-2006


ISO 8178-11:2006(E) 

12  © ISO 2006 – All rights reserved
 

6.3.3 Engine mapping curve 

The engine shall be warmed up in order to stabilize the engine parameters according to the recommendation 
of the manufacturer and good engineering practice. When the engine is stabilized, the engine mapping shall 
be performed according to either of the following procedures. 

6.3.3.1 Transient map 

a) The engine shall be unloaded and operated at idle speed. 

b) The engine shall be operated at full load setting of the injection pump at minimum mapping speed. 

c) The engine speed shall be increased at an average rate of 8 ± 1 /min/s from minimum to maximum 
mapping speed. Engine speed and torque points shall be recorded at a sample rate of at least one point 
per second. 

6.3.3.2 Step map 

a) The engine shall be unloaded and operated at idle speed. 

b) The engine shall be operated at full load setting of the injection pump at minimum mapping speed. 

c) While maintaining full load, the minimum mapping speed shall be maintained for at least 15 s, and the 
average torque during the last 5 s shall be recorded. The maximum torque curve from minimum to 
maximum mapping speed shall be determined in no greater than 100 ± 20 /min speed increments. Each 
test point shall be held for at least 15 s, and the average torque during the last 5 s shall be recorded. 

6.3.4 Mapping curve generation 

All data points recorded under 6.3.3 shall be connected using linear interpolation between points. The 
resulting torque curve is the mapping curve and shall be used to convert the normalized torque values of the 
engine dynamometer schedule of Annex A into reference torque values for the test cycle, as described in 
6.4.3. 

6.3.5 Alternative mapping 

If a manufacturer believes that the above mapping techniques are unsafe or unrepresentative for any given 
engine, alternative mapping techniques may be used. These alternative techniques must satisfy the intent of 
the specified mapping procedures to determine the maximum available torque at all engine speeds achieved 
during the test cycles. Deviations from the mapping techniques specified in this section for reasons of safety 
or representativeness shall be approved by the parties involved along with the justification for their use. In no 
case, however, the torque curve shall be run by descending engine speeds for governed or turbocharged 
engines. 

6.3.6 Replicate tests 

An engine need not be mapped before each and every test cycle. An engine shall be remapped prior to a test 
cycle if: 

⎯ an unreasonable amount of time has transpired since the last map, as determined by engineering 
judgement 

or 

⎯ physical changes or recalibrations have been made to the engine which may potentially affect engine 
performance. 
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6.4 Generation of the reference test cycle 

6.4.1 Reference speed 

The reference speed (nref) corresponds to the 100 % normalized speed values specified in the engine 
dynamometer schedule of Annex A. The actual engine cycle resulting from denormalization to the reference 
speed depends on the selection of the reference speed. The reference speed shall be defined as follows: 

nref = low speed + 0,95 × (high speed – low speed) 

where 

⎯ high speed is the highest engine speed where 70 % of the rated power is delivered, and 

⎯ low speed is the lowest engine speed where 50 % of the rated power is delivered. 

If the measured reference speed is within ± 3 % of the reference speed as declared by the manufacturer, the 
declared reference speed may be used for the emissions test. If the tolerance is exceeded, the measured 
reference speed shall be used for the emissions test. 

6.4.2 Denormalization of engine speed 

The speed shall be denormalized using the following equation: 

Reference speed =
( )%speed reference speed idle speed

idle speed
100

× −
+   (3) 

6.4.3 Denormalization of engine torque 

The torque values in the engine dynamometer schedule of Annex A are normalized to the maximum torque at 
the respective speed. The torque values of the reference cycle shall be denormalized, using the mapping 
curve determined according to 6.3.3, as follows: 

Reference torque = % torque max. torque
100
×   (4) 

for the respective reference speed as determined in 6.4.2. 

6.4.4 Example of denormalization procedure 

As an example, the following test point shall be denormalized: 

% speed = 43 % 

% torque = 82 % 

Given the following values: 

reference speed = 2 200 /min 

idle speed = 600 /min 

results in 

actual speed =
( )43 2 200 600

600
100

× −
+ = 1 288 /min 
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With the maximum torque of 700 Nm observed from the mapping curve at 1 288 /min: 

actual torque = 82 700
100
×

= 574 Nm 

6.5 Dynamometer 

6.5.1 General 

When using a load cell, the torque signal shall be transferred to the engine axis and the inertia of the 
dynamometer shall be considered. The actual engine torque is the torque read on the load cell plus the 
moment of inertia of the brake multiplied by the angular acceleration. The control system has to perform such 
a calculation in real time. 

6.5.2 Eddy-current dynamometer 

If the engine is tested with an eddy-current dynamometer, the dynamometer inertia must be adapted to the 
engine size. Therefore, it is recommended that the number of points, where the difference 2sp sp DT nπ Θ− ⋅ ⋅ ⋅  
is smaller than 5 % of the engine’s maximum negative torque, does not exceed 30 

where 

Tsp is the demanded torque; 

spn  is the derivative of the engine speed; 

ΘD is the rotational inertia of the eddy-current dynamometer. 

6.6 Verification of the test run 

6.6.1 Data shift 

To minimize the biasing effect of the time lag between the actual and reference cycle values, the entire engine 
speed and torque feedback signal sequence may be advanced or delayed in time with respect to the 
reference speed and torque sequence. If the actual signals are shifted, both speed and torque must be shifted 
the same amount in the same direction. 

6.6.2 Calculation of the cycle work 

The actual cycle work Wact (kWh) shall be calculated using each pair of engine feedback speed and torque 
values recorded. This shall be done after any actual data shift has occurred, if this option is selected. The 
actual cycle work Wact is used for comparison to the reference cycle work Wref and for calculating the brake 
specific emissions (see 9.3.7, 9.4.7, 10.3.7, 10.4.5). The same methodology shall be used for integrating both 
reference and actual engine power. If values are to be determined between adjacent reference or adjacent 
measured values, linear interpolation shall be used. 

In integrating the actual cycle work, any negative torque values shall be set equal to zero and included. If 
integration is performed at a frequency of less than 5 Hz and if, during a given time segment, the torque value 
changes from positive to negative or negative to positive, the negative portion shall be computed and set 
equal to zero. The positive portion shall be included in the integrated value. 

Wact shall be between –15 % and + 5 % of Wref. 
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6.6.3 Validation statistics of the test cycle 

Linear regressions of the actual values on the reference values shall be performed for speed, torque and 
power. This shall be done after any feedback data shift has occurred, if this option is selected. The method of 
least squares shall be used in accordance with the equations given in Annex G: 

y = a1 *x + a0 (5) 

where 

y is the actual value of speed (min–1), torque (Nm), or power (kW); 

a1 is the slope of the regression line; 

x is the reference value of speed (min–1), torque (Nm), or power (kW); 

a0 is the y intercept of the regression line. 

The standard error of estimate (Sy.x) of y on x and the coefficient of determination (r2) shall be calculated for 
each regression line. 

It is recommended that this analysis be performed at 1 Hertz. For a test to be considered valid, the criteria of 
Table 3 must be met. 

Table 3 — Regression line tolerances 

 Speed Torque Power 

Standard error of estimate (Sy.x) of y 
on x max 100 min–1 max 13 % of power map 

maximum engine torque 
max 8 % of power map 
maximum engine power  

Slope of the regression line, a1 0,95 to 1,03 0,83 - 1,03 0,89 - 1,03 

Coefficient of determination, r2 min 0,9700 min 0,880 0 min 0,910 0 

y intercept of the regression line, a0 ± 50 min–1 
± 20 Nm or ± 2 % of max 
torque, whichever is 
greater 

± 4 kW or ± 2 % of max 
power, whichever is 
greater 

For regression purposes only, point deletions are permitted where noted in Table 4 before doing the 
regression calculation. However, those points must not be deleted for the calculation of cycle work and 
emissions. An idle point is defined as a point having a normalized reference torque of 0 % and a normalized 
reference speed of 0,1 %. Point deletion may be applied to the whole or to any part of the cycle. 

Table 4 — Permitted point deletions from regression analysis 

Condition Points to be deleted 

First 24 ± 1 seconds and last 25 ± 1 seconds Speed, torque, power 

Full load demand and torque feedback < 95 % torque reference Torque and/or power 

Full load demand and speed feedback < 95 % speed reference Speed and/or power 

No load, speed feedback > idle speed + 50 min–1, and torque feedback > 105 % 
torque reference Torque and/or power 

No load, speed feedback u idle speed + 50 min–1, and torque feedback = 
manufacturer defined/measured idle torque ± 2 % of max. torque 

Speed and/or power 

No load and speed feedback > 105 % speed reference Speed and/or power 
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7 Emissions test run 

7.1 General 

The emissions to be measured from the exhaust of the engine include the gaseous components (carbon 
monoxide, total hydrocarbons or non-methane hydrocarbons and oxides of nitrogen) and the particulates. 
Additionally, carbon dioxide is often used as a tracer gas for determining the dilution ratio of partial and full 
flow dilution systems. Good engineering practice recommends the general measurement of carbon dioxide as 
an excellent tool for the detection of measurement problems during the test run. 

The above pollutants shall be examined during the prescribed transient cycle (NRTC) at warmed-up engine 
operating conditions. Using the engine torque and speed feedback signals of the engine dynamometer, the 
power shall be integrated with respect to time of the cycle resulting in the work produced by the engine over 
the cycle. The concentrations of the gaseous components shall be determined over the cycle either in the raw 
exhaust gas by integration of the analyser signal in accordance with 9.3.4, or in the diluted exhaust gas of a 
CVS full flow dilution system by integration or by bag sampling in accordance with 10.3.4. For particulates, a 
proportional sample shall be collected from the diluted exhaust gas on a specified filter by either partial flow 
dilution (see 9.4.2) or full flow dilution (see 10.4.3). Depending on the method used, the diluted or undiluted 
exhaust gas flow rate shall be determined over the cycle to calculate the mass emission values of the 
pollutants. The mass emission values shall be related to the engine work to get the grams of each pollutant 
emitted per kilowatt hour. 

One or more practice cycles may be run as necessary to check engine, test cell and emissions systems 
before the measurement cycle. 

7.2 Preparation of the sampling filters 

At least one hour before the test, each filter shall be placed in a Petri dish, which is protected against dust 
contamination and allows air exchange, and placed in a weighing chamber for stabilization. At the end of the 
stabilization period, each filter shall be weighed and the tare weight shall be recorded. The filter shall then be 
stored in a closed Petri dish or sealed filter holder until needed for testing. The filter shall be used within eight 
hours of its removal from the weighing chamber. 

7.3 Installation of the measuring equipment 

The instrumentation and sample probes shall be installed as required. The tailpipe shall be connected to the 
full flow dilution system, if used. 

7.4 Starting and preconditioning the dilution system and the engine 

The dilution system and the engine shall be started and warmed up. The sampling system shall be 
preconditioned by operating the engine at a condition of rated speed, 100 % torque for a minimum of 20 min 
while simultaneously operating either the partial flow dilution system or the full flow dilution system with 
secondary dilution system. Dummy particulate emissions samples may be collected. Those sample filters 
need not be stabilized or weighed, and may be discarded. Filter media may be changed during conditioning as 
long as the total sampled time through the filters and sampling system exceeds 20 min. Flow rates shall be set 
at the approximate flow rates selected for transient testing. Torque shall be reduced from 100 % torque while 
maintaining the rated speed condition as necessary to prevent exceeding the 464 K (191 °C) maximum 
sample zone temperature specifications, if a full flow dilution system is used. 

7.5 Starting the particulate sampling system 

The particulate sampling system shall be started and running on by-pass. The particulate background level of 
the dilution air may be determined by sampling the dilution air prior to the entrance of the exhaust gas into the 
dilution tunnel. If filtered dilution air is used, one measurement may be done prior to or after the test. If the 
dilution air is not filtered, measurements at the beginning and at the end of the cycle may be done, and the 
values averaged. If a different sampling system is used for background measurement, the measurement shall 
be done over the period of the test run. 
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