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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.
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Introduction

Evaluating emissions from non-road engines is more complicated than the same task for on-road
engines due to the diversity of non-road applications. For example, on-road applications primarily
consist of moving a load from one point to another on a paved roadway. The constraints of the paved
roadways, maximum acceptable pavement loads and maximum allowable grades of fuel, narrow the

scope of on-

road vehicle and engine sizes.

Non-road engines and vehicles include a wider range of size, including size of the engines that power
the equipment. Many of the engines are large enough to preclude the appllcatlon of test equlpment

and metho
dynamome

Where it is

produced by an in-service engine, the site test procedures and calculation methods specified in
document dre appropriate. It should be recognized that data obtained under these cifictimstances

not agree c

bmpletely with previous or future data, obtained in a laboratory or incthe field, due t

variability and uncontrolled nature of testing in the field.

Vi

er is not p0551ble testing at site or under approprlate conditions can be a viable alterng

not possible to use a test bed or where information is required on the actuallemiss

tive.

ions
this
may

the

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f2fd3fac8adc81e7116eaab555d074ae

INTERNATIONAL STANDARD

ISO 8178-2:2021(E)

Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 2:

Measurement of gaseous and particulate exhaust
emissi tor field e

1

This
emis

This
indul
appl
stat¢
cycld
perf]
emis

2

The
cons
und{

ISO
Test;

ISO
Stea

ISO
fueld

ISO
Repg

ISO

Scope

document specifies the measurement and evaluation methods for gaseous'and particul
sions from reciprocating internal combustion engines (RIC engines) in‘the field.

document is applicable when the emissions from RIC engines~used in non-road
strial equipment, marine installations, generating sets, diesel rail traction or similar
jcations need to be measured in the field. Clause 4 applies for the conduct of discrete-m
e gaseous or particulate emission measurements at a single operating point or conduct
b-based test in the field. Clause 5 applies where it iS¢nécessary to assess gaseou
brmance of engines during typical in-service operation under field conditions usi
sion measurement systems (PEMS).

Normative references
titutes requirements of this document. For dated references, only the edition cited

B178-1:2020, Reciprocating intérnal combustion engines — Exhaust emission measureme
bed measurement systems,efgaseous and particulate emissions

B178-4:2020, Reciprocating internal combustion engines — Exhaust emission measureme
Hy-state and transienttest cycles for different engine applications

B178-5, Reciprocating internal combustion engines — Exhaust emission measurement —

8178-6, Reciprocating internal combustion engines — Exhaust emission measurement
rt of measuring results and test

[E:©)17025, General requirements for the competence of testing and calibration laboratorig

ate exhaust

machinery,
machinery
ode steady-
a weighted
b emissions
g portable

following documents are referred to .imythe text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of'the referenced document (including any amendments) applies.

nt — Part 1:

ht — Part 4:

Part 5: Test

— Part 6:

S

ISO 27145-4, Road vehicles — Implementation of World-Wide Harmonized On-Board Diagnostics (WWH-
OBD) communication requirements — Part 4: Connection between vehicle and test equipment

ISO 15765-4, Road vehicles — Diagnostic communication over Controller Area Network (DoCAN) — Part 4:
Requirements for emissions-related systems

ISO 13400, Road vehicles — Diagnostic communication over Internet Protocol (DolP)

ISO 15031-3, Road vehicles — Communication between vehicle and external equipment for emissions-
related diagnostics — Part 3: Diagnostic connector and related electrical circuits: Specification and use

SAE

J1939-73, Application layer - diagnostics

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f2fd3fac8adc81e7116eaab555d074ae

ISO 8178-2:2021(E)

ASTM E 29-06b, Standard Practice for Using Significant Digits in Test Data to Determine Conformance
with Specifications

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8178-1, ISO 8178-4 and the
following apply.

ISO and IE

IEC Ele

3.1.1

event

data measul
increment /

3.1.2
field condi

maintain terminology databases for use in standardization at the following addresses:

ISO Onlline browsing platform: available at https://www.iso.org/obp

Ctropedia: available at https://www.electropedia.org/

Ired in an in-service test for the gaseous pollutant emissions calculations obtained in a
t equal to the data sampling period

tions

conditions @inder which the engine under test is installed in, and epupled with, the actual equipme

vehicle, wh
to function

3.1.3

moving ave
period, me
pollutant ey

3.1.4
operating §
elapsed tim|
test

3.1.5

ch is driven by the engine, and conditions under which the equipment or vehicle is allg
in normal use

brage window
isured in cumulative amount of work-or CO,, over which each integration of gas
hissions is performed

equence
e of uninterrupted machineryoperation and continuous data sampling during an in-sef

portable emission measureient system

PEMS
emission 1
measuremse

3.1.6
proxy pow
value obtai

heasurement).system that is transportable and suitable for conducting in-sej
nts

39

time

Nt or
wed

Lous

vice

vice

hed by simple linear interpolation based on certain assumptions for the sole purpo

be of

identifying non-working events when there is no torque signal from an Electronic Control Unit (ECU)

3.1.7

reference mass of CO,
amount of cumulative CO, measured during a prior bench-test of the engine type or, where applicable,
engine family, which is used to determine the size of the moving average CO, window

3.1.8

reference work

amount of cumulative work measured during a prior bench-test of the engine type or, where applicable,
engine family, which is used to determine the size of the moving average work window
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3.2 Symbols

3.2.1 General symbols

Symbol Term Unit
Dax |Maximum averaging window duration s
€gas Brake specific gaseous pollutant emissions g/kWh
fa Laboratory atmospheric factor —
Sk Conformity factor —
ftrc  |Certification ratio —
St In-service ratio —
flyg | Weighting factor —
K liine |Simplified engine-family-specific CO, constant —
[, Limit value g/kWh
m Mass emission of gaseous pollutant g
mlo, |Mass of CO, for the test cycle g
Mchares | Reference mass of CO, g
N}o.qe |Number of mode in testcycle —
by Total barometric pressure kPa
Ps Dry atmospheric pressure kPa
' Uncorrected brake power kW
P Declared total power absorbed by auxiliaries fitted for the test and not required by Annek B KW
pux 1of ISO 8178-4:2020
Pl.x |Maximum measured or declared power kw
Pyfoxy,i |Instantaneous proxy power (see Anuex F) kw
;o Measured power kw
Mean CO, mass flow rate g/h
NO, response factor of zirconium dioxide analyser —
NO, response factor 6f zirconium dioxide analyser —
'nok,max | Maximum NO,/NQ,-eoncentration ratio —
Time S
Reference fime S
Tempetatire °C
Absolute temperature K
Work kWh
Actual work kWh
Reference-work kWh

3.2.2 Symbols for measured chemical components

Symbol Component
co Carbon monoxide
co, Carbon dioxide
HC Hydrocarbons
NH; Ammonia
NMHC Non-methane hydrocarbons
NO, Nitrogen Dioxide

©1S0 2021 - All rights reserved 3
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Symbol Component
NO, Oxides of nitrogen
PM Particulate matter
PN Particulate number
THC Total hydrocarbons

3.3 Abbreviated terms

ECU Electronic Control Unit

EFM Exhaust Flow Meter
LSI-NRTC |Large Spark-Ignition Non-Road Transient Cycle
NRMM Non-Road Mobile Machinery

NRSC Non-Road Steady-State Cycle

NRTC Non-Road Transient Cycle

RMC NRSC [Ramped Modal Non-Road Steady-State Cycle
ZRDO Zirconium dioxide (analyser)

conduct
based te

4 Discrzcte-mode steady-state tests in the field when itiis intended to either

4.1 Gene

Testing copducted according to Clause 4 shall in® general follow the requirements set oy

ISO 8178-1
requiremen
transient te

4.2 Test

4.2.1 General requirements

Field measy
appropriate

NOTE W
reproduceabj
might be dif
the emissioi]

easurements at a single operating point or.conduct a weighted cyclet

ral

:2020 and ISO 8178-4 for discretesmode steady-state testing. Deviations from
ts of those parts are limited to those set-out in Clause 4. This clause shall not be use
sting.

conditions

rements according to Clause 4 shall be conducted only when test-bed measurement i
because thexequired measurement cannot be performed on the test-bed.

'hen testifigtunder field conditions the test cycles specified in ISO 8178-4:2020 might not be
le, there-might be differences in engine operating parameters from laboratory conditions and {
erences-in the accuracy of emission measurement equipment. Consequently, it is not expected

results obtained when testing according to Clause 5 will be directly comparable to the v

t in
the
1 for

b not

fully
here
that
hlues

obtained on

thetost bhed

4.2.2 Engine test conditions

4.2.2.1 Ambient conditions

The temperature of the engine intake air, expressed in °C and the dry atmospheric pressure, p,
expressed in Kkilopascal (kPa), shall be measured and recorded, and the parameter, f,, shall be
determined according to ISO 8178-4:2020, 5.1.1 and recorded. The calculation of f, requires the absolute

temperatur

e, T,, of the intake air to be expressed in Kelvin (K).
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With the agreement of the parties concerned, taking into consideration the purpose for which the test
is being conducted, the range of f, and intake air temperature may be outside of the range given in
ISO 8178-4:2020, 5.1.2.

NOTE

f, is calculated using intake air temperature, not ambient air temperature.

The humidity of the engine intake air shall be measured and the absolute humidity determined.

4.2.2.2 Engines with charge air cooling

The temperature of the cooling medium and the temperature of the charge air shall be recorded.

4.2.]

The
the 1

appj

Whs
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4.2.]

Tern
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mea
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In c4
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Subg
into
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obse

4.2.5

2.3 Engine parameters

engine parameters necessary to complete the emission calculations and ensure the
est in accordance with this document shall be determined from measureddyaltues and
opriate units.

re it is not practicable to measure a parameter using instrumentation in conforman
irements of ISO 8178-1, alternative methods of measurement may-be utilized with the
e parties concerned. This may include using signals from an engine control unit or thg
hich the engine is installed.

r parameters may be measured and recorded according4o the agreement of the parties

8 Power

1s of power are defined in ISO 14396, as applied in ISO 8178-4:2020. The basis of speci
surement, expressed in g/kWh, is uncorrectedbrake power. Power, engine speed and tg
differ at field compared to the test-bed €onditions. Therefore, the emission values e
Vh differ at field compared to those unider test-bed conditions. If the 100 % load of {
surement cannot be reached, the maximum power output to be measured is limited b
ved engine speed and maximumeallowed torque.

ises where a direct measurement of torque is not possible, the power output shall b¢
d on other available datasincluding signals from the engine ECU or fuel rack position.
lculation and estimatiof shall be agreed between parties involved.

lause 5.2 of ISO 81Z84:2020 shall be used to account for auxiliaries, to the extent posj
consideration that it might not be practical to remove auxiliaries from an installed
pnnect the engine from the driven machinery. Where there is a risk that the auxiliarieq
hally be remgoved for testing according to ISO 8178-4 might absorb more than 5 % of th
rved power; agreement between the parties concerned shall be sought prior to the test

L _“Engine air intake system

validity of
recorded in

ce with the
agreement
machinery

concerned.

fic emission
rque values
kpressed in
he test-bed
y maximum

2 calculated
'he method

ible, taking
engine, nor
that would
E maximum

The engine shall be equipped with an air intake system presenting an air inlet restriction within the
limit specified by the manufacturer.

4.2.5 Charge air cooler

Where applicable, the engine shall be equipped with a charge air cooling system with sufficient capacity
to maintain the engine at the normal operating temperatures prescribed by the manufacturer.

4.2.6 Engine exhaust system

The engine shall be equipped with an exhaust system presenting an exhaust back pressure within the
limit specified by the manufacturer.
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4.2.7 Engines with exhaust after-treatment systems

4.2.7.1 Use ofreagent

In the case of an engine equipped with an exhaust after-treatment system that requires the
consumption of a reagent, the reagent used for all tests shall be within the specification prescribed by
the manufacturer, be recorded and presented with the results of the tests.

4.2.7.2 Regeneration

In the case~of an engine equi j , S : .

infrequent perlodlc) ba51s as descrlbed in ISO 8178 4 2020 5. 5 1 2. 2 emission results shallbe ad] sted
to account for regeneration events. In this case, the average emission depends on the frequency of the
regeneration event in terms of fraction of tests during which the regeneration occurs, and the-extept to
which the gmissions increase during regeneration. The method for determination of emissions dyring
regeneration and the corresponding adjustment shall be agreed by the parties concerfiéd.

4.2.8 Crankcase emissions

Where the |parties involved require crankcase emissions that are normally discharged to ambient
atmospherd to be included, the emissions shall be added to the exhaust emissions during all emigsion
testing either physically or mathematically. Methods to achieve this areset outin ISO 8178-4:2020, §.5.2.

4.2.9 Cogling system

The engine|shall be equipped with a cooling system with sufficient capacity to maintain the engine at
normal opefating temperatures prescribed by the manufacttrer.

4.2.10 Lubricating oil

Specifications of the lubricating oil used for the test shall conform with the requirements of the
manufacturer, be recorded and presented with'the results of the test.

4.2.11 Test fuels

Fuel characteristics influence the engine exhaust gas emission. Therefore, in all cases, the characteriftics
of the fuel ysed for the test shallkbe verified as required, recorded and declared with the results of the
test. The characteristics tobe recorded shall be those listed in the appropriate universal data gheet
in ISO 8178-5. A certificateyof analysis of the fuel that includes these characteristics shall satisfy|this
requirement.

Unless othefrwise agreed, the test fuel shall be either the appropriate reference fuel given in [SO 81]78-5
or the typicpl fuebfor the engine in its field application.

The fuel temperature shall be in accordance with the manufacturer's recommendations.

4.3 Installation of sampling probes and equipment

Provisions that shall be taken for the proper installation of the sampling probes and measuring
equipment are described in ISO 8178-1:2020, 5.2 and 8.1.1. Modifications to suit field installation
conditions are permitted under the following conditions:

a) The space available for the necessary instrumentation shall be large enough to meet the
requirements for safety and working ambient conditions.

b) The engine exhaust shall be routed using short connectors, preferably flexible, at the end of the
engine's exhaust pipe downstream of any aftertreatment device, if used.

6 © IS0 2021 - All rights reserved
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c) Flexible connectors that do not exceed a length of three times their largest inside diameter may be
used to enlarge or reduce the exhaust-pipe diameter to match that of the test equipment.

d) Rigid stainless steel raw exhaust tubing shall be used to connect between flexible connectors. The
tubing may be straight or bent to accommodate equipment geometry. “T” or “Y” stainless steel

fittings may be used to join exhaust from multiple tailpipes.

e) Connectors and tubing shall not increase back pressure so much that it exceeds the manufacturer's

maximum specified exhaust restriction.

f)  Where there is a risk that the measurement might be distorted by condensation, action shall be

4.4

4.4.

The
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Measurement equipment and data to be measured

General

emission of gaseous and particulate pollutants by the engine submitted for testi
sured using methods set out in ISO 8178-1:2020, Clause 5.

clause describes the analytical systems for the gaseous pollutarits and the particulate
bling systems used in the test cell. The same principles shall,also be applied to field m
bms. Field analytical systems shall be installed in a mannet to minimize the impact of fi
itions such as temperature, pressure, humidity, physical orientation, mechanical
htion, electromagnetic radiation, and background emissions.

types of systems to be used for testing shall be declared prior to the test and shall be 4

by the parties involved.

4.4.2
A zi}

not

congd

a)
b)

c)

Prio

. Zirconium dioxide (ZRDO) NO, analyser

rconium dioxide (ZRDO) NO, analyser used under conditions that provide a NO, resp
ess than 0,9 may be used to perform measurements in the field for the purposes, an
itions, set out in this clause:

As a monitoring device toConfirm activation of a NO, emission control system;

o perform a spot-check-verification measurement at site where the parties concerned |
fhat the use of an ifistrument set out in ISO 8178-1:2020, 7.3.6 is not necessary;

Where the analyser has been demonstrated to meet the requirements of 4.4.3 unde
ronditions sithilar to those of the intended test and the parties concerned have also agrg
fhat analyser.

ng shall be

lilution and
pasurement

leld ambient

shock and

greed upon

onse factor

d under the

have agreed

I operating
ed to use of

all evaluate

[ toperforming any measurement with a ZRDO NO, analyser, the parties concerned sh

the 1|1anertainties associated with the use of that analyser for the intended measurement. Tllle following
Lol

3 1l 3 Ladad s ot | 3
polnLD oIIdIT DU ITICIUUCTU TIT LITdt T vdludtlivull.

a)

Location of sensor(s) within exhaust system;

b) Potential interference by NH; that may increase measured result, and which may be dependent

upon various factors including, but not limited to:

1. Design of engine including after-treatment system, where installed;
2. Age and deterioration of after-treatment system, where installed;
3. Design characteristics of ZRDO NO, analyser;

4. Exhaust gas temperature.
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NOTE

A ZRDO NO, analyser generally has a positive response to NH;. Consequently, where NHj is present

in the exhaust (for example downstream of a selective catalytic reduction (SCR) NO, after-treatment system), it
will create interference and the value measured by the ZRDO NO, analyser will be a function of both NO, and NH;

concentratio

n in the exhaust gas.

When using a ZRDO NO, analyser, the following requirements shall be met:

measurements on a wet basis;

The sensor of the analyser shall be mounted directly in the exhaust gas flow for making

Prior to conducting an emission test, the analyser shall be warmed-up and stabilized in accordance

with the specifications of the instrument manufacturer and a zero and span check performed as

specifigd in Clause K.1;

a)
b)
c)
d) TheN
443 Al

Other syste
general me
parties invg

4.4.4 Tor

When perfd
and speed
basis.

When perf
operated w
ISO 8178-1:
the load or
point as clo

The instrumnentation for torque and)speed measurement shall enable the determination of the 5
within the given limits. Additional calculations and comparison with test-bed measureinent

power to be
results mig

Signals fromgn the enging's\ECU may be used in place of values measured by individual instrum

provided th
with the em

At the donclusion of the emission test, a post-test zero and span check shall be performed-and
verified according to ISO 8178-4:2020, 8.7.4.

response factor shall be calculated as specified in Clause K.2.

ernative measurement procedures

ms or analysers may be accepted, if it is found that they yield €quivalent results using
hsurement principles and system equivalency set out in IS0 8178-1:2020, Clause 5,
lved agree to the use of such a system or analyser.

que and speed

rming measurements at a single steady-state operating point, each combination of to
hall be agreed by the parties concerned andiineasurements reported on a point-by-

th the torque and speed sequence applied according to the relevant test cycles describ
2020. In cases where the relevant;test cycle is not possible, e.g. due to the characterist
because of the torsional vibration of the plant, the required test point shall be replaced
be as possible, by agreementwith all parties involved.

ht be necessary.

e signals arecorrectly filtered and in case of a signal that changes with time, time-ali
issions.signals from the instruments in accordance with the principles set out in Clausd

Any combin]
speed and

any speed dr'torque estimator meets the performance specifications in ISO 8178-1:2020, Table 4.

ation.0of ECU signals, with or without other measurements, may be used to estimate en
ordque for use in brake-specific emission calculations, provided the overall performan

drift

r the
or if

rque
oint

brming a steady-state discrete-mode weighted cycle-based test, the engine shall be

bd in
ic of
by a

haft

ENts,
rned
1 D.3.
gine
ce of

Other available data including fuel rack position may be used for this purpose. In this case the method
of calculation and estimation shall be agreed between parties involved.

4.4.5 Exhaust gas flow

The principal methods applicable for determining the exhaust gas flow and the required accuracy and
linearity requirements are described in [SO 8178-1:2020, 6.4.3 and 6.4.4.
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4.4.6 Accuracy of the data to be measured

4.4.6.1 Exhaust gas analyser

Measurement instruments shall meet the specifications set out in ISO 8178-1:2020, 5.3 and the
requirements on calibration and performance checks set out in ISO 8178-1:2020, 9.1.

Special attention shall be given to perform the following actions:

a) the vacuum-side leak verification as set out in ISO 8178-1:2020, 9.3;

b 1 pa | P pa s - £ 41 1 b= s 1CO 178 1_2020
) HT TTSPUILIST dITU UpPUdUITIg=I TLUT UL S VETITILALIUIT UI'ULIT 5d S5 dlldly ST d5 STLUUUL T ToU O =1. )

D.1.5.

The [minimum frequency for gas analyser linearity verification and NO,-to-NO converter| conversion
verification set out in ISO-8178-1:2020, Tables 6 and 7 may be increased to 3 months.

4.4.6.2 Other measuring equipment

The |requirements set out in ISO 8178-1:2020, Clauses 6 and 9 shall“beé met. The calibijation of all
meapuring instruments shall be traceable to national (international} standards. The instruments shall

be cplibrated as required by internal audit procedures, by the instriment manufacturer, gccording to
ISO/IEC 17025.

In pfactical cases it is often impossible to measure the fuel €ensumption at site. In such cases, especially
those concerning gas or heavy fuel, an estimation using*asmethod other than chemical balance, with a
corrpsponding estimated error shall be made.

The |consequences of such an error on the final €missions shall be calculated and reportgd with the
resullts of the emission measurement. The acceptance of test results established using such estimation
shal] be determined by the parties concerned

4.4.7 Determination of the gaseous.ecomponents

The pnalytical measuring equipment and the methods are described in ISO 8178-1:2020, Clpuses 5 and
7. For field measurements, thenon-methane hydrocarbon analysis according to ISO 8178-1:3020, 7.3.5.2
(gas|chromatography) is not"applicable in most cases, as this method needs laboratory equipment.

For [the measurementcof-non-methane hydrocarbons (NMHC), the hydrocarbon cutter| method of
ISO B178-1:2020, 7.3¢5.3; should preferably be applied. Alternatively, a factor of 0,98 THC may be used
for diesel engines.

4.4. Determination of the particulates

The [determination of particulate matter (PM) or number (PN) and the equipment needed shall be
as spéeified in 1SO 8178-1:2020, Clauses 5 and 8. However, the reference filter weighing tjme may be
exceeded.

The weighing chamber and analytical balance specifications according to ISO 8178-1:2020, 8.1.5 also
apply to the measurement at site and under field conditions. In cases where the weighing chamber
is not located near the measurement site, it shall be ensured that the loading of the filter does not
change during the transport from or to the weighing chamber [e.g. caused by mechanical vibrations,
evaporation at temperatures above 52 °C (325 K)]. It is permissible to collect and store particulate
samples from several tests before transporting them to the weighing chamber, but this storage time
should be minimized.

PM measurement might prove difficult under field conditions, especially on-board ships, locomotives
and non-road mobile machinery. It is therefore acceptable to use alternative particulate sample media
or measurement procedures, if their equivalency is proven in accordance with 4.4.3, including non-
filtering techniques. This includes particulate deposition on an inert substrate using electrostatic,
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thermophoresis, inertia, diffusion, or some other deposition mechanism. If alternative particulate
measurement methods are used, preparation shall be conducted in accordance with the instrument
manufacturers specifications and by agreement of the parties concerned.

When PN measurement is required it shall be performed as set out in this clause unless the use of

alternative

equipment is agreed between the parties involved.

4.5 Running conditions

4.5.1 Tes

t cycles

When perfy
shall be agn

When perf
correspon

4
possible. H

the field. Fu
number of 1
ISO 8178-4
be different

ced by the parties concerned and measurements reported on a point-by-point basis,

prming a weighted cycle-based test in the field the discrete-mode, test-cycles

ng requirements set out in ISO 8178-4:2020, Clause 7 and Annex A should.be utilized w|
wever, it may not be possible to use the same measuring points as in.ISO' 8178-4:207%
rthermore, the number of measuring points might be limited under-fiéld conditions. I
heasuring points for field measurement is different from that of the test cycles as defin
2020, the weighting factors in ISO 8178-4:2020 cannot be used, andthe emission value
from the values obtained under the test-bed conditions.

e mapping according to ISO 8178-4:2020, 7.4 is not praetical, the maximum power v4

at the specified test speeds or nominal torque curve shall be declared by the manufacturer in ord

Where enghiE
calculate t

shall be det

Measuring
when itisn

torque or power values for the specified test modes:The engine setting for each test 1
ermined, to the extent possible, using 1SO 8178-4:2020, 7.7.

points and weighting factors shall be agreed.between parties involved, prior to the
bt possible to use the points set out in ISO 8178-4:2020.

4.5.2 Preparation of the engine

Prior to tes
according t
test results
silencers an

4.6 Test

ing, the engine, including auxiliary-equipment and the exhaust system, shall be conditi
p the engine manufacturer's and/or user's recommendations in order to achieve rel
This preconditioning is injportant for engines with long exhaust stacks and engines
d exhaust aftertreatment'systems in place, as well as infrequently operated engines.

Fun

4.6.1 General

The test ruj
mode stead

shall follow all requirements set outin ISO 8178-4:2020, Clause 8, as applicable for disc
y-statetesting, except as permitted by this section.

measurement

rming measurements at independent steady-state torque and speed points, those pcl)ints

and
here
0 in
f the
bd in
can

lues
er to
node

test,

bned
able
with

rete-

4.6.2 PM

For measurements conducted at independent torque and speed points. a separate PM sample filter shall
be used for each test point. For cycle-weighted tests, either the multiple filter or single filter method
may be used according to ISO 8178-1:2020, 5.2.6. Since the results of the methods might differ slightly,
the method used shall be declared with the results.

4.6.3 Dilution air for particulate measurement

Where possible, the dilution air temperature requirements set out in ISO 8178-1:2020, 8.3 shall be
followed. A dilution air temperature of less than 15 °C is permitted if the ambient air temperature is
below 15 °C and the parties involved agree.
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4.6.4 Testsequence

For measurements conducted at independent torque and speed points, the sequence shall be agreed by
the parties concerned. For cycle-weighted tests, if steady-state test mode points different from those
given in ISO 8178-4:2020, Annex A are used, the test sequence shall be conducted in the manner that
most closely represents the applicable test cycle, in the order of decreasing power or torque, agreed by
the parties concerned.

4.6.5 Gas analyser drift validation and correction

If the drift is within +2 %, the data can be either accepted without any correction or accepted after

corrgction. If the drift is greater than *2 %, the correction set out in ISO 8178-4:2020,.8
apply.

The drift validation and correction may be applied at the end of each individual steady stat

poi

4.6.¢ Emissions evaluation and calculation

The
ISO

inde
weig

4.6.]

4.6.]

The
infol
ISO

4.6.]

The
and
inclu

4.6.]

A re
indi
fuel

steady-state emissions data evaluation and calculation shall be performed in accoq
8178-4:2020, Clause 9 or Annex H. In the case of measurements conducted and r
pendent torque and speed points, the results shall be calculated for each independent
hting factor of 1 shall apply.

f  Testreport

7.1 General

test report shall be in accordance with-ISO 8178-6, supplemented by any addition:
mation. This shall include details of any deviations from the respective requirement
B178-1:2020 or ISO 8178-4 as permitted by this document.

[.2 General guidelines

or corrected and how. An assessment of accuracy and reasons for choice of test opti
ded where applicable.

.3 Measuring-equipment

cord shall\be made of the measuring equipment which has been used, including
ations, the ambient conditions at air inlet including humidity and the engine performar

.2.2.2. shall

e mode test

dance with
eported for
point and a

1] pertinent
s set out in

report shall be clear congeshing what has been measured and how, and what has been calculated

ns shall be

span gases
ce data and

characteristics, which indicate how the values of those characteristics have been obtained.

5

Measurement of gaseous emissions performance of engines during typical in-

service operation under field conditions using portable emission measurement
systems (PEMS)

5.1

Test conditions

5.1.1 General requirements

Testing according to Clause 5 is not based upon a specified test cycle, but on running the non-road
machinery, industrial equipment, marine installations, generating sets, diesel rail traction or similar
machinery application in typical in-service operation under field conditions.

© IS0 2021 - All rights reserved
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With the agreement of the parties concerned the measurement and calculation method set out in
Clause 5 may also be used where in-service operation is being replicated, or where emissions data is
being obtained without the use of PEMS but instead using alternative types of sensors.

Although Clause 5 covers in-use testing in the field it relies upon measurement of reference work
(kWh) or CO, reference mass (g/cycle) obtained from a prior bench-test of the engine type or, where
applicable, engine family. Where such data is not available reference work may be determined according
to Clause C.4 by agreement of the parties concerned.

5.1.2 Selection of engine for assessment of design performance

5.1.2.1 Selection criteria

Where the purpose of testing is to assess the design performance of an engine type or, where applicpble,
engine family or group, the engine subject to testing inclusive of the emission control system shall:

a) be installed in one of the most representative applications for the selected engine type or, where
applicaple, engine family;

b) have a maintenance record to show that the engine has been properly mdintained and servic¢d in
accordgnce with the manufacturer's recommendations;

c) exhibit|no indications of misuse (e.g. overloading or misfuelling), or other factors (such as
tamperfing) that could affect the gaseous pollutant emissions performance;

d) be condtructed and installed in conformity with the specifications of the manufacturer.

5.1.2.2 Npn-eligible engines

The following engines shall be considered as non-eligible for testing, and an alternative engine shall be
selected:

a) engineg with an Electronic Control Unit (ECU), produced with a communication interface intended
to pernpit the collection of the necessaryECU data as specified in Annex I but where that intefface
is missing;

b) engineg with an ECU and a cqmmiunication interface intended to provide the necessary data as
specifigd in Annex I but with-missing data or where it is not possible to achieve clear identificgtion
and valjdation of the necessary signals.

5.1.3 Mac¢hinery operation
The test shgll be performed during the actual (complete or partial) operation of the machinery.

When it is|not possible to test during actual operation, a representative test duty cycle shall be
determined By+the parties concerned. That test duty cycle shall represent, as far as possible, the a¢tual
operation of The machinery.

Regardless of whether the test is conducted during the actual operation of the non-road mobile
machinery or under a representative test duty cycle, it shall:

a) assess the actual operation of the majority of in-service population of the selected category(ies) of
machinery;

b) notinclude a disproportionate amount of activity at idle speed;

c) comprise of sufficient loaded operation activity to achieve the minimum test duration set out in
Clause B.2;

The operator of the machinery shall have the skills and training to operate that machinery in the
manner of a professional operator.
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5.1.4 Ambient conditions
The test shall be conducted under ambient conditions meeting the following requirements:
a) Atmospheric pressure shall be equal or greater than 82,5 kPa;

b) Ambient temperature shall be equal or greater than -7 °C and equal or less than the temperature
determined by the following formula at the specified atmospheric pressure:

T=-04514 - (101,3 - p,) + 38

whefe:

" is the maximum ambient air temperature under which the test shall be conducted, ['C;
b, is the atmospheric pressure, kPa.

Testjng may be conducted under different ambient conditions with the)agreement of |the parties
conderned, taking into consideration the range of ambient conditions forywhich the emisgion control
strategy of the engine concerned was designed.

5.1.5 Lubricating oil, fuel and reagent

The [lubricating oil, fuel and reagent (for exhaust after-treatimient systems that use a reagent to reduce
gaseous pollutant emissions) shall conform with the specifications issued by the manufactyrer.

The fuel shall be market fuel for which the engine has-béen designed, as specified by the manufacturer
and pgreed by the parties concerned, or reference fuel as specified in ISO 8178-5.

Samples of the lubricating oil, fuel, and where applicable, reagent, shall be taken and qtored for a
minjmum of 12 months, unless this is not required by the parties concerned. Reagent samp]es shall not
be fijozen.

5.1.6 Operating sequence

The |in-service test shall be conducted in one single operating sequence (continuous datg sampling),
except under the combined (data sampling method set out in 5.2.2, where several operating sequences
are ¢ombined in a single {n3service test.

The duration of the tést'‘comprising all operating sequences is set out in Clause B.2.
5.2 | Data sampling methods

5.2.]1 _Continuous data sampling

finuous data samnling shall he used when one single gnerating seauence-is eaual to or
Con u pling y W gle op g sequ qu more than

the minimum test duration set out in Clause B.2.

5.2.2 Combined data sampling

5.2.2.1 General

As alternative to continuous data sampling, the data sampling may be obtained from combining the
results of more than one operating sequence.

Combined data sampling shall be used only when the test conditions do not enable reaching the
minimum test duration set out in Clause B.2 with one single operating sequence despite attempting to
achieve this, or when the category(ies) of non-road mobile machinery selected for testing is employed
in multiple working activities with different relevant duty cycle(s).
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5.2.2.2 A

dditional requirements

The following additional requirements shall be fulfilled when applying combined data sampling:

a) the different operating sequences shall be obtained using the same non-road mobile machinery and

engine;

b) the combined data sampling shall contain a maximum of three operating sequences;

c) the maximum period elapsed between the start of the first and start of the last operating sequence
shall be 72 hours;

d) combinfed data sampling shall not be used if an engine or machine malfunction occurs, as set.0
Clause

e) to be dligible for combination each operating sequence of an in-service test shallycontain

followi

in accordance with Annex D;

1. whpre the engine type or, where applicable, engine family, has been bench tested using
NRJ[I'C, a minimum of one hot-start NRTC reference work or CO, referénce mass;

2. whpre the engine type or, where applicable, engine family, has heen’bench tested using the
NR[I'C, a minimum of one LSI-NRTC reference work or CO, referénce mass;

3. whgre the engine type or, where applicable, engine family.has been bench tested using o

ste

maps determined using the method set out in Annex.(X

In case
parent

f) prior to joining the sequences all necessary pre-processing shall be completed according ta
requirgments set out in 5.5;

g) the opgrating sequences in the combined data sampling shall be joined in a chronological o
includiIg all data not excluded by listitem f);

h) theco
i) thedet

the conpplete combined@ata sampling.

5.2.3 Temporary signal loss

Parameter

with no conseetitive period more than 30 s duration may be excluded from each operating sequence
veral episodes of unintended temporary signal loss in the original data recording. No signal

to one or se

B.8;

ng minimum amount of work (kWh) or CO, mass (g/cycle) after completion ofpte-proces

hdy-state test cycle, a minimum of one steady-state<tycle reference work or CO, refer

of an in-service test of an engine type within.an engine family the value shall be that fo
engine type.

bined data shall be considered one test;

prmination of workingevents set out in 5.6 and calculations set out in 5.8 shall be applig

‘ecording shall reach a data completeness of not less than 98 %. A maximum of 2 % of

ut in

the
sing

I the

LSI-

hly a
ence

r the

the

rder

bd to

data
due

loss shall be created during pre-processing, combination or post-processing of any operating sequence.

5.3 ECU data stream

5.3.1 General

Where the engine to be tested was designed with an ECU and a communication interface intended
to provide the data specified in Annex I, that data stream information shall be provided to the
measurement instruments or data logger of the PEMS.

14
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5.3.2 Verification of availability and conformity of information

The availability of the data stream information according to Annex I shall be verified prior to the in-

serv

ice test.

Where the engine was designed with an ECU and a communication interface intended to provide data
stream information, but that data is not available, 5.1.2.2 b) applies.

The conformity of the ECU torque signal shall be verified in accordance with the method set out in
Annex H.

5.4

Each
Port

With

lest procedures

operating sequence shall be conducted according to the test procedure set out innAhn
able Emissions Measurement System (PEMS) conforming with the requirements sét ou]

the agreement of the parties concerned tests may be conducted using altérnative type

to mleasure emissions. In this case the requirements applying to those alternative types of s

be a

5.5

Pre-
prog

5.6

5.6.

Wor’
Ann

5.6.]

Whe

appl
dete)
com

5.7

No d
and

breed by those parties concerned.

Data pre-processing

processing of the test data of each operating sequenc€ shall be performed accor
edures set out in Annex D.

Determination of working events

1 General

king events shall be determined for each in-service test according to the procedure
px E.

. Combining operating sequences

re combined data samphng according to 5.2.2 is used, the requirements of 5.3 t
y individually to each (©Operating sequence prior to joining sequences according to |
rmination of working events set out in 5.6 and calculations set out in 5.8 shall be ap
blete combined data'sampling.

Test dataavailability

ata shall\be modified or removed from the raw test data file(s) used for the completio
b.8. Those raw test data file(s) shall be retained for a period agreed by the parties conc

5.8

bx B using a
in Annex A.

s of sensors
ensors shall

ling to the

s set out in

o 5.5 shall
b.2.2.2. The
plied to the

n of 5.5, 5.6
erned.

lenlatiaong

ICUIaTiviilo

5.8.1 General

Gaseous emission calculations shall be performed, following the pre-processing of 5.5, where applicable,
combination of operating sequences of 5.2.2.2 g) and finally determination of working events of 5.6,

acCco

rding to the procedures set out in Annex G.

5.8.2 Engines without communication interface

For engines that were not designed with a communication interface intended to permit the collection
of the engine torque and speed data as specified in Annex I the calculations shall be performed, and

resu

Its reported, using only the CO, mass based method.
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5.9 Testreport

A possible format for a test report is provided in Annex ]. Other formats may be used by agreement of
the parties concerned.

5.10 Instantaneous measured data file and instantaneous calculated data file

Instantaneous measured data and instantaneous calculated data shall not be included in the test report

but shall be

retained for a period agreed by the parties concerned.

Instantaneous measured data and instantaneous calculated data shall include at least the information

required by

5.11 Overyiew of measurement and evaluation sequence

An overview of the sequence set out in Clause 5 is provided in Figure 1.

Clauses .11 and J.12. Other formats may be used by agreement of the parties concerned.

16
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Annex A
(normative)

Portable Emissions Measurement System (PEMS)

A.1 General

includipg a sampling probe;

The PEMS s
a) gasand
b) an Exhg

alterna
c) sensorg
d) other nj
PEMS shall
e) atrans
f) adatal

g) PEMS may include a Global Positioning System (GRS).

A.2 Mea

A.2.1 Cal

A2.1.1 G¢

Measuremse
in ISO 8178

a) thevac

b) theres
9.1.5.

hall include the following measurement instruments:
lysers to measure the concentrations of the gaseous pollutant emissions set out if Ann

iust Flow Meter (EFM) based on the averaging Pitot or equivalent principlé)except whel
Live approach is permitted by footnote c to Table B.1;

to measure the ambient temperature and pressure;
easurement instruments required for the in-service test.
hlso include:

fer tube to transport the extracted samples from thesampling probe to the gas analy

pgger to store the data collected from the ECU;

surement instruments requirements
jbration

bneral

nt instruments shalbmeet the requirements on calibration and performance checks se
£1:2020, 9.1. Speéial attention shall be given when performing the following actions:

pum-side leak verification of the PEMS as set out in ISO 8178-1:2020, 9.3;

bonse and“updating-recording verification of the gas analyser as set out in ISO 8178-1:2

igure A1

A summary

A212 M
conversion

X B;

~

e an

SErS,

[ out

020,

inimum frequency for gas analyzer linearity verification and NO,-to-NO converter
verification

The minimum frequency set out in [SO-8178-1:2020, Tables 6 and 7 may be increased to 3 months.

A.2.1.3 Raw exhaust gas flow rate (EFM) performance and calibration checks

The minimum frequency of EFM performance and calibration checks, and the details of those checks,

shall be tho

18

se specified by the instrument manufacturer.
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A.2.2 Specification
Measurement instruments shall meet the specifications set out in ISO 8178-1:2020, 5.3.
A.2.3 Calibration gases

The analytical gases used for calibrating the measurement instruments shall meet the requirements
set out in ISO 8178-1:2020, 9.2.

A.3 Transfer tubes and sampling probe requirements

The |transfer tubes and sampling probe shall meet the requirements set out in 5.2.1.2,'anld 5.2.1.1 of
[SO $178-1:2020, respectively.

Continuous gas analyser system- Raw exhaust gas flowrate’ (EFM)
response and updating-recording performance and calibration checks at
verification to be performed upon frequency specified’by the instrument
initial installation in PEMS or after mantfacturer

system modification that would affect
response* Gas analysef linearity verification and

NO,-t0-NO converter conversion
verification to be performed within
3‘months before in-service test

# Time shift all gas analyser signals to achieve

alignment relative to each other using Vacuum-side leak check upon
measured response times established for installation, after major maintenance
each gas analyser according to clause D.3.1 and within 8 hours prior to start of in-
and clause 9.1.5.3 of ISO 8178-1:2020 service test
NOTE Pre-test system-response, linearity verification and vacuum-side leak verification requjrements are

perf¢rmed according to A.2.1 and ISO 817841;2020, Table 6; 9.1.5,9.1.6 and 9.3.

Figure A.1 — Summary of pre-test system checks
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Annex B
(normative)

Test procedure for gaseous emission measurement with a PEMS

B.1 Test

parameters

B.1.1 General

The gaseo

carbon monoxide (CO), hydrocarbons (HC) and nitrogen oxides (NO,). Additionally,arbon did

(CO,) shall

The selecte

measured and recorded during the test.

B.1.2 Mu

Where it is

exhaust stacks, and there is similarity in the technical configuration and operation of the part o

engine exh
flow from

instantaned
number of s

B.1.3 San

The paramsg
in-service t

pollutant emissions that may be measured and recorded during the in-sefvice test

e measured to enable the calculation procedures described in Annex G.

d gaseous pollutant emissions and the other parameters set out,in the Table B.1 sha

[tiple exhaust stacks

are:
xide

[l be

agreed by the parties concerned that it is not practical to combine the flow from mu

pSt.

lciple
lE‘the
ass

usting into each stack, it shall be sufficient to measure the emissions and exhaust

ne exhaust stack. In this case, when performing‘the calculations set out in Annex G} the
us mass flow rate of emissions from the measured stack shall be multiplied by the total
tacks to obtain the total instantaneous massflow rate of emissions for the engine.

npling period

ters set out in Table B.1 shall be@mgasured at a data sampling period of 1 s or less during the

20
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Table B.1 — Test parameters
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Parameter Unit?a Source

HC concentration P pumol/mol Gas analyser
CO concentration b pmol/mol Gas analyser
NO, concentration P pumol/mol Gas analyser
CO, concentration P % vol Gas analyser
Exhaust mass flow ¢ kg/h EFM
Exhaust temperature 4 °C EFM or ECU or Sensor
AmHient air temperature ° C Sensor
Ambient air pressure kPa Sensor
Ambient air relative humidity % Sensor
Englne torque f8 Nm ECUr Sensor
Engjne speed 8 r/min ECU or Sensor
Engine fuel flow 8 g/s ECU or Sensor
Engjine coolant temperature h °C ECU or Sensar
Englne intake air temperature ¢ °C ECU or Sensor
Non}road mobile machinery latitude degree GPS (optional)
Non}road mobile machinery longitude degree GPS (optional)

tra
b

C

1

or,

2

3

me
d

e

f

n

locafion where an EFM could be installed. In this case the exhaust sample shall be taken upstream of the poi

non-foad mobile machinery (e.g. for heating] upstream of the location where an EFM could be installed.

railway vehicle, or installed in non-roadinobile machinery where the parties concerned agree that installatio
imprjactical due to either the size or\location of the exhaust on the non-road mobile machinery.

In these cases, where there is-robust evidence of the correlation between the fuel mass flow estimated byj
the fluel mass flow measured.en the engine dynamometer test bench, the EFM may be omitted and indirect

a

after-treatment device-used for NO, reduction, as set out in E.2.2 b), the exhaust gas temperature shall be mea
the dperating sequence within 0,30 m of the outlet of the after-treatment device used for NO, reduction. Whe
senspr within\0;30 m would result in damage to the after-treatment the sensor shall be installed as close to th
can Bpe praetically achieved.

confprmAwith the requirements set out in the second paragraph of B.5.1.

Where the available data stream uses different units to thosé rxequired by the table, that data str
formed into the required units during the data pre-processing$et out in Annex D.

Measured or corrected to a wet basis.
Direct measurement of exhaust mass flow shall be usediinless one of the following is applicable:
he exhaust system installed in the non-road mobile mxachinery results in dilution of the exhaust by air up

he exhaust system installed in the non-road mobile machinery diverts a portion of the exhaust to anoth

he engine to be tested is of a reference power greater than 560 kW or is installed in an inland waterw

urements (from fuel-and’intake air flows or fuel flow and carbon balance) may be applied.

n order to determine the duration of the take-off phase after a long non- working event for an engine equ

Jse the ambient temperature sensor or an intake air temperature sensor. Use of an intake air temperatur

pam shall be

stream of the
ht of dilution;

er part of the

hy vessel or a
h of an EFM is

the ECU and
exhaust flow

pped with an
sured during
re installing a
is location as

e sensor shall

The recorded value shall be either (a) the net torque; or (b) the net torque calculated from the actual engine percent
torque, the friction torque and the reference torque, according to standards set out in [.2.81. The basis for the net torque
shall be uncorrected net torque delivered by the engine inclusive of the equipment and auxiliaries to be included for an
emissions test in accordance with ISO 8178-4:2020, Annex G.

g  Not required for engines that are not designed to have a communication interface capable to provide these data
streams.
h

In the case of air-cooled engines, the temperature at the reference point location identified by the manufacturer.

© IS0 2021 - All rights reserved
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B.2 Minimum test duration

The test duration, comprising all operating sequences, shall be long enough to obtain the following
amount of working events:

a) For engines where the engine type or, where applicable, engine family, has been bench tested using
the NRTC, between five and seven times the reference work in kWh performed on the hot-start
NRTC run or to produce between five and seven times the CO, reference mass in g/cycle from the
hot-start NRTC run;

b) For englnes where the englne type or, Where applicable, engme famlly, has been bench tested usmg
T C COZ

¢) For engdines of power <19 kW, SI engines with both power <30 kW and swept volume <[t 000cm3
and SI lengines which are installed in all-terrain vehicles, side-by-side vehicles or smowmobiles,
between three and five times the applicable reference work in kWh or CO, refekérce mass jn g/
cycle d¢termined using the method set out in Annex C.

d) For engines not listed in sub-clauses a), b) or c), between five and seven’times the applidable
reference work in kWh or CO, reference mass in g/cycle determined from'the applicable labordtory
bench test result using the method set out in Annex C.

In case of aph in-service test of an engine type within an engine family/the values in list items a) fo d)
shall be thoge for the parent engine type.

operating spquences, shall be assembled chronologically eveén if the maximum amount of work o1 CO,

All data re:Eaining after the completion of pre-processing aceording to Annex D, collected durinjg all
mass speciffied in list items a) to d) is exceeded. In that case during the calculation set-out in Annex G;

— when the amount of work or CO, reference mass in the working events exceeds that maximun, the
calculation shall be truncated at the end of thé&time increment in which that occurs, and,

— therestltslisted in the testreport for the.in=service test shall be those for that truncated calculaltion.

B.3 Preparation of the non-read mobile machinery

The preparjation of the non-road, mobile machinery whose engine has been selected for testirg in
accordance|with 5.1.2 shall comprise at least the following:

a) the cheick of the engire;-any identified problems, once solved, shall be recorded and presentg¢d to
the parfies concerned;

b) the replacement\of the oil, fuel and reagent, if any, where no documented evidence is available
that th¢ fluidsin question conforms with the engine manufacturer’s specification applicable t¢ the
engine fyperand it is practically and economically feasible to do so;

c¢) where applicable, verification of the availability of the ECU data stream information, according to
the requirements set out in Clause [.2.

B.4 Installation of the PEMS

B.4.1 Installation constraints

The installation of the PEMS shall not influence the non-road mobile machinery gaseous pollutant
emissions or performance.

The installation shall follow the instructions issued by the PEMS, measurement instruments,
transfer tube and sampling probe manufacturer (locally applicable safety regulations and insurance
requirements might exist).
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Where itis not possible to install a PEMS without exceeding the maximum dimensions for safe operation
of the non-road mobile machinery, and it is feasible to apply load to the engine whilst that machinery
is stationary, the use of 5.1.3 shall include testing whilst stationary using a representative test cycle
agreed by the parties concerned.

For engines of power <19 kW and SI engines with both power <30 kW and swept volume <1 000 cm3 the
engine may be removed from the non-road mobile machinery and the test conducted on a dynamometer

test

bench. In that case the following shall apply:

a) The engine inclusive of the entire emission control system shall be removed from the non-road

mobile machinery and installed on the dynamometer test bench without adjustment to t

he emission

CONTO SYSTENT;

b) Notwithstanding sub-clause a) the test shall be conducted in accordance with Claase’5;

c) [[he procedure for removing engine from non-road mobile machinery and installing i1 test cell to
Feplicate operation in the non-road mobile machinery shall be agreed by the partie§ concerned
prior to conducting the test;

d) WArepresentative test duty cycle shall be used as determined by the parties concerned injaccordance
with 5.1.3;

e) [(he test duty cycle of sub-clause d) shall span a range of speed and load that represents the
pperation of the selected machine when used in the field, Methods to establish that|range shall
nclude, but are not limited to, logging operational data for one or more comparable machines
bperated in the field.

B.4.2 Electrical power supply

The glectrical power supply of the PEMS shall bégrovided by an external power supply unit.

When the parties concerned agree that it isnot possible to use an external power supply unit, a source

drawing its energy (directly or indirectly) from the engine during the test may be used.

the
addi

beak power consumption of the-PEMS shall not exceed 1 % of the engine maximum
fional measures shall be taken.toprevent the excessive discharge of the battery when t

not funning or idling.

B.4.

As f
subj

a)
b)
‘)
d)
e)
B.4.
The

3 Measurement instruments other than the EFM

ir as possible, the.measurement instruments other than the EFM shall be installed i
pct to minimali

hmbient temperature changes;
hmbiefit-pressure changes;

bléctromagnetic radiation;

n this case,
power, and
he engine is

h a location

mechanical shock and vibration;

ambient hydrocarbons — if using a FID analyser that uses ambient air as FID burner air.

4 EFM

installation of the EFM shall:

a) notincrease the engine exhaust backpressure beyond the value recommended by the manufacturer;

b) be attached to the non-road mobile machinery's tailpipe. The EFM's sensors should be placed
between two pieces of straight tube whose length should be at least 2 times the EFM diameter

(upstream and downstream);
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c) be placed after the non-road mobile machinery silencer, and, if applicable, after an additional
damping chamber, to limit the effect of exhaust gas pulsations upon the measurement signals;

d) bein accordance with the instrument manufacturer’s specifications.

B.4.5 Transfer tube and sampling probe

The transfer tube shall be properly insulated at the connection points (sampling probe and back of the
measurement instruments).

If the length of the transfer tube is changed, the transport times shall be verified and, if necessary,

corrected.

The transfe
outin ISO 8

B.4.6 Dat
Where ECU

r tube and the sampling probe shall be installed in accordance with the requirement
178-1:2020, 5.2.2.

a logger

data is to be used, a data logger shall be connected with the engine EEU to record the en

5 set

gine

parameters listed in Table 1.1, and, where applicable, the engine parametersdisted in Table 1.2 wjth a
data sampling period of 1 s or less.

B.4.7 GP$ (where applicable)

The antennp should be mounted at the highest possible location, without risking interference with any
obstructions encountered during in-use operation.

B.5 Pre-jn-service test procedures

B.5.1 An:lbient temperature measurement

The ambient temperature shall at a minimufm be measured at the beginning of the test and [also
at the end ¢f the operating sequence. The ‘measurement shall be made within a reasonable distpnce
from the ndn-road mobile machinery. Assensor or ECU signal for intake air temperature (temperdture

experienced by the engine) may be used:

If an intake
temperatur
ambient an

B.5.2 Sta

The measul
flows have
instrument

e shall be the intake-dir temperature adjusted by the applicable nominal offset bety
| intake air temperdture as specified by the manufacturer.

rting and stabilising the measurement instruments

ementdinstruments shall be warmed up and stabilized until pressures, temperatures

air temperature sensor is used to estimate the ambient temperature, the recorded ambient

veen

and

reached their operating set points, according to the instructions issued by the measureinent

PEMS manufacturer.

B.5.3 Cleaning and heating the transfer line

To prevent system contamination, the transfer line shall be purged until sampling begins, according
to the instructions issued by the transfer line/PEMS manufacturer. The transfer line shall be heated
to 190 °C (+/- 10 °C) before starting the test to avoid the presence of cold spots that could lead to a
contamination of the sample by condensed hydrocarbons.

B.5.4 Checking and calibrating the gas analysers

The zero and span calibration and the linearity checks of the gas analysers shall be performed using the
analytical gases set out in A.2.3.
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5 Cleaning the EFM

The EFM shall be purged at the pressure transducer connections in accordance with the instructions
issued by the PEMS or EFM manufacturer. This procedure shall remove condensation and diesel
particulate matter from the pressure lines and the associated flow tube pressure measurement ports.

B.6

B.6.

Gasdous pollutant emissions data sampling, measurement ol the exhaust parameters and 1
the ¢ngine and ambient data shall start prior to starting the engine.

B.6.

Gasqous pollutant emissions data sampling, measurement of the exhaust parameters and f
the ¢ngine and ambient data shall continue throughout the normal in-use ofjeration of the e

The
mea
thro

B.6.

At the end of the operating sequence, sufficient time shall be given to the measurement i

and

dataflogging is stopped.

B.7

B.7.

Where practical and safe to perform, zero verification of the gas analysers shall be conduc
everly 2 hours during an operating sequence.

B.7.
The

zero|drift correction/during that operating sequence.

B.7.
The

seqyence in accordance with B.7.2.

In-service test data logging

1 Before the operating sequence

2 During the operating sequence

engine may be stopped and started, but the gaseous pollutant emissions dat3
surement of the exhaust parameters and recording of the engifte and ambient data sh
ughout the entire in-service test.

3 After the operating sequence

data logger to allow their response times to elapsé! The engine may be shut down bef]

Checking of gas analysers

1 Periodic zero verification-during the operating sequence

2 Periodic zero coprection during the operating sequence

results obtained-with the checks performed in accordance with B.7.1 may be used t

3 Driftverification after the operating sequence

drift Verification shall be performed only if no zero drift correction was made during th

ecording of

ecording of
ngine.

. sampling,
1l continue

nstruments
ore or after

ted at least

perform a

e operating

No later than 30 minutes after the operating sequence is completed, the gas analysers shall be zeroed

and

spanned in order to verify their drift compared to the pre-test results.

The zero, span and linearity checks of the gas analysers shall be performed as set out in B.5.4.

B.7.
A su

4 Summary of zero, span and drift checks

mmary is provided in Figure B.1.
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OPTION 1 OPTION 2
Zero & span Zero & span

EE(E):-CTEE[?L’ERE exhaust gas exhaust gas C];a;lze

analysers analysers ~

At least every At least every two
two h RESET i
IN-TEST WOZeI(.)cl)l I«:)Sf gas ana?;:;:;iig;:lft%azs ero Clause
PROCEDURE analysers (zero (rift verification) B.7.1&B.7.2
drift correction) but do not reset
Check zero & span of

POST-TEST exhaust gas analysers no Clauce

PROCEDURE later than 3_0 minutes after 573
completion of test &

record offset

Determine drift in gas analysers
and correct gas concentrations
if required Clause
(correction mandatory if D.2.1
difference is 2%or€ more of full-
scale on lowest range used)
DATA PRE-
PROCESSING *

Compare un-corrected and
drift-corrected brake-specific
results both calculated from the
integrated mass of glaseous
pollutant emission of the test
sequence divided by the total
work performed during the test
sequence. Test is void if
difference is more than +6%

Clause
D.2.2

Figure B.1 —Summary of zero, span and drift checks set out in Annexes B and D

B.8 Engine or machine malfunction

In the case that a malfunction occurs during an operating sequence that affects engine operation and
either:

a) the non-road mobile machinery operator is clearly notified of that malfunction by the on-board
diagnostics system via a malfunction visual warning, text message or other indicator; or,

b) the non-road mobile machinery is not fitted with a malfunction diagnostic or warning system, but
the malfunction is clearly detected by aural or visual means;

the operating sequence shall be considered void.

Any malfunction shall be corrected before any further operating sequence is conducted on the engine.
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Determination of reference work and CO, for engines for which

C1

and

The

Spar

test

This
whig
Cycl

test
out

C.2

(NR

The

9.1.7

The

acco
gase

C.3
Sta

C.3.

The

the applicable bench test cycle is solely NRSC

Reference laboratory bench test cycles for determination of refereng
co,

reference laboratory bench test cycle shall be the Non-Road Transient Cycle{NRTC) d
k Ignition Non-Road Transient Cycle (LSI-NRTC) where these are used, for the labor:
of the engine type or engine family.

q

annex defines how to determine the reference work and referefiee”mass of CO, for
h neither the Non-Road Transient Cycle (NRTC) nor the Large Spark Ignition Non-Roa
b (LSI-NRTC) are applicable for laboratory bench tests. In that cdse the reference labor
cycle shall be the discrete-mode or RMC NRSC applicable tgthe engine to be tested in-sq
in ISO 8178-4:2020, Annexes A and B.

Determination of W ¢and mcg, .. fronRMC Non-Road Steady-State
SC)

reference work W, s [KWh] is equal to the actual work W, [KWh] as given by ISO 8
1.

Feference mass of CO, mcg, ref [ghis'equal to the mass of CO, for the test cycle mcq, [g]

irding to 9.1.4.2.2, 9.1.4.2.3, H.5.1 or H.6.1 of ISO 8178-4:2020 according to whether r3
ous sampling is used and whether mass-based or molar-based calculation is applied.

Determination'of W, ¢and mcg, . from discrete-mode Non-Road Ste

te Cycle (NRSE)

I Reference work

reference work W, (kWh) shall be calculated using Formula (C.1).

e work

r the Large
itory bench

engines for
d Transient
htory bench
rvice as set

Cycle

178-4:2020,

, calculated

w or dilute

ady-

Niode

£
TCT

13600

Wr

o= >, (B Jwr)

i=1

where:

P.

1

is the engine power for mode i [kW] with P; = P, ; + Pyx (see ISO 8178-4:2020, 5.2
fwer; is the weighting factor for the mode i [-];

t

of isthereference time [s] (see Table C.1);

i is the mode number;

N

mode 1S the total number of modes in the test cycle.
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C.3.2 Reference mass of CO,

The reference mass of CO, mcq, rer [g] shall be determined from the mean CO, mass flow rate gpco, ,;

[g/h] for each mode i calculated in accordance with Clause 9 or Annex H of ISO 8178-4:2020 using
Formula (C.2).

N,
mode t

meo, ret = O, (dmcoy,i - fwr,i)
i=1

ref
: C.2
3600 (€.2)

where

dmco, i | is the mean CO, mass flow rate for mode i [g/h];

fwei is the weighting factor for the mode i [-];

Eref is the reference time [s] (see Table C.1);

i is the mode number;

Node | is the total number of modes in the test cycle.

C.3.3 Reflerence time

Reference fime t..; is the total duration of the equivalent Ramped Modal Cycle (RMC) set out in
ISO 8178-442020, Annex B. These values are set out in Table C.1.

Table C.1 — Reference time ¢, for each discrete-mode NRSC

NRSC t.sf
Is]
Cc1 1800
C2 1800
D2 1200
E2 1200
E3 1200
F 1200
GI 1800
G2 1800
H 1200

C.4 Detdrmination of W, . in the case that Non-Road Steady-State Cycle (NRSC)
bench test datais unavailable

In the case that test-bed measurements are not available, the reference work may be calculated from
Formula (C.1) using the applicable test cycle engine speed and torque set-points based upon the nominal
full-load torque curve representative of the engine type.
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Data pre-processing for gaseous pollutant emissions calculations

D.1 Exclusion of data

D.1J1 Temporary signal loss
Any lepisodes of temporary signal loss shall be identified.

A maximum of 2 % of data with no consecutive period of more than 30 s duration may be excluded
fron} each operating sequence due to one or several episodes of unintended témporary signgl loss in the
original data recording, in accordance with 5.2.3.

In cfse the test sequence contains episodes of signal loss either greater than 2 % of data or for a
congecutive period greater than 30 s, that entire sequence shall’lbeconsidered void and a further test
shal| be run.

D.1.2 Periodic checks of measurement instruments

Any data points corresponding with checking of gas afialysers according to Clause B.7 shall he identified
and pxcluded from further processing of an operating sequence except as required to perform the drift
correction in Clause D.2.

D.1.3 Ambient conditions

Any|data points in an operating sequence corresponding with ambient conditions that do ot conform
with the requirements in 5.1.4 shall be identified. If the proportion of data points not confqrming with
that|clause exceeds 1 % that entire sequence shall be considered void and a further test shall be run.

In tHe case that ambient conditions are only measured at the start and the end of the test, the entire test
sequyence shall be considéred void if either measurement does not conform with the requirements set
outin 5.1.4.

D.14 Cold start'data

D.1.4.1 General

Cold|start gaseous pollutant emissions measured data shall be excluded prior to the gaseous pollutant

emissiehs-calelations-

D.1.4.2 Liquid cooled engines

Valid measured data for gaseous pollutant emissions calculations shall start after the engine coolant
temperature has reached 70 °C for the first time or after the engine coolant temperature is stabilized
within +/- 2 °C over a period of 5 minutes, whichever comes first; in any case it shall start no later than
20 minutes after starting the engine.

D.1.4.3 Air cooled engines

Valid measured data for gaseous pollutant emissions calculations shall start after the temperature
measured at the reference point identified by the manufacturer is stabilized within +/- 5 % over a
period of 5 minutes; in any case it shall start no later than 20 minutes after starting the engine.
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D.2

Drift correction

D.2.1 Maximum drift allowed

Drifts of the zero response and the span response shall be less than 2% of full scale on the lowest range

used:

a)

concentrations may be used uncorrected or may be corrected for drift according to D2.2;

b)

if the difference between the pre-test and post-test results is less than 2%, the measured

if the difference between the pre-test and post-test results is equal to or greater than 2%, the

measuj
test shd

D.2.2 Drlt correction

The drift c
in ISO 8178

The differe
values shall
drift is grea

Each brake
gaseous po
sequence. T
Annex E or

If drift cory
when repor

D.3 Timg

D.3.1 General

To minimiz
mass of the

shall be time aligned, in accordance with the requirements set out in D.3.1 to D.3.4. A summa

provided in|

D.3.2 Gas

The data fr
in ISO 8178

ed concentrations shall be drift corrected according to DZ.Z. If no correction 1s made
11 be considered void.

rected concentration value shall be calculated in accordance with the requirements se
£4:2020, 9.1.4 or H.5.

hce between the uncorrected and the corrected brake-specific gaseous pollutant emig
be within +6% of the uncorrected brake-specific gaseous pollutant emission values. I
ter than 6%, the test shall be considered void.

specific gaseous pollutant emission value shall be calcdlated from the integrated ma
lutant emission of the test sequence divided by the tetal work performed during the|
his calculation shall be performed prior to determindtion of working events accordir
ralculation of gaseous pollutant emissions accordilig to Annex G.

ection is applied, only the drift-corrected gaseous pollutant emission results shall be
ting gaseous pollutant emissions.

2 alignment

e the biasing effect of the\time lag between the different signals on the calculations o
gaseous pollutant emissions, the data relevant for gaseous pollutant emissions calculat

Figure D.1.
analysers data

bm the-gas analysers shall be properly aligned in accordance with the requirements se
1:2020; 9.1.5.3.

the

t out

sion
f the

5s of
test
1g to

1sed

f the
ions
ry is

L out

D.3.3 Gas

—amalysers anmd EFMdata

The data from the gas analysers shall be properly aligned with the data of the EFM using the procedure
setoutin D.3.5.

D.3.4 PEMS and engine data

The data from the PEMS (gas analysers and EFM) shall be properly aligned with the data from the

engine ECU

30

using the procedure in D.3.5.
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D.3.5 Procedure for improved time alignment of the PEMS data

D.3.5.1 General

The

The

highlest correlation coefficient between two series of test parameters. All the test(para

cate

used to calculate the correlation coefficients:

D.3

In the case of engines not designed to have a communication interface to permit the colle

ECU

In the case of engines for which direct measurément of exhaust mass flow was omitted 3

foot

a

.p.2 Special cases

test parameters listed in Table B.1 are split into three different categories:
Category 1: Gas analysers (HC, CO, CO,, NO, concentrations);
Category 2: EFM (Exhaust mass flow and exhaust temperature);

Category 3: Engine (Torque, speed, temperatures, fuel rate from ECU).

time alignment of each category with the other two categories shall be verified-by

bory shall be shifted to maximize the correlation factor. The following test paramet
Categories 1 and 2 (Gas analysers and EFM data) with Category 3 (Engine data): the ey
Flow from the EFM with torque from the ECU;

Category 1 with Category 2: the CO, concentration and the exhaustmass flow;

Category 1 with Category 3: the CO, concentration and the efigine fuel flow.

data as specified in Annex I the correlation at list.items a) and c) of D.3.5.1 shall be omi

note c to Table B.1 the correlation at list item a) of D.3.5.1 shall be omitted.

Time alignment (c)

Category 1 with Category 3
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engine fuel flow?

I
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I
I
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meters in a
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tted.
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Time alignment.(b)
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Category 1 with' Category 2
using Engine EC|
CO,eoncentration and Signals
exhaust mass flow?

—

Y
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(including exhaust using

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
|
|
I temperature) exhaust mass flow and engine torque®

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
EFM Signals H/ (Category 1 + Category 2) with Category 3
|
|
|

Conduct time-alignment by finding highest correlation coefficient between the two series of test
parameters.

b Time-shift all signals within a category by same amount.

Figure D.1 — Summary of post-test signal time-alignment requirements according to Clause D.3
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D.4 Data consistency check

D.4.1 General

The parties concerned may consider the test void if they are not satisfied with the results of the data
consistency check.

D.4.2 Gas analysers and EFM data

For engines designed to have a communication interface capable to provide fuel flow according

to Table 1.2 and where an EFM was installed for the test, the consistency of the data (exhaust mass
flow measured by the EFM and gas concentrations) shall be verified using a correlation between the
measured gngine fuel flow from the ECU and the engine fuel flow calculated in accordance-with the
procedure et out in ISO 8178-1:2020, D.3.2.
A linear regression shall be performed for the measured and calculated fuel rate valug$The method of
least squarg¢s shall be used, with the best fit equation having the form given in Formula (D.1):

y=mx+tb D.1)
where

y i the calculated fuel flow [g/s];

m i the slope of the regression line;

X i the measured fuel flow [g/s];

b i the y intercept of the regression line.
The slope (jn) and the coefficient of determinatiofi(r2) shall be calculated for each regression ling. To
the extent possible this analysis shall be perforined in the range from 15 % of the maximum valye to
the maximym value and at a frequency greateror equal to 1 Hz. The test shall be considered valid iff the
tolerances det out in Table D.1 are met.

Table D.1 — Tolerances

Slope of theregression line, m 09to1,1
Coefficient df determination, 2 min. 0,90
When the result of the Carrelation is outside of the range of tolerance given in Table D.1 the test mdy be
considered [valid by agreement of the parties concerned.
NOTE The coripelation can be adversely affected by exhaust flow leakage between the engine and the EFM,
or by deficigneies in time-alignment between the signals. Consequently, this correlation is used as a qyality
control check af the test pr—\rfnrmpd It can also he affected by the precision of the measured engine fuellflow

signal available from the ECU.

D.4.3 ECU torque data

Where ECU torque data is to be used in the calculations the consistency of the ECU torque data shall be
verified by comparing the maximum ECU torque values at different (if appropriate) engine speeds with
the corresponding values on the official engine full load torque curve and in accordance with Annex H.

32
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D.4.4 Brake-Specific Fuel Consumption (BSFC)
Where ECU data is available, the BSFC shall be checked using:

a) the fuel consumption calculated from the gaseous pollutant emissions data (gas analysers
concentrations and exhaust mass flow data), in accordance with the procedure set out in
ISO 8178-1:2020, D.3.2;

b) the work calculated using the data from the ECU (Engine torque and engine speed).

D.4.5 Ambient pressure

The pmbient pressure value shall be checked against the altitude indicated by the GPS data,|if available.

D.5| Dry-wet correction
If thg concentration is measured on a dry basis, it shall be converted to a wet\basis in accofdance with
the procedure set out in 9.1.5 or H.5.2 of ISO 8178-4:2020.

D.6| NO, correction for humidity and temperature

The|NO, concentrations measured by the gas analysers shall not be corrected for gmbient air
temperature and humidity.
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Annex E
(normative)

Algorithm for the determination of working events during in-
service testing

E.1 Geng¢ral provisions
The methodology set out in this annex is based on the concept of working and non-working-events,

Any event gonsidered as a non-working event in accordance with this annex shall nox\be considerg¢d as
valid for th¢ calculations of the work or CO, mass and the gaseous pollutant emissions and conformity
factors of the averaging windows set out in Annex G. Only working events shall be used for the purpose
of calculatigns.

Non-workirng events shall be categorized as short non-working events (£D2) and long non-working
events (>D7) (see the Table E.1 for the value of D2).

E.2 Progedure to determine non-working events

E.2.1 Nom-working events

E.2.1.1 General
Non-working events are those where either:

a) for engjnes not designed to have a confmunication interface capable to provide torque and speed
data acfording to Table 1.1, the instantaneous proxy power determined according to the procefure
set-outfin Annex F; or

b) in all other cases, the instantaneous engine power

is below 10 % of the engine rated power for engine types, or where applicable engine families, for which
the referenge bench test cycledis D1, D2, E2 or E4, or below 10 % of maximum power in all other cages.

E.2.1.2 Proxy power

For engined tested-under Clause 5 that are not designed to have a communication interface capable to
provide torqué and speed data according to Table 1.1 the instantaneous proxy power shall be calculated
using the pi i i i i i i

E.2.2 Additional steps
The following additional steps shall be conducted:

a) Non-working events shorter than DO shall be considered as working events and merged with the
surrounding working events (see the Table E.1 for the values of DO0).

b) The take-off phase following long non-working events (>D2) for engines equipped with an after-
treatment device used for NO, reduction and exhaust gas temperature measurement according
to footnote d to Table B.1 shall also be considered as a non-working event until the exhaust gas
temperature reaches 250 °C. If the exhaust gas temperature does not reach 250 °C within D3
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minutes, all events after D3 shall be considered as working events (see the Table E.1 for
D3).

the value of

c) For all non-working events, the first D1 minutes of the event shall be considered as working event

(see the Table E.1 for the values of D1).

E.3 ‘Machine work’ marking algorithm to implement requirements of Clause E.2

E.3.1 Step 1: Detect and split into working events and non-working events

a) [demtifyand mmark the working events and mon-worKing events imaccordarnce witir€iau
b) [alculate the duration of non-working events;
c) Mark the non-working events shorter than DO as working events;

d) [alculate the duration of the working events.

E.3.p Step 2: Merge short working events (<D0) into non-working events

Merge working events shorter than DO with the surrounding nonsworking events of dur:
than} D1 and re-mark as part of those non-working events.

E.3.B Step 3: Exclude working events after long non-working events (take off p
Whdre applicable, re-mark as non-working events these events after long (>D2) non-wor]

unti| the exhaust gas temperature reaches 250 °C oruntil D3 minutes have elapsed, whatey
first

E.3.f Step 4: Include non-working events after working events

Inclyde D1 minutes of non-working event,following any working event as part of that worki

Table E.1 — Values for the parameters DO, D1, D2 and D3

ition longer

hase)

king events
rer happens

ng event.

Parameters Value
DO 2 minutes
D1 2 minutes
D2 10 minutes
D3 4 minutes

E.4| Examples

Figulces’lE 1 to E 4 provide an example of data processed according tothisannex |
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Figure E.1 — Exclusions of non-working data at the end of Step 1
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Figure E.2 — Exclusions of non-working data at the end of Step 2
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Key

38
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Figure E.3 — Exclusions of non-working data at the end of Step 3
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Figure E.4 — End of Step 4 - Final
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Annex F
(normative)

Determination of the instantaneous proxy power from CO, mass

flow rate

F.1 Geng¢ral provisions

This annex|defines how to determine the instantaneous proxy power for engines designediwithqut a

communic
The deter

a) Therat

use ope
b)
c)

Due to the
determinat

There i

An ope

F.2 Calc

For the sole

can be computed from the measured CO, mass flow at a time increment equal to the data samj
this calculation a simplified engine=family-specific CO, (“veline”) constant shall be usedl.

period. For

The veline ¢
the parent
as applicab
reference C

The veline @
work using

K

veline T

ion interface capable to provide torque and speed data according to Table L1,
ination is based on the assumptions that for all engine types within an engine family:

io of work to CO, mass on a reference test cycle and the ratio of work to CO, mass duril
ration are similar;

5 a linear relationship between power and CO, mass flow rate;
rating engine that produces no net power emits no CO,,

assumptions on which the calculation is based, proxy power shall be used solely fof
on of working events during in-service testing as-déscribed in Annex E.

1lation of the instantaneous proxypower

purpose of the calculations in Annex E; an instantaneous power for the engine under

onstant shall be calculatedsrom the reference work and reference CO, mass obtained
engine bench-test for the. non-road transient test cycle (hot-start NRTC run or LSI-N
e), or, where a non-road-transient test cycle does not apply, from the reference work
D, mass determined according to Annex C.

onstant, Kqjin¢

Formula (F.1)

| Mco,, ref
WI‘

iS-¢omputed from the reference mass of CO, emitted divided by the refer

ef

g in

the

test
pling

‘rom
RTC
and

ence

(F.1)

where:

K

veline

Mco, ref

w,

ref

40

is the veline constant [g/kWh];
is the reference mass of CO, emitted by the parent engine in the applicable cycle [g];

is the reference work performed by the parent engine in the applicable cycle [kWh].

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=f2fd3fac8adc81e7116eaab555d074ae

IS0 8178-2:2021(E)

The instantaneous proxy power of the engine under test is calculated from the instantaneous CO, mass

flow rate using Formula (F.2)

Mo, i
Piroxy,i =3600-
veline
where:
Poroxyi 1S the instantaneous proxy power [kKW];
mco, ;s the instantaneous mass flow rate of CO, emitted by the engine under test [
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G.1 Calc

The instant
instantaned
accordance

G.2 Dete
conformi

G.2.1 Ave

G.2.1.1  Gd

This metho

The averaging window is the sub-set of the complete calculated data set during the in-service test w|

work or CO
cycle.

The mass o
moving ave
reference C

The calcula
a) Anyda
work o
windov
b) The md
the dat
amount

The m4
shall bq

Annex G
(normative)

Gaseous pollutant emissions calculations

ulation of the instantaneous gaseous pollutant emissions

aneous mass of the gaseous pollutant emissions shall be calculated on the basis,o
us concentration of the gaseous pollutant emissions measured during the test an
with the procedure set out in ISO 8178-4:2020, Clause 9 or Annex H.

rmination of averaging windows' gaseous pollutant emissions and
ty factors

raging window method
bneral
d is illustrated in Figure G.1.

mass is equal to the engine work or CO, mas§measured over the reference laboratory

f the gaseous pollutant emissions and the conformity factors shall be calculated using
raging window method, based on(the reference work (procedure set out G.2.2) and
D2 mass (procedure set out in G2.3) measured over the reference laboratory test cycle

3
D

Fions shall be conducted in accordance with the following general requirements:

a excluded, in accordance with Annex E, shall not be considered for the calculations o

s;

ving averaging window calculations shall be conducted with a time increment At equ
h sampling-period; the start of the moving average window shall be incremented by
at eachdteration;

ss af the gaseous pollutant emissions for each averaging window (mg/averaging win
6btained by integrating the mass of the instantaneous gaseous pollutant emissions i

averaging window;

d)

" the
d in

hose

test

the
the

f the
r CO, mass and the @aseous pollutant emissions and conformity factors of the averaging

al to
that

ow)
the

In the case of engines with an ECU that were not designed with a communication interface intended

to permit the collection of the engine torque and speed data as specified in Table 1.1, the calculations
shall only be conducted, and results reported, for the CO, mass based method.

G.2.1.2 Reference values

The reference work and reference CO, mass shall be obtained from the parent engine bench-test for
the non-road transient test cycle (hot-start NRTC run or LSI-NRTC as applicable), or, where a non-
road transient test cycle does not apply, from the reference work and reference CO, mass determined
according to Annex C.
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Y1 Y2
\\/\
1
T /’, /
Key
X  [time
Y1 |engine power [%]
Y2 Javeraging window emissions
1 |emissions of the first window
Figure G.1 — Engine power versus time and averaging window gaseous pollutant emissions,

starting from the first averaging window, versus time
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G.2.2 Work based method

Y
m(ty, ;)
/]
S
" Wity ) - W(tr,) > Wi
W(ty, ;- At) - W(ty, ) < Wit

W(t, 1) W(t,:-At) W(t, ) X
Key
X work [kWh]
Y emissiops [g]
Figure G.2 -~ Work based method

This methofl is illustrated in Figure.G.2\
The duratign (¢, - t; ;) of the ih @Qveraging window is determined by Formula (G.1):

W (tp, J=W (t1,)=Weer (G.1)
where

W(tj,i ) is¢he engine work measured between the start and time t; ;, kWh;

Wiet [SThe engine reference work determined according to G.2.1.2, KW

t i shall be selected such that, in accordance with Formula (G.2):

W (tg; —At)=W (ty; ) <Wieg SW(tz,;)-W(ty,;) (G.2)

where At is the data sampling period, equal to 1 s or less.
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G.2.2.1 Calculations of the brake specific gaseous pollutant emissions

The brake specific gaseous pollutant emissions €gas (g/kWh) shall be calculated for each averaging
window and each gaseous pollutant using Formula (G.3):

m

€gns = (G.3)
Wty )-W ()
where
m is the mass emission of the gaseous pollutant, g/averaging window;
W(ty;)-W(t;;) isthe engine work during the ith averaging window, kWh.
G.2.2.2 Selection of valid averaging windows
The [valid averaging windows are the averaging windows whose average power exceedg the power
threghold of 20 % of the engine rated power for engine types, or where applicable engine families, for
whigh the reference bench test cycle is D1, D2, E2 or E4, or exceeds the-power threshold of 20 % of
maxjmum power in all other cases maximum engine power for the engirie type subject to I$M test. The

pera

If th
pow]
of v

entage of valid averaging windows shall be equal or greater than'50 %.

b percentage of valid windows is less than 50 %, the datasevaluation shall be repeated
er thresholds. The power threshold shall be reduced frent20 % in steps of 1 % until the
lid windows is equal to or greater than 50 %.

In any case, the lower power threshold shall not be lower than 15 %.

The
pow|

G.2.

In th
valu
each

whe

test shall be considered void if the percentage of valid averaging windows is less tha
er threshold of 15 %.

p.3 Calculations of the conformity factors

e case that the in-service test results are to be compared with an engine exhaust enj
e, the conformity factors fgr\shall be calculated for each individual valid averaging v

individual gaseous pollutant using Formula (G.4):
e
for =7
e
P is'the brake-specific emission of the gaseous pollutant, g/kWh;

[, is the applicable limit, g/kWh.

using lower
percentage

n 50 % at a

ission limit
vindow and

(G.4)
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G.2.3 CO, mass based method

G.2.3.1 General

Y
m(t;, ;)
g
m(ty ;)
M coa(ty, i) - Meoa(ty, ) 2 Mgy
M coa(ty, ;- AL) - Mea(ty, ) < Moo

m ooty ;) Mgty - AL)  Mepa(ty, ) X

Key
X  CO, emissions [kg]
Y emissiops [g]

Figure'G.3 — CO, mass based method

This methof is illustrated in Figure G.3.
The duratign (¢, , - t; ;) of¢he1t™h averaging window is determined by Formula (G.5):

L

Mco,, (th,i )_mCOZ (tl,i)zmcoz,ref o

where

mco, (tz‘,-) is the CO, mass measured between the test start and time ti»8

MCOy ref is the reference CO, mass determined according to G.2.1.2, g;

t shall be selected such that, in accordance with Formula (G.6):
meo, (t2,; —At)=meo, (’51,1')<mc02,ref <meo, (t2,1)—Mco, (t1,1) (G.6)

where At is the data sampling period, equal to 1 s or less.

The CO, masses are calculated in the averaging windows by integrating the instantaneous gaseous
pollutant emissions calculated according to the requirements introduced in Clause G.1.
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G.2.3.2 Selection of valid averaging windows

The valid averaging windows shall be those whose duration does not exceed the maximum duration

calculated from Formula (G.7):

w
D. . =3600x—7ref
max 0,2xP

max

where

The

D.... is the maximum averaging window duration, s;

(G.7)

P .« 1s the maximum engine power for the engine type subject to in-service test, KW,

V.. is the engine reference work determined according to G.2.1.2, kWh.

percentage of valid averaging windows shall be equal or greater than 50 %,

If the percentage of valid averaging windows is less than 50 %, the data~evaluation shall
using longer window durations. This is achieved by decreasing the value“of 0,2 in the den
Forrhula (G.7) by steps of 0,01 until the percentage of valid windowstis‘equal to or greater tl

Ina

The
den

1y case, the lowest value used in the denominator of Formulaq{G.7) shall not be less than

test shall be void if the percentage of valid windows.is‘less than 50 % at a value of]

gminator of Formula (G.7)

G.2.3.3 Calculations of the conformity factors

In the case that the in-service test results are\t&’be compared with an engine exhaust emn
valug, the conformity factors shall be caleulated for each individual averaging windoy
indiyidual pollutant in accordance with Fermula (G8):

be repeated
bminator of
han 50 %.

0,15.
0,15 in the

ission limit
w and each

fern
fcr = (G.8)
fere
With, in accordance with Formula (G.9):
. . . m;
in service ratio fop = (G.9)
Meo, (t2,i)=Mco, (1)
and,|in accordancé with Formula (G.10):
e S . my
¢ertification ratio frpc = (G.10)
C02,ref
wher®e
m; is the mass emission of the gaseous pollutant in the ith averaging window, g;

Mo, (t2,1)—Mco, (t1,;) is the CO, mass in the ith averaging window, g;

MCOy rof is the reference engine CO, mass determined according to G.2.1.2, g;
my is the mass emission of gaseous pollutant corresponding to the applicable

limit on the reference test cycle, g.

m; is determined in accordance with Formula (G.11) as follows:

my, =l"VVref
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where

G.3 Rounding of gaseous pollutant emissions calculations

L  isthe applicable limit, g/kWh

W,.is the engine reference work determined according to G.2.1.2, kWh.

In accordance with ASTM E 29-06Db, the final test results shall be rounded in one step to the number
of places to the right of the decimal point indicated by the applicable emission standard plus one
ignificant figure. No rounding ot intermediate values leading to the tinal brake-spgcific

additional

gaseous pollutant emission result shall be allowed.

G.4 Gase
The followi
a) theinst

test;
b) theave
c) theinst
d) the intg

to Clauj
e) the dis

G.2.2.3
48

ous pollutant emission results

ng results shall be reported:

Fage of the concentration of the gaseous pollutant emissions{for the whole in-service tegt;

antaneous concentration of the gaseous pollutant emissions measured'during the in-segvice

antaneous mass of the gaseous pollutant emissions calctdated in accordance to Clause [G.1;

grated mass of the gaseous pollutant emissions for tire whole in-service test, calculated as

the addjition of the mass of the instantaneous gaseous peluitant emissions calculated in accordpnce

be G.1;

fribution of the conformity factors for the“valid windows, calculated in accordance with
and G.2.3.3 (minimum, maximum and 90th cumulative percentile).
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Annex H
(normative)

Conformity of the ECU torque signal

H.1 Maximum torque method

H.1{1 General

The jmaximum torque method consists of confirming that a point on the referende ' maximum torque
curve as a function of the engine speed has been reached during the in-servicetest.

If a goint on the reference maximum torque curve as a function of the enginespeed has not been reached
duripg the in-service test, the load activity of the non-road mobile machinery and/or the minimum test
durdtion set out in Clause B.2 may be modified as necessary in order to perform that derponstration
after the in-service test.

H.1)2 Special considerations

The maximum torque method shall not be applied in the.Case that, in the opinion of the manufacturer
and |prior agreement of the parties concerned, it is not possible to reach a point on th¢ maximum
torqpe curve under normal operation without overloading the engine installed in the non-road mobile
machinery, or to do so would not be safe.

In this case, the manufacturer shall propose an alternative method for checking the |signal. The
altefnative method shall be employed only:if the parties concerned consider it feasible angl applicable
without overloading the engine or any safety risk.

H.1{3 Alternative methods

The manufacturer may propose a more accurate and complete method for checking the cgnformity of
the ECU torque signal during’the in-service test. In that case, if agreed by the parties corlcerned, the
altefnative method may-be/used.

H.2| Impossibility to check the conformity of the ECU torque signal

Whdn it is not possible to check the ECU torque signal during the in-service test, the evid¢nce arising
fron} verification of the ECU signal on a dynamometer test bench may be used with the agreement of
the parties concerned.

In that case, when conducting the mapping procedure according to 15O 8178-4:2020, 74.1 or 7.4.2,
readings of the torque measured by the dynamometer and torque broadcast by the ECU shall be taken
simultaneously at a minimum of three points on the torque curve. At least one of the readings shall be
taken at a point on the curve where the torque is no less than 98 % of the maximum value.

In the case of engines not subject to the mapping procedure of ISO 8178-4:2020, 7.4.1 or 7.4.2, alternative
evidence may be used with the agreement of the parties concerned.

The torque broadcast by the ECU shall be accepted without correction if, at each point where
measurements were taken, the factor calculated from dividing the torque value from the dynamometer
by the torque value from the ECU is not less than 0,93 (i.e. a maximum difference of 7 %). Where the
factor at one or more test points is less than 0,93 the average correction factor shall be determined
from all the points where readings were taken and shall be applied to the torque broadcast by the ECU
when conducting in-service tests.
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ISO 8178-2:2021(E)
Annex I
(normative)

ECU data stream information requirements

I.1 Datato be provided

The ECU shall provide at a minimum the measurement data listed in Table 1.1.

Table 1.1 — Measurement data

Parameter Unit 2
Engine torqpe b Nm
Engine speed r/ulin
Engine coolant temperature °C

a2 Where the available data stream uses different units to those required by_the table, that data stream shafl be
transformed nto the required units during the data pre-processing set out in AnnexD.

b The provlided value shall be either (a) the net brake engine torque; or (b) the net brake engine torque calculated from
other appropfiate torque values as defined in the corresponding protocol standard set out in point 2.1.1. The basis fof the
net torque shpll be uncorrected net torque delivered by the engine inclusive of the equipment and auxiliaries to be inclpded
for an emissigns test in accordance with of ISO 8178-4:2020, Annex G.

Where eithpr ambient pressure or ambient temperature*are not measured by external sensors, fthey
shall be provided by the ECU according to Table 1.2.

Table 1.2 — Additional measurement data

Parameter Unit?2
Ambient tempperature b °C
Ambient prgdssure kPa
Engine fuel flow g/s

a2 Where the available data stredam uses different units to those required by the table, that data stream shafl be
transformed |nto the required units during the data pre-processing set out in Annex D.

b Use of an|intake air tempgrature sensor shall comply with the requirements set out in the second paragraph of B.9.1.

Where exhgust mass.flow is not measured directly, the engine fuel flow shall be provided accordipg to
Table B.1.

1.2 Communication requirements

I.2.1 Access to data stream information

Access to data stream information shall be provided in accordance with at least one of the following list
items [a), b) or c)]:

a) SO 27145-4 with ISO 15765-4 (CAN-based);
b) SO 27145-4 with ISO 13400 (TCP/IP-based);
) SAEJ1939-73.
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