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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

In comparison with engines for on-road applications, engines for non-road use are made in a much
wider range of power output and configuration and are used in a great number of different applications.

The objective of this document is to rationalize the test procedures for non-road engines in order
to simplify and make more cost effective the drafting of legislation, the development of engine
specifications and the certification of engines to control gaseous and particulate emissions.

This document embraces three concepts in order to achieve the objectives.

The [first principle is to group applications with similar engine operating characteristi¢s|in order to
redyce the number of test cycles to a minimum, but ensure that the test cycles are reprefentative of
actupl engine operation.

The [second principle is to express the emissions results on the basis of brakeypower ag defined in
ISO $178-1. This ensures that alternative engine applications do not result in/a multiplicity ¢f tests.

The |third principle is the incorporation of an engine family concept_in which engines with similar
emigsion characteristics and of similar design may be represented\by the highest emitting engine
within the group.

© 1S0 2017 - All rights reserved vii


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed



https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

INT

ERNATIONAL STANDARD ISO 8178-

4:2017(E)

Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 4:
Steady-state and transient test cycles for different engine

ap

1

This|
part
dyn{
The

repr

This
engi
for €
cove
pow

2

The
cons
und{

ISO
bed

ISO
Test

For 1

ISO

3.1

pricacions

Scope

document specifies the test cycles, the test procedures and the evaluation of g

iculate exhaust emissions from reciprocating internal combustion (RIC) engines c
imometer. With certain restrictions, this document can also be uSed for measurem
tests are carried out under steady-state and transient operation using test cycles
esentative of given applications.

document is applicable to RIC engines for mobile, transportable and stationary us
hes for on-road transport of passengers and goods. It maybe applied to engines for non-r
arth-moving machines, generating sets and for other-applications. For engines used i
red by additional requirements (e.g. occupational health and safety regulations, reg
er plants) additional test conditions and special evaluation methods may apply.

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

B178-1, Reciprocating internal combustion engines — Exhaust emission measurement —
measurement of gaseousgand particulate exhaust emissions

B8178-5, Reciprocating’/internal combustion engines — Exhaust emission measuremen
fuels
Terms and definitions

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

ndIEC maintain terminological databases for use in standardization at the following a

aseous and
bupled to a
ents at site.
which are

e, excluding
oad use, e.g.
machinery
ulations for

following documents are referred to_in the 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.

Part 1: Test-

t — Part 5:

ddresses:

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

adjustment factors
additive (upward adjustment factor and downward adjustment factor) or multiplicative factors to be
used for engines equipped with emission controls, that are regenerated on an infrequent (periodic) basis

3.2

applicable emission limit
emission limit to which an engine is subject

© IS0 2017 - All rights reserved
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3.3
aqueous condensation
precipitation of water-containing constituents from a gas phase to a liquid phase

Note 1 to entry: Aqueous condensation is a function of humidity, pressure, temperature, and concentrations of
other constituents such as sulphuric acid. These parameters vary as a function of engine intake-air humidity,
dilution-air humidity, engine air-to-fuel ratio, and fuel composition - including the amount of hydrogen and
sulphur in the fuel

3.4
atmospheric pressure

wet, absoluteatmesphericstaticpressure

Note 1 to enfry: If the atmospheric pressure is measured in a duct, negligible pressure losses shall be enqured
between the[atmosphere and the measurement location, and changes in the duct’s static pressure resulting from
the flow shall be accounted for

3.5

calibration
process of |setting a measurement system’s response so that its output agrees with a range of
reference signals

Note 1 to enffry: Contrast with verification (3.80)

3.6
calibratior] gas
purified gag mixture used to calibrate gas analysers meeting théspecifications of ISO 8178-1, 9.2

Note 1 to enfry: Calibration gases and span gases are qualitatively‘the same, but differ in terms of their prijnary
function. Vafious performance verification checks for gas amfalysers and sample handling components rhight
refer to eithdr calibration gases or span gases

3.7
certificatign
relating to fhe process of obtaining a certificate of conformity

3.8
compression ignition engine
Cl engine
engine thatfworks on the compréssion-ignition principle

39
constant-speed engine
engine whope type approval or certification is limited to constant-speed operation

Note 1 to enflry: Engines whose constant-speed governor function is removed or disabled are no longer congtant-
speed engings

3.10
constant-speed operation

engine operation with a governor that automatically controls the operator demand to maintain engine
speed, even under changing load

Note 1 to entry: Governors do not always maintain speed exactly constant. Typically, speed can decrease (0,1 to
10) % below the speed at zero load, such that the minimum speed occurs near the engine’s point of maximum power

3.11

continuous regeneration

regeneration process of an exhaust after-treatment system that occurs either in a sustained manner or
at least once over the applicable transient test cycle or ramped-modal cycle; in contrast to infrequent
(periodic) regeneration

2 © IS0 2017 - All rights reserved
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3.12

conversion efficiency of non-methane cutter (NMC)

E

efficiency of the conversion of an NMC that is used for the removal of the non-methane hydrocarbons
from the sample gas by oxidizing all hydrocarbons except methane

Note 1 to entry: Ideally, the conversion for methane is 0 % (Ecy4 = 0) and for the other hydrocarbons represented
by ethane 100 % (Ec2ne = 100 %). For the accurate measurement of NMHC, the two efficiencies shall be
determined and used for the calculation of the NMHC emission mass flow rate for methane and ethane. Contrast
with penetration fraction (3.54)

3.13

diffdrence in time between the change of the component to be measured at the refexence point and

Note|1 to entry: For the gaseous components, this is the transport time of the measured compongnt from the

3.14

deNpDy system

exhdust after-treatment system designed to reduce emissions ofloxides of nitrogen (NOy)

EXAMPLE passive and active lean NOy catalysts, NOx adsorbers'and selective catalytic reduction (fCR) systems
3.15

dew|point

meapure of humidity stated as the equilibrium temperature at which water condenses urlder a given

Note|1 to entry: Dew point is specified as a tempgerature in °C or K, and is valid only for the pressurefat which it is

diffdrence between a.zero or calibration signal and the respective value reported by a mpasurement
instfument immediately after it was used in an emission test, as long as the instrument was zeroed and

engipe.System that is de51gned to simultaneously operate with liquid fuel and a gaseous fuell, both fuels

vary dependmg onthe operation

3.19

emission-control system

device, system, or element of design that controls or reduces the emissions of regulated pollutants from
an engine

3.20

engine family

manufacturers grouping of engines which, through their design as defined in ISO 8178-7, have similar
exhaust emission characteristics

Note 1 to entry: All members of the family shall comply with the applicable emission limit values.

© IS0 2017 - All rights reserved 3
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3.21

engine governed speed
engine operating speed when it is controlled by the installed governor

3.22

engine type

category of

3.23

engines which do not differ in essential engine characteristics

exhaust after-treatment system
catalyst, particulate filter, deNOy system, combined deNOy particulate filter or any other emission-

reducing d

Note 1 to ent
an integral p|

3.24

exhaust-ga
technology
combustion

Note 1 to ey
chamber(s)
recirculatior

3.25

fce thatis instalied downstream of the engine

I'y: This definition excludes exhaust gas recirculation (EGR) and turbochargers, which are Consid
art of the engine.

s recirculation
that reduces emissions by routing exhaust gases that had been. €xhausted from
chamber(s) back into the engine to be mixed with incoming air before-or during combuj

try: The use of valve timing to increase the amount of residual exhaust gas in the combu
fhat is mixed with incoming air before or during combustioiy is not considered exhaus
for the purposes of this standard

full flow d
process of
exhaust str

3.26
gas energy
GER
the energy
fuels (liquig

3.27
gaseous fu
fuel which i

1}ution method
ixing the total exhaust flow with dilution air prior to separating a fraction of the diluted

pam for analysis

ratio

content (for a dual-fuel engine) ofithe gaseous fuel divided by the energy content of
and gaseous), the energy content’of the fuels being defined as the lower heating value

pl
5 wholly gaseous at standard ambient conditions

Note 1 to enffry: Ambient temperature 298 K (25 °C), absolute ambient pressure 101,3 kPa.

3.28

llutants

gaseous pd
carbon mo

oxide,.hyydrocarbons and/or non-methane hydrocarbons (assuming a ratio of CHy g

diesel), methane‘and oxides of nitrogen (expressed as nitrogen dioxide (NO3) equivalent)

3.29

ered

the
tion

Stion
t-gas

both

- for

good engineering judgement
judgement made consistent with generally accepted scientific and engineering principles and available
relevant information

3.30
governor

device or control strategy that automatically controls engine speed or load that is not an over-

speed limit

er

© ISO 2017 - All rights reserved
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3.31

hydrocarbon

HC

THC, NMHC as applicable

Note 1 to entry: Hydrocarbon generally means the hydrocarbon group on which the emission standards are
based for each type of fuel and engine.

3.32

high speed

Nhj

hlghEbt Cllgillﬁ bpccd thl S 70 n/b Uf t}lC llld)&illlulll POWCT OLLULS

3.33
idle|speed
engipe speed declared by the manufacturer that conforms to the requirements of 72.4

3.34
infrequent (periodic) regeneration
regeneration process of an exhaust after-treatment system that occurs-periodically in typically less
thar] 100 hours of normal engine operation

Note|1 to entry: During cycles where regeneration occurs, emission standards may be exceeded

3.35
intermediate speed
engine speed declared by the manufacturer that conforms to the requirements of 7.2.3

3.36
internationally traceable recognized standard
intefnational standard which includes but is netlimited to the list quoted in the following table:

Table 1 — Internationally traceable recognized standard

Internationally recognized Where copies of the documents may be purchased

standard
Amgrican Society for Testing American Society for Testing and Materials, 100 Barr Harbour Dr.| P.O. Box
and [Materials (ASTM) C700, West Conshohocken, PA 19428 or www.astm.com
Intefnational Organization'for |International Organization for Standardization, Case Postale 401,
Starjdardization (ISO) CH-1214 Vernier, Geneva, Switzerland or www.iso.org
Natipnal Institute of.Standards |Government Printing Office, Washington, DC 20402 or download them free
and[Technology (NIST) from the Internet at www.nist.gov
Society of Automotive Engi- Society of Automotive Engineers, 400 Commonwealth Drive, Wargiendale,
neefing (SAE) PA 15096 or www.sae.org
Instjtuteof Petroleum Energy Institute, 61 New Cavendish Street, London, W1G 7AR, UK

+44 (0)20 7467 7100 or www.energyinst.org.uk
The National Metrology Insti- |AIST Tsukuba Headquarters, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568,

tute of Japan (NMI]) Japan or www.nmij.jp/english/info/

Japanese Industrial Standards |Japanese Standards Association (JSA), 4-1-12 Akasaka, Minato-ku, 107-8440,
(JI18) Japan or www.jsa.org.jp/default_english.asp

3.37

linearity

degree to which measured values agree with respective reference values quantified using a linear
regression of pairs of measured values and reference values over a range of values expected or observed
during testing

© IS0 2017 - All rights reserved 5
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3.38
liquid fuel

fuel which exists in the liquid state under standard ambient conditions (298K, absolute ambient
pressure 101,3 kPa)

3.39
low speed
Njo

lowest engine speed where 50 % of the maximum power occurs

3.40

maximum
engine spegq
maximum g

3.41
maximum
maximum [

3.42
maximum
engine spegq

3.43

maximum
engine spe
manufactur

3.44
mode
engine oper

3.45
mode lengt
time betwe
the beginni

Note 1 to en
the beginnin|

3.46

non-methane hydrocarbons

NMHC
sum of all h

3.47

0 toad speed
d at which an engine governor function controls engine speed with operator demar
nd with zero load applied

power
ower in kW as designed by the manufacturer

fest speed
d determined from the curve of engine speed versus power according to 7.2.1

forque speed
pd at which the maximum torque is obtained frem the engine, as designed by]
er

ating point characterized by a speed and a torque (or a power output)

h
en leaving the speed and/or torque of the previous mode or the preconditioning phase
hg of the following mode

ry: It includes the time during which speed and/or torque is being changed and the stabilizati
o of each mode.

ydrocarbon'species except methane

normalize

Speed and torque
speedand t

3.48

1d at

the

and

pn at

open crankcase emissions

flow from a

n engine’s crankcase that is emitted directly into the environment

Note 1 to entry: Crankcase emissions are not “open crankcase emissions” if the engine is designed to always
route all crankcase emissions back into the engine (for example, through the intake system or an aftertreatment
system) such that all the crankcase emissions, or their products, are emitted into the environment only through
the engine exhaust system.

© IS0 2017 - All rights res
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3.49
operator demand
engine operator’s input to control engine output

Note 1 to entry: The “operator” may be a person (i.e. manual), or a governor (i.e. automatic) that mechanically
or electronically signals an input that demands engine output. Input may be from an accelerator pedal or signal,
a throttle-control lever or signal, a fuel lever or signal, a speed lever or signal, or a governor setpoint or signal.
Output means engine power, P, which is the product of engine speed, n, and engine torque, T.

3.50
oxides of nitrogen
ind ified in this

Note|1 to entry: Oxides of nitrogen are expressed quantitatively as if the NO is in the form‘af:NO2,|such that an

partial pressure
pressure, p, attributable to a single gas in a gas mixture

Note|1 to entry: For an ideal gas, the partial pressure divided by the total‘pressure is equal to the fonstituent’s
molar concentration, x.

3.52

partial flow dilution method
prodess of separating a part from the total exhaust flow,‘tHen mixing it with an appropriatg amount of
dilution air prior to the particulate sampling filter

material collected on a specified filtersmedium after diluting exhaust with clean filterjed air to a
temperature and a point as specified inndSO 8178-1, 8.1.3

Note|1 to entry: This is primarily carbon, condensed hydrocarbons, and sulphates with associated water.

3.54
penetration fraction
PF
deviption from ideal funetioning of a non-methane cutter

Note|1 to entry: Se€conversion efficiency of non-methane cutter (NMC) E, 3.12.

Note|2 to entry:)An ideal non-methane cutter would have a methane penetration factor, PFcps, of 1,000 (that is,
a methane _Conversion efficiency Ecps of 0), and the penetration fraction for all other hydrocarbdns would be
0,000, as(reépresented by PFc2ye (that is, an ethane conversion efficiency Ecaye of 1). The relationshjp is: PFcya =
1 - Epfigand PFc2ne = 1 - Ecane

3.55
per cent load
fraction of the maximum available torque at an engine speed

3.56
probe
first section of the transfer line which transfers the sample to the next component in the sampling system

3.57

procedures

all aspects of engine testing, including the equipment specifications, calibrations, calculations and
other protocols and specifications needed to measure emissions, unless otherwise specified

© IS0 2017 - All rights reserved 7
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3.58

ramped modal steady state test cycle
test cycle with a sequence of steady state engine test modes with defined speed and torque criteria at
each mode and defined speed and torque ramps between these modes

3.59

rated power
value of the power, declared by the manufacturer, which an engine will deliver under the specified test

conditions

Note 1 to entry: For details see ISO 14396.

3.60

rated spee
engine speg
requiremen

o
d at which, according to the statement of the engine manufacturer, and conforming t
ts of 7.2.2, the rated power is delivered

Note 1 to enffry: For details see ISO 14396.

3.61
regenerati

aul

event durinlg which emissions levels change while the after treatment performance is being rest

by design

Note 1 to en
(periodic) re

3.62
response t

try: Two types of regeneration can occur: continuous regenération (see 5.5.1.2.1) and infred
beneration (see 5.5.1.2.2).

me

difference in time between the change of the component to be measured at the reference point

a system r¢
reference p
devices for

Note 1 to ent

3.63
rise time
difference i

3.64

sponse of 90 % of the final reading (t9o)} with the sampling probe being defined aj

bas switching shall be specified to perform the gas switching in less than 0,1 s

"'y: The system response time consistsof the delay time to the system and of the rise time of the sy

h time of the 10 % and90 % response of the final reading (99 - t10)

shared atmospheric pressure meter

atmospheri

C pressure meter whose output is used as the atmospheric pressure for an entire test faq

that has mare than oné{dynamometer test cell

3.65

shared hu
humidity

dynamomete

3.66

the

pred

uent

and
the

bint, whereby the change of the measured component is at least 60 % full scale (FS) andl the

tem.

ility

idity measurement

r test cell

span (verb)
adjust an instrument so that it gives a proper response to a calibration standard that represents

between 75

3.67
span gas

% and 100 % of the maximum value in the instrument range or expected range of use

purified gas mixture used to span gas analysers meeting the specifications of ISO 8178-1, 9.2

one

Note 1 to entry: Calibration gases and span gases are qualitatively the same, but differ in terms of their primary
function. Various performance verification checks for gas analysers and sample handling components might
refer to either calibration gases or span gases.

8
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3.68

spark ignition engine

SI engine

engine that works on the spark-ignition principle

3.69
specific emissions
mass emissions expressed in g/kWh

3.70
steady-state
emigSion tests Im which engine speed and toad are hetd at a finite set of nominaily constant yalues

Note|1 to entry: Steady-state tests are either discrete-mode tests or ramped-modal tests.

3.71]
stoichiometric
particular ratio of air and fuel such that if the fuel were fully oxidized, there wauld be no rermaining fuel
or oxygen

3.72
test|(or duty) cycle
seqyence of test points each with a defined speed and torque to.b¢ followed by the engine upder steady
stat¢ or transient operating conditions

Note|1 to entry: Duty cycles are specified in Annexes A, B and.G:*A single duty cycle may consist offone or more
test Intervals.

3.73
testfinterval
durdtion of time over which brake-specific emissions are determined

Note|1 to entry: In cases where multiple test ititervals occur over a duty cycle, the standard may specify additional
calcylations that weigh and combine results-to arrive at composite values for comparison against the applicable
emiskion limits.

3.74
tolerance
intefval in which 95 % of a.set of recorded values of a certain quantity shall lie, with the rerhaining 5 %
of thie recorded values deyiating from the tolerance interval only due to measurement variability

Note|1 to entry: Thesspecified recording frequencies and time intervals shall be used to determine|if a quantity
is within the applicable tolerance. For parameters not subject to measurement variability, tolerance means an
abso|ute allowable-range.

3.7

total hydrocarbon
TH

combined mass of organic compounds measured by the specified procedure for measuring total
hydrocarbon

Note 1 to entry: Total hydrocarbon is expressed as a hydrocarbon with a hydrogen-to-carbon mass ratio of 1,85:1
(Diesel), 1,93 (petrol (E10)), 2,525 (LPG), 4,0 (NG/biomethane) or 2,74 (ethanol (E85)).

3.76

transformation time

difference in time between the change of the component to be measured at the reference point and
a system response of 50 % of the final reading (t50) with the sampling probe being defined as the
reference point

Note 1 to entry: The transformation time is used for the signal alignment of different measurement instruments
(see Figure 1).
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3.77

transient test cycle
test cycle with a sequence of normalized speed and torque values that vary relatively quickly with
time (NRTC)

3.78

type approval
approval of an engine type with regard to its emissions measured in accordance with the procedures

specified in

3.79

this document

variable-speed engine

engine that

3.80
verificatio
evaluation
signals to w

is not a constant-speed engine

ul

ithin one or more predetermined thresholds for acceptance

Note 1 to enfry: Contrast with calibration (3.5).

3.81

zero (verb)
adjustanin
or purified

3.82
Zero gas
gas that yie

Note 1 to en
nitrogen.

hir for measuring concentrations of emission constituents

ds a zero response in an analyser

bf whether or not a measurement system’s outputs agree with a range of’applied reference

strument so it gives a zero response to a zero calibrationstandard, such as purified nitrpgen

try: This may either be purified nitrogen, ptirified air, a combination of purified air and puified

10
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Step input time
Fesponse time
fransformation time
Helay time

Fise time

[ime

fesponse

sure 1 — Definitions of system response: delay time ( 3.13), response time (3.62),
(3.63) and transformation time (3.76)

Symbols and abbreviated terms

Quantities-and units — Numbers
cilitate'the reading of numbers with many digits the following conventions apply in this

Ché'decimal sign is a comma on the line ().

XAMPLE 1 1234,567 8

rise time

document:

[f the magnitude (absolute value) of the number is less than 1, the decimal sign is preceded by a zero.

EXAMPLE 2 0,567 8

— An exponential number is expressed, as follows:

EXAMPLE 3 1x1012

© IS0 2017 - All rights reserved
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4.2 General symbols

Table 2 — General symbols

Symbol Term Unit
A/Fst Stoichiometric air to fuel ratio —
aop y intercept of the regression line —
ai Slope of the regression line —
A Relative Atomic mass g/mol
cd €oncentratiominmtheditutionair uasud
Cq CFV discharge coefficient [-] A&A
D Dilution factor ! N\ —
p Density m,t" " kg/m3
d Diameter '\/\‘U m
E Conversion efficiency . Q) N %
€gas Specific emission of gaseous components O\O g/kWh
epM Specific emission of particulates ‘&\J g/kWh
epN Number of particles emitted & U #/kWh
ew Weighted specific emission ()Q\ g/kWh
f Data sampling rate \\\‘ Hz
fa Laboratory atmospheric factor h\\) —
fe Carbon factor ,{(\U —
ftd Fuel specific factor for exhaust flow calgg@tion on dry basis —
fin Fuel specifi'c factor used for the calcu&\%ns of wet concentrations from dry —

concentrations o)

ftw Fuel specific factor for exhau.sll'f*ev\\'/ calculation on wet basis kg/ms
Fs stoichiometric factor (‘}\V —
u Dynamic viscosity of exhaust gas Pa*
H, Absolute humidity g@&‘intake air (g water/kg dry air) g/kd
Hg Absolute humigi&o\f/the dilution air (g water/kg dry air) g/kg
i Subscript d(lé\&')“lg an individual mode —
i SubscriR@ﬁsting an instantaneous measurement (e.g. - Hz) —
kpr Addi?iy‘g)gwnward adjustment factor —
ke F)Mecific factor —
kn,p ﬁmnidity correction factor for NOy for CI engines —
kn,g &?"Humidity correction factor for NOy for SI engines
KkMDr 9 Multiplicative downward adjustment factor —
kmur Multiplicative upward adjustment factor —
kr Multiplicative regeneration factor —
kur Additive upward adjustment factor —
kw Dry to wet correction factor for the raw exhaust gas —
kw,d Dry to wet correction factor for the dilution air —
kw,e Dry to wet correction factor for the diluted exhaust gas —
kw,r Dry to wet correction factor for the raw exhaust gas —
A Excess air ratio —
L %torque —
m Mass kg
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Table 2 (continued)

Symbol Term Unit
mq Mass of the dilution air sample passed through the particulate sampling filters kg
megf Mass of equivalent diluted exhaust gas over the cycle kg
mf Particulate sample mass collected mg
Megd mass of diluted exhaust gas over the cycle kg
mgd Particulate sample mass of the dilution air collected mg
Mgas Molar mass of gaseous components g/mol
Mga Massof gaseous emissions over the testTycte g
mpM Mass of particulate emissions over the test cycle A&\ g
M Molar mass X q>‘) g/mol
Mse Exhaust sample mass over the cycle m,b‘ ’ kg
Msed Mass of diluted exhaust gas passing the dilution tunnel ,\/\U kg
Msef Mgss qf the diluted exhaust sample passed through the partQDl‘ate sam- kg

pling filters -
n Engine speed &\\U min-1
Nhi High engine speed 2 o min-1
Nlo Low engine speed AO‘ min-1
P Power \\\( kW
p Pressure 5\0‘\ kPa
Paus DeFlared total power absorbed by a&@iries fitted for the test and not re- kW
quired by ISO -4396 A\
Pa Saturation vapour pressure of:{@‘ntake air kPa
Pb Total atmospheric pressure~ ) kPa
pd Saturation vapour pres‘ﬂg’}"z)f the dilution air kPa
PF Penetration fractio,n:\\\f %
Maximum observedor declared power at the test speed under the test condi- kw
Pmag tions (specifie y the manufacturer)
pr Water vapog‘q)r‘essure after cooling bath kPa
Ps Dry at(m)?p/heric pressure kPa
Qma DQ\%\;ke air flow rate kg/s
ma (h%Ql;e air mass flow rate on wet basis kg/s
Amd¢w \\Q"Kiluted exhaust gas mass flow rate on wet basis kg/s
qmd \O‘( Dilution air mass flow rate on wet basis kg/s
qmedf V?‘ Equivalent diluted exhaust gas mass flow rate on wet basis kg/s
Clmewo’,\‘ Exhaust gas mass flow rate on wet basis kg/s
qmf FUel mass flow rate kg/s
(mgas Emission mass flow rate of individual gas g/h
qmp Sample flow of exhaust gas into partial flow dilution system kg/s
mass flow rate fed back into dilution tunnel to compensate for particle num- kg/s
Gsw ber sample extraction
qv Volume flow rate m3/s
qut Tracer gas flow rate cm3/min
r2 Coefficient of determination —
rd Dilution ratio —
R molar gas constant J/(mol K)
RF Response factor —

© IS0 2017 - All rights reserved
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Table 2 (continued)

Symbol Term Unit
rs Average sample ratio —
S Dynamometer setting kw
SEE Standard error of estimate of y on x —
T Temperature °C
T Engine torque Nm
t Time s
t10 Timmebetween stepmputamd-19-96of fimat Teading S
ts0 Time between step input and 50 % of final reading S
too Time between step input and 90 % of final reading s
Ty Absolute temperature of the intake air K
Tdew Absolute dewpoint temperature K
Tref Absolute reference temperature (of combustion air: 298 K) K
Ugas Ratio between densities of gas component and exhaust gas —
%4 Volume m3
Vin Molar volume 1/ma|l
w Work kWH
Wact Actual cycle work of the respective test cycle kWH
WF Weighting factor —
X Concentration urr:)orlémol
y Arithmetic mean

4.3 Symbols and abbreviated terms for fuel composition

WH hydrogen content of fuel, % mass

we carbon content of fuel, % mass

ws sulfur content of fuel, % mass

WN nitrogen content-effuel, % mass

wo oxygen contentof fuel, % mass

a mplar hydrogen-to-carbon ratio (H/C)
B mplan carbon-to-carbon ratio (C/C)

y molar sulphur-to-carbon ratio (S/C)

) molar nitrogen-to-carbon ratio (N/C)

€ molar oxygen-to-carbon ratio (0/C)

referring to a fuel CsHgO¢NsSy,

14
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4.4 Symbols and abbreviated terms for chemical components

Ar Argon
C1 Carbon 1 equivalent hydrocarbon
CoHg Ethane

CoHs0H Ethanol

C3Hg Propane

CH30H Methanol

CHy Methane

o) Carbon monoxide
COy Carbon dioxide

H Atomic hydrogen
H» Molecular hydrogen
H,0 Water

HC Hydrocarbon

HCH[O Formaldehyde

He Helium

Ny Molecular nitrogen
N2O Nitrous oxide

NH3 Ammonia

NMHC Non-methane-hydrocarbon

NO Nitric oxide

NO> Nitrogen dioxide

NOyx Oxides of nitrogen

02 Oxygen

PM Particulate matter

RME Rapeseed oil methylester
S Sulphur

SO» Sulphur dioxide

THC Total hydrocarbon
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4.5 Abbreviated terms

ASTM American Society for Testing and Materials
CFv Critical flow venturi

CI Compression-ignition

CNG Compressed Natural Gas

CVS Constant volume sampling

deNOx NOy after-treatment system

EGR Exhaust gas recirculation

FID Flame ionization detector

FS Full scale

GER Gas Energy Ratio

GR, G23, G25| Gaseous EU reference fuels according to ISO 8178-5

[EC International Electrotechnical Commission
ISO International Organization for Standardization
LNG Liquefied Natural Gas

LPG Liquefied Petroleum Gas

NMC Non-methane cutter

NRMM Non-road mobile machinery

NRTC Non Road Transient Cycle

PDP Positive displacement pump

PF Penetration fraction

PFS Partial Flow System

PM Particulate matter

PTFE Polytetrafluoroethylene (commonly known as Teflon®)2
RIC Reciprocating internal combustion (engines)

RMC Ramped-modal cycle

SAE Society of Automotive Engineers

SSv Subsonic venture

a Teflon® is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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5 Test conditions
5.1 Engine test conditions

5.1.1 Laboratory test conditions

The absolute temperature (T,) of the engine air at the inlet to the engine expressed in Kelvin, and
the dry atmospheric pressure (ps), expressed in kPa shall be measured and the parameter f; shall be
determined according to the following provisions. In multi-cylinder engines having distinct groups of
intake manifolds, such as in a “V” engine configuration, the average temperature of the distinct groups
shal[be taken. The parameter J, shall be reported with the test results.

Natyrally aspirated and mechanically supercharged engines:

] 0,7
99 T, |
fa =l X|: 4 :| (1)
| ps | 129
Turhocharged engines with or without cooling of the intake air:
r 707 1,5
99 T, |
fo=|—| x| =2 (2)
Ps | 298

5.1.2 Testvalidity
a) For the test to be considered valid both the followifng conditions must be met:
1) fishall be within the range 0,93 < f, < 1,07°except as permitted by b) and d);

D) The temperature of intake air shall be maintained to (25 + 5) °C, as measured upstfeam of any
engine component, except as permitted by c) and d).

b) MWhere the altitude of the laboratory in which the engine is being tested exceeds [6p0] m, with
the agreement of the manufacturer f; may exceed 1,07 on the condition that ps shall not be less
than 80 kPa.

c) MWhere the power of the-engine being tested is greater than 560 kW, with the agreement of the
manufacturer the maximum value of intake air temperature may exceed 30 °C on tHe condition
Fhat it shall not exceed 35 °C.

d) MWhere the altitude of the laboratory in which the engine is being tested exceeds [300] m and the
power of the-engine being tested is greater than 560 kW, with the agreement of the manufacturer
> may exeeed 1,07 on the condition that pg shall not be less than 80 kPa and the maximum value of
ntake,air temperature may exceed 30 °C on the condition that it shall not exceed 35 °C.

The following is allowed:

a) A shared atmospheric pressure meter as long as the equipment for handling intake air maintains
ambient pressure, where the engine is tested, within +1 kPa of the shared atmospheric pressure;

b) A shared humidity measurement for intake air as long as the equipment for handling intake
air maintains dew point, where the engine is tested, within +0,5 °C of the shared humidity
measurement.

5.2 Engine power

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

During the test, the auxiliaries necessary for the engine operation shall be installed on the test bench
according to the requirements of Annex G.

Where the necessary auxiliaries cannot be fitted for the test, the power they absorb shall be determined
and subtracted from the measured engine power.

5.2.2 Auxiliaries to be removed

Certain auxiliaries whose definition is linked with the operation of the machine and which may be
mounted o1f the engine shall be removed for the test.

Where auxjliaries cannot be removed, the power they absorb in the unloaded conditionymay be
determined and added to the measured engine power (see Table G.1, footnote h). If this valueAis greater
than 3 % of|the maximum power at the test speed it may be verified by the parties involyed. The power
absorbed by auxiliaries shall be used to adjust the set values and to calculate the work\produced by the
engine over] the test cycle.

5.2.3 Defermination of auxiliary power

The power absorbed by the auxiliaries/equipment needs only be determined, if:

a) Auxiliafies/equipment required according to Annex G are not fitted to the engine; and/or
b) Auxiliafies/equipment not required according to Annex G are-fitted to the engine.

The values|of auxiliary power and the measurement/calenlation method for determining auxiliary
power shall be submitted by the engine manufacturer for the whole operating area of the appligable
test cycles, and approved by the parties involved.

5.2.4 Engine cycle work

The calculgtion of reference and actual cycle work (see 8.6.3.5) shall be based upon engine power
according tp 5.2.1 In this case, Prand Py of Formula (3) are zero, and P equals Pp,.

If auxiliarie/equipment are installedsaccording to 5.2.1 and/or 5.2.2, the power absorbed by them $hall
be used to dorrect each instantapeous cycle power value Py, , as follows:

P; =Py} +Paux (3)
where
P, is theaneasured engine power, kW;

Paux |=PLi—Pti

P i is the power absorbed by auxiliaries/equipment to be fitted for the test but that were not
installed, kW;

Py is the power absorbed by auxiliaries/equipment to be removed for the test but that were
installed, kW.

5.3 Engine intake air

5.3.1 Introduction

The intake-air system installed on the engine or one that represents a typical in-use configuration shall
be used. This includes the charge-air cooling and exhaust gas recirculation systems.

18 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

5.3.2 Intake air restriction

An engine air intake system or a test laboratory system shall be used presenting an air intake restriction
within * 300 Pa of the maximum value specified by the manufacturer for a clean air cleaner at the rated
speed and full load. Where this is not possible due to the design of the test laboratory air supply system
a restriction not exceeding the value specified by the manufacturer for a dirty filter shall be permitted
subject to prior approval of the parties involved. The static differential pressure of the restriction
shall be measured at the location specified by the manufacturer. If the manufacturer does not specify
a location, this pressure shall be measured upstream of any turbocharger or exhaust gas recirculation

system connection to the intake air system.

Whe
test

5.3.

A ch]
use

accumulation of condensate. Any accumulated condensate shall be drained and all dra

com
Cool

a)

b)

Whd
test

The
engi

testing (such as ovencooling of the intake air), with the prior agreement of the parties iny

sopH
may

5.4

N the maximum test speed (MTS) defined in 3.42 15 being used In place of rated spee
cycle then this speed may be used in place of rated speed when setting the intake air r'¢]

8 Engines with charge air cooling

hrge-air cooling system with a total intake-air capacity that represents the\production
nstallation shall be used. Any laboratory charge-air cooling system shall be designed {

hnt conditions shall be maintained as follows:

A coolant temperature of at least 20 °C shall be maintaified at the inlet to the charg
throughout testing;

At the rated speed and full load, the coolant flow rate shall be set to achieve an air t
within £5 °C of the value designed by the manufaeturer after the charge-air cooler’s ouf
putlet temperature shall be measured at the location specified by the manufacturer. ]
flow rate set point shall be used throughouttesting;

chall be ensured that the pressure dyop across the charge-air cooling system at enging
kpecified by the manufacturer isswithin the manufacturer’s specified limit(s). The pr¢
chall be measured at the manufacturer’s specified locations;

n the maximum test speed (MTS) defined in 3.42 is being used in place of rated spee
cycle then this speed may,be used in place of rated speed when setting the charge air t¢

objective is to produce emission results that are representative of in-use operati
heering judgment indicates that the specifications in this clause would result in unrep

isticated set¢oints and controls of charge-air pressure drop, coolant temperature, ar
be used to,achieve more representative results.

Engine exhaust system

1 to run the
striction.

engine’s in-
0 minimize
ns shall be

bletely closed before emission testing. The drains shall be kept\Clased during the emission test.

e-air cooler

emperature
let. The air-
'his coolant

f the engine manufacturer specifies préssure-drop limits across the charge-air cooling system, it

e conditions
bssure drop

1 to run the
mperature.

on. If good
resentative
olved more
1d flow rate

5.4.1

Introduction

The exhaust system installed with the engine or one that represents a typical in-use configuration shall
be used. The exhaust system shall conform to the requirements for exhaust gas sampling, as set out in
ISO 8178-1, 5.2.1.

5.4.2 Exhaustrestriction

An engine exhaust system or a test laboratory system shall be used presenting a static exhaust
backpressure within 80 % to 100 % of the maximum exhaust restriction specified by the manufacturer
at the rated speed and full load. The restriction may be set using a valve. If the maximum restriction is
5 kPa or less, the set point shall not be more than 1,0 kPa from the maximum.
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When the maximum test speed (MTS) defined in 3.42 is being used in place of rated speed to run the
test cycle then this speed may be used in place of rated speed when setting the exhaust restriction.

5.4.3 Engine with exhaust after-treatment system

If the engine is equipped with an exhaust after-treatment system, the exhaust pipe shall have the
same diameter as found in-use, or as specified by the manufacturer, for at least four pipe diameters
upstream of the expansion section containing the after-treatment device. The distance from the
exhaust manifold flange or turbocharger outlet to the exhaust after-treatment system shall be the same
as in the in-use conflguratlon or W1th1n the distance spec1f1cat10ns of the manufacturer. Where other
installation
configurati
treatment (
condition (d
treatment (
with an equ

lev1ces the maximum exhaust restriction used in 5. 4 2 is defmed at the after-treatient

fter-
hced

egreening/ageing and regeneration/loading level) specified by the manufacturer]The
ontainer may be removed during dummy tests and during engine mapping, 'and repl
ivalent container having an inactive catalyst support.

5.5 Specific test conditions

5.5.1 Engine with exhaust after-treatment system

The emissigns measured on the test cycle shall be representative of the emissions in the field.

5.5.1.1 Upe of reagent

In the case ¢ tion

of a reagent],

fan engine equipped with an exhaust after-treatinent system that requires the consumg
the reagent used for all tests shall be declared.by the manufacturer.

5.5.1.2 Rpgeneration

For enginej
(periodic) b
events. In tl
of fraction
regeneratio

equipped with exhaust after-treatment systems that are regenerated on an infrequent
asis, as described in 5.5.1.2.2, emhission results shall be adjusted to account for regenergtion
1is case, the average emission depends on the frequency of the regeneration event in t¢grms
of tests during which the-fegeneration occurs. After-treatment systems with continfious
n according to 5.5.1.2.1 do-not require a special test procedure.

If the exhayst aftertreatment has.a security mode that works on an infrequent (periodic) regenerdtion

mode, it sh
could be ex

5.5.1.2.1

1l be checked agcerding to 5.5.1.2.2. For that specific case, the applicable emission li
reeded and themeasured emissions would not be weighted.

Continugus regeneration

Imits

For an exhpust aftertreatment system based on a continuous regeneration process the emiss

ions
shall be mefasured on an aftertreatment system that has been stabilized so as to result in repeatable
emissions | The regenerationmr process shrattoccur—atteastonce—dur g theNRTFEhot=start
test, LSI-NRTC or NRSC test, and the manufacturer shall declare the normal conditions under which
regeneration occurs (soot load, temperature, exhaust back-pressure, etc.). In order to demonstrate that
the regeneration process is continuous, at least three NRTC hot start tests, LSI-NRTC or NRSC tests shall
be conducted. In case of NRTC hot start test, the engine shall be warmed up in accordance with 8.4.2, the
engine shall be soaked according to 8.6.3 and the first NRTC hot start test run. The subsequent NRTC
hot start tests shall be started after soaking according to 8.6.3. During the tests, exhaust temperatures
and pressures shall be recorded (temperature before and after the after-treatment system, exhaust
back pressure, etc.). The aftertreatment system is considered to be satisfactory if the conditions
declared by the manufacturer occur during the test during a sufficient time and the emission results
do not scatter by more than +25 % from the mean value or 0,005 g/kWh, whichever is greater. If the
exhaust aftertreatment has a security mode that shifts to an infrequent (periodic) regeneration mode,
it shall be checked according to 5.5.1.2.2. For that specific case, the applicable emission limits could be
exceeded and would not be weighted.

1 .
Clidv1ioul.
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5.5.1.2.2 Infrequent (periodic) regeneration

This provision only applies for engines equipped with emission controls that are regenerated on a
periodic basis.

Testing and development of adjustment factors is only required for one applicable transient (NRTC or
LSI-NRTC) or RMC test cycle. The factors that have been developed may be applied to results from the
other applicable test cycles including discrete-mode NRSC.

In case that no suitable adjustment factors are available from testing using transient or RMC test cycles

then adjustment factors shall be establishe

usin

d using

an applicable discrete-mode test. Factors developed

It shiall not be required to conduct testing and develop adjustment factors on both RMC-and discrete-

modad

5.5.]
NRS

The

cycld
syst
test

test,
mea
shal
entil

An 3
(5)

5.5.]

Star
of eg
met,
the

peri

are fultiple runs for the’same mode an average result shall be calculated. The process shall

for

e NRSCs.

|.2.2.1 Requirement for establishing adjustment factors using NRTC; LSI-NRTC of
C testing

emissions shall be measured on at least three NRTC hot start teSts;”LSI-NRTC or ran
e (RMC) NRSC tests, one with and two without a regeneration event on a stabilized aftg
em. The regeneration process shall occur at least once during‘the NRTC, LSI-NRTC on
with a regeneration event. If regeneration takes longer than one NRTC, LSI-NRTC or
consecutive NRTC, LSI-NRTC or RMC NRSC tests shall be run and emissions cont
sured without shutting the engine off until regeneration is completed and the average

RMC

hped-modal
brtreatment
RMC NRSC
RMC NRSC
nued to be
of the tests

be calculated. If regeneration is completed during any test, the test shall be continlied over its

e length.

ppropriate adjustment factor shall be determined for the entire applicable cycle usin

o (8).
|.2.2.2 Requirement for establishing adjustment factors using discrete-mode NR

Fing with a stabilized after-treatment system the emissions shall be measured on at leas
ch test mode of the applicable.discrete-mode NRSC on which the conditions for regener
one with and two withoutaregeneration event. The measurement of PM shall be con
multiple filter method. {f regeneration has started but is not complete at the end of
pd for a specific test mpde extend the sampling period until regeneration is complete.

ach test mode.

An

appljcable cycle'for which regeneration occurs.

5.5.1.2:2.3 General procedure for developing infrequent regeneration adjustment fact

propriate;adjustment factor shall be determined using Formulae (5) to (8) for those n

g Formulae

5C testing

t three runs
htion can be
cted using

'gltlw sampling

Vhere there
be repeated

nodes of the

prs (IRAFs)

The engine may be equipped with a switch capable of preventing or permitting the regeneration process
provided this operation has no effect on the original engine calibration.

The manufacturer shall declare the normal parameter conditions under which the regeneration process
occurs (soot load, temperature, exhaust back pressure, etc.). The manufacturer shall also provide the
frequency of the regeneration event in terms of number of tests during which the regeneration occurs.
The exact procedure to determine this frequency shall be agreed by the parties involved based upon
good engineering judgement.

For a regeneration test, the manufacturer shall provide an aftertreatment system that has been loaded.
Regeneration shall not occur during this engine conditioning phase. As an option, the manufacturer
may run consecutive tests of the applicable cycle until the aftertreatment system is loaded. Emissions
measurement is not required on all tests.
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Average emissions between regeneration phases shall be determined from the arithmetic mean of
several approximately equidistant tests of the applicable cycle. As a minimum, at least one applicable
cycle as close as possible prior to a regeneration test and one applicable cycle immediately after a
regeneration test shall be conducted.

During the regeneration test, all the data needed to detect regeneration shall be recorded (CO or NOy
emissions, temperature before and after the after-treatment system, exhaust back pressure, etc.).
During the regeneration process, the applicable emission limits may be exceeded. The test procedure is
schematically shown in Figure 2.

Y

Key
number|of test cycles

emissions (g/kWh or #/kWh)

mean erhissions during sampling e1,£,3%.n
emissiofs during regeneration ey

weightefl emissions of sampling-ahd regeneration ey

S W N R XK

number|of tests cycles in which regeneration does not occur
ny number|of tests cyclesinwhich regeneration occurs (minimum one test)

Figure 2 4 Scheme-of infrequent (periodic) regeneration with n number of measurements and
ny number of measurements during regeneration

The average specific emission rate related to the test runs conducted according to 5.5.1.2.2.1 or
5.5.1.2.2.2 [g/kWh or #/kWh] shall be weighted as follows (see Figure 2):

_  n-e+n.-e
g, =— LT (4)
n+n,

where
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n number of tests in which regeneration does not occur;

ny  number of tests in which regeneration occurs (minimum one test);

e average specific emission from a test in which the regeneration does not occur [g/kWh or #/kWh];
w

2. average specific emission from a test in which the regeneration occurs [g/kWh or #/kWh].
r

At the choice of the manufacturer and based on upon good engineering analysis, the regeneration

adjustment factor ky, expressing the average emission rate, may be calculated either multiplicative or
additive-for-attgases rere-thereisanapt teableHmitfor PMandPN;asifollows:
Mulfiplicative

e
K MUr =?W (upward adjustment factor)

e
K MDr = E_W (downward adjustment factor)
r

Addjtive

kur =€w —€ (upward adjustment factor)
kpr =€w —€r (downward adjustment factor)

Upw
whig

ard adjustment factors are multiplied with-er* added to measured emission rates for
h the regeneration does not occur. Downward adjustment factors are multiplied wi
to njeasured emission rates for all tests.ifywhich the regeneration occurs. The occurr]
regeneration shall be identified in a manner that is readily apparent during all testing
regeneration is identified, the upward-adjustment factor shall be applied.

With reference to Clause 9 and Annex H on brake specific emission calculations, the r
adjuptment factor:

a)

hen established for.an’entire weighted cycle, shall be applied to the results of the
eighted NRTC, LSEENRTC and NRSC tests;
b) hen established/specifically for the individual modes of the applicable discrete-mode
e applied tQ the results of those modes of the applicable discrete-mode NRSC cycl
egeneratiomoccurs prior to calculating the cycle weighted emission result. In this case
ilter method shall be used for PM measurement;

c)

ayrbe extended to other members of the same engine family;

(5)

(6)

(7)

(8)

all tests in
h or added
ence of the
. Where no

pgeneration

e applicable

cycle, shall
e for which
he multiple

d) May be extended to other engine families within the same engine aftertreatment system family
with the prior approval of the parties involved based on technical evidence to be supplied by the

manufacturer that the emissions are similar.

The following options shall be considered:

a) A manufacturer may elect to omit adjustment factors for one or more of its engine families (or
configurations) because the effect of the regeneration is small, or because it is not practical to
identify when regenerations occur. In these cases, no adjustment factor shall be used, and the
manufacturer is liable for compliance with the emission limits for all tests, without regard to

whether a regeneration occurs;
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b) Upon request by the manufacturer, the parties involved may account for regeneration events
differently than is provided in a). However, this option only applies for events that occur extremely
infrequently, and which cannot be practically addressed using the adjustment factors described in a).

5.5.2 Crankcase emissions

Where the parties involved require crankcase emissions that are normally discharged to ambient
atmosphere to be included, the emissions shall be added to the exhaust emissions during all emission
testing either

a) physically or

b) mathematically.

When ysing method a), manufacturers shall install the engines on the test-bed in a.manner|that
all crajkcase emissions are routed into the exhaust system as described in this-clause. Foy the
purposg of this clause, crankcase emissions that are routed into the exhaust upstream of exhaust
after-trieatment during all operation are not considered to be discharged directly into the ambient
atmosphere.

Open cfrankcase emissions shall be routed into the exhaust system for.emission measuremert, as
follows

c¢) The tuping materials shall be smooth-walled, electrically conductive, and not reactive with
crankcase emissions. Tube lengths shall be minimized as far-as possible. The tube may optionally
be heated or thin-walled or insulated with an air-gap to minimize temperature differences betyeen
the walll and the crankcase emissions constituents.

d) The number of bends in the laboratory crankcase tubing shall be minimized, and the radius of any
unavoidlable bend shall be maximized;

e) The lahoratory crankcase exhaust tubing shall-meet the engine manufacturer’s specificationg for
crankcase back pressure;

f) The crankcase exhaust tubing shall connectinto the raw exhaust downstream of any aftertreatment
system| downstream of any installed.exhaust restriction, and sufficiently upstream of any sample
probes|to ensure complete mixing with the engine’s exhaust before sampling. The cranKcase
exhaust tube shall extend into.the free stream of exhaust to avoid boundary-layer effects and to
promote mixing. The crankicase exhaust tube’s outlet may orient in any direction relative tg the
raw exhaust flow.

Method b) ip permitted with the prior approval of the parties involved.

5.6 Cooling system

An engine cpoling system W1th sufficient capac1ty to maintain the engme with its intake-air, oil, codlant,
block and hkz
be used. Laboratory aux111ary coolers and fans may be used

5.7 Lubricating oil

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

6 Test fuels

Fuel characteristics influence the engine exhaust gas emission. Therefore, the characteristics of the fuel
used for the test should be determined, recorded and presented with the results of the test. Where fuels
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designated in ISO 8178-5 as reference fuels are used, the reference code and the analysis of the fuel shall
be provided. For all other fuels the characteristics to be recorded are those listed in the appropriate
universal data sheets in ISO 8178-5.

Table 3 — Selection of fuel

Test purpose Interested parties Fuel selection
Type approval 1. Certification body Reference_ fuel, 1f_0ne is defined .
e . Commercial fuel if no reference fuel is
(Certification) 2. Manufacturer or supplier defined

Accq

L avaraarecial-f | B sfiad 1
coTmmeTirarratras Spetimc Uy

facturer a

Moo ot oo Brlier
—rrarrarattar T oT-SuppricT

tance test .
p . Customer or inspector

the manu-

Resg

One or more of:

Manufacturer, research organi-
zation, fuel and lubricant suppli-
er, etc.

arch/development To suit the purpose of the test

com

Customers and inspectors should note that the emission tests carried out using cominercial fuel will n
bly with limits specified when using reference fuels.

t necessarily

7

7.1

The
stea
statg
pow

7.2

Test
will
case
the

will
dete)

For

7.2.

For ¢
In thi

state-c 3
the rated speed for operatlng the steady state cycle

Test cycles

5 the MTS (maximum testsspeed) will be used to represent 100 % speed, as deter]
rurve of engine speed veksus power according to 7.2.1. Where applicable, an interme

1

Introduction

Test speeds

speeds shall be determined accerding to the test cycle(s) to be used. In certain cases a
be used to represent 100 % speed, as declared by the manufacturer according to 3.

be determined according’to 3.35. Where intermediate speed is not used the other sp¢
rmined as a percentage of the rated speed or MTS.

onstant speed-engines the 100 % speed shall be determined according to 7.2.5.

Maximum test speed (MTS)

bngines-that are tested with a transient cycle the MTS shall be determined according to|
is-case the 100 % test speed is equal to the MTS For engines that are tested with b

7.2.1.1 Calculation of MTS

following duty cycles are described in this clause: discrete mode steady-state cycles, rafnped modal
ly-state cycles and transient cycle. The cycles and“their applicability are described in
) and 7.6 (transient), while the method to determine the appropriate test points (sp
br) are described in 7.2 to 7.4. The tabulated@ycles are contained in Annex A to Annex (.

7.5 (steady-
bed, torque,

rated speed
b1. In other
mined from
diate speed
reds will be

this clause.
th a steady

d in place of

In order to calculate the MTS for variable speed engines the transient mapping procedure shall be
performed according to 7.4. The MTS is then determined from the mapped values of engine speed
versus power. For the calculation of the MTS one of the following formulations shall be used:
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a)
where:
Nhj
Njo

b)
e

MTS = nj + 0,95 * (nhj - nyo)

is high speed (see 3.32);

is low speed (see 3.39).

qual to 98 % of the maximum value of (n2normi + P%normi)- If there is only one speed at

which the value of (n2normi + P2normi) is equal to 98 % of the maximum value of (n2y-

Iy

where:
n
i
Nnormi
Pnormi

Npmax

Linear inte
(nznormi + P

7212 U

If the MTS ¢
declared M
be used for

7213 U

If the fallin
105 % spes
parties invg

a)

reduce

i + P%pormi) then MTS = nj at which the maximum value of (n4yormi + P4normi) OCCUTS,

is engine speed;

is an indexing variable that represents one recorded value of an engine map;
is an engine speed normalized by dividing it by npmax;

is an engine power normalized by dividing it by Pyax;

is the average of the lowest and highest speeds at which power is equal to 98 % of P ax.
ear interpolation shall be used between the mapped values to determine the speeds wi
power is equal to 98 % of Pnax. If there is only one speed at which power is equal to 98
Pmax then npmax shall be the speed at Ppyax.

rpolation shall be used between the mapped values to determine the speeds wj
L hormi) is equal to 98 % of the maximum value of (n2normi + PZnormi)-

e of a declared MTS

alculated according to 7.2.1.1 is(within +3 % of the MTS declared by the manufacturer
I'S may be used for the emissions test. If the tolerance is exceeded, the calculated MTS
the emissions test.

e of an adjusted MTS, for correct driving of the NRTC

p part of the full’load curve has a very steep edge, this may cause problems to drivg
ds of the NRTC test cycle correctly. In this case it is allowed, with prior agreement o

the MTSsslightly (maximum 3 %) in order to make correct driving of the NRTC possible

b) Calcula

re analternative MTS using the following formulation:

lved, to use an alternative value of MTS determined using one of the following methodg:

(9)

MTS = n; at the average of the lowest and highest speeds at which (n2,0rmi + PZnormi) is (10)

Lin-
here
% of

here

' the
chall

the
f the

MTS =(

where

Nmax —Nidle ) / 1'O*L_)'i_nidle

Nmax 1S maximum no load speed;

Nidle

26

is idle speed.

© IS0 2017 - All rights res

(11)

erved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

7.2.2 Rated speed

The rated speed is defined in 3.61 and will normally be the maximum full load speed allowed by the
governor, as designed by the manufacturer, or, if such a governor is not present, the speed at which the

max

imum power is obtained from the engine, as designed by the manufacturer.

For variable speed engines that are not tested with a transient cycle the 100 % test speed is equal to the
rated speed.

At manufacturers’ discretion, maximum test speed may be used instead of rated speed for any steady
state test cycle.

7.2.3 Intermediate speed

The [maximum torque speed used for the determination of intermediate speed shall be obtained from

the maximum torque curve established from the engine mapping conducted ace6rding t¢ one of the

prodedures in 7.4.

The maximum torque speed is either:

a) [he speed at which the highest torque was recorded; or,

b) [The average of the lowest and highest speeds at which the térque is equal to 98% of the maximum
forque. Where necessary, linear interpolation shall be used’to determine the speeds qt which the
forque is equal to 98% of the maximum.

If the maximum torque speed determined from the maximum torque curve is within #4 % of the

maxjmum torque speed declared by the manufacturéf for SI engines <56 kW, or +2,5 % of the maximum

torqpe speed declared by the manufacturer for all:other engines, the declared value may be used. If the
toletfance is exceeded, the maximum torque sp€éd determined from the maximum torque|curve shall
be uped.

The ntermediate speed shall meet one ofithe following requirements:

a) For engines that are designed ‘to operate over a speed range on a full load torqug curve, the
ntermediate speed shall betthe maximum torque speed if it occurs between 60 % and 75 % of
Fated speed;

b) [fthe maximum torque speed is less than 60 % of rated speed, then the intermediate speed shall be
b0 % of the rated speed;

c) [fthe maximum'torque speed is greater than 75 % of the rated speed then the intermediate speed
chall be 75 _%(of rated speed. Where the engine is only capable of operation at speeds higher than
75 % of ratéd speed the intermediate speed shall be the lowest speed at which the enfgine can be
pperatecs

d) Fer. engines that are not designed to operate over a speed range on a full-load torque curve at
Steae 0 % of the

rated speed.

e) For engines to be tested on cycle G1, the intermediate speed shall be 85 % of the rated speed.

In the case that the maximum test speed (MTS) is used in place of rated speed for the 100 % test speed,
MTS shall also replace rated speed when determining the intermediate speed.

7.2.4

Idle speed

The idle speed is the lowest engine speed with minimum load (greater than or equal to zero load),
where an engine governor function controls engine speed. For engines without a governor function that
controls idle speed, idle speed means the manufacturer-declared value for lowest engine speed possible
with minimum load. Note that warm idle speed is the idle speed of a warmed-up engine.
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7.2.5 Testspeed for constant speed engines

The governors of constant speed engines may not always maintain speed exactly constant. Typically,
speed can decrease (0,1 to 10) % below the speed at zero load, such that the minimum speed occurs near
the engine’s point of maximum power. The test speed for constant speed engines may be commanded
by using the governor installed on the engine or using a test-bed speed demand where this represents
the engine governor.

Where the governor installed on the engine is used the 100 % speed shall be the engine governed speed.

Where a test-bed speed demand 51gnal is used to 51mulate the governor the 100 % speed at zero load

shall be the
at full load
the speed f

In the case
no-load spe
manufactuy

7.3 Torq

7.3.1 Ton

The torque
one of the f

a) The rat

cycles e

b)
D1) dec

c)

manufg

d) For cyd

manufg

For the
cycle is
spark i

Figure 3 sh

The ratii

The raffio of the required torque to the torque corresponding to the rated power declared by

chall be the rated speed for that governor settlng Interpolatlon shall be used to deter
r the other test modes.

that the governor has an isochronous operation setting, or the nominal rated speed
ed declared by the manufacturer differ by no more than 3 %, a single valuedeclared by
er may be used for the 100 % speed at all load points.

ue and power

que

figures given in the test cycles are percentage values that represent, for a given test nj
llowing:

io of the required torque to the maximum possible torque at the specified test speec
xcept D1, D2, E2, E4).

io of the required torque to the torque corresponding to the continuous rated power (
lared by the manufacturer as defined iglJSO 8528-1.

cturer as defined in ISO 8528-1 {cycle D2).

le E2 % torque is relative-to-the torque corresponding to the rated power declared by
cturer.

test cycle E4 the terque figures are percentage values of the torque at rated power.
based on the theoretical propeller characteristic curve representing typical pleasure
bnition enginecoperation.

ws torque'seales for engines operating on a non-propeller curve.

ine

and
 the

ode,

| (all

rycle

r the
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Figure 3 — Torque scales: Percentage of full-load torque at each engine speed

7.3.2 Power

The [power figures given in the test cycles are percentage values that represent, for a given test mode,
one pf the following:

a) For the test cycle. E3/the power figures are percentage values of the maximum rated power at the
100 % speed asthis cycle is based on a theoretical propeller characteristic curve for vegsels driven
by heavy-duty-ehgines without limitation of length.

b) For the €est cycle E5 the power figures are percentage values of the maximum rated power at the
100 %,Speed as this cycle is based on a theoretical propeller characteristic curve for vessels of less
than24 m in length driven by diesel engines.

c) For the test cycle F the power figures are percentage values of the maximum power at the given test
speed, except for idle speed where it is a percentage of the maximum rated power at the 100 % speed.

Figure 4 shows an example of two representative propeller curves:

NOTE Other propeller characteristic curves exist.

© IS0 2017 - All rights reserved 29


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

Key
T torque
n engine s
P power

1 torque H
2  power E
3  idling

NOTE T
respectively

7.4 Engil

Before star
up it shall I
the manufa
temperatur

Except con
gOVernor uj
defined as fi

T 2
120 120
100 100

80 1\3///,//// 80

60 V4 60

4 2

40 ///;// 40

20 //,/// 20

0 3

0 20 40 60 80 100 120 140 n

peed

w

he values of n, T and P are expressed in % of.rated speed, maximum torque and maximum p

Figure 4 — Examples of torque and power scales for propeller curves

e mapping

[ing the engine mapping;the engine shall be warmed up and towards the end of the w
e operated for at least 10 min at maximum power or according to the recommendati
cturer and goodengineering judgement in order to stabilize the engine coolant and luh
es. When the engine is stabilized, the engine mapping shall be performed.

stant speed™engines, engine mapping shall be performed with fully open fuel levg
ing discrete speeds in ascending order. The minimum and maximum mapping speedj
pllows:

pwer

arm
n of
e oil

r or
are

Minimu

nimapping speed = warm idle speed;

— Maximum mapping speed = npj x 1,02 or speed where max torque drops off to zero, whichever is

smaller.
where
npi  is high speed (see 3.32).

If the highest speed is unsafe or unrepresentative (e.g. for ungoverned engines), good engineering
judgement shall be used to map up to the maximum safe speed or the maximum representative one.
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7.4.1 Engine mapping for transient cycles

The engine mapping shall be performed according to the following procedure:

a)

b)

d)

7.4.2

The engine shall be unloaded and operated at idle speed;
1)

For engines with a low-speed governor, the operator demand shall be set to the minimum, the

dynamometer or another loading device shall be used to target a torque of zero on the engine’s
primary output shaft and the engine shall be allowed to govern the speed. This warm idle

speed shall be measured;

N -

For engines without a Inw—cpppd gavernor, the dynzmnmp‘rpr shall he set to target a torque of

zero on the engine’s primary output shaft, and the operator demand shall be set’tg
speed to the manufacturer-declared lowest engine speed possible with migimun
known as manufacturer-declared warm idle speed);

B) The manufacturer declared idle torque may be used for all variablesSpeed engin
without a low-speed governor), if a nonzero idle torque is representative of in-use

Dperator demand shall be set to maximum and engine speed shall be controlled to bet
dle and 95 % of its warm idle speed. For engines with reference duty cycles, which low
breater than warm idle speed, the mapping may be started at between the lowest refe
hnd 95 % of the lowest reference speed;

The engine speed shall be increased at an average ratexof (8 = 1) min-1/s or the eng
mapped by using a continuous sweep of speed at a constant rate such that it takes 4 n
fo sweep from minimum to maximum mapping speed. The mapping speed range shal
between warm idle and 95 % of warm idle and ended at the highest speed above maximy
which less than 70 % of maximum power occut's. If this highest speed is unsafe or unrep
[e.g. for ungoverned engines), good engineering judgment shall be used to map up to th
safe speed or the maximum representativespeed. Engine speed and torque points shall
ht a sample rate of at least 1 Hz;

f a manufacturer believes that the above mapping techniques are unsafe or unrepres

catisfy the intent of the specified mapping procedures to determine the maximum avai
ht all engine speeds achieved during the test cycles. Deviations from the mapping
specified in this clause for reasons of safety or representativeness shall be approved by
nvolved along with.the justification for their use. In no case, however, the torque curve
by descending engine speeds for governed or turbocharged engines;

An engine needunot be mapped before each and every test cycle. An engine shall be rem|

1)

An unreasonable amount of time has transpired since the last map, as determin
engineering judgement; or

Physical changes or recalibrations have been made to the engine which poten

control the
h load (also

es (with or
peration;

veen warm
est speed is
Fence speed

ine shall be
1in to 6 min
| be started
im power at
resentative
e maximum
be recorded

entative for

hny given engine, alternate mapping techniques may be used. These alternate techmiques shall

able torque
techniques
the parties
shall be run

apped if:
ed by good

tially affect

: £
ClIgHIC PCTTOIAIICE, Ul

3)
at the time of the last engine map.

Engine mapping for variable speed steady-state cycles

The atmospheric pressure near the engine’s air inlet is not within +5 kPa of the value recorded

In the case of engine mapping for a steady-state cycle (only for engines which have not to run a transient
cycle), good engineering judgment shall be used to select a sufficient number of evenly spaced set-
points. At each set-point, speed shall be stabilized and torque allowed to stabilize for at least 15 s. The
mean speed and torque shall be recorded at each set-point. Where feasible the mean speed and torque
should be calculated using the recorded data from the last 4 s to 6 s. Linear interpolation shall be used
to determine the steady-state test speeds and torques if needed.
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Except as set-out in 7.2, if the derived test speeds and torques do not deviate for more than *3 % from
the speeds and torques indicated by the manufacturer, the manufacturer defined speeds and torques
shall be applied. When engines are additionally required to run a transient cycle, then the transient
mapping curve shall be used to determine steady-state test speeds and torques.

At the choice of the manufacturer the engine mapping may alternatively be conducted according to the
procedure in 7.4.1.

7.4.3 Engine mapping for constant-speed engines

The engine may be operated with a production constant-speed governor or a constant-speed governor
maybe simulated by controlling engine speed with an operator demand control system.Efther

isochronous or speed-droop governor operation shall be used, as appropriate.

The following mapping procedure shall be applied:

a)

b)

d)

32

With the governor or simulated governor controlling speed using operator detmand, the erngine
shall bg operated at no-load governed speed (at high speed, not low idle) for atdeast 15 s, unlesf the

specifi¢ engine is unable to perform this task.

The dyphamometer shall be used to increase torque at a constant rate. The map shall be conducted
such that it takes no less than 2 min to sweep from no-load governed speed to the tofque
corresgonding to rated power for engines to be tested on cycle D1;-D2 or E2 or to maximum tofque
in the cpse of other constant speed test cycles. During the engine/nfapping actual speed and tofque

shall bg recorded with at least 1 Hz;

In case| of a constant speed engine with a governor tha€can be reset to alternative speeds} the

engine fhall be tested at each applicable constant speed.

For corlstant speed engines good engineering judgment shall be used to apply other methods to
record |[torque corresponding to rated power.at the defined operating speed(s). Other suitable

methods shall include but not be limited to the‘following:

1y

2)

3)

Foil constant-speed engines subjectionly to steady-state testing, an engine map may be
perfformed by using a series of discrete torques. At least five evenly spaced torque setpgints
from no-load to 80 % of the mannfacturer-declared test torque or to a torque derived frorJ: the
published maximum power. level shall be selected if the declared test torque is not availpble.
Starting at the 80 % torque-point, setpoints in 2,5 % or smaller intervals are selected, stopping
at the endpoint torque~The endpoint torque is defined as the first discrete mapped torque yalue
grdater than the torque at maximum observed power where the engine outputs 90 % of the
majkimum observed-power; or the torque when engine stall has been determined. Torque and
spded shall be allewed to stabilize at each setpoint and the mean feedback speed and tofque
at ¢ach setpoint shall be recorded. Mapping at higher torque setpoints may be carried qut if
degired. Erom this series of mean feedback speed and torque values, intermediate value$ are
detlermined by using linear interpolation. These series of mean speeds and torques are us¢d to
gerferate the power map.

For any constant-speed engine, an engine map may be performed with a continuous torque
sweep by continuing to record the mean feedback speed and torque at 1 Hz or higher frequency.
The reference torque shall be increased by the dynamometer at a constant rate from no-load
to the endpoint torque. The torque sweep rate is targeted to be equal to the manufacturer-
declared test torque (or a torque derived from the published power level) divided by 180 s.
It shall be verified, that the average torque sweep rate over the entire map is within +7 %
of the target torque sweep rate. From this series of mean feedback speed and torque values,
intermediate values are determined by using linear interpolation. These series of mean speeds
and torques are used to generate the power map.

For any isochronous governed (0 % speed droop) constant-speed engine, the engine may be
mapped with two points. After stabilizing at the no-load governed speed, the mean feedback
speed and torque is recorded.
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The engine shall be operated with the governor or simulated governor controlling engine speed
using operator demand, and the dynamometer shall be used to target a speed of 99,5 % of the

recorded mean no-load governed speed. Torque and speed shall be allowed to stabi

lize at each

setpoint. The mean feedback speed and torque at each setpoint and the target speed shall be

recorded.

The absolute value of the speed error (the mean feedback speed minus the target speed) must be no
greater than 0,1 % of the recorded mean no-load governed speed. From this series of mean feedback
speed and torque values, intermediate values are determined by using linear interpolation. These
series of two mean feedback speeds and torques are used to generate the power map. Note that the
measured maximum test torque will be the mean feedback torque recorded on the second point.

bngines tested on cycles other than D1, D2 or E2, when both measured and declared
able for the maximum torque, the declared value may be used instead of the measured
in 95 to 100 % of the measured value.

Steady-state test cycles

Hy-state test cycles are specified as a list of discrete modes (operating points), where ead

mned up and running engine according to manufacturer’s specification.

values are
value if it is

h operating
ured with a

At the choice of the manufacturer, a steady-state test cycle niay be run as a discrete-modfe cycle or a

ram

Perf
why|

cong

7.5.

7.5.]

The

cyclg
Ann

The
acco
is ng

mode at stabilized-engine operation. The time needed for stabilization of the engine depend

size

7.5.

1

ped-modal cycle (RMC), as explained in 7.5.1 and 7.5.2.

brming an RMC emission test according to 7.5.2 shall-be optional. There may be techn
an engine may not be able to operate according to-the test cycles in 7.5.2. It shall not be
uct an emission test according to both 7.5.1 and 7.5.2.

Discrete mode test cycles

.1 General remarks

exhaust emission measurement and evaluation shall be carried out using the appr
e for the application as described in general in 7.5.3. The corresponding test cycles are {
bX A.

particulate emission_rhay be measured by either the multiple filter or the single fil
irding to ISO 8178%1;/8.6.1.2. To evaluate the particulate emission by the multiple filte
cessary to measute the particulate concentration and the particulate mass emission

and ambient conditions.

.2 < Requirements for conduct of test using discrete mode cycle

cal reasons
required to

bpriate test
abulated in

ter method
r method, it
of each test
s on engine

7.5.1.2.1 Testsequence

Each test shall be performed with a warmed-up and running engine in the given sequence of the test

mod

es for a particular test cycle.

7.5.1.2.2 Mode length

The minimum test mode length is 10 min, which is the standard, except when testing spark ignition
engines using cycles “G”. If necessary the mode length may be extended e.g. to collect sufficient
particulate sample mass or to achieve stabilization with large engines.

For spark ignition engines when only gaseous emissions are measured using cycles “G”, each mode time
shall be at least 3 min.
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The mode length shall be recorded and reported.

7.5.1.2.3 Emission measurement

Except when testing spark ignition engines using test cycles “G”, the gaseous exhaust emission
concentration values shall be measured and recorded for at least 3 min anywhere in the mode if the
engine is stabilized and meets the speed and torque requirements of the respective mode.

For spark ignition engines when only gaseous emissions are measured using cycles “G”, the gaseous
exhaust emission concentration values shall be measured and recorded for the last 2 min of the
respective test mode.

Only the ladt 60 s of the measurement period shall be used for emission calculation in accordance with
Clause 9 or Annex H.

Particulate [sampling shall not commence before engine stabilization, as defined by the mianufactprer,
has been arhieved, and shall preferably be conducted at the same time as gaseous-emissiong are
measured. For the single filter method, the completion of particulate sampling shall*‘be within +3 s of
the completlion of the gaseous emission measurement.

7.5.1.2.4 [Repeat measurements

For the multiple filter method only, particulate sampling and gaseous émissions measurement mdy be
repeated dyring the mode until a valid sample is obtained as long asthe speed and torque requirements
are met.

Test modesmay be repeated, as long as the engine is pre-conditioned by running the previous or cujrent
mode. In the case of the first mode of any cycle, the engineshall be preconditioned according to 8.4.2.

7.5.1.2.5 |Validation criteria

During eaclh mode of the given steady-state testieycle after the initial transition period, the measpired
speed shalll not deviate from the reference-speed for more than +1 % of rated speed or +3 mjin-1,
whichever is greater except for idle which.shdll be within the tolerances declared by the manufactpirer.
The measuted torque shall not deviatefrom the reference torque for more than +2 % of the maximum
torque at the test speed.

7.5.1.2.6 [Equipment malfunction

If at any tinje during a testmeode, the test equipment malfunctions or the engine speed and load d¢ not
meet the rgquirements<f-7.5.1.2.5, the test mode is void and may be aborted. The test mode md3y be
restarted by preconditioning with the previous or current mode.

7.5.2 Ramped\mnodal test cycles

7.5.2.1 General remarks

An RMC is intended to provide a method for performing a steady-state test in a pseudo-transient
manner. Each RMC consists of a series of steady state modes with a linear transition between them. The
relative total time at each mode and its preceding transition match the weighting of the discrete mode
steady state cycles. In some cases modes are not run in the same order as the discrete mode steady
state cycles or are split to prevent extreme changes in temperature.

The exhaust emission measurement and evaluation shall be carried out using the appropriate test
cycle for the application as described in general in 7.5.3. The corresponding test cycles are tabulated
in Annex B. Where available the RMCs are numbered to correspond to the equivalent discrete mode
cycle. Where no RMC exists for a given application the steady state test shall be conducted using the
appropriate discrete mode cycle.

34 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178

7.5.2.2 Requirements for conduct of test using RMC

7.5.2.2.1 Testsequence

-4:2017(E)

Each test shall be performed with a warmed-up and running engine in the given sequence of the test

modes for a particular test cycle.

7.5.2.2.2 Mode length

The engme shall be Contlnuously controlled by the test bed control unit during the RMC test cycle. The

20-sE cond tran51t10n phase Durmg the tran51t10n phase command a lmear progressmn fron
setting of the current mode to the torque setting of the next mode, and simultaneausly
similar linear progression for engine speed if there is a change in speed setting.

7.5.2.2.3 Emission measurement

The |gaseous and particulate emissions shall be measured and sampled-continuously duri
test cycle in the same way as in a transient cycle.

7.5.2.2.4 Repeat measurements

Due|to the fact that emissions are measured continuofisly during the RMC test cy
meapurements within the test cycle are not permitted.

In cdse of engine stall during the test the entire test is-#0id and may be aborted. The entire
restarted.

7.5.2.2.5 Equipment malfunction

If atjany time during a test mode, the testlequipment malfunctions or the engine speed and
meef the requirements of 7.5.1.2.5, thelentire test is void and shall be aborted. The entire {
restarted.

7.5.3 Cycle types and applicability

This|clause provides a geheral description of the test cycles for different engine applicationy.

7.5.3.1 Test cyclestype C “Non-road machinery and industrial equipment”

oxt within a
h the torque
command a

ng the RMC

rcle, repeat

rest shall be

load do not
est shall be

7.5.3.1.1 Testcycle type C1 “Compression-ignition engine powered non-road machinlery and

indystrial'equipment”

Gen¢ral;purpose variable speed test cycle. Tables of discrete and RMC test modes are liste

1 in A.1 and

B.1 respectively:
Typical examples of applications are:

— industrial drilling rigs, compressors etc.;

— construction equipment including wheel loaders, bulldozers, crawler tractors, crawler loaders,

truck-type loaders, dumpers, hydraulic excavators etc.;
— agricultural equipment, rotary tillers;
— forestry equipment;

— self-propelled agricultural vehicles (including tractors);
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airport

material handling equipment;

fork-lift trucks;

road maintenance equipment (graders, road rollers, asphalt finishers);
snow plough equipment;

snow tractors;

supporting equipment;

aerial |
mobile

This listis 1

NOTE1 Cpmpression-ignition engines with rated power typically below 19 kW intended for applica
listed under [7.5.3.5 (test cycles G), can be tested according to the test cycles given in 7.5.3.Xftest cycles C).
NOTE 2  Cpmpression-ignition engines that operate within +15 % of the rated speed.and spend less than
of their time[at idle speed can be tested according to test cycle D2.

This test cyfle may optionally be used for spark-ignition engines >56 kW:

7.5.3.1.2 [Cycle C2 “Spark ignition engine powered non-road machinery and industrial
equipment’, >19 kW

Variable sp
modes are |

Typical exa
— fork-lift
airport
materiz
road m
— agq
This listis 1

Test cycle C

7532 T

sted in A.1 and B.1 respectively.

fts;
cranes.

ot exhaustive.

bed test cycle with focus on intermediate speed operation. Tables of discrete and RM(

mples of applications are:
trucks;

supporting equipment;

1 handling equipment;
hintenance equipment;
icultural equipment.

ot exhaustive.

1 may.optionally be used for spark-ignition engines >56 kW.

pstcycles type D “Constant speed”

fions

15 %

test

Test cycles for engine applications where the load is driven at constant speed. Tables of discrete and
RMC test modes are listed in A.2 and B.2 respectively.

Typical examples of applications are:

cycle D1:

— power plants;

cycle D2:

36

gas compressors;

irrigation pumps;
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for propulsion), welding sets;

— turf care, chippers, snow removal equipment, sweepers.

This

NOTE 1

(test

NOTE 2

list is not exhaustive.

cycles G) can be tested according to the test cycles given in 7.5.3.2 (test cycles D).

idle speed can be tested according to test cycle D2.

4:2017(E)

generating sets with intermittent load including generating sets on board of ships and trains (not

Diesel engines with rated power typically below 19 kW intended for application listed under 7.5.3.5

Diesel engines that operate within 15 % of the rated speed and spend less than 15 % of their time at

7.5.]

Test
B.31

Sele

For
depq

For

8.3 Test cycles type E “Marine applications”

cycles for marine propulsion engines. Tables of discrete and RMC test modes lare liste
espectively.

Ction of test cycles shall conform to the following criteria:

boats and push boats;

blectric drive and variable-pitch propeller applications;
cycle E3: propeller-law heavy duty engines for propudsion of ships of any length;

cycle E4: spark ignition engines for propulsion of graft less than 24 m in length except ty
push boats;

cycle E5: compression ignition engines for propulsion of craftless than 24 m in length wh
bn a propeller law except for tug boats'and push boats.

compression ignition engines in-craft less than 24 m in length, test cycle E1 or E5 car
nding on which cycle is closer to'the actual operation.

E2 o

is clgser to constant speed operation (cycle E2).

For §park ignition engintes in craft less than 24 m in length test cycle E4 applies.

7.5.3.4 Test cycle type F “Rail traction”
Test|cycleforrail propulsion. Tables of discrete and RMC test modes are listed in A.4 and B.4 1

Typicalexamples of applications are:

fonstant-speed marine pyopulsion engines cycle E2 applies. For variable pitch propellg
E3 may be used depending on which cycle is closer to the actual operation; usually th

]l in A.3 and

cycle E1: compression ignition engines for propulsion of craft les§than 24 m in length except tug

cycle E2: constant-speed heavy duty engines for propulsiomof ships of any length including diesel-

g boats and

en operated

be applied

r sets cycle
e operation

espectively.

— locomotives;

— rail cars;

— shunting locomotives.

This

list is not exhaustive.

NOTE Diesel engines for railcars can be tested according to the cycle given in 7.5.3.1.1 (C1).

7.5.3.5 Test cycles type G “Utility, lawn and garden”; typically <19 kW

Tables of discrete and RMC test modes are listed in A.5 and B.5 respectively.
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If the primary end use of an engine model is known then the test cycle may be chosen based on the
examples given in 7.5.3.5. If the primary end use of an engine model is uncertain then the appropriate
test cycle should be chosen based upon the engine specification. Both compression ignition and spark

ignition engines may be tested in any of the three cycles; whichever is most appropriate.
Typical examples of applications are:
— cycle G1:

— pedestrian-controlled rotary or cylinder lawn mowers;

— froptor rear engine riding lawn mowers;

— rotpry tillers;

— edge trimmers;

— lawn sweepers;

— wapte disposers;

— sprjayers;

— sndw removal equipment;

— golf carts;

19

— cycleG

— porytable generators, pumps, welders, air compressors;

— mal also include lawn and garden equipment tlfdt operates at engine-rated speed;

— cycle GB:
— edge trimmers;
— string trimmers;
— blojwers;
— vaduum equipment;
— chdin saws;
— portable saw mills.

These lists fire notiexhaustive.

NOTE Djiese]l engines of any rated power intended for applications listed in other test cycles can be t¢

psted

according to'thattyctetegtyctes Damd€13-

7.5.3.6 Test cycle type H “Snowmobile”

Test cycle for snowmobile engines. Tables of discrete and RMC test modes are listed in A.6 and B.6

respectively.

7.5.3.7 Testcycle type I “Transport refrigeration unit”

Test cycle for transport refrigeration unit applications that operate at two speeds. Tables of discrete

and RMC test modes are listed in A.7 and B.7 respectively.
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7.6 Transient cycles

7.6.1 Introduction

Transient cycles are listed in Annex C as a second-by-second sequence of normalized speed and torque
values. In order to perform the test on an engine test cell, the normalized values shall be converted to
their equivalent reference values for the individual engine to be tested, based on specific speed and
torque values identified in the engine mapping curve. The conversion is referred to as denormalization,
and the resulting test cycle so developed as the reference cycle of the engine to be tested. With those
reference speed and torque values, the Cycle shall be run on the test cell, and the actual speed, torque
and powe C date the S sis between
refefence and actual speed torque and power values shall be conducted upon completlon of the test.
For galculation of the brake specific emissions, the actual cycle work shall be calculated by|integrating
actupl engine power over the cycle. For cycle validation, the actual cycle work must be withir prescribed
limits of the cycle work of the reference cycle (reference cycle work).

7.6.2 Non-road transient cycle (NRTC)

The non-road transient cycle (NRTC) may be applied to variable-speed-compression-ignition or spark
ignifion engines for mobile use (NRMM) with a maximum power otitput between 19 kW gand 560 kW
that|are also subject to the C1 steady-state (discrete or ramped modal) cycle. This cycle do¢s not apply
to n¢n-road engines for applications that are not subject to theCI*test cycle.

The kequence of normalized speed and torque values is given in C.1.

7.6.2.1 Test sequence for NRTC
The transient test cycle shall be run twice after egmpletion of pre-conditioning:

a) s cold start after the engine and aftertreatment systems have cooled down to room tpmperature
hfter natural engine cool down, or asicold start after forced cool down and the engine, coolant and
bil temperatures, aftertreatment.systems and all engine control devices are stabilized between
0 °C and 30 °C. The measurement of the cold start emissions shall be started with the|start of the
cold engine;

b) Hot soak period - Immediately upon completion of the cold start phase, the engine shall be shut-
Hown and conditioned.for the hot start by a 20 min +1 min hot soak period;

c) [The hot-start shallbe started immediately after the soak period with the cranking of|the engine.
The gaseous ammalysers shall be switched on at least 10 s before the end of the soak perjod to avoid
switching signal peaks. The measurement of emissions shall be started in parallel with|the start of
Lhe hot stant phase including the cranking of the engine.

Bralfe spegific emissions expressed in (g/kWh) shall be determined by using the procedures of Clause 9
or Hl7£ox both the cold and hot start test cycles. Composite weighted emissions shall be computed by

weighting the cold start resnlts hy 10 % and the hot start resnlts hy 90 % as detailed in Clalise 9 or H.7.

7.6.3 Large spark-ignition non-road transient cycle

The large spark-ignition non-road transient cycle (LSI-NRTC) may be applied to variable-speed spark-
ignition engines for mobile use (NRMM) that are also subject to the C2 steady-state (discrete or ramped
modal) cycle and conform to all of the following characteristics:

a) A maximum power output between 19 kW and 30 kW with a swept volume =1 litre
b) A maximum power output greater than 30 kW but less than 560 kW

c¢) A maximum engine speed <3 400 rpm
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This cycle does not apply to non-road engines that are not subject to the C2 test cycle and does not
apply to engines for non-road utility vehicles with displacement <1 litre and maximum power <30 kW,
snowmobiles, off-highway motorcycles or all-terrain vehicles (ATVs).

The sequence of normalized speed and torque values is given in C.2.

7.6.3.1 Test sequence for LSI-NRTC
The transient test cycle shall be run once after completion of pre-conditioning:

a) Warm up the test engine by starting and operating for the first 180 s of the duty cycle, then operate
at idle Wwithout foad for 30 s. EmMIissions are not measured during this warm-up Sequence.

b) At the ¢nd of the 30-second idling period start measuring emissions and operate the engirne jover
the entfre duty cycle starting from the beginning.

Brake spedific emissions expressed in (g/kWh) shall be determined by using thetprocedurgs of
Clause 9 or [H.7.

If the enging¢ was already operating before the test, use good engineering judgment to let the engine|cool
down enough so measured emissions will accurately represent those from.an-€éngine starting at rjoom
temperature. For example, if an engine starting at room temperature wasms up enough in 3 min to
start closed-loop operation and achieve full catalyst activity, then miniidal engine cooling is necessary
before starfing the next test.

With the agreement of the parties involved, the engine warm-up.procedure may include up to 15 mjfin of
operation oper the duty cycle.

7.7 Testgycle generation

7.7.1 Generation of steady-state discrete-mode-or RMC test cycles

This clause] shall be used to generate the erngine speeds and loads over which the engine sha|l be
operated dyring steady-state discrete-mode-er RMC tests.

7.7.1.1 Ggneration of test speeds/for engines tested with both transient and steady-state cy¢les

For engined that are tested with a)transient cycle in addition to a steady-state cycle the MTS specjfied
in 7.2.1 shall be used as the 100’% speed for both transient and steady state tests. A declared MTS as
specified by 7.2.1.2 is permittéd at the choice of the manufacturer.

The MTS shill be usedsin'place of rated speed when determining intermediate speed according to 1.2.3.

The idle spged shallbe determined according to 7.2.4.

7.7.1.2 Ggneration of test speeds for engines only tested with steady-state cycles

For engines that are not tested with a transient cycle, the maximum test speed specified in 7.2.2 shall
be used as the 100 % speed.

The rated speed shall be used to determine the intermediate speed according to 7.2.3. If the cycle in
Annex A or B specifies additional speeds as a percentage they shall be calculated as a percentage of the
rated speed.

The idle speed shall be determined according to 7.2.4.

At manufacturers’ discretion, MTS may be used to replace rated speed for the generation of test speeds
in this clause.
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7.7.1.3 Generation of load settings for each test mode

The % load for each test mode of the chosen test cycle shall be taken from the appropriate table of
Annex A or B. Depending upon the test cycle, the load in these tables is expressed as either power or
torque relative to a specified value at the specified engine speed, as listed in 7.3 and in the footnotes for

each

table.

The 100 % value at a given test speed shall be the measured or declared value taken from the mapping
curve generated according to 7.4.2 or 7.4.3 respectively, expressed as power (kW). The engine setting

fore

ach test mode shall be calculated using the formula:

L AN

whe

A wag
engi
torq

In the case of cycle D1 and D2 the manufacturer shall declare the maximum continuous

rate

7.7.1

This
oper

7.7.1
Each

whe

ya
L
3 :L(PIOO% +PAUX)X_J_PAUX

100

e

5 is dynamometer setting in kW;
P1009% is 100 % value of measured or declared power at the specified test speed in kWj

Prux  is sum of the declared total power absorbed by auxiliaries.that are to be removed
but which are installed minus the declared total power absorbed by auxiliaries

[, is % torque.

rm minimum torque that is representative of in-use operation may be declared. For ex4
he is typically connected to a machine that does'not operate below a certain minimum
lile may be declared and used for any load pointthat would otherwise fall below this val

l power respectively and these shall be'used as 100 % power when generating the test

P Generation of NRTC and LSI-NRTC

clause shall be used to generate the engine speeds and loads over which the engi
ated during NRTC or LSI-NRTC tests.

2.1 Denormalization of engine speed
engine speed from Annex C shall be denormalized using the following formula:

_ Y%speedx(MTS —nyq, )

lref = 100

idle

(€

(12)

for the test
that should

be fitted for the test but were not installed, (see 5.2.4) at the specified test speed in kW;

hmple, if the
torque, this
ue.

power and
cycle.

ne shall be

(13)

Nref is reference speed;

MTS is maximum test speed;

Nidle is idle speed;

%speed is value of NRTC or LSI-NRTC normalized speed taken from Annex C.

Ade

clared MTS as specified by 7.2.1.2 is permitted at the choice of the manufacturer.
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7.7.2.2 Denormalization of engine torque

The torque values in the engine dynamometer schedule of Annex C are normalized to the maximum
torque at the respective speed. The torque values of the reference cycle shall be denormalized, using
the mapping curve determined according to 7.4.1, as follows:

Toog = %torqlu;; T hax (14)
where
Tref is reference torque for the respective reference speed;
Tmax is maximum torque for the respective test speed taken from the engine mappingperformed
according to 7.4.1 adjusted where necessary according to 7.7.2.2.1;
%torque is value of NRTC or LSI-NRTC normalized torque taken from Annex C;
7.7.2.2.1 [Adjustment of engine torque due to auxiliaries fitted for the emissions test

Where auxiliaries are fitted in accordance with Annex G there shall be no adjustment to the maxifgnum

torque for t

Where, accq
installed, o1
be adjusted|

he respective test speed taken from the engine mapping perfermed according to 7.4.1.

rding to 5.2.1 or 5.2.2 necessary auxiliaries that should have been fitted for the test ar
auxiliaries that should have been removed for the test\are installed, the value of Tjgx
according to this clause.

b not
shall

Tax = mmap —Tpux (15)
where
Tmap is unadjusted maximum torque-for the respective test speed taken from the engine map-
ping performed according to\7Z4.1;
Taux =Tr-Tsg
Tt is torque required-to-drive auxiliaries that should have been fitted but were not installed
for the test;
Tr is torque required to drive auxiliaries that should have been removed for the test but yere
installed‘for’the test.
7.7.2.2.2 |Declared' minimum torque

A minimum

torque that is representative of in-use operation may be declared. For example, if the en

gine

is typically

R N ) - =l . | de b 1 1 R - - b dolas b=
UIIITLLCTU LU 4 IIT4UIHITIIT UIdU UUTS TTUL UPTET ALT UCTIUVV a LTT LA HHITHIIITU T tUTYUC, IS LU

may be declared and used for any load point that would otherwise fall below this value.

7.7.2.3 Example of denormalization procedure

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

% speed

% torque

=43 %
=82%

Given the following values:

42

que
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=2 200 /min

idle speed =600 /min

resu

actual speed =

Its in

43(2200-600)

+600=1288 / min
100

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

4:2017(E)

8.1

To nj

)

g)

h)

hctual torque = 82x700 =574 Nm
100

Test run

General test sequence

easure engine emissions the following steps have to be performed:

the max torque (for constant speed engines) or max torque curve (for variable speed
function of the engine speed;

Normalized test cycles have to be denormalized with the torque (for constant speed
speeds and torques (for variable speed engines)found in 8.1 a);

Che engine, equipment, and measurement ingtruments shall be prepared for the followi
Lest or test series (cold and hot cycle) in advance;

Pre-test procedures shall be perforimed to verify proper operation of certain equ
hnalysers. All analysers have to begalibrated. All pre-test data shall be recorded;

beginning of the test cycle-and the sampling systems shall be started at the same time;

NRTC and steady-state' ramped modal cycles throughout the whole test cycle;

Post-test procedures shall be performed to verify proper operation of certain equ
hnalysers;

PM filter(s) shall be pre-conditioned, weighed (empty weight), loaded, re-conditi
weighed (loaded weight) and then samples shall be evaluated according to pre- (8.4.1) a
(8-7.2) procedures;

)

Che engine test speeds and test loads have to be defined fofithe engine to be tested by measuring

engines) as

engines) or

ng emission

pment and

The engine shall be startedy(NRTC) or kept running (LSI-NRTC and steady-state cycles) at the

F missions and other required parameters shall be measured or recorded during sampling time (for

ipment and

ned, again
nd post-test

Emission test results shall be evaluated.

The following diagram gives an overview about the procedures needed to conduct NRMM test cycles
with measuring exhaust engine emissions.
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( Steady-state (discrete & RMC) > < Transient (NRTC & LSI-NRTC) )

Generate engine map (maximum torque
curve or constant speed operating line)
if transient cycle not applied

Generation engine map
(maximum torque curve)

If transient cycle and
steady-state cycle are applied.

Defining steady-state test cycle Generate reference transient test cycle

!

Run one or more practice cycle as
necessary to check engine/test

LSI-NRTC NRTC

'

Pre-condition engine

!

Natural or forced cool
down

{

Ready all systems for sampling (analyser calibration included) & data collection

{ ! '

Cold start exhaust
emission test phase

! ! '

Exhaust emission test | | Hot soak
i

Hot start exhaust
emission test phase

!

Pre-condition & warm-up€ngine

1) Data collection 2) Post-test procedures 3) Evaluations

! ' '

Emissions calculation (see paragraph 9 and Annex H)

Figure 5 — Test sequence
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Instrument validation for test

8.2.1 Validation of proportional flow control for batch sampling and minimum dilution ratio
for PM batch sampling

8.2.1.1 Proportionality criteria for CVS

8.2.1.1.1 Proportional Sample Flow Rate (Example: Raw PFS Application)

For any pair of flow meters, the recorded sample and total flow rates or their 1 Hz means shall be

used
the s
dem

8.2.

For 4
dem
The

a)

b)

8.2.

For 4
sam

with the statistical calculations in ISO 8178-1, D.10. The standard error of the estim
ample flow rate versus the total flow rate shall be determined. For each test interva
pnstrated that SEE was less than or equal to 3,5 % of the mean sample flow rate«

ny pair of flow meters, the recorded sample and total flow rates or theirtl Hz means sha
bnstrate that each flow rate was constant within +2,5 % of its respective mean or targ
following options may be used instead of recording the respectiveflow rate of each type

Critical-flow venturi option. For critical-flow venturis, the recorded venturi-inlet cd
their 1 Hz means shall be used. It shall be demonstrated-that the flow density at the v
ivas constant within £2,5 % of the mean or target density‘over each test interval. For a
fFlow venturi, this may be demonstrated by showing.that the absolute temperature at
nlet was constant within +4 % of the mean or target absolute temperature over each tq

Positive-displacement pump option. The recorded pump-inlet conditions or their 1 Hz
be used. It shall be demonstrated that the flo# density at the pump inlet was constant w

chowing that the absolute temperaturéat the pump inlet was constant within + 2 % of
farget absolute temperature over eachtest interval.

|.1.3 Demonstration of proportional sampling

iny proportional batch sample such as a bag or PM filter, it shall be demonstrated that p

poi

Usi
Prof
exp4
dem
opef]

may be omitted as-outliers.

good engineering judgement, it shall be demonstrated with an engineering analy|
ortional-flow.control system inherently ensures proportional sampling under all cir
cted during-testing. For example, CFVs may be used for both sample flow and total
pnstrated.that they always have the same inlet pressures and temperatures and that
ate under critical-flow conditions.

ate, SEE, of
, it shall be

|.1.2 Constant Sample Flow Rate (Example: CVS Secondary Dilution System Applicaton)

I be used to
bt flow rate.
of meter:

nditions or
enturi inlet
UVS critical-
the venturi
st interval;

means shall
thin +2,5 %

bf the mean or target density over each test interval. For a CVS pump, this may be demagnstrated by

'he mean or

roportional

bling was maintained.using one of the following, noting that up to 5 % of the total number of data

i

5is that the
rumstances
flow if it is
they always

Mea

sured or calculated flows and/or tracer gas concentrations (e.g. CO») shall be used to de

termine the

minimum dilution ratio for PM batch sampling over the test interval.

8.2.1.2 Partial flow dilution system validation

For the control of a partial flow dilution system, a fast system response is required. The transformation
time for the system shall be determined by the procedure in ISO 8178-1, 9.8.6.3.2 and the related
Figure 1. If the combined transformation time of the exhaust flow measurement (see ISO 8178-1, 6.4)
and the partial flow system is less than 0,3 s, online control may be used. If the transformation time
exceeds 0,3 s, look ahead control based on a pre-recorded test run shall be used. In this case, the rise
time shall be <1 s and the delay time of the combination <10 s.

The total system response shall be designed so as to ensure a representative sample of the particulates,
dmp,i» proportional to the exhaust mass flow. To determine the proportionality, a regression analysis
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of Gmp,i versus gmew,i shall be conducted on a minimum 5 Hz data acquisition rate, and the following
criteria shall be met:

a) The correlation coefficient r2 of the linear regression between qmp,i and gmew,i shall not be less
than 0,95.

b) The sta

ndard error of estimate of gmp,; On gmew,i shall not exceed 5 % of gmp maximum.

C) Qqmp intercept of the regression line shall not exceed + 2 % of g,p maximum.

Optionally, a pretest may be run, and the exhaust mass flow signal of the pretest be used for controllmg

the sample

« ”

transformation time of the particulate system ¢t5o p or/and the transformation time of the exhaust

flow signal

[s0,F are > 0,3 s. A correct control of the partial dilution system is obtained, if the tine

of Gmew,pre ¢f the pretest, which controls gmp, is shifted by a “look-ahead” time of t5 p + ts5 f.

For establis
used, with (
That is, the
determined

8.2.2 Gag

8.2.21 R

If an analys
performed:

8.2.2.1.1

For batch s
maximum i
which the a

8.2.2.1.2

For continu
analyser ag
The test sh

hing the correlation between gpmp,; and gmew,i the data taken during the agtual test sha

time shift between gmew and gmp is the difference in their transformation times that y
in ISO 8178-1, 9.8.6.3.2.

analyser range validation, drift validation and drift correction

hnge validation

er operated above 100 % of its range at any time during the test, the following steps shg

Batch sampling

hmpling, the sample shall be re-analyséd using the lowest analyser range that results
hstrument response below 100 %. The result shall be reported from the lowest range
nalyser operates below 100 % of-its-range for the entire test.

Continuous sampling

ous sampling, the entire test shall be repeated using the next higher analyser range. |
hin operates above, 100% of its range, the test shall be repeated using the next higher r4g
1l be continued to.be repeated until the analyser always operates at less than 100 %

range for the entire test.

8.2.22 D

If the drift i

ift validation and drift correction

is within +1 %, the data can be either accepted without any correction or accepted

the
ass
race

11 be

mew,i time aligned by tso,r relative to gmp,; (no contribution from tsg p to the time alignmient).

vere

1l be

in a
‘rom

f the
nge.
f its

hfter

correction. [If-the drift is greater than +1 %, two sets of brake spec1f1c emission results shall be
calculated fereaeh S s est-sh evoided.
One set shall be Calculated using data before drift correct1on and another set of data calculated after
correcting all the data for drift according to Clause 9 or Annex H. The comparison shall be made as
a percentage of the uncorrected results. The difference between the uncorrected and the corrected
brake-specific emission values shall be within * 4 % of the uncorrected brake-specific emission values,
or the emission limit value, if applicable, whichever is greater. If not, the entire test is void.

8.2.3 PM sampling media (e.g. filters) preconditioning and tare weighing

Before an emission test, the following steps shall be taken to prepare PM sample filter media and
equipment for PM measurements:
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8.2.3.1 Periodic verifications

[t shall be made sure that the balance and PM-stabilization environments meet the periodic verifications
in ISO 8178-1, 9.6.3. The reference filter shall be weighed just before weighing test filters to establish
an appropriate reference point (see details of the procedure in ISO 8178-1, 9.6.3). The reference filters
are used to indicate whether or not the conditions at the time of test filter stabilisation may have
caused contamination of test filters, subsequent to the pre-test mass determination of the filter. The
verification of the stability of the reference filters shall occur after the post-test stabilisation period,
immediately before the post-test weighing.

8.2.3.2  Visual inspection

The |unused sample filter media shall be visually inspected for defects, defective. filtqrs shall be
discarded.

8.2.3.3 Grounding

Elecfrically grounded tweezers or a grounding strap shall be used to handle’PM filters as described in
ISO $178-1, 8.1.4.

8.2.3.4 Unused sample media

Unused sample media shall be placed in one or more containiers that are open to the PM-gtabilization
environment. If filters are used, they may be placed in the battom half of a filter cassette.

8.2.3.5 Stabilization

Sample media shall be stabilized in the PM-stabilization environment. An unused sample medium can
be cpnsidered stabilized as long as it has been\in the PM-stabilization environment for a minimum of
30 njin, during which the PM-stabilization enfvironment has been within the specifications of ISO 8178-1,
8.1.4. However, if a mass of 400 pg or mote is expected, then the sample media should be stabilised for
atlepst 60 min.

8.2.3.6 Weighing
The pample media shall be weighed automatically or manually, as follows:

a) For automatic weighing, the automation system manufacturer’s instructions shall be [followed to
prepare samples-for weighing. This may include placing the samples in a special container;

b) For manualweighing, good engineering judgement shall be used;

c) Pptionally; substitution weighing is permitted (see 8.2.3.10);

d) Pncea filter is weighed it shall be returned to the Petri dish and covered.

8.2.3.7 Buoyancy correction

The measured weight shall be corrected for buoyancy as described in ISO 8178-1, 9.6.3.5.

8.2.3.8 Repetition

The filter mass measurements may be repeated to determine the average mass of the filter using good
engineering judgement and to exclude outliers from the calculation of the average.

8.2.3.9 Tare-weighing

Unused filters that have been tare-weighed shall be loaded into clean filter cassettes and the loaded
cassettes shall be placed in a covered or sealed container before they are taken to the test cell for
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sampling. The filter cassettes should be kept clean by periodically washing or wiping them with a
compatible solvent applied using a lint-free cloth. Depending upon the cassette material, ethanol
(C2Hs0H) might be an acceptable solvent. The cleaning frequency will depend on the engine’s level of
PM and HC emissions.

8.2.3.10 Substitution weighing

Substitution weighing is an option and, if used, involves measurement of a reference weight before
and after each weighing of a PM sampling medium (e.g. filter). While substitution weighing requires
more measurements, it corrects for a balance’s zero-drift and it relies on balance linearity only over
a small ran is i j ifyi % of
the sample |medium’s mass. However, it may not be appropriate when total PM masses exceed”1 P4 of
the sample medium’s mass. If substitution weighing is used, it shall be used for both pre-test-and post-
test weighing. The same substitution weight shall be used for both pre-test and post-test wéighing| The
mass of thelsubstitution weight shall be corrected for buoyancy if the density of the substitution w¢ight
is less than 2,0 g/cm3. The following steps are an example of substitution weighing:

a) Electrigally grounded tweezers or a grounding strap shall be used, as described in ISO 8178-1,
8.1.5.3;

b) A stati¢ neutralizer shall be used as described in ISO 8178-1, 8.1.5.3~to minimize static eleftric
charge pn any object before it is placed on the balance pan;

c) A substitution weight shall be selected that meets the specifications for calibration weights in
ISO 8178-1, 8.1.5.2. The substitution weight shall also have-the same density as the weight|that
is used|to span the microbalance, and shall be similar in mass to an unused sample medium|(e.g.
filter). [f filters are used, the weight’s mass should becabout (80 to 100) mg for typical 47| mm
diameter filters;

d) The staple balance reading shall be recorded and-then the calibration weight shall be removed

e) An unysed sampling medium (e.g. a newx filter) shall be weighed, the stable balance reahLding
record¢d and the balance environment's’dew point, ambient temperature, and atmospleric
pressute recorded;

f) The caljbration weight shall be reweighed and the stable balance reading recorded;

g) Thearithmetic mean of the two-ealibration-weight readings that were recorded immediately before
and after weighing the unused sample shall be calculated. That mean value shall be subtrdcted
from the unused sample‘reading, then the true mass of the calibration weight as stated or} the
calibration-weight certificate shall be added. This result shall be recorded. This is the unfised
sample|s tare weightvwithout correcting for buoyancy;

h) These gubstitutien-weighing steps shall be repeated for the remainder of the unused sample media;

i) The instructions given in 8.2.3.7 to 8.2.3.9 shall be followed once weighing is completed.

8.3 Sample system decontamination and preconditioning

Good engineering judgment shall be used to determine if the sampling system needs to be
decontaminated and preconditioned.

Contamination occurs when a pollutant accumulates in the sample system in a high enough
concentration to cause release during emission tests. A sampling system is considered decontaminated
if the contaminants are in equilibrium with measured exhaust emissions. Note that although this clause
focuses on avoiding excessive contamination of sample systems, good engineering judgment should
also be used to avoid loss of sample to a sample system that is too clean. The goal of decontamination is
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not to perfectly clean the sample system, but rather to achieve equilibrium between the sample system
and the exhaust so emission components are neither lost to nor entrained from the sample system.

a) The contamination checks may be performed as follows to determine if decontamination is needed:

1) For dilute exhaust sampling systems, hydrocarbon and PM emissions shall be measured by
sampling with the CVS dilution air turned on, without an engine connected to it.
2) Forraw analysers and systems that collect PM samples from raw exhaust, hydrocarbon and PM
emissions shall be measured by sampling purified air or nitrogen.
3) When calculating zero emission levels, all applicable corrections shall be applied, including
initial THC contamination and diluted (CVS) exhaust background corrections.
1) Sampling systems are considered contaminated if either of the following condition$ applies:
i) The hydrocarbon emission level exceeds 2 % of the flow-weighted medn wet, net
concentration expected at the HC standard.
ii) The PM emission level exceeds 5 % of the level expected at the,standard and excceeds 20 pg
on a 47 mm PTFE membrane filter.

b) [lo precondition/decontaminate sampling systems, the followirig'procedure should be used or good
engineering judgment shall be used to select a different procéedure:

1) The engine shall be started and good engineering judgment shall be used to op¢rate it at a
condition that generates high exhaust temperattires at the sample probe inlet.

P) Any dilution systems shall be operated atxtheir expected flow rates. Aqueous cgndensation
shall be prevented in the dilution systems

B) Any PM sampling systems shall be operated at their expected flow rates.

1) PM shall be sampled for at least:10 min using any sample media. The sample mgdia may be
changed at any time during this'process and may be discarded without weighing them.

b) Any gaseous sampling systems that do not require decontamination during thi§ procedure
may be purged.

) Calibrations or verifications on any idle equipment or analysers may be conducted|during this
procedure.

c) [fthe sampling System is still contaminated following the procedures specified in b) of|this clause,
nore aggressive procedures may be used to decontaminate the sampling system, as|long as the
Hecontamittation does not cause the sampling system to be cleaner than an equilibriumn condition
such thatdrtificially low emission measurements may result.

8.3.1 “Verification of HC contamination

If there is any presumption of an essential HC contamination of the exhaust gas measuring system, the
contamination with HC may be checked with zero gas and the hang-up may then be corrected. If the
amount of contamination of the measuring system and the background HC system has to be checked,
it shall be conducted within 8 hours of starting each test-cycle. The values shall be recorded for later
correction. Before this check, the leak check has to be performed and the FID analyser has to be
calibrated.

If any of the initial THC concentration values exceed the greatest of the following values, the source of
the contamination shall be determined and corrective action shall be taken, such as purging the system
during an additional preconditioning cycle or replacing contaminated portions:

a) 2 % of the flow-weighted mean concentration expected at the HC (THC or NMHC) standard.
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b) 2 % of the flow-weighted mean concentration of HC (THC or NMHC) measured during testing.

c) 2 pmol/mol.
8.4 Pre-test procedures

8.4.1 Preparation of the sampling filters

At least one hour before the test, each filter shall be placed in a Petri dish, which is protected against
dust contamlnatlon and allows air exchange and placed ina Welghlng chamber for stabilization. At the
end of the e are v The
filter shall 11ter
shall be us

8.4.2 Prdconditioning

To achieve |stable conditions, the sampling system and the engine shall be preconditioned begfore
starting a t¢st sequence as specified in this clause.

The intent ¢f preconditioning is to manage the representativeness of emissions and emission confrols
over the duty cycle and to reduce bias in order to meet stable conditions fof_the following emission|test.

Emissions may be measured during preconditioning cycles as dong as a predefined numbgr of
preconditioning cycles are performed and the measurement system has been started according t¢ the
requirements of 8.4.4.

The amount of preconditioning shall be identified by thelengine manufacturer before starting to
precondition. Preconditioning shall be performed as_fellows, noting that the specific cycleg for
preconditioning are the same ones that apply for emission testing.

8.4.2.1 (Copld-start transient cycle (NRTC)

The engine|shall be preconditioned by running at least one hot-start transient cycle. Additional cycles
shall be pefmitted. Immediately after completing each preconditioning cycle, the engine shall be|shut
down and the engine-off hot-soak pefiod shall be completed. Immediately after completing the| last
preconditioning cycle, the engine shall’lbe shut down and the engine cool down described in 8.4.3 $hall
be started.

8.4.2.2 Hpt-start transientcycle (hot-start NRTC or LSI-NRTC)

This clause|describes the& pre-conditioning that shall be applied when it is intended to sample emisgions
from the hgt-start NRFC without running the cold start NRTC, or for the LSI-NRTC. The engine shall
be preconditionedsby running at least one hot-start transient cycle. Inmediately after completing pach
preconditioning ¢ycle, the engine shall be shut down, and then the next cycle shall be started as foon
as practical. @he next preconditioning cycle should be started within 60 s after completing the| last
preconditioning cycle. Where applicable, following the [ast pre-conditioning cycle the appropriate hot-
soak (hot-start NRTC) or cool-down (LSI-NRTC) period shall apply before the engine is started for the
emissions test. Where no hot-soak or cool-down period applies the emissions test should be started
within 60 s after completing the last pre-conditioning cycle.

8.4.2.3 Discrete-mode cycle for steady-state testing

The engine shall be warmed up according to the recommendation of the manufacturer and good
engineering judgment. Before emission sampling can start, the engine shall be running either:

a) Onmode 1 of the appropriate test cycle until engine temperatures (cooling water and lube oil) have
been stabilized (normally at least 10 min and no less than 5 min); or
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Until engine temperatures (cooling water and lube oil) have been stabilized on 50 % speed and

50 % torque for any discrete-mode NRSC test cycle other than type D2, E2, or G, or nominal engine

speed and 50 % torque for any discrete-mode NRSC test cycle D2, E2 or G. The 50

% speed is

calculated in accordance with 7.7.2.1 in the case of an engine, where MTS is used for the generation

of test speeds, and calculated in accordance with 7.7.1.2 in all other cases. 50 % torque i
50 % of the maximum available torque at this speed.

The emissions test shall be started without stopping the engine.

8.4.2.4 Ramped-modal cycle for steady-state testing

s defined as

The
engi

a)

engine manufacturer shall select one of the following pre-conditioning sequencesia
he shall be pre-conditioned according to the chosen sequence.

based on the number of test modes. Additional cycles shall be permitted. The engine

(including the emission test) shall be started as soon as practical. Whérve possible, th
hould be started within 60 s after completing the last preconditioning cycle.

b) [[he engine shall be warmed-up and run until engine temperatures (cooling water a
have been stabilized on 50 % speed and 50 % torque for any RMC test cycle other than
br G, or nominal engine speed and 50 % torque for any RMC'test cycle D, E2 or G. The 5(
ralculated in accordance with 7.7.2.1 in the case of an engine where MTS is used for thg
bf test speeds, and calculated in accordance with 7.7.1.2\n all other cases. 50 % torque i
b0 % of the maximum available torque at this speed.

.3 Engine cool down (NRTC)

ural or forced cool-down procedure may be applied.

Goodl engineering judgment shall be used-to set up systems to send cooling air across th
send cool oil through the engine lubri¢ation system, to remove heat from coolant through
coollng system, and to remove heat from any exhaust aftertreatment systems. In the case
afteftreatment cool-down, good.ehgineering judgment would indicate that the flowing of coo
not be started until the afterfreatment system has cooled below its catalytic activation tg
For platinum-group metal catalysts, this temperature is about 200 °C. Once the aftertreat
has
indi¢ate that clean airwith a temperature of at least 15 °C shall be used, and the air direc
the 3ftertreatmentsystem in the normal direction of exhaust flow.

Any|cooling prasedure that results in unrepresentative emissions is not permitted.

or b). The

The engine shall be preconditioned by running at least the second half of the ranfped-modal cycle,

shall not be

shut down between cycles. Immediately after completing each preconditioning cycle, the next cycle

b next cycle

hd lube oil)
type D, E2,
% speed is
generation
s defined as

P engine, to
the engine
of a forced
ing air shall
mperature.

nt system

e
aturally cooled below’its catalytic activation temperature, good engineering judgrxlent would

fed through

a) Leak checks shall be performed within 8 hours prior to emission sampling according to
ISO 8178-1, 9.3;

b) Forbatch sampling, clean storage media shall be connected, such as evacuated bags or tare-weighed
filters;

c) All measurement instruments shall be started according to the instrument manufacturer’s
instructions and good engineering judgment;

d) Dilution systems, sample pumps, cooling fans, and the data-collection system shall be started;

e) The sample flow rates shall be adjusted to desired levels, using bypass flow, if desired;
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f)

temper

g)
stabiliz

h) Exhaus

the pro

j) Anyele

ature ranges for a test;

e at their operating temperatures;

t dilution system flow shall be switched on at least 10 min before a test sequence;

cedure of 8.4.5;

tronic integrating devices shall be zeroed or re-zeroed, before the start of any test inte

Heat exchangers in the sampling system shall be pre-heated or pre-cooled to within their operating

Heated or cooled components such as sample lines, filters, chillers, and pumps shall be allowed to

Calibration of gas analysers and zeroing of continuous analysers shall be carried out according to

val.

8.4.5 Cal

Appropriats
switching a
emission af]
not be swit
during a teg

bration of gas analysers

e gas analyser ranges shall be selected. Emission analysers with automatic or mfanual r
e allowed. During a ramped modal or a NRTC test and during a sampling périad of a gas
the end of each mode for discrete mode testing, the range of the emission analysers
ched. Also the gains of an analyser’s analogue operational amplifier(s),may not be swit
t cycle.

All continugus analysers shall be zeroed and spanned using internationally*traceable gases that 1

the specific

If sample b4

8.4.6 Adj[J

The total di
a partial flg
a filter face

8.5 Engil

8.5.1 Eng
The engine

a)
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htions of ISO 8178-1, 9.2. FID analysers shall be spanned on a-cdrbon number basis of one

gs are used, they shall be evacuated.

stment of the dilution system

uted exhaust gas flow of a full flow dilution system or the diluted exhaust gas flow thr
w dilution system shall be set to eliminate Water condensation in the system, and to ol
temperature between 42 °C and 52 °C.

e starting and restarting

fine start
shall be started:

mmended in the owner’s manual using a production starter motor or air-start system

either an adequately charged battery, a suitable power supply or a suitable compressed air sourd

b) By usil
within
dynam

1g the dymamometer to crank the engine until it starts. Typically motor the en
+25 % of ifs typical in-use cranking speed or start the engine by linearly increasing
bmetersspeed from zero to 100 min-1 below low idle speed but only until the engine sta

Cranking s
cranking,

hnge
bous
may
rhed

neet

(C1).

bugh
tain

and

e; or
gine
r the
rts.

s of

all.be stopped within 1 s of starting the engine. If the engine does not start after 15
cll' bt it fo—the—fai] ’ red—rmiess

owner’s manual or the service-repair manual describes a longer cranking time as normal.

8.5.2 Engine stalling

' the

a) Ifthe engine stalls anywhere during the cold start test of the NRTC, the test shall be voided;

b) If the engine stalls anywhere during the hot start test of the NRTC, the test shall be voided. The
engine shall be soaked according to 7.6.2.1, and the hot start test repeated. In this case, the cold
start test does not need to be repeated;

c) If the engine stalls anywhere during the LSI-NRTC, the test shall be voided. The engine shall be
preconditioned and the test be repeated.
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If the engine stalls anywhere during the test, it shall be voided and be repeated beginning with the

engine warm-up procedure. In the case of PM measurement utilizing the multi-filter method (one
sampling filter for each operating mode), the test shall be continued by stabilizing the engine at the
previous mode or at the mode where the cycle was interrupted for engine temperature conditioning
and then initiating measurement with the mode where the engine stalled.

8.6

Test cycle running procedure

8.6.1 Testsequence for discrete steady-state test cycles

8.6.

The
engi

8.6.]

The
Ann

Each
G1, (

for gt least 5 min and emissions shall be sampled for 1 min t6.3 min for gaseous and wherég
missions at the end of each mode, except when testing'spark ignition engines using cycles G1, G2 or

PN e
G3 v
time

The

The
Sinc

For 1
actul
sam
PM 9

Sam
com
mea
60 s
shal

The
flow]

.1 Engine warm up

engine shall be warmed-up using the pre-conditioning sequence in 8.4.2.3. Immediate
he conditioning point, the test cycle measurement starts without stopping thelengine.

.2 Performing discrete-mode test cycles

test shall be performed in ascending order of mode numbers as-set out for the tes
bx A);

mode has a mode length of at least 10 min, except when testing spark ignition engines
k2 or G3 where each mode has a length of at least 3 min. Infeach mode the engine shall j

'here emissions shall be sampled for at least the last'2 min of the respective test mod
of sampling is permitted to improve the accurac¢y of PM sampling;

mode length shall be recorded and reported:

PM sampling may be done either with.the single filter method or with the multiple fil
e the results of the methods may differ slightly, the method used shall be declared with

al exhaust flow shall be taken into account during sampling by adjusting sample flow
pling time, accordingly. It/is tequired that the effective weighting factor (according to §

pling shall be conducted as late as possible within each mode. For the single filter
pletion of PM sampling shall be coincident within +5 s with the completion of the gase
surement. Thelsampling time per mode shall be at least 20 s for the single filter method
for the multi-filter method. For systems without bypass capability, the sampling tim
be at least'60 s for single and multiple filter methods;

engine-speed and load, intake air temperature, fuel flow and where applicable air or
shall be measured for each mode at the same time interval which is used for the mea

ampling is within £0,00°5,0f the weighting factor of the given mode as given in Annex A;

OIE

y from this

t cycle (see

ising cycles
e stabilized
applicable,

e. Extended

ter method.
the results;

he single filter method, the modal weighting factors specified in the test cycle procedure and the

rate and/or
).2.5) of the

)

ethod, the
S emission
and at least
e per mode

bxhaust gas
curement of
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If the engine stalls or the emission sampling is interrupted at any time after emission sampling begins
for a discrete mode and the single filter method, the test shall be voided and be repeated beginning with
the engine warm-up procedure. In the case of PM measurement utilizing the multi-filter method (one
sampling filter for each operating mode) utilizing the multi-filter method, the test shall be continued
by stabilizing the engine at the previous mode for engine temperature conditioning and then initiating
measurement with the mode where the engine stalled;

Post-test procedures according to 8.7 shall be performed.
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8.6.1.3 Validation criteria

During each mode of the given steady-state test cycle after the initial transition period, the measured
speed shall not deviate from the reference speed for more than +1 % of rated speed or 3 min-1,
whichever is greater except for idle which shall be within the tolerances declared by the manufacturer.
The measured torque shall not deviate from the reference torque for more than +2 % of the maximum
torque at the test speed.

8.6.2 Ramped modal test cycles

8.6.2.1 Ej

The engine
engine cond

to the first node of the test. Within 10 s after the end of the ramp, the test cycle measuremerit shall s

8.6.2.2 P
The ramped

The engine
next shall b

For ramped|

of 1 Hz angl this sequence of points shall be used to run the.cycle. During the transition bety

modes, the
to generate
between m
engine’s tor
operator de

Over the w
concentrati
sampled. T
diluted, the
conditioned
PM collecte

For calculat

actual engine power over the-Complete cycle.

8.6.2.3 E]
a)

Executi
shall be

lSlllC wdadl lllllls uP

shall be warmed-up using the pre-conditioning sequence in 8.4.2.4. Immediatelyafte
itioning procedure, engine speed and torque shall be changed in a linear ramp .0f(20 4

erforming a ramped modal test cycle
| modal cycles are shown in Annex B.

shall be operated for the prescribed time in each mode. The trafisition from one mode t

modal cycles, reference speed and torque values shall be generated at a minimum frequ

denormalized reference speed and torque values shall be linearly ramped between m

reference points. The normalized reference terque values shall not be linearly ran
pdes and then denormalized. If the speed anditorque ramp runs through a point abov{
que curve, it shall continue to command thereference torques and it shall be allowed fo
mand to go to maximum.

hole RMC test cycle (during each miode and including the ramps between the modes)
bn of each gaseous pollutant shall*be measured and the PM and where applicable, P
he gaseous pollutants may be‘measured raw or diluted and be recorded continuous
y can also be sampled intosa*sampling bag. The particulate sample shall be diluted
and clean air. One sample-over the complete test procedure shall be taken, and in ca
d on a single sampling filter.

ion of the brake specific emissions, the actual cycle work shall be calculated by integr3

mission test sequence

on pofithe RMC, sampling exhaust gases, recording data, and integrating measured vz
started simultaneously;

e done linearly in 20 s £ 1 s following the tolerances prescribéd in 8.6.2.4. (see Annex B].

" the
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b)

Speed and torque shall be controlled to the first mode in the test cycle;

c)

d)

54

If the engine stalls anywhere during the RMC execution, the test shall be voided. The engine shall
be pre-conditioned and the test repeated;

At the end of the RMC, sampling shall be continued, except for PM sampling, operating all systems to
allow system response time to elapse. Then all sampling and recording shall be stopped, including
the recording of background samples. Finally, any integrating devices shall be stopped and the end
of the test cycle shall be indicated in the recorded data;

Post-test procedures according to 8.7 shall be performed.
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8.6.2.4 Validation criteria

RMC tests shall be validated using the regression analysis as described in 8.6.3.4 and 8.6.3.6. The
allowed RMC tolerances are given in Table 4. Note that the RMC tolerances are different from the NRTC
tolerances of Table 5. When conducting testing of engines of maximum power greater than 560 kW, the
regression line tolerances of Table 5 and the point deletion of Table 6 may be used.

Table 4 — RMC Regression line tolerances

Speed Torque Power
Standard error of estimate |maximum 1 % of rated maximum 2 % of maxi- maximum 2 % of maxi-
(SER) of y on x speed mum engine torque mum engine’pqwer
Slope of the regression 0,99 to0 1,01 0,98 to 1,02 0,98 to 1402
linejaq
Coefficient of determina- |[minimum 0,990 minimum 0,950 minimum 0,950
tion| r2
y intercept of the regres- |+1 % of rated speed +20 Nm or 2 % of maxi- +4 kW or 2 % of maximum
sion|line, ag mum torque whichever is |power whichever is greater

greater

In cgse of running the RMC test not on a transient test bed, where the second by second speed and
torqpe values are not available, the following validation criteriashall be used.
At each mode the requirements for the speed and torquestolerances are given in 8.6.1.3. For the 20 s
linegr speed and linear torque transitions between the RME’steady-state test modes (7.5.2) the following
tolettances for speed and load shall be applied for the ramp, the speed shall be held linear within +2 % of
ratefl speed. The torque shall be held linear within 5% of the maximum torque at rated sp¢ed.
8.6.3 Transient test cycle (NRTC and LSI-NRTC)
8.6.3.1 General requirements

ansient test
1e reference
nterpolated

Refe
cyclg
test
fron

rence speeds and torques commands shall be sequentially executed to perform the tr
. Speed and torque commaads shall be issued at a frequency of at least 5 Hz. Because t}
cycle is specified at 1 Hz,.the in between speed and torque commands shall be linearly i
the reference torque valdes generated from cycle generation.

5 to activate
h minimum.
le reference

1 denormalized spe€d values near warm idle speed may cause low-speed idle governor
the engine torqueto exceed the reference torque even though the operator demand is at
ch cases, it isxecommended to control the dynamometer so it gives priority to follow t}
Lie instead of-the reference speed and let the engine govern the speed.

Sma
and
In su
torq

Und

and
refe]

er cold=start conditions engines may use an enhanced-idle device to quickly warm up
aftertreatment devices. Under these conditions, very low normalized speeds w
erice speeds below this higher enhanced idle speed. In this case it is recommended cor

the engine
1l generate
trolling the

dynamometer so it gives priority to follow the reference torque and let the engine govern the speed
when the operator demand is at minimum.

During an emission test, reference speeds and torques and the feedback speeds and torques shall be
recorded with a minimum frequency of 1 Hz, but preferably of 5 Hz or even 10 Hz. This larger recording
frequency is important as it helps to minimize the biasing effect of the time lag between the reference
and the measured feedback speed and torque values.

The reference and feedback speeds and torques maybe recorded at lower frequencies (as low as 1 Hz),
if the average values over the time interval between recorded values are recorded. The average values
shall be calculated based on feedback values updated at a frequency of at least 5 Hz. These recorded
values shall be used to calculate cycle-validation statistics and total work.
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8.6.3.2 Performing an NRTC transient cycle test
Testing shall be started as follows:

The test sequence shall commence immediately after the engine has started from cooled down condition
specified in 8.4.3 in case of the cold NRTC test or from hot soak condition in case of the hot NRTC test.
The sequence specified in 7.6.2.1 shall be followed.

Data logging, sampling of exhaust gases and integrating measured values shall be initiated
simultaneously at the start of the engine. The test cycle shall be initiated when the engine starts and

shall be exe

cuted according to the schedule of C.1.

At the end pf the cycle, sampling shall be continued, operating all systems to allow system reSppnse
time to elapse. Then all sampling and recording shall be stopped, including the recording of backgrgound
samples. Fipally, any integrating devices shall be stopped and the end of the test cycle shall beindidated
in the recorded data.

Post-test prpcedures according to 8.7 have to be performed.

8.6.3.3 Performing an LSI-NRTC transient cycle test

Testing shall be started as follows:

The test shall commence according to the sequence given in 7.6.3.1.

Data loggiphg, sampling of exhaust gases and integrating. measured values shall be initiated

simultaneo
b). The test

At the end
time to elap

cycle shall be executed according to the schedulefof C.2.

bf the cycle, sampling shall be continued, .operating all systems to allow system resp
se. Then all sampling and recording shall be stopped, including the recording of backgr

samples. Fipally, any integrating devices shall be stopped and the end of the test cycle shall be indid

in the recon

Post-test prj

8.6.3.4 ()

In order to
reference a

ded data.

pcedures according to 8.7 shall be/performed.

bcle validation criteria fortransient test cycle

Check the validity of @ test, the cycle-validation criteria in this clause shall be applied t
nd feedback values of speed, torque, power and overall work.

8.6.3.5 Calculation of ¢ycle work

Before calc
be omitted.
work Wyt

hlating the’ cycle work, any speed and torque values recorded during engine starting
Points-with negative torque values have to be accounted for as zero work. The actual
kWh) 'shall be calculated based on engine feedback speed and torque values. The refer]

1sly with the start of the test cycle at the end of the 30-second idle period specified in Z.p.

bnse
und
ated

the

shall
rycle
ence

cycle work

Weee (KWh) shall be calculated based on engine reference speed and torque values

The

actual cycle work Wyt is used for comparison to the reference cycle work Wryer and for calculating the
brake specific emissions (see Clause 9).

Wact shall be between 85 % and 105 % of Wief.

8.6.3.6 Validation statistics

Linear regression between the reference and the feedback values shall be calculated for speed, torque

and power.

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

The method of least squares shall be used, with the best-fit formula having the form:

y:alx+ao

where

y isfeedback value of speed (min-1), torque (Nm), or power (KW);

The |standard error of estimate (SEE) of y on x and the coefficient of detérmination (.

11 is slope of the regression line;

1o is y intercept of the regression line.

x is reference value of speed (min-1), torque (Nm), or power (KW);

calctyilated for each regression line (ISO 8178-1, Annex D).

It is recommended that this analysis be performed at 1 Hz. For a testto'be considered valid,

of Tdble 5 shall be met.

Table 5 — Regression line talerances

(16)

2) shall be

the criteria

Speed

Torque

Power

Starldard error of estimate
(SER) of y on x

<5,0 % of maximum
test speed

<10;0'% of maximum
mapped torque

<10,0 % of maximum
mapped power

Slople of the regression
linejaq

0,95t0 1,03

0,83 to 1,03

0,89t01,03

Coefficient of determina-
tion| r2

minimum 0,970

minimum 0,850

minimum 0,910

y ingercept of the regres-
sion|line, ag

+10 % of idle

+20 Nm or *2 % of maximum
torque whichever is greater

+4 kW or 2 % of maximum
power whichevef is greater

For fegression purposes only,-point deletions are permitted where noted in Table 6 befor
regression calculation. Howeéver, those points shall not be deleted for the calculation of]
and emissions. An idleoint is defined as a point having a normalized reference torque o
norrhalized referencé-speed of 0 %. Point deletion may be applied to the whole or to anyj

cycl¢; points to which the point deletion is applied have to be specified.
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Table 6 — Permitted point deletions from regression analysis

. _ . _ Permitted point
Event Conditions (n = engine speed, T = torque) deletions

Minimum op- |npef = Nidle speed and power
erator demand and
(idle point)

Tref = 0 %

and

Tact > (Tref' 0,02 Tmaxmappedtorque)

and

Tact < (Tref + 0,02 Tmaxmappedtorque)
Minimum Nact £ 1,02 nperand Tact > Tref power and eithér torgue
operator or speed

or
demand

Nact > Nref and Tact < Tref

or

Nact > 1,02 nrefand Tref < Tact < (Tref + 0,02 Tmaxmappedtorque)
Maximum Nact < Nref and Tact = Tref power and either torgue
operator or speed

or
demand

Nact 2 0,98 nrefand Tact < Tref

or

Nact < 0,98 nrefand Tref > Tact 2 (Tref - 0,02 Tmaxmappedtorque)

8.7 Postitest procedures

The following steps shall be taken after emissionisampling is complete:

8.7.1 Verjification of proportional sampling

For any prpportional batch sample/stich as a bag sample or PM sample, it shall be verified |that
proportional sampling was maintained according to 8.2.1. For the single filter method and the disqrete
steady-state test cycle, effective PM-weighting factor shall be calculated. Any sample that does not fulfil
the requirements of 8.2.1 shallbe voided.

8.7.2 Pogt-test PM cenditioning and weighing

Used PM sample filfers shall be placed into covered or sealed containers or the filter holders shall be
closed, in ofder te,protect the sample filters against ambient contamination. Thus protected, the logded
filters have|to’De'returned to the PM-filter conditioning chamber or room. Then the PM sample fijters
shall be conditioned and weighed accordingly.

8.7.2.1 Periodic verification

It shall be assured that the weighing and PM-stabilization environments have met the periodic
verifications in ISO 8178-1, 9.6.3. After testing is complete, the filters shall be returned to the weighing
and PM-stabilisation environment. The weighing and PM-stabilisation environment shall meet the
ambient conditions requirements in ISO 8178-1, 8.1.5.1, otherwise the test filters shall be left covered
until proper conditions have been met.

8.7.2.2 Removal from sealed containers

In the PM-stabilization environment, the PM samples shall be removed from the sealed containers.
Filters may be removed from their cassettes before or after stabilization. When a filter is removed
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from a cassette, the top half of the cassette shall be separated from the bottom half using a cassette
separator designed for this purpose. It is recommended that the top portion of the cassette be removed

at the beginning of stabilisation.

8.7.2.3 Electrical grounding

To handle PM samples, electrically grounded tweezers or a grounding strap shall be used, as described

inIS

08178-1,8.1.5.3.

8.7.2.4 Visual inspection

The
of ei
mati
emig
prog

8.7.1

To s
stab
as it
stab

a)

b)

8.7.1
The

8.7.1

Each
post
Clay|

ther the filter or the collected PM sample appear to have been compromised, or df, the

ollected PM samples and the associated filter media shall be inspected visually. If thg

er contacts any surface other than the filter, the sample may not be used to detetmine
sions. In the case of contact with another surface, the affected surface shall‘ be cled
eeding.

.5 Stabilization of PM samples

tabilise PM samples, they shall be placed in one or more containers that are open
lization environment, which is described in ISO 8178-1, 8.1.5.1 A PM sample is stabil

lization environment has been within the specifications'@f1SO 8178-1, 8.1.5.1:

f it is expected that a filter’s total surface concentrdtion of PM will be greater than 0,3
hssuming a 400 ug loading on a 38 mm diameter filter stain area, the filter shall be ex
stabilization environment for at least 60 min before weighing. Note that 400 pg on sampl
filters) corresponds to an approximate brake specific emission of 0,07 g/kWh for a hot-st

fitis expected that a filter’s total surfaee concentration of PM will be less than 0,353
filter shall be exposed to the stabilization environment for at least 30 min before weig

f a filter’s total surface concentration of PM to be expected during the test is unknow
Khall be exposed to the stabilization environment for at least 60 min before weighing.

2.6 Determination ofpest-test filter mass

procedures in 8.2.3-shall be repeated (8.2.3.6 to 8.2.3.9) to determine the post-test filte

p.7 Total mass

buoyancyscorrected filter tare mass shall be subtracted from its respective buoyanc
Ltest filter'mass. The result is the total mass, mota), Which shall be used in emission cal
se 9and Annex H.

» conditions
particulate
particulate
ined before

to the PM-
zed as long

has been in the PM-stabilization environment for one of the following durations, durinjg which the

b3 g/ mm?2,
osed to the
e media (e.g.
art test;

ﬁl]g/mmz, the

ing;
n, the filter

" IMass.

y-corrected
culations in

8.7.3 Analysis of gaseous batch sampling

As soon as practical, the following shall be performed:

a) All batch gas analysers shall be zeroed and spanned no later than 30 min after the test cycle is
complete or during the soak period if practical to check if gaseous analysers are still stable;

b) Any conventional gaseous batch samples shall be analysed no later than 30 min after the hot-start
test cycle is complete or during the soak period;

c) The background samples shall be analysed no later than 60 min after the hot-start test cycle is
complete.
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8.7.4 Drift verification

After quantifying exhaust gases, drift shall be verified as follows:

For batch and continuous gas analysers, the mean analyser value shall be recorded after stabilizing

a zero gas to the analyser. Stabilization may include time to purge the analyser of any sample gas,
plus any additional time to account for analyser response;

The mean analyser value shall be recorded after stabilizing the span gas to the analyser.

Stabilization may include time to purge the analyser of any sample gas, plus any additional time to
account for analyser response;

a)

b)

c) Thesed
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gaseous emissions can be conducted by the mass-based proceduredn;€lause 9. Alternati
ased approach according to Annex H can be applied, which is equally acceptable.

5 components emitted by the engine submitted for testing shall be measured by the met
h [SO 8178-1, Clause 7. They shall be determined in-the raw or dilute exhaust gas.
ind calculation procedures are described in 9.1.3ahd 9.1.4.

pling for gaseous emissions

s emissions sampling probes shall besfitted at least 0,5 m or 3 times the diameter o
e, whichever is larger, upstream of the exit of the exhaust gas system but sufficiently
e as to ensure an exhaust gas temperature of at least 70 °C at the probe.

pf a multi-cylinder engine with a branched exhaust manifold, the inlet of the probe sha
iciently far downstreamso as to ensure that the sample is representative of the ave
issions from all cylindérs." In multi-cylinder engines having distinct groups of manif
h “V” engine configuration, the manifolds should be combined upstream of the samj

the total exhaustimass flow, determined according to one of the following formulae

he engine is.equipped with an exhaust aftertreatment system, the exhaust sample sha
stream of the exhaust aftertreatment system.

r and-fuel measurement method (see ISO 8178-1, 6.4.4.1)
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(17)

qmew,i
where

Jmaw,i

qmfi

60

is instantaneous intake air mass flow rate [kg/s];

is instantaneous fuel mass flow rate [kg/s].

© IS0 2017 - All rights res

erved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

9.1.2.2 Tracer measurement method (see ISO 8178-1, 6.4.4.3)

Qye XP
Amew,i = ¢ Mt (18)
10 x(cmix,i —Cp )

where:

qvt is tracer gas flow rate [m3/s];

Cmix,i 1S instantaneous concentration of the tracer gas after mixing [pmol/mol];

De is density of the raw exhaust gas [kg/m3];

Ch is background concentration of the tracer gas in the intake air [pmol/maol:
9.1.2.3 Air flow and air-to-fuel ratio measurement method (see ISO 8178-1; 6.4.4.4)

1
I mew ,i = Amaw i X 1+ A (19)
—XA;
Fgt
with:
138,05 1+ 2 -E 4y
4 2
A/ F = (20)
12,011+1,007 94x 0 +15,999 4xe +14,0067x6 +32,065xy
| 2XCeod x107*
-4
x10 3,5%x ~
100-€0d"27 o x1078 | Ex oz £ x(ccoza +Ccoa k107
2 1, Ccoa <10 2 2
L. — 3’5><Cc0201
=
4,764x(1+%—%+y]x(cc02d +Ca0a X107 + ey, x107*)

21)
whefe

Imaw,i <15 wet intake air mass flow rate [kg/s];

A/Est  is stoichiometric air-to-fuel ratio [-];

Ai is instantaneous excess air ratio [-];

ccod is concentration of CO in the raw exhaust gas on a dry basis [pmol/mol];
ccoz2d  is concentration of COy in the raw exhaust gas on a dry basis [%];

CHCw is concentration of HC in the raw exhaust gas on a wet basis [pmol/mol C1];

a is molar hydrogen-to-carbon ratio [-];
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o

&

Y

is molar nitrogen-to-carbon ratio [-];
is molar oxygen-to-carbon ratio [-];

is atomic sulphur-to-carbon ratio [-].

9.1.3 Data evaluation

For the evaluation of the gaseous emissions, the raw emission concentrations (HC, CO and NOy) and the
exhaust gas mass flow rate shall be recorded and stored with at least 2 Hz on a computer system. All

other data

may be recorded with a sample rate of at least 1 Hz. For analogue analysers, the resp

onse

shall be rec

For calculat
and the tra
defined in g
gas mass flg
recorded.

9.14 C(al

9.14.1 G

The mass df the pollutants (g/test) shall be preferably determined by calculating the instantan

mass emiss
mass flow, ¢
the instant
should be n
9.1.5 shall b

Optionally,
agreement
specified in

An examplg

9.1.4.2 Calculation method based on tabulated values of gas properties

9.14.2.1

The emissidg
The concen

qmgas,i

¥ kh Xuga

brded, and the calibration data may be applied online or offline during the data evaluat

ion of the mass emission of the gaseous components the traces of the recorded concgntrat
ce of the exhaust gas mass flow rate shall be time aligned by the transformation tin
lause 3. Therefore, the response time of each gaseous emissions analyser andyof the exh
w system shall be determined according to ISO 8178-1, 9.1.6.2 and 9.1.6.8, respectively]

rulation of mass emission

pneral

ons from the raw concentrations of the pollutants, thet values from Table 7 and the exh
lligned for the transformation time as determined.in accordance with 9.1.3, and integr4
hneous values over the cycle in accordance with 9.1.4.2. Preferably, the concentraf
heasured on a wet basis. If measured on a dry basis, the dry/wet correction accordiry
e applied to the instantaneous concentratioh values before any further calculation is d

Table 7, under multi-fuel operation or in case of dispute.

of the calculation proceduses is given in Annex F.

Steady state test

n rate of a §aseous emission gmgas,; for each mode i of the steady state test shall be calcul
fration efithe gaseous emission shall be multiplied by its respective flow:

s XA mew,i XCgas,i x3600

101.

ions
e as
aust
and

JOIN
aust
iting
ions
1g to
bne.

the mass emissions may be calculated using the exact formulae of 9.1.4.3 with the prior
bf the parties involved. The exactformulae must be used if the fuel used for the test i

not

hted.

(22)

where
qmgas
kn
k
Ugas
Cgas

Jmew

62

is the emission mass flow rate of individual gas;

is NOx correction factor [-], only to be applied for the NOx emission calculation (see 9.1.5);

1 for cgasr,w,i in [umol/mol] and k = 10 000 for cgasrw,; in [% vol];
is the ratio between density of exhaust component and density of exhaust gas;
is the concentration of the respective component in the raw exhaust gas [pmol/mol];

is the exhaust mass flow [kg/s].
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For the calculation of NOy, the humidity correction factor - knq or knp, as applicable and as determined
according to 9.1.6 - shall be used. The measured concentration shall be converted to a wet basis
according to 9.1.5, if not already measured on a wet basis. Values for u are given in Table 7 for selected
components based on ideal gas properties and a range of fuels.

9.1.4.2.2 Transient and ramped modal cycles tests

The total mass per test of a gaseous emission mgys [g/test] shall be calculated by multiplication of the
time aligned instantaneous concentrations and exhaust gas flows and integration over the test cycle
according to the following formula:

Mgas = %xkh X kXU gy xZZZ(qmew’i XCgas,i ) (ing/ test) (23)
whefe

gas is the ratio between density of exhaust component and density, of exhaust gas

h NOy correction factor [-], only to be applied for the NOx emission calculation (§ee 9.1.5)

i 1 for cgasrw,i in [umol/mol] and k = 10 000 for cgasr,w,; in{% vol]

Coas,i is the instantaneous concentration of the respe¢tive component in the raw gxhaust gas,

pmol/mol;

Imew,i 1S the instantaneous exhaust mass flow, kg/s;

f is the data sampling rate, Hz;

n is the number of measurements.
For the calculation of NOy, the humiditycotrrection factor ky p and kp g as applicable, as determined

according to 9.1.6, shall be used.

The nstantaneously measured cencentration shall be converted to a wet basis according tq 9.1.5, if not

alrepady measured on a wet basis:

Valugs for u are given in Table-7 for selected components based on ideal gas properties and a range of fuels.

Table 7 — Values of u in the exhaust gas and density for various exhaust components

Gas NOx Cco HC CO2 (0))) CH4 HCHO CH30H
Agas [kg/m3] 2,053 1,250 a 1,9636 1,4277 0,716 1,340 1,430
FUEL Pe Coefficient ug,sb
Diedel 1,2943 | 0,001586 | 0,000966 | 0,000479 | 0,001517 | 0,001103 | 0,000553 | 0,001035 | 0,001104
RME 12956 6;66158516;66096516;600536—6;06151616;0601162T6;660553T6;661635 | 0,001104
Methanol | 1,2610 | 0,001628 | 0,000991 | 0,001133 | 0,001557 | 0,001132 | 0,000568 | 0,001062 | 0,001134
Ethanol 1,2757 | 0,001609 | 0,000980 | 0,000805 | 0,001539 | 0,001119 | 0,000561 | 0,001050 | 0,001121
g;st;lral 1,2661 | 0,001621 | 0,000987 | 0,000558d | 0,001551 | 0,001128 | 0,000565 | 0,001058 | 0,001129
a Depending on fuel.
b AtA =2, wetair, 273 K, 101,3 kPa.
c u accurate within 0,2 % for mass composition of: C=66 - 76 %; H=22-25%; N=0-12 %.
d  NMHC on the basis of CHp,93 (for total HC the ugys coefficient of CHg is used).
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Table 7 (continued)
Gas NOy Cco HC CO2 02 CH4 HCHO CH30H

Pgas [kg/m3] 2,053 1,250 a 1,9636 1,4277 0,716 1,340 1,430

FUEL Pe Coefficient ug,sh
Propane | 1,2805 | 0,001603 | 0,000976 | 0,000512 | 0,001533 | 0,001115 | 0,000559 | 0,001046 | 0,001116
Butane 1,2832 | 0,001600 | 0,000974 | 0,000505 | 0,001530 | 0,001113 | 0,000558 | 0,001044 | 0,001114
Gasoline | 1,2977 | 0,001582 | 0,000963 | 0,000481 | 0,001513 | 0,001100 | 0,000552 | 0,001032 | 0,001102
a Depending on fuel.
b At A = 2rwetalT, 273 K101 3 kP
c u accurpte within 0,2 % for mass composition of: C=66 - 76 %; H=22 - 25%; N=0 - 12 %.
d  NMHC o1 the basis of CHz 93 (for total HC the Ugas coefficient of CHy is used).
9.1.4.2.3 [Full flow dilution measurement (CVS)

The exhaus
may use a p

For systemj
shall be det

Mgas =]

where

Ugas

Cgas

kn
k

Med

For system

[g/test] shalll be deterntinred by calculation of the instantaneous mass emissions, by integration an

backgroung

Mgas =]

t mass flow rate shall be measured with a constant volume sampling, (EVS) system, w
ositive displacement pump (PDP), a critical flow venturi (CFV) or asubsonic venturi (S

with constant mass flow (i.e. with heat exchanger), the mass of the pollutants mgs [g/|
ermined from the following formula:

1 ><k><ugas XC gas XMaq

&

is ratio between density of exhaust component and density of air, as given in Table 7 ot

culated with Formula (37);

is mean background corrected conc¢éntration of the component on a wet basis [pumol/|
or [% vol] respectively;

is NOy correction factor [-], only to be applied for the NOx emission calculation;
1 for cgasrw,i in [umol/mol}; k = 10 000 for cgasrw,i in [% vol];
is total diluted exh@yst gas mass over the cycle [kg/test].

s with flow compensation (without heat exchanger), the mass of the pollutants

correctionfaccording to the following formula:

hich
bV).
test]

(24)

cal-

mol]

Mgas

d by

(25)

where

Ce

Cd

64

n
o xkx{Z[(med’i XCe XUgyg )}—”med XCq x(l _%)xugas H

=1 |y 71

is emission concentration in the diluted exhaust gas, on a wet basis [pmol/mol] or [% vol];

is emission concentration in the dilution air, on a wet basis [pmol/mol] or [% vol].
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9.1.4.2.3.1 PDP-CVS system (see ISO 8178-1, 9.8.2)

The calculation of the mass of the diluted exhaust [kg/test] over the cycle is as follows, if the temperature
of the diluted exhaust med is kept within +6 K over the cycle by using a heat exchanger:

med=1,293xvoxnpx1§f’3x2T£ (26)
where

Vo is volume of gas pumped per revolution under test conditions [m3/rev]:

p is total revolutions of pump per test [rev/test];

Dp is absolute pressure at pump inlet [kPa];

I is average temperature of the diluted exhaust gas at pump inlet [K]}

1,293 is air density [kg/m3] at 273,15 K and 101,325 kPa.

If a gystem with flow compensation is used (i.e. without heat exchanger), the mass of the diluted exhaust
gas Med,; [kg] during the time interval shall be calculated as follows:

Meg,; =1,293%V) xnp,ix%x$ (27)
where

Vo is volume of gas pumped per revolution under test conditions [m3/rev];

Dp is absolute pressure at pump inlet [kPa];

1p,i is total revolutions of pump-per time interval i [rev/At];

I is average temperatuge of the diluted exhaust gas at pump inlet [K];

1,293 s air density [kg/m3] at 273,15 K and 101,325 kPa.

9.1.4.2.3.2 CFV-CVS.system (see ISO 8178-1, 9.8.3)

The |calculation of\the mass flow over the cycle meq [g/test] is as follows, if the temperdture of the
diluted exhaustisKept within #11 K over the cycle by using a heat exchanger:

1;293xt XKy xp,,

Med TO'S (28)
where
t is cycle time [s];
Ky is calibration coefficient of the critical flow venturi for standard conditions
|:(\/E><m4 xs)/kg} ;
Pp is absolute pressure at venturi inlet [kPa];
T is absolute temperature at venturi inlet [K];

1,293 s air density [kg/m3] at 273,15 K and 101,325 kPa.
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If a system with flow compensation is used (i.e. without heat exchanger), the mass of the diluted exhaust
gas med,; [kg] during the time interval shall be calculated as follows:

1,293xAt; xKy Xp,

Meq,; = 705 (29)
where
At; is time interval of the test [s];
Ky is calibration coefficient of the critical flow venturi for standard conditions
[(\/Exm‘L xs)/kg} ;
Pp is absolute pressure at venturi inlet [kPa];
T is absolute temperature at venturi inlet [K];

1,293 [is air density [kg/m3] at 273,15 K and 101,325 kPa.

9.1.4.2.3.3| SSV-CVS system (see ISO 8178-1, 9.8.4)

The calculation of the diluted exhaust gas mass over the cycle meq [kg/test] shall be as follows, if the
temperaturg of the diluted exhaust is kept within +11K over the cycle by using a heat exchanger:

where

1,293 |is air density [kg/m3] at 273,15 K and 101,325 kPa;
At is cycle time [s];
qvssy |is volumetric flow rate of the SS¥[m3/s] according to ISO 8178-1, 9.8.4.2.

If a system yith flow compensation isused (i.e. without heat exchanger), the mass of the diluted exhaust
gas med,; [kg] during the time inter¢atShall be calculated as follows:

Meq i =1,293Xqysgy X At; (31)
where

1,293 |is air dénsity [kg/m3] at 273,15 K and 101,325 kPa;

At; is-time interval [s];

qvssy is volumetric flow rate of the SSV [m3/s] according to ISO 8178-1, 9.8.4.2.
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9.1.4.3 Calculation method based on calculated gas properties

9.1.4.3.1 Raw gaseous emissions

The mass emission shall be calculated using Formula (22). Instead of using the tabulated values, the
following formulae shall be applied for the calculation of ugjs. It is assumed in the following formulae

that

or

whe

The

of the exhaust, Me, shall be derived for a general fuel:¢omposition CgHyO0:NsSy under the as

com

The

whe

whe

the concentration cgas in Formula (22) is measured in or converted to pmol/mol.

Ugasi =M gas /(Me‘l- x1 ooo)

gas,i =pgas /(pe,i XlOOO)
e

Mgas  is molar mass of the gas component [g/mol];

Mo; isinstantaneous molar mass of the wet raw exhaust gas{g/mol];

Dgas  is density of the gas component [kg/m3] = Mg,s / 22,414 is optionally taken fron
De i is instantaneous density of the wet raw exhaust gas [kg/m3].

densities, pgas, are given for a number of exhaust gas components in Table 7. The molg

(32)

(33)

h Table 7;

bcular mass
sumption of

blete combustion, as follows:
1+ qu,i
A maw,i
e = . H,x1073
o € 0 aX + 1
Aunfi 27575 2x1,00794+15/9994 M, ..
LI + :
q,_ . 12,001+1,00794%c+15,999 4x£ +14,0067x5 +32,006 5xy 1+H, {1073
34)
exhaust density pe'shall be derived, as follows:
o 1000+ H, +1 OOOx(qmﬁi / Amad,i ) (35)
O 774K 1,243 4% H, + K x1000X(q g / Apmat )
e
T—0;055584xwr—0;0001083xw—06;000-156 2xws=+6;607993 6 xw+0;6069978=wy (36)
9.1.4.3.2 Diluted gaseous emissions
Mgas
Ugasi =M gas /(Mdlw x1000)= - - (37)
[Mda'w X(1_5)+ MI‘,W X(E ]i|><1 000
re
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Mgas  is molar mass of the gas component [g/mol];
Mqw is molar mass of diluted exhaust gas [g/mol];
Mgaw is molar mass of dilution air [g/mol];

Myw  is molar mass of raw exhaust gas [g/mol];

D is dilution factor (see Formula (50) [-].

9.1.4.4 Calculation of NMHC and CH4 with the non-methane cutter

The concerJtration of NMHC and CHg shall be calculated as follows for propane as calibration|gas,
bypassing NMC:

CHC(w/Cutter) ~ CHC(w/o Cutter) X (1= Ecane )

CNMHC (38)

RFcuapic—ripy X(Ecane —Ecna)

CHC(W/Cutter) - CHC(W/O Cutter) X(l - EE )

CCH4 = (39)

(Econe —Ecua)

The concenftration of NMHC and CH4 shall be calculated as follows-0r methane as calibration|gas,
passing thopgh the NMC:

Chcw/onmc) X(1=Ecua )~ Cucgwy nme) X RFcuaric—rn) X3 Ecna )

CNMHC 5 (40)

(Econe —Ecua)

Aricwy nmcy X REcrartic-Fip) X (1= Ecna ) =€ neewyenme) X (1—Ecaue )

CcH4 = (41)

RFcarric—rin) X (Ecane —Een4 )
where
CHC(w/Clitter) is the HC concentration with the sample gas flowing through the NMC;
CHC(w/ofutter) is the HC concentration with the sample gas bypassing the NMC;
RFcH4[THC-FID] is the response factor;
Ecua is theZmethane efficiency as determined per ISO 8178-1, 9.5.7;

Ecoue isthe ethane efficiency as determined per ISO 8178-1, 9.5.7.

NOTE Ifla non-methane cutter is used, the system response time may exceed 10 s.

9.1.5 Dry/wet correction

All concentrations in 9.1.5. shall be converted using the following formula

cw =k *cy (42)
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9.1.5.1 Raw exhaust

9.1.5.1.1 Complete combustion

1,244 2xH, +111,19xwy x—mbi
k, =|1- madi 11,008 (43)
773,4+1,244 2% H, + " k; 1000
qmacl,i
or
1,244 2% H,, +111,19xwy x 8
e, = 1- Amady (1—p—r] (44)
773,4+1,2442xH, + Amb;i xk¢x1000 Po
qmad,i

whefe

D is the water vapor pressure after cooling bath, kPa;

bb is the total atmospheric pressure, kPa;

O mf, i is the instantaneous fuel flow rate [kg/s];

Imad, i is the instantaneous dry intake air flow rate-{kg/s];

Hy is the intake air humidity, g water per’kg dry air;

WH hydrogen content of the fuel [% mass];

i is the fuel specific factor [see'Eormula (36]].
NOTE Formulae (43) and (44) are-principally identical with the factor 1,008 in Formula (43) being an
apprpximation for the more accurate denominator in Formula (44).
9.1.5.1.2 Incomplete combustion

1
1+0x0,005X(cepy +C
‘w = = <0 —kw1 (45)
12 Pr
Py
where kw1 is‘the moisture in the intake air and is given by
1,608xH
(w1 = . (46)
1000+(1,608xH,)

where

Dr is the water vapor pressure after cooling bath, kPa;

Pb is the total atmospheric pressure, kPa;

a is the molar hydrogen ratio of the fuel;

€co2 is the dry CO2 concentration, % vol;

cco is the dry CO concentration, % vol;

H, is the intake air humidity, g water per kg dry air.
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9.1.5.2 Diluted exhaust gas

All concentrations measured dry shall be converted to wet concentrations by one of the following two
formulae applied to formula:

OXCco2w
kyo=||1-————== |-k x1,008
w,e _( 200 j w2i|
or
T—K
ko =| 122 1,008
| %XCco2d
200

where

Kw,e is dry-to-wet conversion factor for the diluted exhaust gas [-];

a is molar hydrogen to carbon ratio of the fuel [-];

ccozw | is concentration of CO3 in the diluted exhaust gas on a wet basis [% vol];

cco2d is concentration of CO3 in the diluted exhaust gas on a dfy basis [% vol].
The dry to wet correction factor k7 takes into consideration the.water content of both intake air

dilution air

1,608><{Hd x(l—l}t H, x(l ﬂ
D D

w2~
1
where
Ha
Hq
D
9.1.53 D
The dilutio
shall be cal
a) Fordie
D=

oo+{1,6O8X{de(1‘%]+Ha X[%J]}

is intake air humidity [g H20/kg dry air| (see Annex D on wet air);

is dilution air humidity|g H20/kg dry air] (see Annex D on wet air);
is dilution factor.Jsee Formula (50)] [-].

[lution factor

 factor™\D/[-] (which is necessary for the background correction and the kyz calcula
ulatéd-as follows:

(47)

(48)

and

(49)

Fion)

bel-fuelled engines and LPG fuelled gas engines

Fs

)
ccoz,e T(CHee TCco,e )X10

b) For nat

D=

ural gas fuelled gas engines

Fs

)
ccoz,e T(ENMHCe TCCoe )X10

where

70

(50)

(51)
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Alte

If a dlirect measurement is made of the exhaust gas flow, the dilution factor D [-] may be ¢
follojws:

whe

Fs (diesel) = 13,4

Fs (LPG) =116

Fs(NG)=9,5

Fs (E10) = 13,3

Fs (E85) = 11,5

ISO 8178-4:2017(E)

Fs is stoichiometric factor [-];
ccoze isconcentration of COz in the diluted exhaust gas on a wet basis [% vol];

CHC,e is concentration of HC in the diluted exhaust gas on a wet basis [pmol/mol C1];

CNMHC,e is concentration of NMHC in the diluted exhaust gas on a wet basis [umol/mol C1];

€Co,e is concentration of CO in the diluted exhaust gas on a wet basis [pmol/mol].

stoichiometric factor shall be calculated as follows:

1
1+%4376%[ 142
2 4

g =100

e
Y is molar hydrogen to carbon ratio in the fuel [-].
‘natively, if the fuel composition is not known, the following stoichiemetric factors mayj

p - dvevs
Qvew

e

gvcvs _\.is'the volumetric flow rate of diluted exhaust gas [m3/s];

] Vew is the volumetric flow rate of raw exhaust gas [m3/s].

9.1.5.4 Dilution air

kyq=(1-ky3)x1,008

with

whe

_ 1,608xHq
w3 1000+1,608xHy

re

Hg is dilution air humidity [g H20/kg dry air] (see D.2.2.3 on wet air).
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9.1.6 NOx correction for humidity and temperature
a) For compression-ignition engines correct for intake-air humidity using the following formula:

As the NOy emission depends on ambient air conditions, the NOy concentration shall be corrected
for ambient air temperature and humidity with the factors ky p [-] given in the following formulae.
This factor is valid for a humidity range between 0 and 25 g H,0/kg dry air.

15,698x H,
= """ 72 10,832 56
hD="000 (>6)
where
H, is humidity of the intake air [g H2O/kg dry air].

Alternatively, the following formula may be applied to consider the impact of the ambient air
temperaturg.

1

knp =7 10,0182%(H, —10,71)+0,004 5% (T, —298) (57)
where

H, is humidity of the intake air [g HpO0/kg dry air];

T, is ambient air temperature [K].

b) For spark-ignition engines correct for intake-air humidity using the following formula:

ki, =0J6272+44,030x10 > xH, —0,862x10 > x H,? (58)

H,, Hq may |be derived from relative humidity m€asurement, dewpoint measurement, vapor presgsure
measurement or dry/wet bulb measurement'using the generally accepted formulae.

62L8><RHa><
00 ~Pa

a RH,
Pp —Da 100
RH
62[1,8x—Lxpy
Hy= 100 (59)
RHq
Pb —Pa 100

9.1.7 Cydle workand specific emissions

9.1.7.1 Transientand rnmppd modal ryrlpc

Reference is made to H.5.1 and H.5.2 for raw and diluted exhaust respectively. The resulting values
for power P [kW] shall be integrated over a test interval. The total work Wt [kWh] is calculated as
follows:

n 1 1 1 2xr& n

where
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P; is instantaneous engine power [kKW];
n; is instantaneous engine speed [rpm];
T; is instantaneous engine torque [Nm];

Wact is actual cycle work [kWh];
f is data sampling rate [Hz];

n is number of measurements [-].

Where auxiliaries were fitted in accordance with Annex G there shall be no adjustment to the
instantaneous engine torque. Where, according to 5.2.1 or 5.2.2 necessary auxiliariesithat should have
beern] fitted for the test are not installed, or auxiliaries that should have been removed for [the test are
installed, the value of T; shall be adjusted as follows.

[ =T; meas T; JAUX (6 1)

where

Iimeas 1S measured value of instantaneous engine torque;

Iiaux is corresponding value of torque required to drive auxiliaries determined according to
7.7.2.2.1;

The ppecific emissions egas [g/kWh] shall be calculatédin the following ways depending or the type of
test cycle.

m
b = £as (62)
gas
Wact
where
Mgas is total mass of emission [g/test];

Wact is cycle work [kWh].

In cgse of the compositeZNRTC, the final test result egas [g/kWh] shall be a weighted average from cold
starf test and hot starPtest by using:

| _[ (Ollxmcold)+(0'9xmhot)
gas —

(63)
(0,1% Wact,cold )+(0,9% Wact,hot )

In case of an infrequent (periodic) exhaust regeneration (5.5.1.2.2), the specific emissiqns shall be
corrected with the multiplicative adjustment factors kyye and kype [Formulae (5) and (6)]lor with the
two separate pairs of adjustment additive factors ky, [upward factor of Formula (7)] and kp, [downward

factor of Formula (8)].

9.1.7.2 Steady-state discrete-mode cycle

The specific emissions egas [g/kWh] are calculated as follows:

egas = Z?:l(qmgas,i XWFi) (64)

Z:Izl(Pi < WEF; )

where
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dmgas,i 1S mean emission mass flow rate for the mode i [g/h];
P; is engine power for the mode i [kW] with P; = Py j +Paux,i (See 7.7.1 and 5.2);
WF; is weighting factor for the mode i [-].

9.1.8 NHj3 data evaluation

The average NH3 concentration (umol/mol/test) shall be determined by integrating the instantaneous

values over

the cycle. The following formula shall be applied:

1 i=n pmol 1
CNHa =1 . ONHa i — 65
NHz = 21:1 NH i { mol test} (65)
Alternatively the NH3 concentration may be weighted by the exhaust mass flow
Zi:nc xm 1 1
i—1NH3,i Mg | umo
onm, =2 66
NH3 Z’=" 3 [ mol test:l (66)
i=1

where

cNH3,i | isthe instantaneous NH3 concentration in the exhaust gas) pmol/mol;

n is the number of measurements.
For the composite NRTC, the final test result shall be determirned with the following formula:

CNH,4 :(0'1XCNH3,cold)+(0'9chH3,hot) (67)
Where:

CNH3,cold  is the average NH3 concentration of the cold start test, pmol/mol;

CNH3,ho is the average NH3 concentration of the hot start test, pmol/mol.
For discretp-mode NRSC, the mean’NH3 concentration in the exhaust gas over the test cycle FNH3
[pmol/mol]| shall be determined-by measuring the mean concentration for each mode and weighting
the result agcording to the weighting factors applicable to the test cycle. The following formula shdll be
applied:

X i=n de =

CNHy = Qi SENHy i XWF; (68)
where

cnuz; IS the mean NH3 concentration in the exhaust gas for mode i [pmol/mol];

Nmode 1S the number of modes in the test cycle;

WF; is the weighting factor for the mode i [-].

9.2 Particulate mass emission

9.2.1 General

The determination of the particulates requires a dilution system. In this clause, dilution shall be
accomplished by a partial flow dilution system. The flow capacity of the dilution system shall be large
enough to completely eliminate water condensation in the dilution and sampling systems, and maintain
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the temperature of the diluted exhaust gas between 42 °C and 52 °C immediately upstream of the filter
holders. Dehumidifying the dilution air before entering the dilution system is permitted, and especially
useful if dilution air humidity is high. The temperature of the dilution air shall be between 20 °C and
52 °C (see ISO 8178-1, 5.2.5) in close proximity to the entrance into the dilution tunnel.

The partial flow dilution system shall be designed to extract a proportional raw exhaust sample
from the engine exhaust stream, thus responding to excursions in the exhaust stream flow rate, and
introduce dilution air to this sample to achieve a temperature between 42 °C and 52 °C at the test filter.
For this it is essential that the dilution ratio or the sampling ratio rq or rs be determined such that the
accuracy limits of 9.2.2 are fulfilled. Different extraction methods can be applied, whereby the type of
extraction used dictates to a significant degree the sampling hardware and procedures to be used.

To determine the mass of the particulates, a particulate sampling system, particulate samj
a microgram balance and a temperature and humidity controlled weighing chamber-are re
detafils of the system are described in ISO 8178-1, 8.1.

bling filters,
quired. The

p

9.2.2 Particulate sampling

s emissions
installation
brm to the

In gg
sam
prov
requ

neral, the particulate sampling probe shall be installed in close proxiniity to the gaseou
pling probe, but sufficiently distant as to not cause interference. Therefore, the
isions of 9.1.2 also apply to particulate sampling. The sampling line shall conf
irements of ISO 8178-1, 7.4.2.

In th
loca
exhd
as in

e case of a multi-cylinder engine with a branched exhaust manifold, the inlet of the prpbe shall be
ed sufficiently far downstream so as to ensure that-the sample is representative of the average
ust emissions from all cylinders. In multi-cylinder engines having distinct groups of manifolds, such

this
emis

a “V” engine configuration, the manifolds should‘be combined upstream of the samplj
is not practical, it is permissible to acquire a.sample from the group with the highest
sion (reference to 9.1.2). Other methods . which have been shown to correlate wit}

methods may be used. For exhaust emission calculation, the total exhaust mass flow shall bg

9.2.]

The
weig
For
over

With

part
the s

9.2.4
The

8 Data evaluation

tare weight of the filter, as determined in accordance with 8.4.1, shall be subtracted fr

the evaluation of the particulate concentration, the total sample mass (msep) througl
the test cycle shall be reeorded.

the prior approval of the parties involved, the particulate mass may be correc
iculate level oftlie’/dilution air, as determined in H.6.4.2, in line with good engineering
pecific designféatures of the particulate measurement system used.

Ll Calculation of mass emission

mass of particulates shall be calculated by either of the following methods. An exa

ng probe. If
particulate
| the above
 used.

the gross

0
ht of the filter, as determined*according to 8.7.2, which results in the particulate sam]m: mass my.

h the filters

ted for the
ractice and

mple of the

calclationproceduresisgivenin-AnnexE

9.2.4.1 Partial Flow Dilution System

The particulate emission over the cycle mpy [g] based on sample ratio shall be calculated with the
following formula:

mg

M %1000 (69)
where
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is particulate mass sampled over the cycle [mg];

is average sample ratio over the test cycle [-].

Mge
Mew
Mgep
Mged
In case of th

The particy
following fd

is sample mass of raw exhaust over the cycle [kg];
is total mass of raw exhaust over the cycle [kg];
is mass of diluted exhaust gas passing the particulate collection filters [kg};
is mass of diluted exhaust gas passing the dilution tunnel [kg].
e total sampling type system, msep and mgeq are identical.

late emission over the cycle mpy [g] based on dilution ratio shall be calculated wit}
rmula:

M, Medf
Mpy = 1——X
Msep 1000
where
ms is particulate mass sampled over the cycle [mg];
Msep is mass of diluted exhaust gas passing'the particulate collection filters [kg];
Medf is mass of equivalent diluted exhaust gas over the cycle [kg].
The total mjass of equivalent diluted exhaust gas mass over the cycle megr [kg] shall be determine
follows:
] n
Meqf :_'XZQmedf,i
Y
Amedfi JDmew,i XVd,i
_ qmdew,i
rd,l -]
Amdéw;i — Amdw,i
where
Qmedf,i is instantaneous equivalent diluted exhaust mass flow rate [kg/s];
Qmew,i isinstantaneous exhaust mass flow rate on a wet basis [kg/s];
rd,i is instantaneous dilution ratio [-];
Qmdew,i 1S instantaneous diluted exhaust mass flow rate on a wet basis [kg/s];
76 © IS0 2017 - All rights reserved
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Qmdw,i is instantaneous dilution air mass flow rate [kg/s];
f is data sampling rate [Hz];

n is number of measurements [-].

9.2.4.2 Full flow dilution system

The mass emission shall be calculated as follows:

m m

TP mszp 1 oe(;lo (75)
where

uli is particulate mass sampled over the cycle [mg];

Msep is mass of diluted exhaust gas passing the particulate collectionfilters [kg];

Med is mass of diluted exhaust gas over the cycle [kg].
with

Msep = Mset ~Mssd (76)
where

Mget is mass of double diluted exhaust gasithrough particulate filter [kg];

Mssd is mass of secondary dilution aix [kg].

9.2.4.3 Background correction

The particulate mass mpym ¢ [g] may be background corrected as follows:

mg my I Mg
= —| x| I | x—2 77
7M. {msep |:de [ D H} 1000 7
whefe
Wi is\particulate mass sampled over the cycle [mg];

Msep is mass of diluted exhaust gas passing the particulate collection filters [kg];

Mg is mass of dilution air sampled by background particulate sampler [kg];
mp is mass of collected background particulates of dilution air [mg];

Med is mass of diluted exhaust gas over the cycle [kg];

D is dilution factor (see Formula (50) [-].

9.2.4.4 Calculation for steady-state discrete-mode cycles

All calculations shall be based upon the average values of the individual modes during the sampling
period.

a) For partial-flow dilution, the equivalent mass flow of diluted exhaust gas shall be determined by
means of the system with flow measurement shown in [SO 8178-1, Figure 9:
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Amedf = Amew XTd (78)

ry= Amdew (79)

Amdew ~9mdw

where

gmedf  is equivalent diluted exhaust mass flow rate [kg/s];

Jmew is exhaust mass flow rate on a wet basis [kg/s];

rq is dilution ratio [-];
qmdew | is diluted exhaust mass flow rate on a wet basis [kg/s];
qmdw | is dilution air mass flow rate [kg/s].
b) For fulltflow dilution systems qmdew is used as gmedr.
The pafticulate emission flow rate over the cycle g,pMm [g/h] shall be calculated as follows:
1) For thgsingle-filter method
m 3600
qmpM :'jfpxqmedf X000 (80)
n
T medf = zl,CImedfi xXWF; (81)
b
Msep = 1 Msepi (82)
it
where
qmpM | is particulate mass flowTate [g/h];
my is particulate masssampled over the cycle [mg];
Qmedf | isaverage equivalent diluted exhaust gas mass flow rate on wet basis [kg/s];
Qmedfi | is equivalentdiluted exhaust gas mass flow rate on wet basis at mode i [kg/s];
WF; is weighting factor for the mode 7 [-];
Msep is mass of diluted exhaust gas passing the particulate collection filters [kg];
Msepi is mass of diluted exhaust sample passed through the particulate sampling filter at mode i [kg];
n is number of measurements [-].
2) For the multiple-filter method
dmpMi :ﬂXQmedﬁ X% (83)

sepi

where
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qmpMi  is particulate mass flow rate for the mode i [g/s];

mg; is particulate sample mass collected at mode i [mg];

qmedfi  is equivalent diluted exhaust gas mass flow rate on wet basis at mode i [kg/s];

Mmsep;  is mass of diluted exhaust sample passed through the particulate sampling filter at mode i [kg].

The PM mass is determined over the test cycle by summation of the average values of the individual
modes i during the sampling period.

a k) gt los £1 4 | A W | 1 i) | | FEPRA | £-11
LT Paltituldit II1d s s TTUW TdtS 4UmPM [ g/ 1] 11Idy DT UdURgTIUUIIU LUTTTLLTU a5 TUITUW.S.

1) |For the single-filter method

mg Mg g u 1 A medf
= —| ——x 1-— XWF; | i x— 84
R e o
2) [For the multiple-filter method
mg; Mgqg 1 Amedf
= —| —=x| 1-=||{x 85
imPM {msepi {md [ Dj]} 1000 (85)
where:

ImPpM 1S particulate mass flow rate [g/h];

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

Wi is particulate sample mass collected [mg];
ng; is particulate sample mass-collected at mode i [mg];
Mf.d is particulate sample mass of the dilution air collected [mg];

Imedfi 1S equivalent diluted exhaust gas mass flow rate on wet basis at mode i [kg/h]
Msep is mass of dituted exhaust sample passed through the particulate sampling filter [kg];
Msepi  is massofdiluted exhaust sample passed through the particulate sampling filter afmode i [kg];
ng is_hass of the dilution air sample passed through the particulate sampling filters [kg];

D is dilution factor (see Formula (50)) [-].

famore than one measurement is made mg4/mq shall be replaced with mg 4 /mg.

9.2.4.5 Transient and ramped modal cycles

The particulate specific emissions shall be calculated with Formula (62) where egas [g/kWh] and mgas
[g/test] are substituted by epy [g/kWh] and mpy [g/test] respectively:

Mpm
epM =7 (86)
act
where
mpm is total mass of particulates emission, calculated according to 9.2.4 [g/test];

Wact is cycle work [kWh].
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The emissions on the transient composite cycle (i.e. cold phase and hot phase) shall be calculated as
shown in 9.1.7.

9.2.4.6 Steady-state discrete-mode cycle
The particulate specific emission epy [g/kWh] shall be calculated in the following way:

a) For the single-filter method

q
epm :nm—PM (87)
E’ (P.xWEF.)
=T t7
where
P; is engine power for the mode i [kW] with P; = P, ; +Paux,i (See Z.7.1 and 5.2);
WF; is weighting factor for the mode i [-];

qmpm | is particulate mass flow rate [g/h].

b) For thejmultiple-filter method

n
. g - X WF;
ePM=§“:1( mPMi 1) (88)

2:'1:1(131' XWFi)

where:
P; is engine power for the mode i [kW] with Pi$Py, ; + Paux,i (See 7.7.1 and 5.2);
WF; is weighting factor for the mode i [-];

qmpMi | is particulate mass flow rate at modeé i [g/h].

9.2.5 Effective weighting factor (steady-state discrete cycles only)

For the single-filter method, the effective weighting factor, Wee;, for each mode shall be calculated i the
following wiay.

m sepi Xq medf

Wrei = n sep XA medfi (59)
i=1,.n
where:
Qmedf  is average equivalent diluted exhaust gas mass flow rate on wet basis [kg/s];
Qmedfi  is equivalent diluted exhaust gas mass flow rate on wet basis at mode i [kg/s];
Msep is mass of diluted exhaust gas passing the particulate collection filters [kg];
Msepi s mass of diluted exhaust sample passed through the particulate sampling filter at mode i [kg].

The value of the effective weighting factors shall be within + 0,005 (absolute value) of the weighting
factors listed in Annex A.
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In case of engines, equipped with exhaust after-treatment systems that are regenerated on an infrequent
(periodic) basis (see 5.5.1.2.2), the specific emissions of gaseous and particulate pollutants calculated
according to 9.1.7 and 9.2.4 shall be corrected with either the applicable multiplicative adjustment
factor or with the applicable additive adjustment factor. In the case that infrequent regeneration did not
take place during the test the upward factor shall be applied (kmur or kyr). In the case that infrequent
regeneration took place during the test the downward factor shall be applied (kmpr or kpr). In the case
of the discrete-mode cycle, where the adjustment factors have been determined for each mode they

shal

9.4

9.4.

For
syst

exhad

nu

9.4.

partial flow dilution or raw gas sampling system

be applied to each mode during the calculation of the weighted emission result.

Particle number emission

| Time alignment

pbartial flow dilution systems residence time in the particle number sampling and m
em shall be accounted for by time aligning the particle number signal with the test cy
ust gas mass flow rate according to the procedure in 9.1.3. The transformation time of
ber sampling and measurement system shall be determined according to ISO 8178-1, 8

Determination of particle numbers for transient and ramped modal cycles (RM

basurement
rcle and the
the particle
4.1.3.2.

[C) with a

Whdre particle numbers are sampled using a partial, flow dilution or a raw gas sampling system
according to the procedures set out in ISO 8178-1,.84, the number of particles emitted oper the test
cycle shall be calculated by means of the followingformula:
v = edf gz x f.x10° (90)
1,293 ST
whefe
v is number of partieles emitted over the test cycle, #/test;
Medf is mass of equivalent diluted exhaust gas over the cycle, determined according to 9]2.4, kg /test;
k is calibration factor to correct the particle number counter measurements to th¢ level of the
reference instrument where this is not applied internally within the particle nymber coun-
ter¢/Where the calibration factor is applied internally within the particle number counter,
a Value of 1 shall be used for k in the above formula;
. is average concentration of particles from the diluted exhaust gas corrected fo standard
conditions (273,15 K and 101,33 kPa), particles per cubic centimetre;
7 is mean particle concentration reduction factor of the volatile particle remover specific to
r the dilution settings used for the test.
cs shall be calculated from the following formula:
Zi:nC )
c === M (91)
n
where
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Cs i is a discrete measurement of particle concentration in the diluted gas exhaust from the
particle counter, corrected for coincidence and to standard conditions (273,15 K and
101,33 kPa), particles per cubic centimetre;

n is number of particle concentration measurements taken over the duration of the test.

9.4.3 Determination of particle numbers for transient and ramped modal cycles (RMC) with a
full flow dilution system

out in ISO 8178-1,-8-3-3 es-emitted o he all becalculated bym
of the folloying formula:

Where particle numbers are sampled using a full flow dilution system according to the procedures set

m = o7 6

N=1’2ecf§XkXCSXer1O (92)

where

N is number of particles emitted over the test cycle, #/test;

Med is total diluted exhaust gas flow over the cycle calculated according to the method descifibed
in 9.1.4.2.3, kg/test;

k is calibration factor to correct the particle number counter measurements to the level gf the
reference instrument where this is not applied internally within the particle number cpun-
ter. Where the calibration factor is applied interfrally within the particle number coupnter,
a value of 1 shall be used for k in the above formula;

cs is average corrected concentration of particles from the diluted exhaust gas correct¢d to
standard conditions (273,15 K and 104,33 kPa), particles per cubic centimetre;

7, is mean particle concentration reduction factor of the volatile particle remover specific to

r

the dilution settings used for the'test.

shall be calculated from thefollowing formula:

o

S,I

c == (93)
where
Cs,i is a diSc¥ete measurement of particle concentration in the diluted gas exhaust from the

particle counter, corrected for coincidence and to standard conditions (273,15 K|and
101,33 kPa), particles per cubic centimetre;

n is number of particle concentration measurements taken over the duration of the test.

9.4.4 Determination of particle numbers for discrete-mode cycles with a partial flow
dilution system

Where particle numbers are sampled using a partial flow dilution system according to the specifications
set out in ISO 8178-1, 8.3.2, the rate of emission of particles during each individual discrete mode shall
be calculated by means of the following formula using the average values for the mode:

N _ qmedf

xkxc. x f.x10%x3600 94
1293 s X fr (94)

where
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N

dmedf 1sthe equivalent diluted exhaust mass flow rate on a wet basis during the individual discrete
mode, determined according to Formula (78), kg/s;

k is the calibration factor to correct the particle number counter measurements to the level
of the reference instrument where this is not applied internally within the particle number
counter. Where the calibration factor is applied internally within the particle number counter,
a value of 1 shall be used for k in the above formula;

s is the average concentrationof particles fromthe diluted-exhaust gas-during the individual
discrete mode corrected to standard conditions (273,15 K and 101,33 kPa);\pprticles per
cubic centimetre;

h is the mean particle concentration reduction factor of the volatile particle remqgver specific

r to the dilution settings used for the test.
with
Zizn

= P S,1

F, ==L (95)
n

whefe
Cs,i 1S a discrete measurement of particle concentgation in the diluted gas exhaust fropn the parti-
cle counter, corrected for coincidence and.tg*standard conditions (273,15 K and 101,33 kPa),
particles per cubic centimetre;

h  is the number of particle concentration measurements taken during the individpal discrete

mode sampling period.
9.4.%3 Determination of particle numbers for discrete-mode cycles with a full flow dilution system
Where particle numbers are sampled using a full flow dilution system according to the splecifications
set qut in ISO 8178-1, 8.3.3 the rate of emission of particles during each individual discretg mode shall
be calculated by means of thefollowing formula using the average values for the mode:

V:MxkxEsxfrx106 x3600 (96)

1,293
where

N is the rate of emission of particles during the individual discrete mode, #/h;

Omdew 15 tiretotat ditutedextraust rass flow rate omrawet bastsdurimgthemdividual discrete
mode, kg/s;

k is the calibration factor to correct the particle number counter measurements to the level
of the reference instrument where this is not applied internally within the particle num-
ber counter. Where the calibration factor is applied internally within the particle number
counter, a value of 1 shall be used for k in the above formula;

cs is the average concentration of particles from the diluted exhaust gas during the individual
discrete mode corrected to standard conditions (273,15 K and 101,33 kPa), particles per
cubic centimetre;

7 is the mean particle concentration reduction factor of the volatile particle remover specific

r

to the dilution settings used for the test.
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with
ZiZHC '
c === (97)
n

Cs,i is a discrete measurement of particle concentration in the diluted gas exhaust from the
particle counter, corrected for coincidence and to standard conditions (273,15 K and
101,33 kPa), particles per cubic centimetre;

n is the number of particle concentration measurements taken during the individual discrete

mode sampling period.

9.4.6 Testresult

9.4.6.1 Calculation of the specific particle number emissions for transient and famped mod

cycles (RM()

For each applicable individual RMC, hot NRTC and cold NRTC the specificcemissions in numb
particles/kWh shall be calculated as follows:

S
PN Wact
where
€PN is the number of particles emitted per kWh;
N is number of particles emitted over the applicable RMC, hot NRTC or cold NRTC;

Wact is the actual cycle work according to 8:6.3.5, in kWh.

For an RM(, in case of an engine with infrequent (periodic) exhaust regeneration (see 5.5.1.2.2)
specific em|ssions shall be corrected with the appropriate multiplicative adjustment factors kmuyy
kmpr [Formulae (5) and (6)] or with the.appropriate additive factors kyr [upward factor of Formula
and kpr [downward factor of Formula {8)]. In the case that infrequent regeneration did not take j
during the fest the upward factor.shall be applied (kmyr or kyr). In the case that infrequent regeners
took place during the test the downward factor shall be applied (kmpr or kpy).

9.4.6.2 eighted average NRTC test result

al

br of

(98)

the
and
[(7)]
lace
ition

For the NRTC, the finak'test result shall be a weighted average from cold start and hot start (including

periodic regeneratioiywhere relevant) tests calculated using one of the following formulas:

a) Inthe dase of multiplicative regeneration adjustment, or engines without periodically regener:

iting

after_t catiment

€gas =k X (0’1chold)+(0'9XNh°t)
as — r
8 (0'1XWact,cold )+ (O'QXWaCt.hOt )

b) In the case of additive regeneration adjustment

(

(0'1XNcold )+(0'9XNh°t )
(0'1XWact,cold )+ (O'QXWaCt.hOt )

(99)

100)
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Ncold is the total number of particles emitted over the NRTC cold test cycle;

Nhot is the total number of particles emitted over the NRTC hot test cycle;

Wact,cold is the actual cycle work over the NRTC cold test cycle according to 9.1.7, in kWh;

Wact, hot is the actual cycle work over the NRTC hot test cycle according to 9.1.7, in kWh;

kr is the regeneration adjustment, according to 5.5.1.2, or in the case of engines without

periodically regenerating after-treatment k. = 1.

l[ed (kmur or kyp). In the case that infrequent regeneration took place during the test.the
fact¢r shall be applied (kmpr or kpr).

9.4.6.3 Calculation of the specific emissions for discrete-mode NRSC tests

The

whe

In ¢

emis

specific emissions e [#/kWh] are calculated as follows:
Nmode

2

Z?EOde(PiXWFi)

e

(W, xwF, )

is the engine power for the mode i [kW] with™P; = Py ; + Paux,i;
is the weighting factor for the mode i {-];

is the mean emission number flow rate for the mode i [#/h] from Formula (94]

tor shall be
downward

(101)

or (96) de-

pending upon the dilution methed.

hse of an engine with infrequent((periodic) exhaust regeneration (see 5.5.1.2.2),
sions shall be corrected with the' appropriate multiplicative adjustment factors ky

[Formulae (5) and (6)] or with the appropriate additive factors kyr [upward factor of Form
kpr [downward factor of Formula{8)]. In the case that infrequent regeneration did not take {

the fest the upward factor shall’be applied (kmur or kyr). In the case that infrequent regenc
place during the test the dewnward factor shall be applied (kmpr or kpr).

9.4.

The
figu

brak

9.4.7

.4 Rounding'effinal results

Final NRSCand weighted average NRTC test results shall be rounded in one step to threg
'es in accordance with ASTM E 29-06B. No rounding of intermediate values leading
e specifie emission result is permissible.

f “_Determination of particle number background

the specific
r and kmpr
ula (7)] and
lace during
ration took

e significant
to the final

At the engine manufacturer’s request, dilution tunnel background particle number concentrations
may be sampled, prior to or after the test, from a point downstream of the particle and hydrocarbon
filters into the particle number measurement system, to determine the tunnel background particle
concentrations.

Subtraction of particle number tunnel background concentrations shall not be allowed for type
approval, but may be used at the manufacturer’s request, with the prior approval of the parties involved,
for conformity of production testing, if it can be demonstrated that tunnel background contribution is

sign

ificant, which can then be subtracted from the values measured in the diluted exhaust.
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9.5 Specific requirements for dual-fuel engines

For engines that do not conform to the definition in 3.18 but are operated on multiple fuels use good
engineering practice to agree with the parties involved.

9.5.1 Emission test procedure requirements for dual-fuel engines

9.5.1.1 General

This clause defines the additional requirements and exceptions of this standard to enable emission

testing of d

crankcase €

Emission te
vary betwe
liquid fuel 4
dynamicallj
restrictions

9512 T

9.5.1.2.1

The paramg
9.51.3 T

9.5.1.3.1

A full-flow dlilution measurement procedure for.dual-fuel engines is described in ISO 8178-1, 8.3.3

system).

This measu
mainly infl
methods de

Raw gaseo
precautions

9.5.1.4 E

The emissi
gaseous fug
is acceptab

[Measurement procedures

DOTCT

missions added to the exhaust emissions according to 5.5.2.

rrororo T eI oo ToOTIO—OT

sting of a dual-fuel engine is complicated by the fact that the fuel used by the‘énging
en pure liquid fuel and a combination of mainly gaseous fuel with only a small’amou
s an ignition source. The ratio between the fuels used by a dual-fuel engine can also ch
/ depending of the operating condition of the engine. As a result, special precautions
are necessary to enable emission testing of these engines.

pst conditions (see Clause 5)

Laboratory test conditions (see 5.1.1)

ter f, for dual-fuel engines shall be determined with Formulae (1) and (2).

pst procedures (Clause 8)

rement procedure ensures that the variation of the fuel composition during the test
ience the hydrocarbon measurement results. This shall be compensated via one o
scribed in 9.5.1.4.

1s/partial flow medsurement described in ISO 8178-1, 8.3.2 may be used with {
regarding exhaust'mass flow determination and calculation methods.

mission calculation

bn calcilation requires knowledge of the composition of the fuels being used. Wh|
| is stipplied with a certificate confirming the properties of the fuel (e.g. gas from bottl
eto'use the composition specified by the supplier. Where the composition is not avai

also

can
nt of
hnge
and

[CVS

will
[ the

ome

en a
ps) it
able

fialNtha fual comnacitinon chall bha analucad At laact nyinr 0 and Aftartha anainag ami
e e Co PO S -Shd B eahdry Seadtrea St pHer—+toahiadtrter—ne-eRgihe-ent

dsion

(e.g. pipelinefue

test is conducted. More frequent analysis shall be permitted and the results used in the calculation.

Where the gas energy ratio (GER) is used it shall be consistent with the definition in 3.26. The average
value of GER over the cycle shall be calculated by one of the following methods:

a)

point by the number of measurement points.

b)

For hot-start transient cycle and RMC NRSC by dividing the sum of the GER at each measurement

For discrete-mode NRSC by multiplying the average GER for each test mode by the corresponding

weighting factor for that mode and calculating the sum for all modes. The weighting factors shall be
taken from Annex A for the applicable cycle.
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9.5.1.4.1 Dry/wet correction (see 9.1.5)

9.5.1.4.1.1 Raw exhaust gas

Formulae (45) and (46) shall be used to calculate the dry/wet correction.

The

fuel specific parameters shall be determined according to 9.5.2.2.

9.5.1.4.1.2 Diluted exhaust gas

Forn

nulae (48) and (49) shall be used to calculate the wet/dry correction.

The
This
fuel
9.5.

The
dete)

9.5.

9.5.

The
in IS

Alte
and

9.5.7

Exh:
6.4.4

9.5.]

The

Tabl
the manufacturer.

a)

1.4.3 Partial flow dilution (PFS) and raw gaseous measutement (ISO 8178-1, 8.3.

1.4.3.1 Determination of exhaust gas mass flow (ISO 8178-1, 6.4.3)

molar hydrogen ratio a of the combination of the two fuels shall be used for the dry/wet
molar hydrogen ratio shall be calculated from the fuel consumption measurement va
according to 9.5.2.

|.4.2 NOx correction for humidity (see 9.1.6)

NOy humidity correction for compression ignition engines as specified in 9.1.6 shall
rmine the NO x humidity correction for dual-fuel engines.

exhaust mass flow shall be determined according.té the direct measurement method 4
0 8178-1, 6.4.3.

‘natively, the airflow and air to fuel ratio\nreasurement method according to ISO 81]
D.1.2.3 [Formulae (19) to (21)] may be used only if @, ¥, 6 and € values are determined 4
.2.2. The use of a zirconia-type sensor to determine the air fuel ratio is not allowed.

lust gas mass flow rate calculatign based on air flow and fuel flow measurements (|
.1) may alternatively be used for steady-state testing.

|.4.3.2 Determination of the gaseous components (see 9.1.4)

possible variationCef“fuel composition will influence all the regulated u-factors (s
P 7) used in the emission calculations. One of the following approaches shall be used at {

The exact-formulae in 9.1.4.3 of the mass based emission calculations or correspondi
balance-approach provided in the molar based emission calculations in H.5.1 shall be aj
the «instantaneous proportions of liquid and gaseous fuel determined from instant

correction.
ues of both

be used to

s described

/8-1, 6.4.4.4
ccording to

[SO 8178-1,

be 9.1.4.2.2,
he choice of

hg chemical
bplied using
hneous fuel

cghsumption measurements or calculations; or,

b)

When the mass-based calculation in 9.1.4.3 is used for the specific case of a dual-

fuel engine

operated on gas and diesel fuel, tabulated values may be used for the molar component ratios and

Ugas-values. These tabulated values shall be applied as follows:

1) For engines operated on the applicable test cycle with an average gas energy ratio 2 90 %
(GER = 0,9) the required values shall be those for gaseous fuel, taken from Table 7.

2) For engines operated on the applicable test cycle with an average gas energy ratio between
10 % and 90 % (0,1 < GER < 0,9) the required values shall be assumed to be represented by
those for a mixture of 50 % gaseous fuel and 50 % diesel fuel taken from Table 8 and Table 9.

3) For engines operated on the applicable test cycle with an average gas energy ratio < 10 %

(GER £ 0,1) the required values shall be those for gaseous fuel, taken from Table 7.
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4) For the calculation of THC emissions the ugas value of the gaseous fuel shall be used in all cases
irrespective of the average gas ratio (GER).

5) For the calculation of the NMHC emissions, the ug,s value on the basis of CHz 93 shall be used; in
all cases irrespective of the average gas ratio (GER).

6) For the calculation of the CH4 emissions, the u gas value of CH4 shall be used; in all cases
irrespective of the average gas ratio (GER).

Table 8 — Molar component ratios for a mixture of 50 % gaseous fuel and 50 % diesel fuel

(mass %)

Gaseous fuel a y 6 £
CHy 2,8681 0 0 0,004 0
Gr 2,767 6 0 0 0,004 0
G23 2,798 6 0 0,0703 0,004-3
G2s 2,7377 0 0,1319 0,004 5
Propane 2,263 3 0 0 0,0039
Butane 2,1837 0 0 0,003 8
LPG 2,1957 0 0 0,003 8
LPG Fuel A 2,1740 0 0 0,0038
LPG Fuel B 2,2402 0 0 0,0039

Table 9 — Raw exhaust gas ug,s values and component denisities for a mixture of 50 % gasepus
fuel and 50 % diesel fuel (mass %)

Gas
NOx co HC COy 02 CHg
Gaseous fyel Pe Pgas [kg/m3]
2,053 10250 a 19636 1,427 7 0,716
Ugasb

CNG/LNGe 1,2786 | 0,001606 0,000978 | 0,000528d | 0,0001536 | 0,001117 0,000 560
Propane 1,2869 | 0,001596 0,000972 0,000510 | 0,0001527 | 0,001110 0,000 556
Butane 1,2883 | 0,001594 0,000971 0,000503 | 0,0001525 | 0,001109 0,000 556
LPGe 1,2881 0,001 594 0,000971 0,000506 | 0,0001525 0,001 109 0,000 556

a  dependinjg on fuel

b atA=2,dryair, 273K,101,3 kPa
¢ uaccurafe withiitt0;2 % or mass composition of: C =58 - 76 %; H = 19 - 25 %; N = 0 - 14 % (CH4, G20, Gr, G23 and Gps)
d  NMHC o1} thé basis of CHp 93 (for total HC the Ugas coefficient of CHy shall be used)

e u accuratebthin-0-2-%-formass-composition-of-6a=27—90-06:-Cr—10—73-%-(-RCEuels-A-and-B}

......... rraieroy

9.5.1.4.3.3 Mass per test of a gaseous emission

In the case that the exact formulae are applied to calculate instantaneous values of ugas according to
9.5.1.4.3.2 a) then, when calculating the mass per test of a gaseous emission for a transient or ramped
modal cycle, ugas shall be included in the summation in Formula (23) as follows:

1 n
Mgas =7'kh ’k’z(ugas,i “Amew i ‘Cgas,i) [102)
i=1

where
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Ugas,i 1s instantaneous value of ugas.

The

remaining terms of the formula are as set out in 9.1.4.2.2.

9.5.1.4.3.4 Particulate determination (9.2)

For the determination of particulate emissions with the partial dilution measurement method the
calculation shall be performed according to 9.2.4.

The requirements of 8.2.1.2 shall apply for controlling the dilution ratio. In particular, if the combined

tran

sformation time of the exhanst flow measurement and the partial flow system exceeds 0,3 s, look-

ahed
be <
dire
to 9.

The

9.5.

The
com
with

9.5.

The
(Tab

d control based on a pre-recorded test run shall be used. In this case, the combinedig
1 s and the combined delay time <10 s. Except in the case that the exhaust mass flow i
Ctly the determination of exhaust mass flow shall use values of «, y, 6 and € determine
5.2.2.2.

guality check according to 8.2.1.2 shall be performed for each measurement.

|.4.3.5 Additional requirements regarding the exhaust gas massflow meter

flow meter referred to in ISO 8178-1, 6.4.3.1 shall not be sensitive to the changes in
bosition and density. The small errors of e.g. pitot tube or orifice-type of measurement
the square root of the exhaust density) may be neglected

.5 Full flow dilution measurement (CVS) (8.2.1:1)

possible variation of the fuel composition will mainly influence the tabulated hydrocar
le 7) used with the mass based formulae in:€lause 9. The exact formulae shall be apy]

calctilation of the hydrocarbon emissions using‘the molar component ratios determined fj

cons

9.5.]

Tod
aver]

Alte

9.5.

9.5.
The

umption measurements of both fuels acCording to 9.5.2.

|.5.1 Determination of the baekground corrected concentrations (ISO 8178-1, 5.]

nge molar hydrogen ratio(fthe fuel mix during the test according to 9.5.2.

natively the Fs valuev(see 9.1.5.3) of the gaseous fuel may be used in the Formulae (50)

e time shall
s measured
d according

bxhaust gas
(equivalent

bon u-value
lied for the
om the fuel

p.5)

ptermine the stoichiometric factor, the molar hydrogen ratio a of the fuel shall be calcullated as the

and (51).

|.6 Equipmentspecification and verification

1.6.1 Water quench check (ISO 8178-1, 9.5.9.1.5)

watersquench check in ISO 8178-1, 9.5.9.1.5 shall likewise be performed for dual-fuel enfgines.

9.5.

9,5.2.1 General

This clause defines the determination of molar component ratios and ugas values for the dry-wet factor

and

emissions calculations for emission testing of dual-fuel engines.
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9.5.2.2 Determination of the molar component ratios when the fuel mix is known

9.5.2.2.1 Calculation of the fuel mixture components

The following formulae have to be used to calculate the elemental composition of the fuel mixture:

Amf =9mf1 T 9mf2 (103)
_WH1 XAmf1 TWH2 Xqmf2 (104)
Amf1 T Amf2
X +Wey X
we = W1 Xqmf1 Y W2 Xdmf2 (1L05)
Amf1 T Amf2
X +Wgy X
wg = W Xdmf1 T Ws2 Xqmf2 (1L06)
Amf1 T Amf2
wy = W1 Xdmf1 TWN2 Xqmf2 (Lo7)
Amf1 T Ame2
wo = W1 Xqmf1 tWo2 XAmf2 ([108)
Amf1 T me2
where:

qmf1  [is fuel mass flow rate of fuell, kg/s;
qmf2  [is fuel mass flow rate of fuel2, kg/s;

WH is hydrogen content of fuel, % mass;

we is carbon content of fuel, % mass;
ws is sulphur content of fuel, % mass;
WN is nitrogen content of fuel;% mass;
wo is oxygen content affuel, % mass.

9.5.2.2.2 [Calculationof'the molar ratios of H, C, S, N and O related to C for the fuel mixture

The calculation of the'atomic ratios (especially the H/C-ratio o) is given in D.2.2.2 as follows:

a=11,9164%x 1 (109)
W¢
7=0,374 64x% (110)
C
WN
§=0,85752x 2N (111)
W¢
£=0,75072x 20 (112)
W¢
where
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wy is hydrogen content of fuel, % mass;

wc is carbon content of fuel, % mass;

ws is sulphur content of fuel, % mass;

wN  is nitrogen content of fuel, % mass;

wo is oxygen content of fuel, % mass;

a is molar hydrogen ratio (H/C);

4:2017(E)

refe]

9.5.]

The
and

For
Ugas

10

10.1

The
The
itis
cove
fact
7.6

Mec
conf]

NOT
cylin|

is molar sulphur ratio (S/C);
) is molar nitrogen ratio (N/C);
3 is molar oxygen ratio (0/C)

ring to a fuel CHyOSyNs.

.2.3  Calculation of the ug,s values for a fuel mixture

raw exhaust gas ugas values for a fuel mixture can be calculated with the exact formul
Lhe molar ratios calculated according to this clause.

systems with constant mass flow, Formula (32) is.needed to calculate the diluted ¢
values.

Engine control area

| General remarks

exhaust emissions are measuréd  using the appropriate test cycles in accordance wit
emission results will thereforé.be representative for the respective test cycle. In addji
Fequired that the emissionsifrom certain engine families or groups shall be controlled
red by the test cycle, this elause shall apply. While this document does not specify any
r for those areas, it defineés the engine control area depending on the engine operation ¢
nd 7.7.

prmity factowin’(certain ranges of) the emission control area.

) Engine Control area-standards do not apply to constant or variable speed marine en|
der capacity of >30 1/cylinder.

10.2

he in 9.1.4.3

bxhaust gas

h 7.5 to 7.7.
tion, where
n areas not
conformity
lescribed in

hanically controlled engines with a fixed injection timing may not be designed to cofply with a

gines with a

Caontral axxa dita ouolac C Fals NI v -1l
CZ), L \° 8

afor aoanacinac tacta 1 1
Uuliti vl divd 11 Cllslllco Lol U \,_yl.lco A\ &) ) A dil L9 Y

These engines operate with variable speed and load. The control area, as shown in Figure 6 and Figure 7,
is defined as follows:

— upper torque limit: full load torque curve

— speed range: speed A to np;;

— torque range: 30 % to 100 %;

where:

— speed A =njp + 0,15 (npi - nio);
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— speed B =njo + 0,50 (nni - nyo);
— speed C =njo + 0,75 (npi — nio);

with

ny, low speed (see 3.39);

nhi high speed (see 3.32).

If the measured engine speeds A, B and C are within #3 % of the engine speeds declared by the
manufacturers-the-deeclared-enginespeedsshall-be-used1thetoleranceisexceeded-forany-of the test

J
speeds, the[measured engine speeds shall be used.

The following speed and torque points shall be excluded from the control area:
— points below 30 % of maximum power;

— for particulate matter only, if the C speed is below 2 400 r/min, points to the fight of or below the
line formed by connecting the points of 30 % of maximum torque or 30 @) of maximum pdwer,
whicheper is greater, at the B speed and 70 % of maximum power at the high speed;

— for particulate matter only, if the C speed is above 2 400 r/min, points te'the right of the line forjmed
by confecting the points of 30 % of maximum torque or 30 % ¢f\maximum power, whichevier is
greater] at the B speed, 50 % of maximum power at 2 400 r/min,and 70 % of maximum power af the
high spged.
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bpeed (%)

forque (% of maximum)
engine Control Area

All Emissions Carve-Out
PM Carve-Out

o of maximum net power
o of maximum torque

Figure 6 — Engine control area for Engines tested to cycles C1, C2, E1 and H, sp
C<2400rpm
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/U % 4

50 %?P
50 %a

30 %»b

30 %a

speed (%)
torque (Po of maximum)
Engine (ontrol Area

PM Carvle-Out

n
T

1

2 All Emiskions Carve-Out
3

a  %of m:[iimum net power
b

% of makimum torque

Figuyre 7 — Engine control area for Engines tested to cycles C1, C2, E1 and H, speed
C>2400rpm

10.3 Control area for engines’tested to cycles D1, D2, E2, G1, G2 and G3

These engines are mainly©perated very close to their designed operating speed, hence the control area
is defined af:

— speed:| 100%
— load: 50 % to 100 %.

10.4 Control area for engines tested to test cycle I

These engines are mainly operated very close to two designated operating speeds, i.e. rated speed and
intermediate speed, the control area is defined as,

— Speed: operating speeds (i.e. rated speed and intermediate speed) within the speed drop tolerance
specified by the engine manufacturer.

— Load: 30 % of maximum power or 30 % of maximum torque, whichever larger, to 100 % or declared
by manufacturer.
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Epeed (%)
forque (% of maximum) QEngine Control Area
ntermediate Speed All Emissions Carve-Out
Rated Speeds ’\Q a  Max Power
ée) b  Max Torque

Upper and lower Tolerances for Speed A (eg@

-

Figure 8 — Engi 1 C():ontrol for Engines tested to test cycle I

. Control area for en&)@s tested to E3 and ES5 test cycle

.1 Control area fQ)j@ marine engines
N\

e engines are&nly operated slightly above and below a fixed pitch propeller curve.
is relate Q* he propeller curve and has exponents of mathematical formulae d
e control area.

3 %Qesmarine engines:

(example)

The control
efining the

I ; PR A Lot Q.7 PN
VCT- SPCCUTIIIITTC. U,7 TTT00%)

Upper boundary curve: %power = 100 x (%speed/90)3.5;

Lower boundary curve: %power = 70 x (%speed/100)2.5;

— Upper power limit: Full load power curve;
— Upper speed limit: Maximum speed permitted by governor.
where
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%power is % of maximum net power;
%speed is % of n100%;
n100% is the 100% speed for the corresponding test cycle.
P
P=n?
/
/
n
Key
n  speed (%) 3 lower boundary curve
P power (Yo of maximum) 4  full load power curve
1 lower sgeed limit 5 governor maximum speed curve
2 upper bpundary curve 6  Engine Control Area
Figure 9 — Engines tested to E3 test cycle

For E5 cyclg marine engines with an individual cylinder displacement < 5 liter:
— Lower|speedlimit: 0,7 x n100%;
— Upper hnnnr]ary curye: 0/3pnurnr =100 x (O/CCPQQHI/Q“)?) 5;

96

Lower boundary curve:
Upper power limit:

Upper speed limit:

%power = 70 x (%speed/100)2.5;
Full load power curve

Maximum speed permitted by governor

Lower limit of control area A 3 x (100% - %speed);

Lower power limit of control area C: ~ 95% power.

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

Key

n  ppeed (%) 5 AreaA

P power (% of maximum) 6 JAreaB

1 ppper power limit 753 Area C

2 ppper boundary curve a Lower speed limit of control area B (% pf maximum
speed).

3 ower boundary curve b Lower power limit of control area C (% pf maximum
power).

4 ower limit of control area A

NOTE1 nisexpressed as a percentage of rated speed; P is expressed as a percentage of maximunj power.

NOTE 2  Emission requirement for area A, B and C may be different. Regulators may set the samgq limit for the
entirje area.

Figure 10 — Engines tested to E5 test cycle

10.5.2-_Control area for engines tested to the E4 test cycle

These engines are mainly SI engines operated slightly above and below a propeller curve. The control
area is related to the propeller curve and is defined as follows:

— Lower speed limit: 0,4 x n100%;

— Lower torque limit: 0,25 x Tax at rated speed ;
— Upper propeller curve boundary: 1,5n - 0,16 %speed;

— Lower propeller curve boundary: n 15 -0,08 %speed.

— Upper Torque limit: Full load torque curve
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T
7
1)/ //
/
100 %
3 >/
7
40 %b—| .~
s
- 4
P \
< 25 %a
2
n
Key
n  speed (%) 4 lower propeller curve boundary
T  torque (Po of maximum) 5 control’area
1 upper tdrque limit a Lower torque limit for control area (% of maximum
torque at rated speed).
nl5 (prgpeller curve) b« _Lower speed limit for control area (% of rated speefl).
upper propeller curve boundary ¢ Upper speed limit for control area (% of rated speed).
NOTE nfis expressed as a percentage of rated-speed; T'is expressed as a percentage of maximum rated tofque.
Figure-117 — Engine tested to E4 test cycle
10.5.3 Control area for engines tested to the F cycle
These engines are maifily-'operated slightly above and below a cube law curve. The control arga is

related to the cube lawxcurve and is defined as follows

— Lower|speedlimit: 0,63 x n100%;

— Lower'pewerHmit 0,25

— Upper boundary curve: %power = 115 x (%speed/100)2,5

— Lower boundary curve: Y%power = 85 x (Y%speed/100)4

— Upper power limit: Full load power curve

— Upper speed limit: Maximum speed permitted by governor
where

98
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%power is % of maximum net power (Pmax);
%speed is % of n19o,

n100% is the 100% speed for the corresponding test cycle.

n
Key
n  [speed (%) 4 lower boundary curve
P power (% of maximum) 5 full load power curve
1 [lower speed limit 6 governor maximum speed curve
2 [lower power limit 7 Engine Control Area
3 upper boundary curve

Figure 12 — Engines tested to the F cycle
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Annex A
(normative)

Steady-state discrete-mode test-cycles

A.1 Test cvcles type C “Non-road machineryv and industrial equipment”

Table A.1 — Table of cycle C1 test modes and weighting factors

Mofde number 1 | 2 | 3 | a 5 | 6 | 7 8
Speeda 100% Intermediate Idl¢
Torqueb (%)) 100 75 50 10 100 75 50 0
Weighting factor 0,15 0,15 0,15 0,1 0,1 0,1 0,1 0,1%
a See 7.2)7.4 and 7.7 for determination of required test speeds.
b The % tofque is relative to the maximum torque at the commanded engine speed,

Table A.2 — Table of cycle C2 test modes and weighting factors

Mopde number 1 2 3 4 5 6 7
Speeda 100% Intermediate Idle
Torqueb (%)) 25 100 75 50 25 10 0
Weighting factor 0,06 0,02 0,05 0,32 0,30 0,10 0,15

a  See’Z.2,7
b The % to|

14 and 7.7 for determination of required test speeds.

Fque is relative to the maximum torque at the'commanded engine speed.

A.2 Test

cycles type D “Constant speed”

Table A.3 — Table of cycles type D test modes and weighting factors

Mode numbjer
(cycle D1) 1 2 3
Speed? 100% Intermediate Idle
Torqueb (% 100 75 50
Weighting 0,3 0.5 0,2
factor
Mode number
(cycle D2) 1 2 3 4 >
Speeda 100% Intermediate Idle
Torquec (%) 100 75 50 25 10
Weighting 005 | 025 | 03 | 03 | 01
actor

ISO 8528-1.

a  See7.2,74 and 7.7 for determination of required test speeds.

b The % torque is relative to the torque corresponding to the continuous rated power declared by the manufacturer as
defined in ISO 8528-1.

¢ The % torque is relative to the torque corresponding to the rated power declared by the manufacturer as defined in

100
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Table A.4 — Table of cycles type E test modes and weighting factors

?’C';gg ]‘E‘;‘)mber 1 2 3 4 5
Speeda 100% Intermediate Idle
Torqueb (%) 100 75 75 50 0
Weighting factor | 0,08 | 0,11 0,19 | 0,32 0,3
Mode number

(cycle E2) = - 3 *

Spegda 100% Intermediate Idle
Torgued (%) 100 75 50 25

Weipghting factor 0,2 0,5 0,15 0,15

ol pamber 1 HEE

Spegeda (%) 100 91 80 63

Powerc (%) 100 75 50 25

Weighting factor 0,2 0,5 0,15 0,15

Mode number ! ) 3 4 5
Speeda (%) 100 80 60 40 Idle
Torgued (%) 100 71,6 46,5 25,3 0
Weipghting factor 0,06 0,14 0,15 0,25 0,40
T 1 HERERIIE
Speeda (%) 100 91 80 63 Idle
Powerec (%) 100 75 50 25 0
Weighting factor 0,08 0,13 0,17 0,32 0,3

a

b

C

See 7.2, 7.4 and 7.7 for determination of required test speeds.

% power is relative tothe.maximum rated power at the 100% speed.

% torque is relative to the maximum torque at the commanded engine speed.

d % torque is relativeto the torque corresponding to the rated power.
A.4| Test cycle type F “Rail traction”
Table A.5 — Table of cycle type F test modes and weighting factors
— Mode umber T 2

Speeda 100% Intermediate Idle
Power (%) 100¢ 50¢ 5b
Weighting factor 0,15 0,25 0,6
a See 7.2, 7.4 and 7.7 for determination of required test speeds.

b % power at this mode is relative to the power at mode 1

c % power at this mode is relative to the maximum power at the commanded engine speed.

d For engines using a discrete control system (i.e. notch type controls) mode 2 is defined as an operation in the notch
closest to mode 2 or 35 % of the rated power.
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A.5 Test cycle type G “Utility, lawn & garden”

Table A.6 — Table of cycles type G test modes and weighting factors

l("cl}‘,’g: g‘ﬁmber 1 | 2| 3| 4| s 6
Speeda 100% Intermediate Idle
Torqueb % 100 75 50 25 10 0
Weighting factor 0,09 0,20 0,29 0,30 0,07 0,05
her
Mode num T c
Speeda 100% Intermediate Idle
Torqueb % 100 75 50 25 10 {
Weighting factor 0,09 0,20 0,29 0,30 0,07 0,05
Mode numbyer 1 2
(cycle G3)
Speeda 100% Intermediatge Idle
Torqueb % 100 q
Weighting factor 0,85 0,15
a See 7.2|7.4 and 7.7 for determination of required test speeds.
b The % forque is relative to the maximum torque at the commanded engine'speed.

A.6 Test|cycle type H “Snowmobile”

Table A.7 — Table of cycle type H test modes and weighting factors

Mode number 1 2 3 4 5
Speeda (%) 100 85 75 65 Idle
Torqueb (% 100 51 33 19 0
Weighting factor 0,12 0,27 0,25 0,31 0,05

a See 7.2|7.4 and 7.7 for determinatioh of required test speeds.

b % torqte is relative to the maximum torque at the commanded engine speed.

A.7 Test|cycle typel“Transport refrigeration unit”

Table'A.8 — Table of cycle type I test modes and weighting factors

Mode numljer 1 2 3 4

Speeda (%)I 1909% trtermediate
Torqueb (%) 75 50 75 50
Weighting factor 0,25 0,25 0,25 0,25
a See 7.2, 7.4 and 7.7 for determination of required test speeds.

b % torque is relative to the maximum torque at the commanded engine speed.
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Table A.9 — Combined table of the weighting factors

Torque (%)b 100 | 75 | 50 | 25 | 10 [100 | 75 | 50 | 25 | 10 | 0 Table
Speeda 100% Intermediate Idle
Non-road vehicles
Cycle C1 0,15 (0,15 0,15 0101|0101 0,15 Al
Cycle C2 0,06 0,02 { 0,05 0,32 0,30 | 0,10 | 0,15 A.2
Conptamtspeed
Cycle D1 03] 05|02
Cycle D2 0,05|025| 03 | 03 | 01 A3
Utiljty, lawn and garden
Cycle G1 0,09| 0,2 {0,29| 0,3°\0,07 | 0,05
Cycle G2 0,09 0,2 0,29 0,3 | 0,07 0,05 A.6
Cycle G3 0,85 0,15
Trapsport Refrigeration Unit
Cycle 1 | |o25]025] 025|025 | A8
Marijine application
Cycle E1 0,08 | 0,11 0,19 | 0,32 0,3 A4
Cycle E2 0,2 | 05 |015] 0,15
Marjine application propeller law
(CdleEs) 1 2 3 +
Speed (%)2 100 91 80 63
Ppwer (%)b 100 75 50 25
Weighting factor 032 0,5 0,15 0,15
1(\2(; fe‘:;‘;‘ber 1 2 3 4 5
Speed (%)2 100 80 60 40 Idle A4
Tprque (%)P 100 71,6 46,5 25,3 0
Weighting factor 0,06 0,14 0,15 0,25 0,40
1(‘@‘3’; lee‘g‘sr)“ber 1 2 3 4 5
Speed (%)4 100 91 80 63 Idle
Ppwer (%) 100 75 50 25 0
Weighting factor 0,08 0,13 0,17 0,32 0,3
SnotWwmobtle
l(‘g‘;,‘cil“'e';‘)mber 1 2 3 4 5
Speed (%)2 100 85 75 65 Idle A7
Torque (%)b 100 51 33 19 0
Weighting factor 0,12 0,27 0,25 0,31 0,05
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b See table of each individual cycle for details of what each % torque or % power figure represents.
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Table A.9 (continued)
Rail Traction |
Mode number (Cycle F) 1 2 3
Speeda 100% Intermediate Idle A5
Power (%)b 100 50 5
Weighting factor 0,15 0,25 0,6
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b See table of each individual cycle for details of what each % torque or % power figure represents.
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Annex B

(normative)
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Steady-state ramped modal test cycles (RMCs)

B.1 Test cvcles tvype C “Non-road machineryv and industrial equipment”

Table B.1 — Table of RMC-C1 test modes
VMo d;{ll\\laucmber Time gl)mode Engine speedac Torque (%g)bc

la §teady-state 126 Idle 0
1b Transition 20 Linear transition Linear transjtion
2a {teady-state 159 Intermediate 100
2b Transition 20 Intermediate Linear transjtion
3a Jteady-state 160 Intermediate 50
3b Transition 20 Intermediate Linear transjtion
4a Jteady-state 162 Intermediate 75
4b Transition 20 Lineardransition Linear trans]tion
5a §teady-state 246 100% 100
5b Transition 20 100% Linear transjtion
6a Jteady-state 164 100% 10
6b Transition 20 100% Linear transjtion
7a {teady-state 248 100% 75
7b Transition 20 100% Linear transition
8a {teady-state 247 100% 50
8b Transition 20 Linear transition Linear transjtion
9 Stleady-state 128 Idle 0
a See 7.2, 7.4 and 7.7Afordetermination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.
c Advance frgm'one mode to the next within a 20-second transition phase. During the transition phas¢, command a
linedr progresSion'from the torque setting of the current mode to the torque setting of the next mode, and sijnultaneously
command a Similar linear progression for engine speed if there is a change in speed setting.

Table B.2 — Table of RMC-C2 test modes

Mo d:{xﬁnber Time E:)m()de Engine speedac Torque (%)bc
la Steady-state 119 Idle 0
1b Transition 20 Linear transition Linear transition
2a Steady-state 29 Intermediate 100
2b Transition 20 Intermediate Linear transition
a See 7.2,7.4 and 7.7 for determination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phase, command a

linear progression from the torque setting of the current mode to the torque setting of the next mode, and simultaneously
command a similar linear progression for engine speed if there is a change in speed setting.
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Table B.2 (continued)

b % torq

c Advan
linear progre
command as

e is relative to the maximum torque at the commanded engine speed.

Mo d:rl:/:lcmber Time Eg)mode Engine speedac Torque (%)bc

3a Steady-state 150 Intermediate 10

3b Transition 20 Intermediate Linear transition
4a Steady-state 80 Intermediate 75

4b Transition 20 Intermediate Linear transition
5a Steady-state 513 Intermediate 25

5b Transitiqn 20 Intermediate Linear transition
6a Steady-state 549 Intermediate 50

6b Transiti¢n 20 Linear transition Linear transitien
7a Steady-sfate 96 100% 25

7b Transitigpn 20 Linear transition Linear'transition
8 Steady-sthte 124 Idle 0

a See 7.2|7.4 and 7.7 for determination of required test speeds.

e from one mode to the next within a 20-second transition phase. During ‘the transition phase, commd
ssion from the torque setting of the current mode to the torque setting-of the next mode, and simultane
milar linear progression for engine speed if there is a change in speed'setting.

nd a
usly

B.2 Test

Table B.3 — Table of RMCG-D2 test modes

cycles type D “Constant speed”

mo dgrl\l/{[inber Time in mode (s) Engine’speed (%)32 Torque (%)bc
la Steady State 53 100 100
1b Transiti¢gn 20 100 Linear transition
2a Steady-sfate 101 100 10
2b Transitign 20 100 Linear transition
3a Steady-sfate 277 100 75
3b Transitign 20 100 Linear transition
4a Steady-sfate 339 100 25
4b Transitign 20 100 Linear transition
5 Steady-state 350 100 50
a See 7.2)7.4 and,Z27 for determination of required test speeds.
b % torqiiesis.relative to the torque corresponding to the rated power declared by the manufacturer.
c Advance from one mode to the next within a 20-second transition phase. During the transition phase, command a
linear progression from the torque setting of the current mode to the torque setting of the next mode.
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B.3 Test cycles type E “Marine applications”

Table B.4 — Table of RMC-E2 test modes

mo dgrl\)/lucmber Time in mode (s) Engine speed (%)2 Torque (%)bc
la Steady-state 229 100 100
1b Transition 20 100 Linear transition
2a Steady-state 166 100 25
2b Transition 20 100 Linear transition
3a Jteady-state 570 100 75
3b Transition 20 100 Lineaytransitjon
4 Steady-state 175 100 50
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phas¢, command a
linedr progression from the torque setting of the current mode to the torque setting of the next mode.

Table B.5 — Table of RMC-E3 testmodes
RMC Time in mode (s) Engine speed (%)ac Power (%)Hc

mnode number
la Jteady-state 229 100 100
1b Transition 20 Linear‘transition Linear transitjon
2a {teady-state 166 63 25
2b Transition 20 Linear transition Linear transitjon
3a Jteady-state 570 91 75
3b Transition 20 Linear transition Linear transitjon
4 Steady-state 175 80 50
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b % power is relative to the ntaximum rated power at the 100% speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phas¢, command a
linedr progression from thétorque setting of the current mode to the torque setting of the next mode, and sijnultaneously
commmand a similar lineat.progression for engine speed.

Table B.6 — Table of RMC-ES5 test modes
RME Time in mode (s) Engine speedac Power (%)Hc

mode number
la pteady-state 167 Idle 0
1b Transition 20 Linear transition Linear transition
2a Steady-state 85 100% 100
2b Transition 20 Linear transition Linear transition
3a Steady-state 354 63% 25
3b Transition 20 Linear transition Linear transition
4a Steady-state 141 91% 75
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b % power is relative to the maximum rated power at the 100% speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phase, command a
linear progression from the torque setting of the current mode to the torque setting of the next mode, and simultaneously
command a similar linear progression for engine speed.
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Table B.6 (continued)

mo dgll:aucmber Time in mode (s) Engine speedac Power (%)bc
4b Transition 20 Linear transition Linear transition
5a Steady-state 182 80% 50
5b Transition 20 Linear transition Linear transition
6 Steady-state 171 Idle 0
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b % poweris relative to the maximum rated power at the 100% speed
c Advange from one mode to the next within a 20-second transition phase. During the transition phase, commgnd a
linear progrejssion from the torque setting of the current mode to the torque setting of the next mode, and simultahegusly
command a s|milar linear progression for engine speed.

B.4 Test|cycle type F “Rail traction”

Table B.7 — Table of RMC-F test modes

Mo d: Cmber Time in mode (s) Engine speedae Power (%)¢
la Steady-sfate 350 Idle 5b
1b Transiti¢gn 20 Linear transition Linear transition
2a Steady-sfated 280 Intermediate 50¢
2b Transitign 20 Linear tranSition Linear transition
3a Steady-sfate 160 100% 100¢
3b Transitign 20 Linear‘Transition Linear transition
4 Steady-stjte 350 Idle 5¢
a See 7.2)7.4 and 7.7 for determination of required test speeds.
b % powgr at this mode is relative to the power atmode 3a.
¢ % powg¢r at this mode is relative to the maximum power at the commanded engine speed.
d For engines using a discrete controlsystem (i.e. notch type controls) mode 2a is defined as an operation in the rfotch
closest to mofe 2a or 35 % of the rated.power.
e Advange from one mode to the+iext within a 20-second transition phase. During the transition phase, commdgnd a
linear progression from the torque.setting of the current mode to the torque setting of the next mode, and simultanequsly
command a sjmilar linear progression for engine speed if there is a change in speed setting.

B.5 Test|cyclestype G “Utility, lawn & garden”

Table B.8 — Table of RMC-G1 test modes

mo dgll:/[ucmber Time in mode (s) Engine speedac Torque (%)bc
la Steady-state 41 Idle 0
1b Transition 20 Linear transition Linear transition
2a Steady-state 135 Intermediate 100
2b Transition 20 Intermediate Linear transition
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phase, command a
linear progression from the torque setting of the current mode to the torque setting of the next mode and simultaneously
command a similar linear progression for engine speed if there is a change in speed setting.
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Table B.8 (continued)
RMC Time in mode (s) Engine speedac Torque (%)bc
mode number
3a Steady-state 112 Intermediate 10
3b Transition 20 Intermediate Linear transition
4a Steady-state 337 Intermediate 75
4b Transition 20 Intermediate Linear transition
5a Steady-state 518 Intermediate 25
S5b Transition 20 Intermediate Linear transition
6a Jteady-state 494 Intermediate 50
6b Transition 20 Linear transition Lineantransifion
7 Steady-state 43 Idle 0
a See 7.2, 7.4 and 7.7 for determination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phas¢, command a

linedr progression from the torque setting of the current mode to the torque setting®of the next mode and si
command a similar linear progression for engine speed if there is a change in speed setting.

multaneously

Table B.9 — Table of RMC-G2 test modes

c A

tho dgrl\:{lcmber Time in mode (s) Engine speedac Torque (%)bc
la Yteady-state 41 I[dle 0
1b Transition 20 Liriear transition Linear transition
2a Jteady-state 135 100% 100
2b Transition 20 100% Linear transifion
3a §teady-state 112 100% 10
3b Transition 20 100% Linear transifion
4a {teady-state 337 100% 75
4b Transition 20 100% Linear transifion
5a §teady-state 518 100% 25
5b Transition 20 100% Linear transifion
6a {teady-state 494 100% 50
6b Transition 20 Linear transition Linear transifion
7 Steady-state 43 Idle 0
a See 7.257*4 and 7.7 for determination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.

£ <l
ravaneeTronronemoae

linear progression from the torque setting of the current mode to the torque setting of the next mode and simultaneously
command a similar linear progression for engine speed if there is a change in speed setting.

i £l i alas 20 Ak T 1o, AinY H Al i I L. d
to-thenext-withira20-second-transitionphaseDuring-the-transittonrphase, command a
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B.6 Test cycle type H “Snowmobile”

Table B.10 — Table of RMC-H test modes

mo dgrlzfxcmber Time in mode (s) Engine speedac Torque (%)bc
la Steady-state 27 Idle 0
1b Transition 20 Linear transition Linear transition
2a Steady-state 121 100% 100
2b Transitign 20 Linear transition Linear transition
3a Steady-sfate 347 65% 19
3b Transitign 20 Linear transition Linear transition
4a Steady-sfate 305 85% 51
4b Transitign 20 Linear transition Lineartransition
5a Steady-sfate 272 75% 33
5b Transitign 20 Linear transition Linear transition
6 Steady-state 28 Idle 0
a See 7.2)7.4 and 7.7 for determination of required test speeds.
b % torque is relative to the maximum torque at the commanded engine speed.:
¢ Advange from one mode to the next within a 20-second transition phase. During the transition phase, commdgnd a
linear progression from the torque setting of the current mode to the torque.setting of the next mode, and simultanequsly
command a sjmilar linear progression for engine speed if there is a change.in'speed setting.

B.7 Test|cycle type I “Transport refrigeration-unit”

Table B.11 — Tablé.of RMC-I test modes

mo d:{ll:finber Time in mode (s) Engine speedac Torque (%)bc
la Steady-state 290 Intermediate 75
1b Transiti¢gn 20 Intermediate Linear transition
2a Steady-state 280 Intermediate 50
2b Transitign 20 Linear transition Linear transition
3a Steady-sfate 280 100% 75
3b Transitign 20 100% Linear transition
4 Steady-stgte 290 100% 50
a See 7.2)7.4 and,27 for determination of required test speeds.
b % torqyiesis.relative to the maximum torque at the commanded engine speed.
c Advance from one mode to the next within a 20-second transition phase. During the transition phase, command a
linear progression from the torque setting of the current mode to the torque setting of the next mode, and simultaneously
command a similar linear progression for engine speed if there is a change in speed setting.
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(normative)

Transient test cycles
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The tables contained in this Annex shall be used in the manner described in Clauses 7, 8 and 9 or

Annex H.

C1

NRTC engine dynamometer schedule

Table C.1

Time

)

Normalized speed
(%)

Normalized torg&

O 0[N |U D WIN|-

RlRrlRr|Rr|Rr|R|Rr|Rr|lo|lo|lb|lo|oc|lo|loc|oc|lo|lo|o|o

Q| W W W W WwW|WwW|Oo|lo|lp|C|o|lo|lo|o|o|c|0o|0|o||o|lo|lc|o|O0 | O
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Table C.1 — (continued)

112
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Time | Normalized speed | Normalized torque
(s) (%) (%)
32 2 1
33 4 13
34 7 18
35 9 21
36 17 20
7 33 4.2
38 57 46 (\
39 44 33 (]/Q
40 31 0 -
41 22 27 (\‘b
42 33 43 >
43 80 49 O
44 105 47 k‘io
45 98 70 o O
46 104 36,$)"
47 104 65
48 96 71
49 101 20 62
50 102 & 51
51 102 P 50
52 102 O 46
53 102°% 41
54 a2 31
55 w89 2
56 | () 82 0
57 47 1
583 23 1
C59 1 3
N 60 1 8
vl 61 1 3
QQ 62 1 5
s 63 1 6
o) 64 1 4
65 1 4
66 0 6
67 1 4
68 9 21
69 25 56
70 64 26
71 60 31
72 63 20
73 62 24
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Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
74 64 8
75 58 44
76 65 10
77 65 12
78 68 23
79 69 20
80 71 30 ,<\
81 74 15 (]/Q
82 71 23 -
83 73 20 /\‘b
84 73 21
85 73 v 0O
86 70 33\
87 70 2340
88 65 QW
89 66 o ¢ g7
90 64 W 53
91 65  ~of 45
92 66 <\ 38
93 67 49
94 .69 39
95 o 69 39
9% | () 66 42
97 «|- 71 29
98y 75 29
| (g9 72 23
P 100 74 22
R 75 24
Q.Q 102 73 30
X 103 74 24
%Q 104 77 6
s 105 76 12
© 106 74 39
107 72 30
108 75 22
109 78 64
110 102 34
111 103 28
112 103 28
113 103 19
114 103 32
115 104 25
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
116 103 38
117 103 39
118 103 34
119 102 44
120 103 38
121 102 4.3
122 103 34 ,<\
123 102 M ‘],Q
124 103 44 -
125 103 37 (\QD
126 103 27 d
127 104 13 O
128 104 30 15
129 104 19 . O
130 103 28 .<)°
131 104 4Q.
132 104 “32
133 101 20 63
134 102 N 54
135 102 P 52
136 102 O 51
137 103 40
138 104 34
139 o 102 36
140 | () 104 44
141 | 103 44
142 104 33
3 102 27
Q})144 103 26
ol 145 79 53
%Q 146 51 37
/\?‘ 147 24 23
© 148 13 33
149 19 55
150 45 30
151 34 7
152 14 4
153 8 16
154 15 6
155 39 47
156 39 4
157 35 26
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Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
158 27 38
159 43 40
160 14 23
161 10 10
162 15 33
163 35 72
164 60 39 ,<\
165 55 31 D
166 47 30 -
167 16 7 /\QD
168 0 6
169 0 g O
170 0 8 N7
171 0 20"
172 2 RO
173 10 o ¢ 28
174 28 W 31
175 33 o 30
176 36 o\ 0
177 197 10
178 xQ 18
179 oo 16
180 | () 1 3
1814 |- 1 4
182 1 5
| (183 1 6
P isa 1 5
o 1ss 1 3
Q.Q 186 1 4
X 187 1 4
%Q 188 1 6
s 189 8 18
© 190 20 51
191 49 19
192 41 13
193 31 16
194 28 21
195 21 17
196 31 21
197 21 8
198 0 14
199 12
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Table C.1 — (continued)

116

Time | Normalized speed | Normalized torque
() (%) (%)
200 3 8
201 3 22
202 12 20
203 14 20
204 16 17
205 20 18
206 27 34
207 32 33
208 41 31
209 43 31
210 37 33
211 26 18
212 18 29 «
213 14 51, O
214 13 11, <
215 12 9. ¢
216 15 “33
217 20 29 25
218 25 N 17
219 31 R4 29
220 36 O 66
221 66 - 40
222 50 13
223 - 16 24
224 | (O 26 50
225 | 64 23
226 81 20

@27 83 11

\J228 79 23

ol 229 76 31

%Q 230 68 24
s 231 59 33
© 232 59 3
233 25 7

234 21 10

235 20 19

236 4 10

237 5 7

238 4 5

239 4 6

240 4 6

241 4 5

242 7 5
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Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
243 16 28
244 28 25
245 52 53
246 50 8
247 26 40
248 48 29
249 54 39 ,<\
250 60 42 (]/Q
251 48 18 -
252 54 51 /\QD
253 88 90
254 103 g4 O
255 103 85¢ N7
256 102 840
257 58 _<)66
258 64 & 97
259 56 T 80
260 51 oo 67
261 52 &\ 96
262 637 62
263 W71 6
264 ok 33 16
265 | () 47 45
266 ¢ | - 43 56
267 42 27
| (268 42 64
- 269 75 74
S 270 68 96
Q.Q 271 86 61
X 272 66 0
%Q 273 37
s 274 45 37
© 275 68 96
276 80 97
277 92 96
278 90 97
279 82 96
280 94 81
281 90 85
282 96 65
283 70 96
284 55 95
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Table C.1 — (continued)

118

Time | Normalized speed | Normalized torque
() (%) (%)
285 70 96
286 79 96
287 81 71
288 71 60
289 92 65
290 82 63
291 61 47 ,<\
292 52 37 q/Q
293 24 0 -
294 20 7 (\‘b
295 39 48 o)
296 39 54 O
297 63 58 k‘io
298 53 31, O]
299 51 24 )"
300 48 40 ¢
301 39 )
302 35 209 18
303 36 N 16
304 29 R4 17
305 28 O 21
306 31 b 15
307 ar 10
308 o -43 19
309 | () 49 63
310 78 61
31 78 46
2 66 65
313 78 97
vl 314 84 63
QQ 315 57 26
s 316 36 22
© 317 20 34
318 19 8
319 9 10
320 5 5
321 7 11
322 15 15
323 12 9
324 13 27
325 15 28
326 16 28
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Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
327 16 31
328 15 20
329 17 0
330 20 34
331 21 25
332 20 Q
333 23 25 ,<\
334 30 58 q/Q
335 63 96 -
336 83 60 /\QD
337 61 0
338 26 o O
339 29 44 N7
340 68 970
341 80 JROLY
342 88 & 97
343 99 “W 88
344 102 o 86
345 100 &\ 82
346 740 79
347 57 79
348 o 76 97
349 | ()Y 84 97
350 4| - 86 97
351 81 98
| (352 83 83
P53 65 96
EET 93 72
Q.Q 355 63 60
X 356 72 49
QQ 357 56 27
s 358 29 0
© 359 18 13
360 25 11
361 28 24
362 34 53
363 65 83
364 80 44
365 77 46
366 76 50
367 45 52
368 61 98
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
369 61 69
370 63 49
371 32 0
372 10 8
373 17 7
374 16 13
375 11 6 ,<\
376 9 5 q/Q
377 9 12 -
378 12 46 '<\Q3
379 15 30 o)
380 26 28 O
381 13 9 k‘io
382 16 21, O]
383 24 4
384 36 43 ¢
385 65 “85
386 78 0 66
387 63 N 39
388 32 R4 34
389 46 O 55
390 47 N 42
391 @r 39
392 27 0
393 | () 14 5
394 | 14 14
395, 24 54
396 60 90
Q})397 53 66
| 398 70 48
%Q 399 77 93
s 400 79 67
© 401 46 65
402 69 98
403 80 97
404 74 97
405 75 98
406 56 61
407 42 0
408 36 32
409 34 43
410 68 83
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Time | Normalized speed | Normalized torque
) (%) (%)
411 102 48
412 62 0
413 41 39
414 71 86
415 91 52
416 89 55
417 89 56 ,<\
418 88 58 D
419 78 69 -
420 98 39 /\QD
421 64 61
422 90 34 O
423 88 38\
424 97 680
425 100 <53
426 81 o ¢ 58
427 74 ©W 51
428 76 o 57
429 76 <\ 72
430 85 Y 72
431 K 60
432 ok 83 72
433 | ()Y 83 72
434 [ - 86 72
435% 89 72
| 436 86 72
P azz 87 72
| 438 88 72
Q.Q 439 88 71
X 440 87 72
%Q 441 85 71
s 442 88 72
© 443 88 72
444 84 72
445 83 73
446 77 73
447 74 73
448 76 72
449 46 77
450 78 62
451 79 35
452 82 38
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
453 81 41
454 79 37
455 78 35
456 78 38
457 78 46
458 75 49
459 73 50
460 79 58
461 79 71
462 83 44
463 53 48
464 40 48
465 51 75 «|
466 75 72, O]
467 89 67,.<)"
468 93 60
469 89 73
470 86 o 73
471 81 N 73
472 78 R4 73
473 78 O 73
474 76 73
475 a9 73
476 4 +82 73
477 | () 86 73
478 | 88 72
479 92 71

B0 97 54

\J 481 73 43
482 36 64
483 63 31
484 78 1
485 69 27
486 67 28
487 72 9
488 71 9
489 78 36
490 81 56
491 75 53
492 60 45
493 50 37
494 66 41
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Time | Normalized speed | Normalized torque
Q) (%) (%)
495 51 61
496 68 47
497 29 42
498 24 73
499 64 71
500 90 71
501 100 61 ,<\
502 94 73 q/Q
503 84 73 -
504 79 73 /\QD
505 75 72
506 78 73 O
507 80 73\
508 81 730
509 81 RO
510 83 o 73
511 85 W73
512 84  ~oF 73
513 85 .\ 73
514 86\ 73
515 .85 73
516 A85 73
517 | ()~ 85 72
518 ¢ | - 85 73
509 83 73
| (520 79 73
cPa 78 73
| sz 81 73
Q.Q 523 82 72
X 524 94 56
QQ 525 66 48
/\?‘ 526 35 71
7o) 527 51 44
528 60 23
529 64 10
530 63 14
531 70 37
532 76 45
533 78 18
534 76 51
535 75 33
536 81 17
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Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
() (%) (%)
537 76 45
538 76 30
539 80 14
540 71 18
541 71 14
542 71 11
543 65 2
544 31 26
545 24 72
546 64 70
547 77 62
548 80 68
549 83 53 «
550 83 50 o, O]
551 83 50 )"
552 85 A
553 86 “45
554 89 209 35
555 82 N 6l
556 87 R4 50
557 85 O 55
558 89 Nk 49
559 @7 70
560 o -9l 39
561 | () 72 3
562 |\ 43 25
563 30 60

C5pt 40 45

565 37 32

o se6 37 32

%Q 567 43 70
z\?‘ 568 70 54
© 569 77 47
570 79 66

571 85 53

572 83 57

573 86 52

574 85 51

575 70 39

576 50 5

577 38 36

578 30 71
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Time | Normalized speed | Normalized torque
) (%) (%)
579 75 53
580 84 40
581 85 42
582 86 49
583 86 57
584 89 68
585 99 61 K\
586 77 29 (]/Q
587 81 72 -
588 89 69 /\QD
589 49 56
590 79 70 O
591 104 59\
592 103 540
593 102 _<)56
594 102 ¢ 56
595 103 W 61
596 102 o 64
597 103 &\ 60
598 93 @ 72
599 .86 73
600 o 76 73
601 | () 59 49
602 ¢ | - 46 22
603~ 40 65
| (604 72 31
P05 72 27
7 606 67 44
Q.Q 607 68 37
X 608 67 42
%Q 609 68 50
s 610 77 43
© 611 58 4
612 22 37
613 57 69
614 68 38
615 73 2
616 40 14
617 42 38
618 64 69
619 64 74
620 67 73

© IS0 2017 - All rights reserved

125


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

Table C.1 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
621 65 73
622 68 73
623 65 49
624 81 0
625 37 25
626 24 69
627 68 71 Q,<\
628 70 71
629 76 70 /blq/
630 71 72 (\‘b
631 73 69 d
632 76 70 O
633 77 72 15
634 77 72, O]
635 77 72,
636 77 70
637 76 71
638 76 209 71
639 77 R
640 77 R4 71
641 78 O 70
642 77 0% 70
643 ar 71
644 079 72
645 | () 78 70
646_ ) 80 70
647~ 82 71
G648 84 71
Q})649 83 71
o 650 83 73
%Q 651 81 70
s 652 80 71
© 653 78 71
654 76 70
655 76 70
656 76 71
657 79 71
658 78 71
659 81 70
660 83 72
661 84 71
662 86 71
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
663 87 71
664 92 72
665 91 72
666 90 71
667 90 71
668 91 71
669 90 70 ,<\
670 90 72 (]/Q
671 91 71 -
672 90 71 /\QD
673 90 71
674 92 72 O
675 93 69 N7
676 90 /709
677 93 R
678 91 870
679 89 W7
680 91 o 71
681 90 .\ 71
682 90 & 71
683 .92 71
684 oo 71
685 | ()~ 93 71
686 1| - 93 68
687 98 68
| (688 98 67
~Peso 100 69
7 690 99 68
Q.Q 691 100 71
X 692 99 68
%Q 693 100 69
e 694 102 72
© 695 101 69
696 100 69
697 102 71
698 102 71
699 102 69
700 102 71
701 102 68
702 100 69
703 102 70
704 102 68
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
705 102 70
706 102 72
707 102 68
708 102 69
709 100 68
710 102 71
711 101 64 Q,<\
712 102 69
713 102 69 /blq/
714 101 69 (\QD
715 102 64 d
716 102 69 O
717 102 68 k‘io
718 102 70 , O]
719 102 69 <)
720 102 70,
721 102 “70
722 102 20 62
723 104 N 38
724 104 P 15
725 102 O 24
726 102 45
727 02 47
728 w104 40
729 | ()% 101 52
730 [~ 103 32
731 102 50
2 103 30
Q}) 733 103 44
vl 734 102 40
%Q 735 103 43
&?‘ 736 103 41
7o) 737 102 46
738 103 39
739 102 41
740 103 41
741 102 38
742 103 39
743 102 46
744 104 46
745 103 49
746 102 45
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
747 103 42
748 103 46
749 103 38
750 102 48
751 103 35
752 102 48
753 103 49 ,<\
754 102 48 (]/Q
755 102 46 -
756 103 47 /\QD
757 102 49
758 102 2 0O
759 102 52¢ N7
760 102 S50
761 102 JRO)E
762 102 NG
763 102 W 61
764 102 o 58
765 103 &\ 58
766 102, 59
767 102 54
768 o102 63
769 | ) 102 61
770 o - 103 55
TN 102 60
| (22 102 72
C-S') 773 103 56
S 77 102 55
Q.Q 775 102 67
X 776 103 56
%Q 777 84 42
e 778 48 7
© 779 48 6
780 48 6
781 48 7
782 48 6
783 48 7
784 67 21
785 105 59
786 105 96
787 105 74
788 105 66
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
789 105 62
790 105 66
791 89 41
792 52 5
793 48 5
794, 48 7
795 48 5 K\
796 48 6 (]/Q
797 48 4 -
798 52 6 (\QD
799 51 5 o)
800 51 6 O
801 51 6 k‘io
802 52 5 ¢ O]
803 52 5 QO
804 57 44 <
805 98 %90
806 105 20 94
807 105 & 100
808 105 98
809 105 O 95
810 105 96
811 105" 92
812 w104 97
813 | ()° 100 85
814 | 94 74
815, 87 62
816 81 50
Q})fm 81 46
| s18 80 39
%Q 819 80 32
e 820 81 28
© 821 80 26
822 80 23
823 80 23
824 80 20
825 81 19
826 80 18
827 81 17
828 80 20
829 81 24
830 81 21
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Time | Normalized speed | Normalized torque
) (%) (%)
831 80 26
832 80 24
833 80 23
834 80 22
835 81 21
836 81 24
837 81 24 ,<\
838 81 22 (]/Q
839 81 22 -
840 81 21 /\QD
841 81 31
842 81 27 O
843 80 26\
844 80 2269
845 81 RO
846 80 R
847 81 O 20
848 83 oY 21
849 83 .\ 15
850 839 12
851 .83 9
852 R 8
853 | ()~ 83 7
854 4| - 83 6
855~ 83 6
| (856 83 6
~Pesz 83 6
| ess 83 6
Q.Q 859 76 5
X 860 49 8
%Q 861 51 7
s 862 51 20
© 863 78 52
864 80 38
865 81 33
866 83 29
867 83 22
868 83 16
869 83 12
870 83 9
871 83 8
872 83 7
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
873 83 6
874 83 6
875 83 6
876 83 6
877 83 6
878 59 4
879 50 5 K\
880 51 5 q/Q
881 51 5 -
882 51 5 (\‘b
883 50 5 o)
884 50 5 O
885 50 5 k‘ig
886 50 5 ¢ O]
887 50 5 QO
888 51 5.¢
889 51 W5
890 51 X 5
891 63 & 50
892 81 R4 34
893 81 O 25
894 81 .t 29
895 @ 23
896 . -80 24
897 | () 81 24
gog_ | 81 28
899\~ 81 27
900 81 22
Q})901 81 19
1 902 81 17
%Q 903 81 17
s 904 81 17
© 905 81 15
906 80 15
907 80 28
908 81 22
909 81 24
910 81 19
911 81 21
912 81 20
913 83 26
914 80 63
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Time | Normalized speed | Normalized torque
) (%) (%)
915 80 59
916 83 100
917 81 73
918 83 53
919 80 76
920 81 61
921 80 50 ,<\
922 81 37 q/Q
923 82 49 -
924 83 37 /\QD
925 83 25
926 83 17 O
927 83 13\
928 83 109
929 83 )8
930 83 Q' 7
931 83 QO 7
932 83  ~of 6
933 83 .\ 6
934 83 .Y 6
935 71 5
936 ok 49 24
937 | ()" 69 64
938 | - 81 50
939" 81 43
| Cano 81 42
~Pom 81 31
Iz 81 30
Q.Q 943 81 35
X 944 81 28
%Q 945 81 27
s 946 80 27
© 947 81 31
948 81 41
949 81 41
950 81 37
951 81 43
952 81 34
953 81 31
954 81 26
955 81 23
956 81 27

© IS0 2017 - All rights reserved

133


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

Table C.1 — (continued)

134

Time | Normalized speed | Normalized torque
() (%) (%)
957 81 38
958 81 40
959 81 39
960 81 27
961 81 33
962 80 28
963 81 34
964 83 72
965 81 49
966 81 51
967 80 55
968 81 48
969 81 36 «
970 81 39, O]
971 81 38, L))"
972 80 X
973 81 %30
974 81 20 23
975 81 N 19
976 81 R4 25
977 81 O 29
978 83 b 47
979 @ 90
980 w -81 75
981 | ()% 80 60
982_|J) 81 48
983\ 81 41

84 81 30

\J o985 80 24

7 986 81 20

%Q 987 81 21
e 988 81 29
© 989 81 29

990 81 27
991 81 23
992 81 25
993 81 26
994 81 22
995 81 20
996 81 17
997 81 23
998 83 65
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
999 81 54
1000 81 50
1001 81 41
1002 81 35
1003 81 37
1004 81 29
1005 81 28 ,<\
1006 81 24 (]/Q
1007 81 19 -
1008 81 16 /\QD
1009 80 16
1010 83 23 O
1011 83 17\
1012 83 130
1013 83 27
1014 81 o ¢ 58
1015 81 “O 60
1016 81 o 46
1017 80 .\ 41
1018 80 Y 36
1019 .81 26
1020 | ~k-86 18
1021 [, 82 35
1022y | - 79 53
1023 82 30
| 024 83 29
~Prozs 83 32
| 1oze 83 28
Q.Q 1027 76 60
X 1028 79 51
%Q 1029 86 26
e 1030 82 34
© 1031 84 25
1032 86 23
1033 85 22
1034 83 26
1035 83 25
1036 83 37
1037 84 14
1038 83 39
1039 76 70
1040 78 81
1041 75 71
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Table C.1 — (continued)

Time | Normalized speed | Normalized torque

() (%) (%)
1042 86 47
1043 83 35
1044 81 43
1045 81 41
1046 79 46
1047 80 44
1048 84 20 ,<\
1049 79 31 (]/Q
1050 87 29 -
1051 82 49 (\(b
1052 84 21 o)
1053 82 56 O
1054 81 30 S
1055 85 21, O]
1056 86 16 <)
1057 79 52,
1058 78 %60
1059 74 N
1060 78 N 84
1061 80 R4 54
1062 80 O 35
1063 82 ot 24
1064 83 43
1065 w +79 49
1066 | () 83 50
1067_|J) 86 12
1068 64 14
4069 24 14
Q})L 070 49 21
7 1071 77 48
%Q 1072 103 11
e 1073 98 48
© 1074 101 34
1075 99 39
1076 103 11
1077 103 19
1078 103 7
1079 103 13
1080 103 10
1081 102 13
1082 101 29
1083 102 25
1084 102 20

136 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
1085 96 60
1086 99 38
1087 102 24
1088 100 31
1089 100 28
1090 a8 3
1091 102 26 ,<\
1092 95 64 (]/Q
1093 102 23 -
1094 102 25 /\QD
1095 98 42
1096 93 68 O
1097 101 25\
1098 95 640
1099 101 <35
1100 94 o 59
1101 97 W 37
1102 97  ~oF 60
1103 93 .\ 98
1104 98 & 53
1105 .03 13
1106 |  ~-103 11
1107 | (> 103 11
1108y | - 103 13
1109 103 10
| 4110 103 10
~Prm 103 11
S ERE 103 10
Q.Q 1113 103 10
X 1114 102 18
%Q 1115 102 31
e 1116 101 24
© 1117 102 19
1118 103 10
1119 102 12
1120 99 56
1121 96 59
1122 74 28
1123 66 62
1124 74 29
1125 64 74
1126 69 40
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Table C.1 — (continued)
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Time | Normalized speed | Normalized torque
() (%) (%)
1127 76 2
1128 72 29
1129 66 65
1130 54 69
1131 69 56
1132 69 40
1133 73 54 Q,<\
1134 63 92
1135 61 67 /blq/
1136 72 42 (\QD
1137 78 2 d
1138 76 34 O
1139 67 80 k‘io
1140 70 67 . O]
1141 53 70 <)
1142 72 65,
1143 60 «57
1144 74 209 29
1145 69 o 31
1146 76 R4 1
1147 74 O 22
1148 72 O 52
1149 62 96
1150 a 54 72
1151 | Oy 72 28
1152 |J 72 35
1153~ 64 68
4454 74 27
N 155 76 14
| 1156 69 38
%Q 1157 66 59
e 1158 64 99
© 1159 51 86
1160 70 53
1161 72 36
1162 71 47
1163 70 42
1164 67 34
1165 74 2
1166 75 21
1167 74 15
1168 75 13
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Table C.1 — (continued)

ISO 8178-4:2017(E)

Time | Normalized speed | Normalized torque
) (%) (%)
1169 76 10
1170 75 13
1171 75 10
1172 75 7
1173 75 13
1174 76 8
1175 76 ,<\
1176 67 45 (]/Q
1177 75 13 -
1178 75 12 /\QD
1179 73 21
1180 68 46 O
1181 74 8 \7
1182 76 10
1183 76 O
1184 74 N
1185 74 T 18
1186 73 oof 22
1187 74 N\ 20
1188 740 19
1189 ) 22
1190 | b7 23
1191 [ 73 19
1192y |- 73 19
1193 72 20
| 1194 64 60
C.S-)1 195 70 39
& 1196 66 56
Q.Q 1197 68 64
X 1198 30 68
%Q 1199 70 38
e 1200 66 47
© 1201 76 14
1202 74 18
1203 69 46
1204 68 62
1205 68 62
1206 68 62
1207 68 62
1208 68 62
1209 68 62
1210 54 50
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Table C.1 — (continued)

Normalized speed
(%)

Normalized torque
(%)

41

37

27

25

[y
S

—_
N

?\
S

||| |C|C|C|OC|P|OC|O

/{/.

O|IO|O|CO|C|C|O|CO|C|C|C|C|C|C|OC|P|O|CO

@

oc|lo|lo|lo|o|C|O|OC|OC|OC|O

Table C.2

Time

~~
n
N/

Normalized speed
(%)

Normalized torque
(%)

o

0

0

XN ||| D W|IN|-

oS|o|Oo|lOo|OC|OC|O|O

oS|lo|Co|lCo|OC|OC|OC|O
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Table C.2 — (continued)
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Time | Normalized speed | Normalized torque
(s) (%) (%)
9 1 8
10 6 54
11 8 61
12 34 59
13 22 46
14 [y 51
15 18 51 ,<\
16 31 50 (]/Q
17 30 56 -
18 31 49 /\‘b
19 25 66 Q¢
20 58 55 0O
21 43 31 \7
22 16 /450
23 24 <38
24 24 o ¢ 27
25 30 W 33
26 45 o 65
27 50 &\ 49
28 237 42
29 a3 42
30 k9 45
31 [ 23 30
32 | 37 45
33 44 50
| (34 49 52
CSJ 35 55 49
7 36 61 46
Q.Q 37 66 38
X 38 42 33
QQ 39 17 41
&?‘ 40 17 37
S 41 7 50
42 20 32
43 5 55
44 30 42
45 44 53
46 45 56
47 41 52
48 24 41
49 15 40
50 11 44
51 32 31
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
52 38 54
53 38 47
54 9 55
55 10 50
56 33 55
57 4.8 56
58 49 47 ,<\
59 33 44 q/Q
60 52 43 -
61 55 43 (\‘b
62 59 38 >
63 44 28 O
64 24 37 k‘io
65 12 44, O]
66 9 47, <)
67 12 52 °
68 34 21
69 29 20 44
70 44 N 54
71 54 R4 62
72 62 O 57
73 72 ok 56
74 (88 71
75 4 100 69
76 | ()" 100 34
77 100 42
785 100 54
79 100 58
Q}) 80 100 38
vl st 83 17
QQ 82 61 15
s 83 43 22
© 84 24 35
85 16 39
86 15 45
87 32 34
88 14 42
89 8 48
90 5 51
91 10 41
92 12 37
93 4 47
94 3 49
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Time | Normalized speed | Normalized torque
) (%) (%)
95 3 50
96 4 49
97 4 48
98 8 43
99 2 51
100 g 46
101 8 41 ,<\
102 4 47 (]/Q
103 3 49 -
104 6 45 /\‘b
105 3 48 &
106 10 2 O
107 18 27\
108 3 /509
109 11 L Om
110 34 829
111 51 W 57
112 67  ~of 63
113 61 &\ 32
114 449 31
115 + @8 54
116 ok 69 65
117 |~ 85 65
118 ¢ [ - 81 29
119 74 21
| 120 62 23
CS-) 121 76 58
122 96 75
Q.Q 123 100 77
X 124 100 27
QQ 125 100 79
s 126 100 79
© 127 100 81
128 100 57
129 99 52
130 81 35
131 69 29
132 47 22
133 34 28
134 27 37
135 83 60
136 100 74
137 100 7
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Table C.2 — (continued)

144

Time | Normalized speed | Normalized torque
() (%) (%)
138 100 2
139 70 18
140 23 39
141 5 54
142 11 40
143 11 34
144 11 41 ,<\
145 19 25 D
146 16 32 -
147 20 31 (\(b
148 21 38 >
149 21 42 O
150 9 51 k‘io
151 4 19 O]
152 2 51,0
153 1 58 °
154 21 97
155 29 20 47
156 33 S 45
157 16 W 49
158 38 O 45
159 37 43
160 35 42
161 e 39 43
162 | ()" 51 49
163 59 55
164, 65 54
Cip5 76 62
N 166 84 59
vl 167 83 29
QQ 168 67 35
&?‘ 169 84 54
% 170 90 58
171 93 43
172 90 29
173 66 19
174 52 16
175 49 17
176 56 38
177 73 71
178 86 80
179 96 75
180 89 27

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
181 66 17
182 50 18
183 36 25
184 36 24
185 38 40
186 4.0 50
187 27 48 ,<\
188 19 48 D
189 23 50 -
190 19 45 /\QD
191 6 51 o3l
192 24 48 O
193 49 67¢ N7
194 47 /490
195 22 )4
196 25 S 40
197 38 W 54
198 3 o 55
199 40 52
200 149 49
201 K 45
202 o5 7 48
203 [ () 26 41
204 4| - 41 59
205" 53 60
| 206 44 54
CS-) 207 22 40
| 208 24 41
Q.Q 209 32 53
X 210 44 74
QQ 211 57 25
e 212 22 49
© 213 29 45
214 19 37
215 14 43
216 36 40
217 43 63
218 42 49
219 15 50
220 19 44
221 47 59
222 67 80
223 76 74
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
224 87 66
225 98 61
226 100 38
227 97 27
228 100 53
229 100 72
230 100 49 ,<\
231 100 4 (]9
232 100 13 -
233 87 15 (\(b
234 53 26 >
235 33 27 O
236 39 19 k‘io
237 51 33 , O]
238 67 54 <)
239 83 60
240 95 Qo2
241 100 20 50
242 100 & 36
243 00 ¥ 25
244 85 O 16
245 62 -k 16
246 @0 26
247 4 56 39
248 | ()° 81 75
249 98 86
250~ 100 76
C2b1 100 51
Q})zsz 100 78
ol 253 100 83
QQ 254 100 100
e 255 100 66
% 256 100 85
257 100 72
258 100 45
259 98 58
260 60 30
261 43 32
262 71 36
263 44 32
264 24 38
265 42 17
266 22 51
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
267 13 53
268 23 45
269 29 50
270 28 42
271 21 55
272 34 o7
273 44 47 ,<\
274 19 46 D
275 13 44 -
276 25 36 /\(b
277 43 51 o3l
278 55 73 O
279 68 72 \7
280 76 637
281 80 RO
282 83 S 40
283 78 W 26
284 60  oF 20
285 47 N 19
286 5207 25
287 36 30
288 ok 40 26
289 | ()Y 45 34
290 ¢ | - 47 35
291 42 28
| (202 46 38
P23 48 44
| 204 68 61
Q.Q 295 70 47
X 296 48 28
QQ 297 42 22
e 298 31 29
% 299 22 35
300 28 28
301 46 46
302 62 69
303 76 81
304 88 85
305 98 81
306 100 74
307 100 13
308 100 11
309 100 17
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Table C.2 — (continued)

148

Time | Normalized speed | Normalized torque
() (%) (%)
310 99 3
311 80 7
312 62 11
313 63 11
314 64 16
2185 69 43
316 81 67
317 93 74
318 100 72
319 94 27
320 73 15
321 40 33
322 40 52 A
323 50 50 o, O
324 11 53, )"
325 12 45
326 “50
327 N
328 & 55
329 62 W 60
330 80 +O 28
331 23 ok 37
332 39 58
333 47 24
334 | ()" 59 51
335 __ 58 68
336, 36 52

337 18 42

338 36 52

339 59 73

QQ 340 72 85
&?‘ 341 85 92
S 342 99 90

343 100 72
344 100 18
345 100 76
346 100 64
347 100 87
348 100 97
349 100 84
350 100 100
351 100 91
352 100 83
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
353 100 93
354 100 100
355 94 43
356 72 10
357 77 3
358 4.8
359 29 5 K\
360 59 19 D
361 63 5 -
362 35 2 /\QD
363 24 3 o3l
364 28 2 0O
365 36 16¢ 7
366 54 a0
367 60 )10
368 33 Q1
369 23 QO 0
370 16 o 0
371 11 0
372 20 0
373 25 2
374 ok 40 3
375 | ()~ 33 4
376 v | - 34 5
377 46 7
| (378 57 10
CSJ 379 66 11
[ 380 75 14
Q.Q 381 79 11
X 382 80 16
QQ 383 92 21
s 384 99 16
% 385 83 2
386 71
387 69
388 67 4
389 74 16
390 86 25
391 97 28
392 100 15
393 83 2
394 62
395 40 6
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Table C.2 — (continued)

150

Time | Normalized speed | Normalized torque
(s) (%) (%)
396 49 10
397 36 5
398 27 4
399 29 3
400 22 2
401 13 3
402 37 36 (\
403 90 26 (]9
404 41 2 -
405 25 2 (\QD
406 29 2 >
407 38 7 O
408 50 13 k‘io
409 55 0 .9
410 29 3 L)
411 24 3¢
412 51 76
413 62 7 15
414 72 & 35
415 91 W 74
416 100 O 73
417 100 8
418 98 11
419 4 100 59
420 | ()% 100 98
421 100 99
422 100 75
3 100 95
N 424 100 100
ol 425 100 97
QQ 426 100 90
&?‘ 427 100 86
S 428 100 82
429 97 43
430 70 16
431 50 20
432 42 33
433 89 64
434 89 77
435 99 95
436 100 41
437 77 12
438 29 37
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Time | Normalized speed | Normalized torque
(s) (%) (%)
439 16 41
440 16 38
441 15 36
442 18 44
443 4 55
444 24 26
445 26 35 (\
446 15 45 (]9
447 21 39 -
448 29 52 /\QD
449 26 46 Q¢
450 27 50 O
451 13 43, \7
452 25 367
453 37 )57
454 29 o 46
455 17 W 39
456 13 of 41
457 19 & 38
458 289 35
459 RE 51
460 ok 1 36
461 | 17 47
462 4| - 34 39
463" 34 57
| 464 11 70
CSJ 465 13 51
| 466 13 68
Q.Q 467 38 44
X 468 53 67
QQ 469 29 69
z\?‘ 470 19 65
S 471 52 45
472 61 79
473 29 70
474 15 53
475 15 60
476 52 40
477 50 61
478 13 74
479 46 51
480 60 73
481 33 84
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
(s) (%) (%)
482 31 63
483 41 42
484 26 69
485 23 65
486 48 49
487 28 c7
488 16 67 (\
489 39 48 (]9
490 47 73 -
491 35 87 (\QD
492 26 73 >
493 30 61 O
494 34 49 k‘io
495 35 66 o O]
496 56 47, <)
497 49 64
498 59 o4
499 42 207 69
500 N 77
501 5 R4 59
502 17 .0 59
503 45 N 53
504 er 62
505 4 31 60
506 | ()" 53 68
507 48 79
508\ 45 61
509 51 47
stm 41 48
vl s 26 58
QQ 512 21 62
z\?‘ 513 50 52
% 514 39 65
515 23 65
516 42 62
517 57 80
518 66 81
519 64 62
520 45 42
521 33 42
522 27 57
523 31 59
524 41 53
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
525 45 72
526 48 73
527 46 90
528 56 76
529 64 76
530 69 64
531 72 59 (\
532 73 58 D
533 71 56 -
534 66 48 /\cb
535 61 50 o3l
536 55 56 ()
537 52 52¢ N7
538 54 /490
539 61 L <)50
540 64 o ¢ 54
541 67 W 54
542 68 o 52
543 60 &\ 53
544 5207 50
545 @5 49
546 ok 38 45
547 | () 32 45
548 |- 26 53
549" 23 56
| (550 30 49
CSJ 551 33 55
[ ss2 35 59
Q‘Q 553 33 65
X 554 30 67
QQ 555 28 59
e 556 25 58
© 557 23 56
558 22 57
559 19 63
560 14 63
561 31 61
562 35 62
563 21 80
564 28 65
565 7 74
566 23 54
567 38 54
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Table C.2 — (continued)

154

Time | Normalized speed | Normalized torque
() (%) (%)
568 14 78
569 38 58
570 52 75
571 59 81
572 66 69
573 C4 4.4
574 48 34 ,<\
575 44 33 D
576 40 40 -
577 28 58 (\QD
578 27 63 >
579 35 45 O
580 20 66 k‘io
581 15 60 . O]
582 10 52, )"
583 22 56
584 30 62
585 21 20 67
586 29 & 53
587 41 W 56
588 15 O 67
589 24 O 56
590 @z 69
591 e 39 83
592 | ()Y 40 73
593 35 67
594 32 61
505 30 65
596 30 72
o s97 48 51
QQ 598 66 58
/\?‘ 599 62 71
% 600 36 63
601 17 59
602 16 50
603 16 62
604 34 48
605 51 66
606 35 74
607 15 56
608 19 54
609 43 65
610 52 80
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
611 52 83
612 49 57
613 48 46
614 37 36
615 25 44
616 14 53
617 13 64 ,<\
618 23 56 D
619 21 63 -
620 18 67 /\QD
621 20 54 o3l
622 16 67 O
623 26 56¢ N7
624 41 /65
625 28 )62
626 19 S 60
627 33 W 56
628 37 oo 70
629 24\ 79
630 289 57
631 @0 57
632 ok 40 58
633 | ()" 28 44
634 |- 25 41
635" 29 53
REE 31 55
CSJ 637 26 64
| 638 20 50
Q.Q 639 16 53
X 640 11 54
QQ 641 13 53
e 642 23 50
% 643 32 59
644 36 63
645 33 59
646 24 52
647 20 52
648 22 55
649 30 53
650 37 59
651 41 58
652 36 54
653 29 49
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156

Table C.2 — (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
654 24 53
655 14 57
656 10 54
657 9 55
658 10 57
659 13 [
660 15 64 ,<\
661 31 57 D
662 19 69 -
663 14 59 (\(b
664 33 57 >
665 41 65 O
666 39 64 k‘io
667 39 59 o O]
668 39 51,0
669 28 41 ¢
670 19 49
671 27 20 54
672 37 N 63
673 32 W 74
674 16 O 70
675 12 ok 67
676 as 60
677 017 56
678 | ()° 15 62
679 __ 25 47
680 27 64
1 14 71
Q}) 682 5 65
o 683 6 57
QQ 684 6 57
e 685 15 52
% 686 22 61
687 14 77
688 12 67
689 12 62
690 14 59
691 15 58
692 18 55
693 22 53
694 19 69
695 14 67
696 9 63
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Time | Normalized speed | Normalized torque
) (%) (%)
697 8 56
698 17 49
699 25 55
700 14 70
701 12 60
702 22 57
703 27 67 ,<\
704 29 68 D
705 34 62 -
706 35 61 /\‘b
707 28 78 o3l
708 11 71 O
709 4 58¢ N7
710 5 /589
711 10 L0586
712 20 R
713 13 W 76
714 11 o 65
715 9 & 60
716 7N 55
717 RE 53
718 ok 10 60
719 | ()Y 28 53
720 | - 12 73
72 4 64
| (222 4 61
CS-) 723 4 61
| 724 10 56
Q.Q 725 8 61
X 726 20 56
QQ 727 32 62
s 728 33 66
© 729 34 73
730 31 61
731 33 55
732 33 60
733 31 59
734 29 58
735 31 53
736 33 51
737 33 48
738 27 44
739 21 52
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
740 13 57
741 12 56
742 10 64
743 22 47
744 15 74
745 g 66
746 34 47 ,<\
747 18 71 (]/Q
748 9 57 -
749 11 55 (\QD
750 12 57 >
751 10 61 O
752 16 53 N
753 12 75 ¢, O]
754 6 70, <)
755 12 55
756 24 “50
757 28 209 60
758 28 N 64
759 23 R4 60
760 20 O 56
761 26 50
762 28 55
763 RN 56
764 | ()° 15 52
765 11 59
766, 16 59
Crp7 34 54
Q}) 768 16 82
Tl 769 15 64
QQ 770 36 53
e 771 45 64
% 772 41 59
773 34 50
774 27 45
775 22 52
776 18 55
777 26 54
778 39 62
779 37 71
780 32 58
781 24 48
782 14 59
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Time | Normalized speed | Normalized torque
) (%) (%)
783 7 59
784 7 55
785 18 49
786 40 62
787 44 73
788 41 68
789 35 48 ,<\
790 29 54 (]/Q
791 22 69 -
792 46 53 /\(b
793 59 71 Q¢
794 69 68 O
795 75 47 N7
796 62 2380
797 48 JROES
798 27 o 59
799 13 ET:
800 14 o 54
801 21 53
802 237 56
803 28 57
804 ok 23 65
805 | ()~ 13 65
806 ¢ | - 9 64
807 27 56
| (808 26 78
CSJ 809 40 61
| 810 35 76
Q.Q 811 28 66
X 812 23 57
QQ 813 16 50
e 814 11 53
% 815 9 57
816 9 62
817 27 57
818 42 69
819 47 75
820 53 67
821 61 62
822 63 53
823 60 54
824 56 44
825 49 39
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
826 39 35
827 30 34
828 33 46
829 44 56
830 50 56
831 4.4 =)
832 38 46 (\
833 33 44 (]/Q
834 29 45 -
835 24 46 (\QD
836 18 52 d
837 9 55 O
838 10 54 k‘io
839 20 53 o, O]
840 27 58, <)
841 29 59 ¢
842 30 62
843 30 2o 65
844 27 N 66
845 32 R4 58
846 40 O 56
847 41 57
848 s 73
849 4 15 55
850 | ()~ 18 50
851 _ 17 52
852~ 20 49
3 16 62
Q})854 4 67
v sss 2 64
QQ 856 7 54
e 857 10 50
% 858 9 57
859 5 62
860 12 51
861 14 65
862 9 64
863 31 50
864 30 78
865 21 65
866 14 51
867 10 55
868 6 59
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Time | Normalized speed | Normalized torque
) (%) (%)
869 7 59
870 19 54
871 23 61
872 24 62
873 34 61
Q74 51 67
875 60 66 (\
876 58 55 D
877 60 52 -
878 64 55 /\QD
879 68 51 &
880 63 54 O
881 64 50 N7
882 68 /589
883 73 LW
884 63 S 40
885 50 W 38
886 29 oY 61
887 14 61
888 149 53
889 @2 6
890 ok 58 6
891 |( )~ 58 6
892 ¢ | - 77 39
893" 93 56
| (894 93 44
CSJ 895 93 37
| 896 93 31
Q.Q 897 93 25
X 898 93 26
QQ 899 93 27
e 900 93 25
% 901 93 21
902 93 22
903 93 24
904 93 23
905 93 27
906 93 34
907 93 32
908 93 26
909 93 31
910 93 34
911 93 31
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Table C.2 — (continued)
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Time | Normalized speed | Normalized torque
() (%) (%)
912 93 33
913 93 36
914 93 37
915 93 34
916 93 30
917 93 32

918 93 35 (\
919 93 35 D
920 93 32 -
921 93 28 (\(b
922 93 23 d
923 94 18 O
924 95 18 k‘io
925 96 17 . 9
926 95 13, )"
927 96 1 ¢

928 95 )
929 95 2 7
930 95 NN
931 96 W 7
932 9% O 6
933 96 Nt 6
934 5 6
935 e+ 90 6
936 | ()" 69 43
937 76 62
938>~ 93 47
939 93 39
Qy940 93 35
Tl om1 93 34
QQ 942 93 36
e 943 93 39
% 944 93 34
945 93 26
946 93 23
947 93 24
948 93 24
949 93 22
950 93 19
951 93 17
952 93 19
953 93 22
954 93 24
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Time | Normalized speed | Normalized torque
) (%) (%)
955 93 23
956 93 20
957 93 20
958 94 19
959 95 19
960 (O] 17
961 96 13 (\
962 95 10 D
963 96 9 -
964 95 7 /\QD
965 95 7 Q¢
966 95 7 0O
967 95 6 ¢ N\
968 96 269
969 96 RN
970 89 o6
971 68 Q) 6
972 57 oo 6
973 66 &\ 32
974 84\“ 52
975 .93 46
976 ok 93 42
977 | (> 93 36
978 ¢ | - 93 28
979 93 23
| (980 93 19
CSJ 981 93 16
| 982 93 15
Q.Q 983 93 16
X 984 93 15
QQ 985 93 14
e 986 93 15
% 987 93 16
988 94 15
989 93 32
990 93 45
991 93 43
992 93 37
993 93 29
994 93 23
995 93 20
996 93 18
997 93 16
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
998 93 17
999 93 16
1000 93 15
1001 93 15
1002 93 15
1003 93 14
1004 93 15 ,<\
1005 93 15 D
1006 93 14 -
1007 93 13 (\(b
1008 93 14 >
1009 93 14 O
1010 93 15 k‘io
1011 93 16 .
1012 93 17, )"
1013 93 20,
1014 93 22
1015 93 20 20
1016 93 S 19
1017 93 R4 20
1018 93 O 19
1019 93 N 19
1020 (93 20
1021 4 093 32
1022 | () 93 37
1023 93 28
1024 93 26
25 93 24
Q})l 026 93 22
7 1027 93 22
QQ 1028 93 21
e 1029 93 20
% 1030 93 20
1031 93 20
1032 93 20
1033 93 19
1034 93 18
1035 93 20
1036 93 20
1037 93 20
1038 93 20
1039 93 19
1040 93 18
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
1041 93 18
1042 93 17
1043 93 16
1044 93 16
1045 93 15
1 04.6 93 16
1047 93 18 (\
1048 93 37 D
1049 93 48 -
1050 93 38 /\(b
1051 93 31 o3l
1052 93 26 (O
1053 93 21\
1054 93 2189
1055 93 )16
1056 93 o ¢ 17
1057 93 W 18
1058 93 o 19
1059 93 &\ 21
1060 937 20
1061 .93 18
1062 | 93 17
1063 | () 93 17
1064 |- 93 18
1065 93 18
| ‘066 93 18
CSJ1 067 93 19
7| 1068 93 18
Q.Q 1069 93 18
X 1070 93 20
QQ 1071 93 23
e 1072 93 25
% 1073 93 25
1074 93 24
1075 93 24
1076 93 22
1077 93 22
1078 93 22
1079 93 19
1080 93 16
1081 95 17
1082 95 37
1083 93 43
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
O] (%) (%)
1084 93 32
1085 93 27
1086 93 26
1087 93 24
1088 93 22
1089 93 22
1090 93 22 Q,<\
1091 93 23
1092 93 22 ,bl(}
1093 93 22 (\(b
1094 93 23 d
1095 93 23 O
1096 93 23 k‘io
1097 93 YA
1098 93 23, L)
1099 93 23
1100 93 23
1101 93 2 25
1102 93 S 27
1103 93 R4 26
1104 93 O 25
1105 93 - 27
1106 93 27
1107 4 093 27
1108 | () 93 24
1109 93 20
110~ 93 18
1 93 17
QM 112 93 17
ol 1113 93 18
QQ 1114 93 18
z\?‘ 1115 93 18
% 1116 93 19
1117 93 22
1118 93 22
1119 93 19
1120 93 17
1121 93 17
1122 93 18
1123 93 18
1124 93 19
1125 93 19
1126 93 20
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
) (%) (%)
1127 93 19
1128 93 20
1129 93 25
1130 93 30
1131 93 31
1132 93 26.
1133 93 21 ,<\
1134 93 18 D
1135 93 20 -
1136 93 25 /\QD
1137 93 24 o3l
1138 93 21 O
1139 93 21, N7
1140 93 28
1141 93 )22
1142 93 o ¢ 28
1143 93 W 29
1144 93 o 23
1145 93 &\ 21
1146 937 18
1147 93 16
1148 | 93 16
1149 [~ 93 16
1150 ] - 93 17
1150 93 17
| 4152 93 17
~Pri1s3 93 17
[ 1154 93 23
Q.Q 1155 93 26
X 1156 93 22
QQ 1157 93 18
e 1158 93 16
© 1159 93 16
1160 93 17
1161 93 19
1162 93 18
1163 93 16
1164 93 19
1165 93 22
1166 93 25
1167 93 29
1168 93 27
1169 93 22
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Table C.2 — (continued)

Time | Normalized speed | Normalized torque
() (%) (%)
1170 93 18
1171 93 16
1172 93 19
1173 93 19
1174 93 17
1175 93 17
1176 93 17 Q(\
1177 93 16
1178 93 16 ,bl(}
1179 93 15 (\cb
1180 93 16 >
1181 93 15 O
1182 93 17 k‘io
1183 93 SN
1184 93 30, L)
1185 93 53,
1186 93 54
1187 93 20 38
1188 93 30
1189 93 R4 24
1190 93 O 20
1191 95 - 20
1192 (96 18
1193 4 096 15
1194 | () 96 11
1195 95 9
1196~ 95 8
97 96 7
le 198 94 33
o 1199 93 46
QQ 1200 93 37
e 1201 16 8
© 1202 0 0
1203 0 0
1204 0 0
1205 0 0
1206 0 0
1207 0 0
1208 0 0
1209 0 0
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Annex D
(informative)

Calculation of the exhaust gas mass flow and/or of the combustion
air mass flow

=l 1 - 1 1 1 1
NOTE Formutae i the Anmrexare mot convertedto-St=symbots:

D.1| General

This|Annex may be applied using good engineering judgement.

The [formulae given in this Annex are for stoichiometric calculations and_for the calculation of the
exhdust gas mass flow from the exhaust composition and the fuel composition.

All dimensions relating to volumes are defined for standard conditiens: 0 °C, 101,32 kPa.
In this Annex the same symbols are used as in the main part of this document.

The |concentration units used are %volume for the components CO7, Oz, H20 and Nz and pmol/mol for
all others.

Symbols and abbreviations (additionally to those explained in the main part of this documgnt) used in
the present Annex are:

Table D.1 — Synibols and abbreviated terms

Symbol Term Unit
qv Volume flow m3/h
Qvew Volume flow of wet exhaust m3/h
Qvaw Volume flow of wetintake air m3/h
Qved Volume flow gf'dry exhaust m3/h
Qvad Volume flow_of dry intake air m3/h
qmgds Emissionef component Mgas g/h
Wox Oxygen content of dry intake air % mass
Windrt [nert gas content of dry intake air % mass

D.2| Stoichiometric calculations for the burning of fuel; fuel specific factqrs

D.2.1 Basic data for stoichiometric calculations

In the formulas of this Annex as far as possible the basic data relative atomic mass, molar mass and
molar volume are used. Concrete numbers for these data were mostly used only in final formulas. This
has the advantage, that the derivation of the formulas can be understood more easily. Also the fact, that
these data can be slightly different, depending on the used data handbook, can be best met by general
and not concrete formulations. The following concrete numbers were used for basic data:
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Table D.2 — Relative atomic masses, molar masses and molar volumes

Description Symbol Number Unit
Relative atomic mass of hydrogen Arg 1,007 94 g/mol
Relative atomic mass of carbon Arc 12,011 g/mol
Relative atomic mass of sulfur Ars 32,065 g/mol
Relative atomic mass of nitrogen ArN 14,0067 g/mol
Relative atomic mass of oxygen Aro 15,999 4 g/mol
Molar mass of water Mru20 18,015 34 g/mol
Molar mass pf carbon dioxide M:Co2 47201 g/mol
Molar mass of carbon monoxide Myco 28,011 g/mol
Molar mass pf oxygen Mro2 31,9988 g/mol
Molar mass pf nitrogen MiN2 28,011 g/mol
Molar mass pf nitric oxide MNo 30,008 g/mol
Molar mass jof nitrogen dioxide MiNo2 46,01 g/mol
Molar mass pf sulfur dioxide Myso2 64,066 g/mol
Molar Volurr'e of water VmH20 22,401 1/mol
Molar volur4e of carbon dioxide Vmmco2 22,262 1/mol
Molar Volur4e of carbon monoxide Vime6O 22,408 1/mol
Molar Volunie of oxygen Vo2 22,392 1/mol
Molar Volunie of nitrogen VinN2 22,390 1/mol
Molar Volurrie of nitric oxide VmNoO 22,391 1/mol
Molar volur4e of nitrogen dioxide VmNO2 21,809 1/mol
Molar volunje of sulfur dioxide Vimso2 21,891 1/mol

Assuming no compressibility effects, all of the gases involved in the engine intake/combustion/exhaust
process car be considered to be ideal and the-volumetric calculations given hereafter are based on
that assumption. Hence according to Avogadro’s Hypothesis, they each occupy 22,414 liters/mole|(see
Table D.3).

NOTE The molar volume of gasesis-a function of interactions of the molecules at collisions. The collision
of ideal gas|molecules are only physical impacts, while real gas molecules interact additionally by Van|der-
Waals forceq at the moment of the cellision. This effect reduces the molar volume of real gases. In mixtureg also
collisions befween more ideal,gases and more real gases occur; these collisions have a more ideal charactgr. In
the case of g¢xhaust emissiofis, the almost perfect ideal gas nitrogen has by far the highest concentratior] and
therefore only very few collisions between real gas molecules occur.

Table D.3 — Molar volumes used in this document

Molar Volun'e of water VinH20 22,401 1/mol
Molar Volunlle of carbomr dioxide Vmco2 22262 /ot
Molar volume of carbon monoxide Vmco 22,400 1/mol
Molar volume of oxygen Vmo2 22,392 1/mol
Molar volume of nitrogen VinN2 22,403 1/mol
Molar volume of nitric oxide VmNoO 21,809 1/mol
Molar volume of nitrogen dioxide VimNO2 21,809 1/mol
Molar volume of sulfur dioxide Vimso2 21,890 1/mol

For the stoichiometry of combustion the following composition of the dry intake air is assumed:
— concentration of inert gases

Winert = 76,8 % mass, 79,0 % volume
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NOTE Included in the inert gases is CO with 0,061 % mass, 0,04 % volume.

— concentration of oxygen

Wox = 23,2 % mass, 21,0 % volume.

D.2.2 General formulas

D.2.2.1 Formulae related to the components

Calculation of mass concentration cmgas from volumetric concentration cygas of component:

with

The

with

D.2.
The

F mgas = Cvgas X Pgas (D.1)

Pgas = gas density of the component in [kg/m3], cygas in [umol/mol] and cingasin[mg/m3]

bas density pgas can be calculated from the basic data molecular mass My, gas and molar vdlume Vingas:

Fmgas = Cvgas X Pgas (D.2)

Pgas in [kg/m3], Mygas in [g/Mol] and Vingas in [1/Mol]

.2 Formulas related to the fuel

Chemical formula of the fuel can be written as CgHyOsSyNs.The fuel composition data a,|B, v, §, € are
Ns, related

too
real
does
the §
(whe

defiT]ed as the molar ratios of H,C,S,N and O related to €{¢hemical formula of the fuel CHqO¢S
e carbon atom per molecule). The relation to.one carbon atom per molecule is used, because the
"elationship

not work with non-carbon fuels. The fuel'\composition data wy, w¢, ws, wy and wq ar¢ defined as

carbon atom number per an average fuel melecule is not known with real fuels. This 1

omass of H, C, S, N and O. The following(formulas give the conversion between the two

bn 3 =1):

=
T

o

= _11,9164x2H
WC WC

Wc

W¢

b

I'c
Ws

o

sets of data

(D.3)

(D.4)

C2"s 0374 64x 28

(D.5)

e

Ic
WN

o

S=—™N _0,85752x YN
WC WC

s S

I'c
Wo

0

e=—10 0 75072x 20
Wc W

0N

I'c
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axA. x100
Wy = (D.8)
Mrf
xXA. x100
we = P (D.9)
Mrf
XA, %100
wg = L (D.10)
Mrf
Ox A, x100
wy = th.11)
Mrf
£XA, x100
W = —|—0 (D.12)
Mrf
with the mqglecular weight of an average fuel molecule CgHgSyNgsO¢
My =axAy, +BXAp +yxAy +0x Ay +EXA (.13)
D.2.2.3 Fqrmulas related to the saturation vapour pressure
Calculation|of the saturation vapour pressure p, [Pa] as a functionef the temperature t [K] according
to the Federal Register:
pa=exp(-12|150 799xIn(t)-8 499,22xt-2-7 423,186 5xt-1 (D114)
+96,163 514 7+0,024 917 646xt-1,316 011 9x10Q75xt2
-1,]146 045 4x10-8xt3+2,170 1289x10-11xt#
-31610 258x10-15x¢t5+3,850 451 9x10=18xt6-1,431 7
x1 —21xt7
The following simpler formula leads.to equivalent results:
pa=(4,856 884+0,266 088 9x(t-273,15)+0,016 889 19x(t-273,15)2 (D.IL5)
-7477 123x10-5x(t-273,15)3+8,105 25%x10-6
x(t+273,15)4-3;115 221x10-8x(t-273,15)5)x 1013,2
x100
D.2.2.4 Farmulae related to the soot concentration

Correlations for the calculation of the soot concentration cc,, [mg/m3 in wet exhaust] shall be provided
by the manufacturer of the measurement device.

D.2.3 Reaction formulae and formulas for the stoichiometric burning of fuel

D.2.3.1 General

In this clause the stoichiometry of the combustion of fuels containing H, C, S, N and O is described.
The relations of masses of the reaction partners are calculated and the standard volumes for gaseous
compounds. For each combusted element the resulting additional volume (exhaust volume - air volume)

is given. The summation of these additional volumes results in the total additional volume ff.
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On this basis formulas for further exhaust relevant data are derived (conversion factor wet/dry,
stoichiometric air demand and fuel specific factor fzq).

D.2.3.2 Combustion of hydrogen

H(f)+1/0,(a) > 1, H,0(e)

Add

D.2.

Add

D.2.

Add

TkgH+M,, /(4xA, J[kg02] > My, /(24 )[keH,0] masses
/moz/(4XArH )Lmd OzJ -V Hzo/(ZXAFH )Lm HZOJ volumes
tional volume by combustion:
2XVinn20 —Vmoz ) /(4% Ay ) =(2%22,414 - 22,414) /(4x1,007 94)
5,559 4[m3 /kg H]
8.3 Combustion of carbon
C(f)+0,(a) — C€O,(e)
kg C+M o, / Aclkg 0,] — M ., /A.lkg CO,] masses
3 3
V 02 / Arc(m™0,] = Vo, /A.C[m>CO,] volumes
tional volume by combustion:
V. .co2 _VmOZ)/ArC =(22,414~22,414) /12,011 =0 [m3 / kg C]
8.4 Combustion of sulfur
5(f) +0,(a) — SO,(e)
L kg S + Mroz /Ars kg 0,] — MrSOZ /Ars [kg SO, ] masses
_ 3
VmSOZ mo, )/A =(22,414-22,414) /32,065=0m" / kg S volumes
tionat volume by COmMbDUSTION:
% A 21,891 —22,392) /32,065 —0,01562 m> / kg S
sy ~Vimg, |/ A, = (21,891-22,392) /32,065 -0,01562 m® / kg
D.2.3.5 Reaction of nitrogen
N(f) — N,(e)
1kgN — 1kgN, masses
173
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1 -V

3
mN2 / Minz  [m7Ny]

Additional volume by combustion:

VmNZ /

3
My, = 22,414 /28,01 =0,80021 m* / kg N

D.2.3.6 Consideration of the fuel oxygen

Since the combustion of the other fuel elements with the above given formulas was calcul

volumes

ated

with consu
considered

0(f) -

1kg O

Vmoz

/
Additional ¥

/

Mgy

D.2.3.7 Tqtal additional volume ff, [m3/kg fuel]

mption of air oxygen, the fuel oxygen is not needed for combustion and can therefor
to be set free as gaseous molecular oxygen in the exhaust:

f 02(6)
— 1kg O,

M. [m30,]

1
oz voly
rolume by combustion:

M =22,414 /31,9988 =0,70046 m* / kg
02

e be

sSses

mes

The fuel spgcific constants ffy [m3 volume change~from combustion air to wet exhaust/kg fuel]| and
the corresppnding value ffq for the dry exhaust.arefurther used to calculate the dry to wet corre¢tion
factor and the exhaust densities (see D.2.4 andD.2.5). ffw can be calculated by adding up the additjonal
volumes of the combustion of the fuel elements given in D.2.3.2 to D.2.3.6:

frw =01055594xw; +0,008 002 1wy +0,007 004 6xw (Ip.16)
For the calculation of the exhaust volume flow Ve, it can be used as follows:

Ay, = v,y T9me > St (0.17)
ffw is also uped for calculation of wet exhaust density pew and dry/wet factor kwy .
D.2.3.8 C4lculation of the factor fiq from fry
The factor frgcanbeusedforthecatcutatiomrof thredryextraust votumeftowasfoltows:

Qy,q v,y + fta ¥ qme (D.18)

ftd values are always negative, that means that the volume of dry exhaust is always less than the volume
of the intake air.

174

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=65159c28ddd5007b671937f3e905f0ed

ISO 8178-4:2017(E)

Based on Formula (D.18) the following derivations can be made:

qv ed B qvad

fa = (D.19)

At

The volume of moisture due to combustion which must be removed from the total volume change due
to combustion (qmf * frw) is given by:

WHqufXVmHZO

100x2x A,

H
+q 6 X frw — -
Av,q T9mf ftw 100X2XArH Qvad
fta = (D.20)
A mf

fiq = f —M—f —wyx0,11118 (D.21)
I 00x4,, W THT '
fry= —0,055586xwy +0,008002xwy +0,007 004 6xw,, (D.22)

D.2.83.9 Stoichiometric air demand A/Fg;

With the reactions of the fuel elements given in D.2.3.2 to'D.2.3.6 the stoichiometric air dempnd (= mass
of aif needed for combustion of 1 kg fuel) can be givemras follows:

4/ F W¢ Wy Ws Wgo Mroz

st = + +
ArC 4-><ArH A 2><ArO w

(D.23)

I's (0):¢

With the term 1/wgx the needed oxygen,'mass is converted to the needed air mass, and §o the inert
components of the air are taken into@ceount.

In cqncrete numbers:

Wc Wh Wsg  Wo
12,011 4,03176 32,06 31,9988

U/ F,, =[ Jx1,382 (D.24)

D.24 Calculation of the dry to wet correction factor ky,

D.2.4.1 Stoichiometric combustion

The |[dryit6 wet correction factor ky,r is used for converting dry measured concentration§ to the wet
refeyénoe condition. kv is further the quotient between dry and wet exhaust volume flow:

c q q
kw,r: gasw — Ved =1-— VH20 (D.ZS)

Cgasd Qv ay

ew

The index “gas” indicates the individual gaseous component (e.g. CO). gyH20 here has to be interpreted
as the water content of the exhaust, which condenses in the cooling bath of the gas analysis system and
which is thus removed from the exhaust before measurement. g2 is calculated by adding the water
from the intake air to the water formed by combustion and subtracting the rest water, which is still
present after the cooling bath.

qmad XHH XVmHZO 3
qVHZO,intakeair: 1000xM,, [m” / h] (D.26)
H20
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qVHZO,formed by combustion = 100%2X ArH [m /h] (D'27)
mad ., Pr 3
qv]—[ZO,restaftercooler: 1’293 XE [m /h] (D28)
with py = water partial pressure after cooling bath
and pr/pp = mole fraction of water vapor = volume fraction of water vapor after the cooler
and Density-efdryair=34293kg/m3
Qvey, = v,y T Imt < fow (D.29)
Qmad ><Ha ><VmHZO WH X mf ><VmHZO _ 9mad X Pr
1000xM 100x2x A 1,293%p
ko =1 rH20 Y b (10.30)
qmadXHa ><VmI-IZO Qmad
e X frw
1000xXM 20 1,293
Dividing thp numerator and denominator by 1 000/qmaq and substituting for known values of nolar
volumes, mplecular masses and atomic masses, the following formula cai be derived.
1,2442x H, +111,187xwy x—mf__773 4x Pr
Ky =11 Imad Pb (1.31)
773,4+1,2442xH  + D X frw X1000
Amad
NOTE I} ISO 8178-1:1996 the dry wet factor kyw,r was cal¢ulated by means of the intermediate fuel sp¢cific
constant ff, fccording to Formula (D.33).
111,187x
fm = id and k., .
773, 4+-2mf_y £, %1000
Qmad (D.32)
=1 fop x| gy e
Amad Py
The ffn confept was abandoned; because fiy, is not only fuel specific but also Lambda dependant and
because Forrmula (D.31) op{DB<32) gives better precision.
D.2.4.2 Incomplete.combustion
The water [contént of the exhaust and the dry/wet factor kw, can be calculated from the exhaust

compositimll in the following way:

The water concentrations (in % units) can be directly derived from the COz and CO concentrations with
taking into account the H/C ratio a (assuming = 1) and the fact, that one molecule water is formed
from 2 atoms hydrogen. Additionally for the hydrogen content of the exhaust a subtraction has to be
made, because from that corresponding hydrogen part of the fuel no water has been formed. Further
the water in the intake air and the water still present after the gas cooler have to be considered,

Cc c
H20 =0 cod
20,combustion,d 'SXO‘X[CCOZd _1]_C112d
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_ v ed _ qved

+ + -
qvew qved qVHZO,combustion,d qVHZO,a qVHZO,after cooler

(D.34)

where the concentration of Hy0, Hz and CO; are expressed as a % and the concentration of CO is
expressed in pmol/mol.

= 1
g q q
1% ; v v
1+ H20,combustion,d n H20,ad H20,after cooler
qved qved qved
. T
WI’ CHZO bustion,d CHZO d CHZOaftercooler
1+ ,combustion, + ,al _ )
100 100 100
_ 1
Kwr2 = c p
140x0,005%| cegog +—222d | _0,01xcyyq + Ky — =
co2d 10000 H2d w2 Py
where ky is the moisture in the intake air and is given by

and

The
forn{

or

This

D.2.
The

__ 1,608xH,
W27 1000+(1,608xH,)

{1, is the humidity of the intake air in g water per kg ofidry air.

concentration of hydrogen is derived from the water gas equilibrium according to th

ula based on SAE] 1088:
0,5><ocxcc—of>< Cco;i +Cco2d
L 10 10
H2d = Ccon
10
0,5xax %Vol]x %Vol]+ % Vol
(9% Vol] = 22X @ Cogl¥eVollx(cco [%Voll+ ceop [%Vol])

G¢ol% Vol]+3xccoa[%Vol]

method of ky . ¢alculation is to be preferred for rich fuel air mixtures (high CO values)

(D.35)

(D.36)

(D.37)

(D.38)

e following

(D.39)

(D.40)

and also for

emigsion measurements without direct air flow measurements, because the kv, calculation|by Formula
(D.3p) assumes:stoichiometric combustion and it needs the data for gmaq.
5 Calculation of the dry and wet exhaust densities using fry and fed
exhiaust density is calculated by dividing the exhaust mass flow by the exhaust volume flow:
q Tmaw T4 k
Pow = mew _ maw " Ymf {_%} (D.41)
Ve gy TS Xme L m
H,Xq
Qmad —a~_mad +qmf
1000
Pew = TV (D.42)
mad |, 9mad X2 XV mH20
+ + ffw Xq mf
1,293 1000XM 20
177
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1000+ H, +1000x—1mf_
Qmad

Pew =

7

Calculation

— A med —

At

73,4+1,2434xH, +1000x ff, X
Qmad
of the density of the dry exhaust:

M
qmad +qu>( 1_W_Hxﬂ
kg

|

Ped

Ay

)

3

a 4 f . xg
lVad JI1a " Tmrl LI ]

ed

w M
H . MrH20

+ x| 1-
mad * A [ 100" 2xA

Ped =

D.3 Calcj
and oxyg

D.3.1 Int

In this Ann

flow, in order to enable emission calculations without4dneasurement of air flow or exhaust flow.

calculation
dry exhaus
made becay
especially f

The calcula
order to prq

Low deviati
sampling sy
air flow eqy

100 2x Ay
Amad

1,293

_ Amad +9mf X(1—wy; X0,08936)

+ ffd Xqpms

Qmad
1,293
hlation of the exhaust mass flow from the exhatist composition (carbo
en balance, for fuels with C, H, S, N and 0)

+ ffd Xqms

roduction

formulas of this revision of ISO 8178-1,,Annex A are related to the concentrations iy
[, whereas in the last revision a relation to the wet exhaust was used. The conversion
se with the dry method a better prégision of the calculated exhaust mass flow was rea
br highly incomplete combustion situations (small gasoline engines).

[ion of the exhaust mass flow.¢an also be used for comparison with measured mass flow
vide check methods regatding the plausibility of test results.

ons between measured and calculated air flow indicate correct CO or O values (no le
stem) and correct.air flow measurement (no leak in connection tubes between engine
ipment) and correct fuel measurement.

between measured and calculated air flows give hints for the following errors:

ed air flow lower than by carbon balance method:

(D.43)

(D.44)

45)

n

ex the carbon and oxygen balance method iswused for the calculation of the exhaust fass

The

the
was
rhed

'S, in

Kk in
and

kiin exhaust sampling system (highest probability) or

Leak in air measurement equipment (moderate probability) or

— Too high fuel flow values (low probability, except for idle)

Differences
a) Measur
— Led
b)
— Cal
— Cal
NOTE A
178

Measured air flow higher than by carbon balance method:

ibration error of exhaust analyser or

ibration error of air measurement equipment or

Too low fuel flow values

1 these cases of a) are less probable than the three cases of b).
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When using the carbon or oxygen balance method for calculation of emissions a leak in the exhaust
sampling system has no severe effect on the results, because the too low exhaust concentrations are
compensated by correspondingly too high calculated exhaust mass flows, so these effects compensate
each other.

For the derivations within D.3.2 and D.3.3 it is assumed that the fuel consumption, the fuel composition
and the concentration of the exhaust components are known. It is applicable for fuels containing H, C, S,
0 and N in known proportions.

D.3.

2 Calculation of the exhaust mass flow on the basis of the carbon balance

D.3.

In th
prod
of th

D.3.
The

.1 General

is clause two forms of the carbon balance method are given, an iterative calculation
edure and a one-step calculation procedure. The one-step procedure was addedwithin
is document, because it is easier to use than the multi-step procedure.

.2 Carbon balance, iterative calculation procedure

calculation of gmeq, as described in the following clause, needs thewalues of peq and ky,

themselves dependent on g;aq and thus on the result of the gmeqg,cdleulation. Therefore an

muld

Ped 9
thes
sam

D.3

The
carb

i-step) calculation procedure has to be applied in the follewing way. With prelimina
nd kw,r (€. 1,34 kg/m3 and 1) the gmeq values are calcudated, from these the gmaq valu
P ped and ky,r. With these almost exact values ped and kywyr values in the next iteration st
e formulas all data are exact enough, so that a third iteration step would not be necessa

.2.2.1 Formulae for the calculation of the exhaust mass flow

following formulae can be used for the ealculation of the exhaust mass flow on the

on balance method:
med Gt XWX Peg X10°
(cco2a —Ccoza)*10*  ceoq 1 Ccw . €c 1
A% v ’ +V N + % W+AW Xk
mCo2 mco | 1_Pr \VmHc Arc ) Kwr
Py
w M
_ _ % 1-WH  MrH20
Hmad = 9med —4mf { 100 ZXArH

= el —Amf X (1-wy x0,08936)

(multi-step)
the revision

> which are
terative (or
'y values of
es and from
bp using the
ry.

basis of the

(D.46)

(D.47)
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H
Amew =Tmad X(1+ T 080 J+ Amf (D.48)

Inserting concrete numbers into Formula (D.47) results in the following formulae for incomplete
combustion

q e XWe X x832,57
Amed = mt <7 Ped (D.49)

Ccod ) 1 (CHCW Cew ) 1
— X X X
((CCOZ CCOZa) 446'14_22’414 — B +\22’414+ 12011 [ L

SEEEE ) TwWr
P )

and for complete combustion

e x1,8663

Amed =Y mf (D.50)

(CCOZd _CCOZ,a)

Combining Formulae (D.50), (D.48) and (D.49) in one formula and using some simplifications (negle¢ting
unburned spot and assuming a fixed cooler temperature of 4 °C, i.e. 1/(1-pr. /pp) = 1,008) the folloying
easier to usg formula for the wet exhaust mass flow results:

X H
Amew =(Ame X WePed +wy; %0,08936—1 x| 1+—2|| [+1
CHc,, 1000
Ccod +
Ccoad —C€ X0,540+——=WI 50 540
(coza coz,a) 10000

(D.51)

For combustion of typical diesel fuel with w¢ = 86,2 % mass andpeq = 1,329 (excess air factor of 2)the
following further simplified formula cafi:be given:

1 H
={ X +wy x0,08936-1 x| 1+—3 | [+1
Amew =fmf Chc,, H [ 10C0j
Ccod t
c —c x0,00471+— W x0,00471
( co2d ~€cco2,, ) 10000
(D.52)
D.3.2.2.2 Derivation of formulae
The carbon input [g/h] into the engine from the fuel is:
qmf XWc X10 (D.53)

The carbon input [g/h] into the engine from the intake air is gmco2,a - See Formula (A.57).
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The carbon output from the engine in g/h is:

ArC

A A
QmCOZXM—rC"'quOXM;C”'quCX +qmc (D.54)

rCo2 rco rHC

With the following formulae the individual gas components are calculated in g/h.

Mrcoz x10 % Ccozd
|74

mC02 X Ped 1— Pr

Pp
In F¢rmula [D.56) the CO; mass emission is calculated from the volume portion by multip[jcation with
the quotient of the gas densities (CO2/dry exhaust). The CO; gas density is given as mbledular weight
per molecular volume. These principal formulae are used in comparable way for the other components:

Amcoz2 = Xqmed (D.55)

M (02 %10 , Ccoz,

imco2,a = d (D.56)
T Vimc02XPed 4 P
Pp
Mico €cod
i = X xq (D.57)
meo VmCOXpedX1000 1_[9_1- med
Pp
M, c
HC HCw
= X X D.58
Imic Vinge XPed X1000 " Ky Amed (D:58)
oL Cow g, (D.59)
MC T D x1000  ky, e '
The palance condition (carbon input = carbon,output) results in
g XW X10 (D.60)
_dmed*Ar¢
" Pedx1000
(ccozd—ccqz.4 )><104 . ccod . CHCw . CCw
VmCOZXI_p_r VmCOX(l_p—r] VmHCKwr  ArcKwr
Pb Pb

"T1
o
=
=

hula (D.61) canbeconverted to Formula (D.62), allowing the calculation of gmeq on the|basis of the
carbon balance:

4
" — _ quXWCXpedXIO _ (D61)
mes (c —-c x10%
co2d C02,a + Ccod
Vs Vineo € €
ArC % COZ + HCw + Cw
1_p_1‘ kerVmHC kerArC
Py

D.3.2.3 Carbon_balance, 1-step calculation procedure

Because of the not so easy to use multi-step calculation procedure, in this clause two iteration steps
are combined in one final formula for the exhaust mass flow, thus enabling a 1-step calculation
procedure. The results of the 1-step procedure are within +0,2 % of the multi-step procedure for all fuel
compositions tested.
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D.3.2.3.1 Carbon balance, 1-step calculation procedure, application of formulas

The following 1-step formula can be used for the calculation of the wet exhaust mass flow:

weXwe x1,4
1,4
(ﬂﬂu}{ ><o,08936—1}<7193+ffcl ;
= Qs ¥ = - +wyy x0,08936-1 x| 1+—2— |+1 D.62
Amew =9mf foXf. H 1000 ( )
with the carbon factor fc [-] given by:
€cod | CHcw
=(c —C x0,5441+ —=v [).63
fe ( cd2d COZ,a) 18522 17358 (D.63)
or
The followihg even simpler formula can also be used with the same precision:
1,4 H
G =, X WeXWe X o 1+—2a |41 (D.64)
ew £1(1,0828xw¢ + frg X fe )X fe 1000
NOTE Fprmula (D.65) is given as a simpler version of Formula (D.63)}without significant loss of precisi¢gn.
D.3.2.3.2 [arbon balance, 1-step procedure, derivation-efformulas
In the paragraph the quotient gmad/qms is calculated, using Formula (D.50), repeated here as D.66:
q e XWe X Pog X832,57
Tmed = S - - - (1).65)
Ceop —C x446,1+—C0d_ | b 4 “HCw Cw
(¢coz ~¢coza) 22,414} Py=p, |22,414 12,011 | ky,
with
pb=1013 mbar and p, = 7,5 mbar (4 °C ¢ooler temperature), or pp/(pp - pr) = 1,008, with ky,r = 0,93 and
ccw = 0 this|formula is simplified to:
Qe XWERP Qe XWX P
Umed = mf C edCCOd ”— _ Amf fC ed ([ 66)
o —c %0544 1+——+——" ¢
(ccozd —¢coza) 18522 17358
with
c c
=(ccdpaic x0,5441+—c0d_, —HCw_ 0.67
fe ( CTZd C02,a) 18522 17355 ( )
wy  Minzo
=0 med ~qmf X(1-wy x0,08936)
Imad _Wc*Ped 40 08936xwy —1 (D.69)
Amf c
Calculation of dry exhaust density peq using the ratio qmad/qms from Formula (D.70):
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slight conversion of Formula (D.46):

w M
mad + Qe X| 1- - Hox 120 | Gmad 40 08936xw
100° 2xAyy | g 0.70)
Ped = = .
¢ Qmad +f Xq Qmad +f
1,293 ~fd7Hmt 1,293xq,,;

and insertion of Formula (D.70) leads to:

we X
ﬂ+0,08936xwﬁ—1+1—0.08936><W1-1
_ - (D.71)
chpedp —1
—— 2P 10,08936xwy —1 [ + fta
] J 1,293
and finally to:
WeXPedp
" i (D.72)
chpedp 1
———%%P 10,08936xwy —1 [x +fra
( . 1,293

In tHis formula peq p is a preliminary value of the dry exhaust defisity (target value: peq,p = 1,34), which
is hgre calculated more exactly to the final value peq for furtheruse in the next step.

Use pf peq in the calculation of the exhaust mass flow:

Compining Formulae (D.48) and (D.49) leads to:

a

H
Imew = Amad X| 1+ ——— [+ ¢

1000
(D.73)
H
:(qmed —Qmf X(l—wH x0,089 36))><[1+ 1 080 J+qu
whigh is with the use of
Qo XWX P
meq = ——ed (D.74)
fe
further transformed to
mew = X(PEEPed (1 4y 0,08936 | 1422 |41 (D.75)
fe 1000

IN)
—

Insertingped from Formula (D.73) into this formula leads to the final formulae given in D.3.]

D.3.3 -Oxygen balance, iterative calculation procedure

D.3.3.1 General

The oxygen balance method gives slightly higher deviations compared to theoretical exhaust mass
flows (up to 1 % compared to the carbon balance method with below 0,2 %). Therefore the carbon
balance method should be the preferred method. But the oxygen balance method can be used as an
independent check of the other methods.
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D.3.3.2 Application of formulas

The following formula can be used for the calculation of the exhaust mass flow on the basis of the
oxygen balance method.

Amed =4

1-wu Mmoo
100" 2x Ay

]xwoX x10+10x f2-10xwg

mf X

which transforms to the following formula upon substitution:

(D.76)

| (1-0,08936xwy )xwoy + f2-wg

Amed = Ymf f1
WOX T i AANNG ~
10000 pog
Ha
Tmew =mad X| 1+ 1000 T Amf
f1and f2 uded in Formula (D.77) and (D.78) are defined as:
f1=]1d000x Mr02Ccoad __Aro XCcod X 1
Vinoz Vinco 1_Pr
Py
A0 xA 3xA 2x Ao
[;r—XCNOW + X CNO2w ~ v XCHew ~ : XCCW]
i ImNO mNO2 mHC rC
kWI'
and
A 2xA 2x A
f2=wH><2 ;10 +WeX—— O g x =10
XAy rC rS
Simplificatipn with complete combustion:

f 1 compl

Insertion of

14

=[10000x M
te = v

r02

mO02

D76XCopq — 05743 8XCog

fl1=

0,7
+

1_
Py

Uy

i

concrete numbets:

|

138X CNgy +1,427 6XChoow — 2,141 4XCpey —2,664 1XC ey,

L

Q!

(0

(O

(I

(I

n

wr

Simplification with complete combustion

f1

f2=wyx7,9367+w;%x2,6641+wgsx0,9979

184

_ 14 276XC02d

Pr
Pn

1-

77)

78)

79)

.80)

81)

82)

(D.83)

(D.84)
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D.3.3.3 Derivation of formulas
The oxygen input [g/h] into the engine from the air and from the fuel is:

G mad XW ox X10+q pp Xw x10 (D.85)

By calculation of the oxygen content of each oxygen containing exhaust constituent the total oxygen
(free and chemically bound) the oxygen output from the engine in g/h can be given as:

2x Ao Ao 0 2x A0
Amo2 T 9mco2 chu:zﬂlnqco ><WrCCHImNo X erC +dmNo2 X M.N;z
(D.86)
2x Ao Ao
+qmso2 % +qmH02 X
rS02 rH20
With the following formulae the individual gas components are calculated in g/h.
{m02 = X Xq med (0.87)
" VmoaXPed _Pr
Pp
M:co Ccod
o™ ) 1 (D.88)
mCO Vinco X Peq 1000 l—p_r med
Pp
Mno CNOw
i * 8 D.89
im0 VinNo X Ped X1000 k. Tmed ( )
M;no2 CNO2w
i e D.90
ImNOZ VmNOZ Xped %1000 kwr qmed ( )
M M M
Imco = /XCOZ X Qe XWe X10 = oo X—Q& 1 g 1o Mrcoz e
rc ye10} rHC
(D.91)
o« Micoz
ArC
Myn20 M. 120
= X Xwy X10— x— a0 D92
(20 2X Ay Amt <R AmHc M yc ( )
M
{mso2 = I;SOZ Xqmf*wg X10 (0.93)
rS
MrHC CHCw
i ) * D.94
i X Peg X1000 Ky e (D.94)
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1 Cew
= X X D.95
mc Ped %1000 kwr med ( )
The balance condition (oxygen input = oxygen output) results in
Amad XW ox X10+q 6 Xw X10
— med
1000 p oy
[Mroz XCq%X10000 Ao XCcoq
» Ymo2 Vmco (10.96)
1_Pr.
Pp
Aro XCNow | 2XAro XCNow _ 3XAro XChcw _ 2XAro XCew
+_ VmNo VimNo2 VinHc Arc
kwr
A 2xA 2xA
+10X G, X| Wiy X 50— W x =0 x 10
2% rH rC ArS
By defining|the following factors
M 5yp XCopq X10000  AgXcCcoq
Fl= Vo2 Vinco
1_p_r
Py (D.97)
Arp XCNow , 2XAro XCNo2w _ 3XAro X Chcw. (2XAro XCew
+[Vmno VinNo2 AmHc Arc
kwr
A 2xA 2xA
f2=| wlx—9+w.x 10 pwex 5210 (p.98)
2><ArH rC rS
and by using Formula (D.48) , Formira (D.97) can be converted to the following formula:
M
1-WH 20 Loy, %10+10% f2-10xw,
10052X Ay
qmed =Qnf fl (I)gg)
Wy X10 - ——2———
1000x pqq
which is eqyivalent to Formula (D.77) given in the beginning.
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The following formulae are essential for the carbon balance method for partial flow particulates
measurement system.

q= Ke XA (D.100)
Imew *(€co2d ~€c02,a)

and

G ogg =T mt (D.101)

€co2d ~€co2,a

Gmedr is defined as the mass flow of diluted exhaust in an equivalent full flow dilution tunnel (same
dilution ratio).
This|carbon balance method supposes that the carbon input from the fuel into’the engine

Ime XWcx10[ g/ h] (D.102)
is eck]ral to the carbon outputin the diluted exhaust, the latter being calculated from the CO;-concentration
in the diluted exhaust (minus the CO2-concentration of the dilutiefr air) in the following way:

A.-%x10

{medl s (ecozq ~ccopa )6 (D103)

0 ew,d Vincoz
The palance condition (input = output) together with\Fermula (D.102) can be converted to the following
fornjula for k.

we XV, X
o = C mcoy Pew,d (D.104)
Arc

The |density of the diluted exhaustpew,d can be calculated from the density of the dry (dilution air

(1,293 kg/m3), from the water content of the dilution air

with

Wit}
Arc

1 12,011 thefollowing simpler formula results:

M
D ew,d =1,293%K e +Vrﬂx(1—kwe)
mH?20

the factor kye front9.1.5.2.

dry dilutiop-2iy and with high dilution ratios (pew,d = 1,293 kg/m3) and with Viyco2 3

Kf=W¢ x2,4129

Fi B 1 i id ] licati 5, las for the diff ihiliti

(D.105)

22,414 and

(D.106)

the exhaust emissions:
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Combustion air Component per Component per Exhaust gas
Air mass flow 100 kg wet air 100 kg wet air volume flow
3 VEW
G
aw kg m m3
H,0 | % (m/m) v (MVH,0/MWH,0)v = 1,243v T % H,0 (V/V)
N, | % (m/m) n (MVN,/MWN_)n = 0,85 T %N, (V/V)
02 | % (m/m) T (MVO,/MWO0,)T, = 0,71, %0, (V/V)
(MVO,/MWO,)t, = 0,71,
Fuel total mass flow, kg/h
GFUEL |
O)&ygcu IIIdSS fu1 LllC CUHI[JU“CHL 5d5 HIdSS CUIIIPUIICTIU 545 VUlulllC % CO (V V)
5 wp| | combustion of 100 kg fuel after the combustion after the combustion ?
&= of 100 kg fuel of 100 kg fuel
=
o=
2 E: S kg kg m?
oY
£|5 35
% | o =
m |
— Hwy | |(awo/2awH)wy, = (MVH,0/2AWH)wy = (MVH,0/2AWH)wy = [ %50, (V)
— 7,936wy 9,936wy 11,111wy / % CO (VfV)
— ¢ we | |zawo/awC)w, = (MVCO,/AWC)w = (MVCO,/AWC)w = _/ / % NO (V)V)
— 2,664w 3,664w 1,853w¢ H / % NO, (VV)
—'S wg | |(zAw0/AWS)wy = (MVSO,/AWS)wg = (MVSO,/AWS)ws £ 0 % HC (V§V)
0,998w; 1,998wq 0,682w; Soot
Nwy |lo Wy (MVS0,/AWS)Wy'=
0,682wy
0wy ||-w, 0 0

Figure D.1 — Air-fuel-exhaust gas
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