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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 characteristics|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 2020 - All rights reserved vii
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Scope

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

iculate exhaust emissions from reciprocating internal combustion (RIC) engines ¢
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 can*be 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
br plants), additional test conditions and special:evaluation methods can apply.

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

B178-1:2020, Reciprocating-internal combustion engines — Exhaust emission measureme
bed measurement of gaseous and particulate exhaust emissions

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

M E29-06b,Standard Practice for Using Significant Digits in Test Data to Determine Q
Specifications

Terms and definitions

aseous and
bupled to a
ents at site.
which are

e, excluding
pad 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.

nt — Part 1:

t — Part 5:

onformance

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

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

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

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

© IS0 2020 - All rights reserved
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3.2
applicable emission limit
emission limit to which an engine is subject

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 thefuel-

3.4
atmospherjic pressure
wet, absolute, atmospheric static pressure

Note 1 to enfry: If the atmospheric pressure is measured in a duct, negligible pressure losses shall be endured
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 enfry: Contrast with verification (3.78).

3.6
calibratior] gas
purified gag mixture used to calibrate gas analysers meeting the specifications of ISO 8178-1:2020} 9.2

Note 1 to enfry: Calibration gases and span gases (3.65) are qualitatively the same, but differ in terms of their
primary furction. Various performance verification (3.78) checks for gas analysers and sample hanflling
componentsmight refer to either calibration gages.or span gases.

3.7
certificatiqn
process of dbtaining a certificate of.conformity

3.8
compression ignition engine
CI engine
engine thatfworks on the'compression-ignition principle

3.9
constant-speed éngine
engine whoké-type approval (3.76) or certification (3.7) is limited to constant-speed operation (3.10)

Note 1 to entry: Engines whose constant-speed governor (3.29) function is removed or disabled are no longer
constant-speed engines.

3.10

constant-speed operation

engine operation with a governor (3.29) that automatically controls the operator demand (3.47) 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 (3.39).

2 © IS0 2020 - All rights reserved
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continuous regeneration
regeneration (3.59) process of an exhaust after-treatment system (3.22) that occurs either in a sustained
manner or at least once over the applicable transient test cycle (3.75) or ramped-modal cycle; in contrast
to infrequent (periodic) regeneration (3.33)

3.12

conversion efficiency of non-methane cutter
conversion efficiency of NMC

E

efficiency of the conversion of an NMC that is used for the removal of the non-methane hydrocarbons

(3.4

Note

) from the sample gas by oxidizing all hydrocarbons (3.30) except methane

1 to entry: Ideally, the conversion for methane is 0 % (E;4 = 0) and for the other hydrogarbons

represented

by ethane 100 % (E¢yy6 = 100 %). For the accurate measurement of NMHC (3.44), the two efficier|cies shall be
detefmined and used for the calculation of the NMHC emission mass flow rate for methan€ and ethane. Contrast
with|penetration fraction (3.52).

3.13

delay time

diffdrence in time between the change of the component to be measured at the reference [point and a
systgm response of 10 % of the final reading (¢;,) with the sampling probe (3.54) being defined as the
refeyence point

Note

3.1
deN
exha

EXA
systg

3.15
dew
mea
pres

Note
meas

3.16
drif
diffe
insti
(3.7¢

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

sam:ring probe to the detector (see Figure 1).

D, system
ust after-treatment system (3.22) designed:t@reduce emissions of oxides of nitrogen (NG

MPLE
ms.

Passive and active lean NO, cafalysts, NO, adsorbers and selective catalytic red

point
sure of humidity stated as-the equilibrium temperature at which water condenses ur
sure from moist air with'a-given absolute humidity

1 to entry: Dew pointis-specified as a temperature in °C or K, and is valid only for the pressure
ured.

[
rence between a zero or calibration (3.5) signal and the respective value reported by am
ument-immediately after it was used in an emission test, as long as the instrument
) and spanned (3.64) just before the test

ent from the

) (3.48)

uction (SCR)

der a given

at which itis

basurement
was zeroed

3.17

dual-fuel engine

engine system that is designed to simultaneously operate with liquid fuel (3.36) and a gaseous fuel
(3.26), both fuels being metered separately, where the consumed amount of one of the fuels relative to
the other one may vary depending on the operation

3.18

emission-control system

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

© IS0 2020 - All rights reserved
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3.19

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 (3.2) values.

3.20

engine governed speed
engine operating speed when it is controlled by the installed governor (3.29)

3.21

engine typ
category of

3.22

exhaust aff
catalyst, pa
reducing d¢

Note 1 to en

P
engines which do not differ in essential engine characteristics

er-treatment system
Fticulate filter, deNOx system (3.14), combined deNO, particulate filter orany other emis
vice that is installed downstream of the engine

try: This definition excludes exhaust-gas recirculation (EGR) (3.23) and-turbochargers, whic}

considered an integral part of the engine.

3.23
exhaust-ga
EGR
technology
combustion

Note 1 to ejf
chamber(s)
recirculation

3.24

full flow d
method of
exhaust gag

3.25
gas energy
GER

value of the
content of
heating val

3.26
gaseous fu

s recirculation

that reduces emissions by routing exhaust gases*that had been exhausted 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 aniount of residual exhaust gas in the combu
that is mixed with incoming air before orlduring combustion is not considered exhaus
for the purposes of this document.

ilution
Tnixing the exhaust gas flowswith dilution air prior to separating a fraction of the dil

flow for analysis

ratio

energy content (for a dual-fuel engine (3.17)) of the gaseous fuel (3.26) divided by the en

El:oth fuels (liquid and gaseous), the energy content of the fuels being defined as the |

e

Pl

fuel which i

dhaolluy gacans hiont ~o

ot

Eianc
TCIOTTS

bion-

1 are

the
tion

stion
t-gas

uted

ergy
wWer

X o 1na.
STVVITUTTy sascuots ™ TTITOTCTIC COTICr

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

3.27

gaseous pollutants
exhaust gas emissions of carbon monoxide, NOx (3.48), expressed in NO, equivalent, hydrocarbons (3.30)

Note 1 to entry: They are total hydrocarbons, non-methane hydrocarbons (3.44) and methane.

3.28

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

© IS0 2020 - All rights res
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3.29

governor

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

3.30

hydrocarbon

HC

hydrocarbon group on which the emission standards are based for each type of fuel and engine

EXAMPLE THC (3.73), NMHC (3.44) as applicable

iodically in

ng a linear
br observed

Ite ambient

3.38

maximum no load speed

engine speed at which an engine governor (3.29) function controls engine speed with operator demand
(3.47) at maximum and with zero load applied

3.39
maximum power
maximum power as designed by the manufacturer

Note 1 to entry: It is expressed in kW.

© IS0 2020 - All rights reserved 5
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3.40
maximum test speed
engine speed determined from the curve of engine speed versus power according to 7.2.1

3.41

maximum torque speed

engine speed at which the maximum torque is obtained from the engine, as designed by
manufacturer

3.42
mode
engine opera

3.43

mode length

time betwegn leaving the speed and/or torque of the previous mode (3.42) or the preconditioning p
and the begiinning of the following mode

Note 1 to enfry: It includes the time during which speed and/or torque is being changed.and the stabilizati
the beginninlg of each mode.

3.44

non-methane hydrocarbons
NMHC
sum of all hpydrocarbon (3.30) species except methane

3.45
normalizedl speed and torque
speed and tprque values expressed as a percentage of a maximum value

3.46
open cranKcase emissions
flow from ajn engine's crankcase that is emitted-directly into the environment

Note 1 to enftry: Crankcase emissions are not “open crankcase emissions” if the engine is designed to al
route all craphkcase emissions back into the engine (for example, through the intake system or an aftertreat
system) suclf that all the crankcase emissions, or their products, are emitted into the environment only thr]
the engine exhaust system.

3.47
operator demand
engine operator's input to{Coritrol engine output

Note 1 to eptry: The-leperator” may be a person (i.e. manual), or a governor (3.29) (i.e. automatic)
mechanically or electronically signals an input that demands engine output. Input may be from an accele
pedal or sighal, asthrottle-control lever or signal, a fuel lever or signal, a speed lever or signal, or a gove
setpoint or sjgnal, Output means engine power, P, which is the product of engine speed, n, and engine torqus

the

hase

pn at

ways
ment
pugh

that
rator
rnor
L T.

3.48
oxides of nitrogen
NO,

compounds containing only nitrogen and oxygen as measured by the procedures (3.55) specified in this

document

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

effective molar mass is used for all oxides of nitrogen equivalent to that of NO,.

6 © IS0 2020 - All rights reserved
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3.49
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 constituent's
molar concentration, x.

3.50

partial flow dilution

method of analysing the exhaust gas whereby a part of the total exhaust gas flow is separated, then
mixed with an appropriate amount of dilution air prior to reaching the particulate sampling filter

material collected on a specified filter medium after diluting exhaust with ¢lean filtered air to
a temperature and a point as specified in ISO 8178-1:2020, 8.1.4, primdrily carbon,| condensed

PF

Note|2 to entry: An ideal non-methane cutter would have a methane penetration factor, fpp cyy4, 0f 1,000 (that is,
a mefhane conversion efficiency E¢y, of 0), and the penetration fraction for all other hydrocarbons [3.30) would
be 0{000, as represented by fpp cope (that is, an ethane conversion efficiency E,yq of 1). The relationship is:

fercfa=1-Ecpa and fpp cone = 1 - Econe-

ling system

1lations and

and torque

3.57

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.

3.58

rated speed

engine speed at which, according to the statement of the engine manufacturer, and conforming to the
requirements of 7.2.2, the rated power (3.57) is delivered

Note 1 to entry: For details see ISO 14396.
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3.59

regeneration
event during which emissions levels change while the after treatment performance is being restored

by design

Note 1 to entry: Two types of regeneration can occur: continuous regeneration (3.11) (see 5.5.1.2.1) and infrequent
(periodic) regeneration (3.33) (see 5.5.1.2.2).

3.60

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

system res

pporrse-of 96-%t-of thefimatreading{tog) witthrthresampting probe{3-54)being defimed aﬁ
reference ppint, whereby the change of the measured component is at least 60 % full scale (FS)an

devices for

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

Note 1 to enfry: The system response time consists of the delay time (3.13) to the system and of‘the rise

(3.61) of the

3.61
rise time
difference i

3.62

Kystem.

h time of the 10 % and 90 % response of the final reading (t9¢ - ¢;¢)

shared atmospheric pressure meter

atmospheriq
facility that]

3.63

" pressure (3.4) meter whose output is used as the atmoSpheric pressure for an entire
has more than one dynamometer test cell

shared hu
humidity
dynamome

3.64

span, verb
adjust an in
between 75

3.65
span gas
purified gag

idity measurement
easurement that is used as the humidity forsan entire test facility that has more than
er test cell

strument so that it gives a proper response to a calibration (3.5) standard that repre{
% and 100 % of the maximuim value in the instrument range or expected range of use

mixture used to span (3.64) gas analysers meeting the specifications of ISO 8178-1:202(

Note 1 to enftry: Calibration‘gases (3.6) and span gases are qualitatively the same, but differ in terms of

primary fun
components

3.66
spark-ignit

ction. Various performance verification (3.78) checks for gas analysers and sample han
might referto either calibration gases or span gases.

ion engine

SI engine

the
the

time

test

one

ents

,9.2

their
dling

engine that

3.67

works on the spark-ignition principle

specific emissions
mass emissions expressed in g/kWh; particulate Number (PN) emissions expressed in #/kWh

3.68

steady-state test
emission test in which engine speed and load are held at a finite set of nominally constant values

Note 1 to entry: Steady-state tests are either discrete-mode tests or ramped-modal tests.
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3.69

stoichiometric
particular ratio of air and fuel such that if the fuel were fully oxidized, there would be no remaining fuel
or oxygen

3.70

test

cycle

duty cycle
sequence of test points each with a defined speed and torque to be followed by the engine under steady
state or transient operating conditions

Not

3.71
test
durs

Note
addit

appli

3.72
tole
intel

e[ITo entry: DUty cycies are specitied in ANNexes A, B and C. A SiNgie duty cycie may cConsiSto
test intervals (3.71).

interval
tion of time over which brake-specific emissions are determined

1 to entry: In cases where multiple test intervals occur over a duty cycle (3.70), the standard
ional calculations that weigh and combine results to arrive at composite-values for compariso
cable emission limits (3.2).

Fance
val in which 95 % of a set of recorded values of a certain‘quantity shall lie, with the ren

4:2020(E)

one or more

may specify
h against the

haining 5 %

of thle recorded values deviating from the tolerance intezvalonly due to measurement variability

Note

1 to entry: The specified recording frequencies and\titne intervals shall be used to determine

is wi

absolute allowable range.

3.7

total hydrocarbon

THG
com
hydr

Note
1,85

3.74
tran
diffe
syst
refe]

Note

hin the applicable tolerance. For parameters not subject to measurement variability, toleran

bined mass of organic compounds measured by the specified procedure for meag
ocarbon

1 to entry: Total hydrocarbor’'is expressed as a hydrocarbon (3.30) with a hydrogen-to-carbon
1 (Diesel), 1,93 (petrol (E10)), 2,525 (LPG), 4,0 (NG/biomethane) or 2,74 (ethanol (E85)).

sformation time

rence in time-bétween the change of the component to be measured at the reference
em response of 50 % of the final reading (t5,) with the sampling probe (3.54) being de
ence poiht

1 to'entry: The transformation time is used for the signal alignment of different measurement
Figure 1).

if a quantity
ce means an

uring total

mass ratio of

point and a

fined as the

instruments

(see

3.75

transient test cycle
test cycle (3.70) with a sequence of normalized speed and torque (3.45) values that vary relatively quickly
with time (NRTC)

3.76

type approval
approval of an engine type (3.21) with regard to its emissions measured in accordance with the
procedures (3.55) specified in this document

3.77
vari

able-speed engine

engine that is not a constant-speed engine (3.9)
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3.78

verification

evaluation of whether or not a measurement system's outputs agree with a range of applied reference
signals to within one or more predetermined thresholds for acceptance

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

3.79

zero, verb

adjust an instrument so it gives a zero response to a zero calibration (3.5) standard, such as purified
nitrogen or purified air for measuring concentrations of emission constituents

3.80
Zero gas
gas that yie|lds a zero response in an analyser

Note 1 to entry: This may either be purified nitrogen, purified air, a combination of purifiedt@ir and puyified
nitrogen.

Y

—_—— H

L9

step inppt time

responsd time (3.60)
transforinationtime (3.74)
delay time{3.13)

rise time (3.61)

time

< Ul A W N R

response

Figure 1 — Definitions of system response: delay time, response time, rise time and
transformation time
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4 Symbols and abbreviated terms

4.1 General symbols

For the purposes of this document, the general symbols given in Table 1 apply.

Table 1 — General symbols

Symbol Term Unit
A Relative atomic mass g/mol
A/F}, Stoichiometric air to fuel ratio Al —
ay y intercept of the regression line -({]/\ —
aq Slope of the regression line ‘\:(’ 2 —
Cq CFV discharge coefficient [-] AQ-{V\ —
cq Concentration in the dilution air n&\ % (V/V)
D Dilution factor (_\‘O —
d Diameter N >~ m
E Conversion efficiency (53\ ) %
€oas Specific emission of gaseous components /\<< g/kWh
epm Specific emission of particulates X QV g/kWh
epn Number of particles emitted Q\\}\ #/kWh
ey Weighted specific emission ‘Q)\ g/kWh
Fs stoichiometric factor \\,\\ —
f Data sampling rate .\@Q‘ Hz
£ Laboratory atmospheric fag_gm\\ —
/- Carbon factor \L\V —
frd Fuel specific factor,fQ{eb\(haust flow calculation on dry basis —
o Fuel specif@c factof\u%ed for the calculations of wet concentrations from dry —

concentrationst,

few Fuel specjﬁ@a\c‘tor for exhaust flow calculation on wet basis —
fr Penetl;agib'r{fraction %
frE Rei@l\fe factor —
W )&@g‘hting factor —
H, .\Q' solute humidity of the intake air (g water/kg dry air) g/kg
Hy \Q\)\ Absolute humidity of the dilution air (g water/kg dry air) g/kg
i S Subscript denoting an individual mode —
i (.:\\‘ Subscript denoting an instantaneous measurement (e.g. - Hz) —
kp, —= Addttivedownwardaditstmentfaetor —
ke Fuel specific factor —
ky p Humidity correction factor for NO, for CI engines —
kp.g Humidity correction factor for NO, for SI engines
Knmpr Multiplicative downward adjustment factor —
Kmur Multiplicative upward adjustment factor —
k. Multiplicative regeneration factor —
kyr Additive upward adjustment factor —
k., Dry to wet correction factor for the raw exhaust gas —
L Dry to wet correction factor for the dilution air —
Ky e Dry to wet correction factor for the diluted exhaust gas —
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Table 1 (continued)

Symbol Term Unit
Ky Dry to wet correction factor for the raw exhaust gas —
L %torque —
A Excess air ratio —
M Molar mass g/mol
M, Molar mass of gaseous components g/mol
m Mass kg
my Massof theditutiomair samplte passed throughr the particutate sampting fitters kg
Megr Mass of equivalent diluted exhaust gas over the cycle ,\qg
mg Particulate sample mass collected X q>‘)mg
Meq mass of diluted exhaust gas over the cycle n.J\:K ’ kg
mg 4 Particulate sample mass of the dilution air collected ,\/\U mg
My Mass of gaseous emissions over the test cycle AQ) ) g
Mpy Mass of particulate emissions over the test cycle X o,U g
Mg, Exhaust sample mass over the cycle ,5\\\“ kg
Mgeq Mass of diluted exhaust gas passing the dilution tunnel ¢, ~ kg
m Mass of the diluted exhaust sample passed through tkgﬂg)ltticulate sampling kg

sep filters \
u Dynamic viscosity of exhaust gas 5\0‘\ Pa*d
n Engine speed R o minT
Ny High engine speed K N minT
n, Low engine speed \’\\Q‘ minT
P Power \.O kW
Pyux Decla_\red total power absorbg%‘jﬁ‘ auxiliaries fitted for the test and not kw
required by ISO -4396 -\
p Maxi.m_um obserygd or deqwed power at the test speed under the test kw
max conditions (spec1f1edAQ&the manufacturer)
p Pressure ('p‘ kPa
Pa Saturation va@?ﬁressure of the intake air kPa
Py Total atmgsﬁibric pressure kPa
P4q Satura@‘o}c&épour pressure of the dilution air kPal
2 Wa@)or pressure after cooling bath kPa
Ps ,E@‘(atmospheric pressure kPa
mad . ‘_‘:T)\ry intake air flow rate kg/s
Qmaw o’\\‘ Intake air mass flow rate on wet basis kg/d
2
Qmdew Diltuted exhaust gas mass [{ow rate on wet basis Kg/
Qmdw Dilution air mass flow rate on wet basis kg/s
Qmedf Equivalent diluted exhaust gas mass flow rate on wet basis kg/s
Qmew Exhaust gas mass flow rate on wet basis kg/s
Qinf Fuel mass flow rate kg/s
Imgas Emission mass flow rate of individual gas g/h
Imp Sample flow of exhaust gas into partial flow dilution system kg/s
mass flow rate fed back into dilution tunnel to compensate for particle kg/s

Asw number sample extraction
ay Volume flow rate m3/s
Ayt Tracer gas flow rate cm3/min
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Table 1 (continued)
Symbol Term Unit
R molar gas constant J/(mol K)
r2 Coefficient of determination —
rq Dilution ratio —
rg Average sample ratio —
p Density kg/m3
S Dynamometer setting kW
SEE Stamdarderrorof estinmate of yomrx —
T Temperature °C
T Engine torque Nm
T, Absolute temperature of the intake air K
Tye Absolute dewpoint temperature K
Tot Absolute reference temperature (of combustion air: 298 K) K
t Time S
t1o Time between step input and 10 % of final reading s
tso Time between step input and 50 % of final reading s
tgo Time between step input and 90 % of final reading S
Ugss Ratio between densities of gas component and exhaust gas —
/4 Volume m3
|78 Molar volume 1/mol
w Work kWh
W, Actual cycle work of the respettive test cycle kWh
X Concentration pmol/mol
or %
y Arithmetic mean
4.2 | Symbols and abbreviated terms for fuel composition
wy hydrogen content)of fuel, % mass
we carbon content of fuel, % mass
Wg sulfurcéntent of fuel, % mass
wy nitrogen content of fuel, % mass
wo oxygen content of fuel, % mass
a molar hydrogen-to-carbon ratio (H/C)
B molar carbon-to-carbon ratio (C/C)
y molar sulphur-to-carbon ratio (S/C)
1) molar nitrogen-to-carbon ratio (N/C)
€ molar oxygen-to-carbon ratio (0/C)

EXAMPLE Referring to a fuel: CzH,0,N;sS,.

© IS0 2020 - All rights reserved
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4.3 Symbols and abbreviated terms for chemical components

Ar

Gy
C,Hg
C,H;OH
C3Hg
CH;0H
CH,
co
CO,

H

H,
H,0
HCHO
He

N,
N,O
NH,
NO
NO,
0,
RME
S

SO,

Argon

Carbon 1 equivalent hydrocarbon

Ethane
Ethanol

Propane

Methanol

Methane

Carbon monoxide
Carbon dioxide
Atomic hydrogen
Molecular hydrogen
Water
Formaldehyde
Helium

Molecular nitrogen
Nitrous oxide
Ammonia

Nitric oxide
Nitrogen dioxide

Oxygen

Rapeseed oilméthylester

Sulphut!

Sulphur dioxide

4.4 Abbreviated terms

ASTM
CFVv

CI
CNG
CVS
deNOx

14

American Society for Testing and Materials
Critical flow venturi

Compression-ignition

Compressed natural gas

Constant volume sampling

NO, after-treatment system
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FID
FS
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Exhaust-gas recirculation
Flame ionization detector

Full scale

Ggr, Gy3, G, Gaseous EU reference fuels according to ISO 8178-5

IEC International Electrotechnical Commission

ISO International Organization for Standardization

LNG Liquefied natural gas

LPG Liquefied petroleum gas

NM( Non-methane cutter

NRMM Non-road mobile machinery

NRTC Non road transient cycle

PDP Positive displacement pump

PFS Partial flow system

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

RM( Ramped-modal cycle

SAE Society of Automotive Engineers

SSv Subsonic venture

2 Teflon® is an example of a sufitable product available commercially. This information is g

cony

5

5.1

5.1.]
The

enience of users of this dociment and does not constitute an endorsement by ISO of thij

Test conditions
Engine test conditions

| Laboratory test conditions

abSolute temperature (T,) of the engine air at the inlet to the engine expressed in

ven for the
product.

Kelvin, and

the dry atmospheric pressure (pg), 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
shall be taken. The parameter f, shall be reported with the test results.
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Naturally aspirated and mechanically supercharged engines:

0,7

99 I, |V

ks [P} {298} -
Turbocharged engines with or without cooling of the intake air:
0,7 1,5
99 I, |
= — X 2

& [Ps } [298} )

5.1.2 Test validity
a) For theltest to be considered valid both the following conditions shall be met:
1) f, shall be within the range 0,93 < f, < 1,07 except as permitted by b) and d);

2) thetemperature of intake air shall be maintained to (25 * 5) °C, as measuped upstream of any
engine component, except as permitted by c) and d).

b) Where|the altitude of the laboratory in which the engine is being tested exceeds [600] m, with
the agrieement of the manufacturer f, may exceed 1,07 on the condition that p, shall not be|less
than 8() kPa.

c) Where [the power of the engine being tested is greater than.560 kW, with the agreement of the
manufgcturer the maximum value of intake air temperature’ may exceed 30 °C on the condjtion
that it ghall not exceed 35 °C.

d) Where [the altitude of the laboratory in which the engine is being tested exceeds [300] m and the
power ¢f the engine being tested is greater than 560 kW, with the agreement of the manufacturer
f, may ¢xceed 1,07 on the condition that p, shallnot be less than 80 kPa and the maximum valpe of
intake qir temperature may exceed 30 °C on the condition that it shall not exceed 35 °C.

The following is allowed:

a) a sharegd atmospheric pressure meter as long as the equipment for handling intake air maintains
ambienft pressure, where the enging'is tested, within +1 kPa of the shared atmospheric pressure;

b) a sharded humidity measurement for intake air as long as the equipment for handling intake
air majntains dew point,“Where the engine is tested, within 0,5 °C of the shared humjdity
measuilement.

5.2 Enginhe power

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

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 on the engine shall be removed for the test.
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Where auxiliaries cannot be removed, the power they absorb in the unloaded condition may be
determined and added to the measured engine power (see Table G.1, footnote h). If this value is greater
than 3 % of the maximum power at the test speed it may be verified by the parties involved. 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 Determination of auxiliary power
The power absorbed by the auxiliaries/equipment needs only be determined, if:

a) auxiliaries/equipment required according to Annex G are not fitted to the engine; and/or

b) puxiliaries/equipment not required according to Annex G are fitted to the engine.

The [values of auxiliary power and the measurement/calculation method for determining auxiliary
powgr shall be submitted by the engine manufacturer for the whole operating,area of th¢ applicable
test cycles, and approved by the parties involved.

5.2.4 Engine cycle work

The [calculation of reference and actual cycle work (see 8.6.3.5) shall be based upon engine power
acco['(ding to 5.2. In this case, P;and P, of Formula (3) are zero, and Pequals P,.

If aufiliaries/equipment are installed according to 5.2.1 and fot 5.2.2, the power absorbed by them shall

be uped to correct each instantaneous cycle power value Py, as follows:

iy

=P, TPaux (3)
where
P_ . isthe measured engine power, kW;

Paux = Pri=Prs

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

P 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 General

The ntake-air system installed on the engine or one that represents a typical in-use configyration shall
be used ThisIncludes the charge-aiT cooling and exXhaust-gas recircutation SySTems.

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.
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When the maximum test speed (MTS) defined in 3.40 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 intake air restriction.

5.3.3 Engines with charge air cooling

A charge-air cooling system with a total intake-air capacity that represents the production engine’s in-
use installation shall be used. Any laboratory charge-air cooling system shall be designed to minimize
accumulation of condensate. Any accumulated condensate shall be drained and all drains shall be
completely closed before emission testing. The drains shall be kept closed during the emission test.

Coolant conditions shall be maintained as follows:

a) A cooldant temperature of at least 20 °C shall be maintained at the inlet to the charge-air~cd

throug

b) At the

within
outlet ]
flow ra

If the e
shall bd
specifig
shall be

out testing.

rated speed and full load, the coolant flow rate shall be set to achieve an aintermperg
5 °C of the value designed by the manufacturer after the charge-air cooler'sioutlet. Thg
emperature shall be measured at the location specified by the manufacturer. This co
fe set point shall be used throughout testing.

hgine manufacturer specifies pressure-drop limits across the charge-air cooling syste|
ensured that the pressure drop across the charge-air cooling $ystem at engine condif
d by the manufacturer is within the manufacturer's specified-limit(s). The pressure
measured at the manufacturer's specified locations.

oler

ture
air-
lant

m, it
ions
Hrop

When the maximum test speed (MTS) defined in 3.40 is being used in place of rated speed to run the

test cycle th

The objecti
engineering
testing (sud
sophisticatg
may be use

5.4 Engil

5.4.1 General

The exhaus
be used. Th
ISO 8178-1:

5.4.2 Exh

An engine
backpressu

en this speed may be used in place of rated speed when setting the charge air temperaf

ve is to produce emission results that are répresentative of in-use operation. If
judgment indicates that the specifications in‘this clause would result in unrepresent
h as overcooling of the intake air), with the prior agreement of the parties involved 1
bd set points and controls of charge-air(pressure drop, coolant temperature, and flow
1 to achieve more representative results.

ne exhaust system

[ system installed with/the engine or one that represents a typical in-use configuration
e exhaust system shall conform to the requirements for exhaust gas sampling, as set o
020, 5.2.1.

aust restriction

exhaust system or a test laboratory system shall be used presenting a static exh
Feewithin 80 % to 100 % of the maximum exhaust restriction specified by the manufact

ure.

rood
htive
nore
rate

hall
ut in

aust
urer

£.111

at the rate
5 kPaorles

| < Tl daai bl 1 4+ 3 | 1£4] 3 faaiatl
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s, the set point shall not be more than 1,0 kPa from the maximum.

nis

When the maximum test speed (MTS) defined in 3.40 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 configuration or within the distance specifications of the manufacturer. Where other installation
requirements are specified by the manufacturer these shall also be respected for the test configuration.
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The exhaust restriction shall be set according to 5.4.2. For variable-restriction after-treatment devices,
the maximum exhaust restriction used in 5.4.2 is defined at the after-treatment condition (degreening/
ageing and regeneration/loading level) specified by the manufacturer. The after-treatment container
may be removed during dummy tests and during engine mapping, and replaced with an equivalent
container having an inactive catalyst support.

5.5 Specific test conditions

5.5.1 Engine with exhaust after-treatment system

. : h] +1 - - h] 1111 e £11 : : TR, | £
The HIISSIOILS IICASUTCU UIT'ULIIC LEST Ly LIT SIIdIl D TCPICSCIILALIVE Ul LIIC CIITISSTOILS TIT LT 1IC d

5.5.1.1 Use ofreagent

In the case of an engine equipped with an exhaust after-treatment system that requires the cpnsumption
of a feagent, the reagent used for all tests shall be declared by the manufacturer.

5.5.1.2 Regeneration

For pngines equipped with exhaust after-treatment systems that-are regenerated on an| infrequent
(perfiodic) basis, as described in 5.5.1.2.2, emission results shall be adjusted to account for rggeneration
everlts. In this case, the average emission depends on the fregtiency of the regeneration evé¢nt in terms
of frfaction of tests during which the regeneration occurs. After-treatment systems with|continuous
regeneration according to 5.5.1.2.1 do not require a specialtest procedure.

If the exhaust aftertreatment has a security mode that'works on an infrequent (periodic) rggeneration
mode, it shall be checked according to 5.5.1.2.2. For that specific case, the applicable emission limits
coulfl be exceeded and the measured emissions would not be weighted.

5.5.1.2.1 Continuous regeneration

For pn exhaust aftertreatment system' based on a continuous regeneration process, th¢ emissions
shal] be measured on an aftertreatment system that has been stabilized so as to result inl repeatable
emigsions behaviour. The regeneration process shall occur at least once during the NRTC hot start
test,|LSI-NRTC or NRSC test,‘and the manufacturer shall declare the normal conditions under which
regeneration occurs (sootload, temperature, exhaust back-pressure, etc.). In order to demopnstrate that
the fegeneration process‘is'continuous, at least three NRTC hot start tests, LSI-NRTC or NRS[ tests shall
be conducted. In case-0f NRTC hot start test, the engine shall be warmed up in accordance with 8.4.2, the
engipe shall be soaked’according to 8.6.3 and the first NRTC hot start test run. The subsequept NRTC hot
starf 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, ett.)Y The aftertreatment system is considered to be satisfactory if the conditions|declared by
the mnanufacturer occur during the test during a sufficient time and the emission results dq not scatter
by njore than +25 % from the mean value or O 005 g/kWh whlchever 1s greater PN emlslons do not

eme S ; e sFequirement.
If the exhaust aftertreatment has a securlty mode that shlfts to an 1nfrequent (perlodlc) 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.

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.
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In case that no suitable adjustment factors are available from testing using transient or RMC test cycles
then adjustment factors shall be established using an applicable discrete-mode test. Factors developed
using a discrete-mode test cycle shall only be applied to discrete-mode test cycles.

It shall not be required to conduct testing and develop adjustment factors on both RMC and discrete-
mode NRSCs.

5.5.1.2.2.1 Requirement for establishing adjustment factors using NRTC, LSI-NRTC or RMC
NRSC testing

The emissions shall be measured on at least three NRTC hot start tests, LSI-NRTC or ramped-modal
cycle (RMC) NRSC tests, one with and two without a regeneration event on a stabilized aftertreatment
system. Th¢ regeneration process shall occur at least once during the NRTC, LSI-NRTC or RMCTRSC
test with a|regeneration event. If regeneration takes longer than one NRTC, LSI-NRTC orcRMC NRSC
test, conseq¢utive NRTC, LSI-NRTC or RMC NRSC tests shall be run and emissions continued tp be
measured without shutting the engine off until regeneration is completed and the average of the fests
shall be caliculated. If regeneration is completed during any test, the test shall be/continued ovdr its
entire leng

iate adjustment factor shall be determined for the entire Zapplicable cycle u

b) to (8).

An approp,
Formulae (

sing

5.5.1.2.2.2( Requirement for establishing adjustment factors using’discrete-mode NRSC test]

ng

Starting wit
of each test

h a stabilized after-treatment system the emissions shall be measured on at least three
mode of the applicable discrete-mode NRSC on whigh the conditions for regeneration c3

met, one with and two without a regeneration event. The méasurement of PM shall be conducted y

the multipl
period for &
are multiplg
for each tes

An appropr

e filter method. If regeneration has started but is not complete at the end of the samj
specific test mode extend the sampling period until regeneration is complete. Where
runs for the same mode an average result shall be calculated. The process shall be repe

t mode.

runs
n be
sing
pling
here
ated

jate adjustment factor shall be determined using Formulae (5) to (8) for those modes of the

applicable dycle for which regeneration oceurs.

5.5.1.2.2.3 | General procedure for developing infrequent regeneration adjustment factors (IRAFs)

The engine
provided t

may be equipped with-a switch capable of preventing or permitting the regeneration prg
is operation hasmo.effect on the original engine calibration.

cess

The manufgcturer shall{declare the normal parameter conditions under which the regeneration prdcess
occurs (sooft load, temperature, exhaust back pressure, etc.). The manufacturer shall also provid¢ the
frequency df the regeneration event in terms of number of tests during which the regeneration ocgurs.
The exact grocedure to determine this frequency shall be agreed by the parties involved based yipon

good engingering 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.

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 NO,
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.
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Fig

1.2.2.2 [g/kWh or #/kWh] shall be weighted as follows (see Figure 2):

whe

€123, ..n

humber of test cycles

bmissions (g/kWh or #/kWh)

mean emissions during samplinge; ; 3

bmissions during regeneration e,

veighted emissions of sampling and regenerationse;,

humber of tests cycles in which regeneration does not occur

humber of tests cycles in which regenerationoccurs (minimum one test)

ure 2 — Scheme of infrequent'(periodic) regeneration with n number of measure}
n. number of measurements during regeneration

average specific emission rate related to the test runs conducted according to 5|

- n-e +nr ~er
P T

n+nr

e

ments and

5.1.2.2.1 or

(4)

) is the number of tests in which regeneration does not occur;

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

e, isthe average specific emission from a test in which the regeneration does not occ
or #/kKWh];

kWh].

ur [g/kWh

e. isthe average specific emission from a test in which the regeneration occurs [g/kWh or #/

At the choice of the manufacturer and based on upon good engineering analysis, the regeneration
adjustment factor k, expressing the average emission rate, may be calculated either multiplicative or
additive for all gaseous pollutants, and, where there is an applicable limit for PM and PN, as follows:

— Multiplicative
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e
kyyr =— (upward adjustment factor) (5)
e
e
kypr =—=— (downward adjustment factor) (6)
e
r
Additive
ky. =€, —€ (upward adjustment factor) (7)
kp| =€, —€. (downward adjustment factor) (8)

Upward adjustment factors are multiplied with or added to measured emission rates for all tesfs in
which the fegeneration does not occur. Downward adjustment factors are multiplied)with or adlded
to measurgd emission rates for all tests in which the regeneration occurs. The,oc¢currence of the

shall be identified in a manner that is readily apparent during all~testing. Wherg no
is identified, the upward adjustment factor shall be applied.

With refergnce to Clause 9 and Annex H on brake specific emission calculations, the regenergtion

The followipg options shall be considered:

a)

b)

When ¢stablished for an entire weighted cycle, shall be appliéd*to the results of the appli¢able
weight¢d NRTC, LSI-NRTC and NRSC tests;

When dstablished specifically for the individual modes_ofithe applicable discrete-mode cycle, $hall
be applied to the results of those modes of the applicable discrete-mode NRSC cycle for which
regeneration occurs prior to calculating the cycle weighted emission result. In this case the mulfiple
filter mlethod shall be used for PM measurement;

May be|extended to other members of the same-engine family;

May be extended to other engine families*within the same engine aftertreatment system family
with thie prior approval of the parties involved based on technical evidence to be supplied by the
manufgcturer that the emissions are similar.

A manyfacturer may electto omit adjustment factors for one or more of its engine familie§ (or
configuyrations) because-the effect of the regeneration is small, or because it is not practicpl to
identify when regenerations occur. In these cases, no adjustment factor shall be used, and the
manufgcturer is liable for compliance with the emission limits for all tests, without regaild to
whethdr a regeniepation occurs.

Upon requést by the manufacturer, the parties involved may account for regeneration eyents
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 1n 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)
b)

22

physically, or
mathematically.
When using method a), manufacturers shall install the engines on the test-bed in a manner that

all crankcase emissions are routed into the exhaust system as described in this clause. For the

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-

4:2020(E)

purpose of this clause, crankcase emissions that are routed into the exhaust upstream of exhaust
after-treatment during all operation are not considered to be discharged directly into the ambient

atmosphere.

Open crankcase emissions shall be routed into the exhaust system for emission measurement, as

follows:

The tubing 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 between
the wall and the crankcase emissions constituents.

f)

Che number of bends in the laboratory crankcase tubing shall be minimized, and thée.b
inavoidable bend shall be maximized.

Che laboratory crankcase exhaust tubing shall meet the engine manufacturer's specif
crankcase back pressure.

The crankcase exhaust tubing shall connect into the raw exhaust downstream of any aftg
system, downstream of any installed exhaust restriction, and sufficiently upstream of
probes to ensure complete mixing with the engine's exhaust before sampling. Thg
exhaust tube shall extend into the free stream of exhaust to avoid boundary-layer ef!
promote mixing. The crankcase exhaust tube's outlet mayerient in any direction rel
Faw exhaust flow.

Metlod b) is permitted with the prior approval of the pacties involved.

5.6

Ane
bloc
beu

5.7

The
avai
pres

6

Fuel
used
desi

Cooling system

ngine cooling system with sufficient capacityto maintain the engine, with its intake-air,

hdius of any

ications for

trtreatment
any sample

crankcase
fects and to
ative to the

oil, coolant,

k and head temperatures, at normal operating temperatures prescribed by the manufacturer shall

ced. Laboratory auxiliary coolers and fans may be used.

Lubricating oil

lubricating oil shall be gpecified by the manufacturer and be representative of lukb
able in the market; the(specifications of the lubricating oil used for the test shall be rg
ented with the resultSof the test.

Test fuels
characteristics influence the engine exhaust gas emission. Therefore, the characteristic

for the-test should be determined, recorded and presented with the results of the test.
bnatedin [SO 8178-5 as reference fuels are used, the reference code and the analysis of t

be p

ovided. For all other fuels the characteristics to be recorded are those listed in the

ricating oil
corded and

s of the fuel
Where fuels
he fuel shall
hppropriate

univ

1 1 1 - i TaVaWa¥ N oW Fal L n IR IR | [aY
CIodl Udid SIICCLS TITIOU 01/ 070. OC€T 1dUIC 4.

Table 2 — Selection of fuel

Test purpose Interested parties Fuel selection

Type approval
(Certification) 2

1. Certification body Reference fuel, if one is defined

Manufacturer or supplier defined

Commercial fuel if no reference fuel is

Acceptance test

1. Manufacturer or supplier

a
2. Customer or inspector manufacturer

Commercial fuel as specified by the

a  Customers and inspectors should note that the emission tests carried out using commercial fuel will not necessarily
comply with limits specified when using reference fuels.
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Table 2 (continued)

Test purpose

Interested parties Fuel selection

Research/development

One or more of:

Manufacturer, research
organization, fuel and lubricant
supplier, etc.

To suit the purpose of the test

a

comply with 1

Customers and inspectors should note that the emission tests carried out using commercial fuel will not necessarily

imits specified when using reference fuels.

7 Testc

7.1 Gene

The followi
steady-stat
state) and ]
power) are

7.2 Test

Test speeds
will be use
cases the M

the curve of engine speed versus power according to 7.2.1. Where applicable, an intermediate s
rmined according to 3.34. Where intermediate‘speed is not used the other speeds will be

will be detgd
determined

For constan

7.2.1 Maj

For engineg
In this case
state cycle
of the rated|

7.2.1.1 Calculation of MTS

1
CICS

ral

e cycles and transient cycle. The cycles and their applicability are described in 7.5 (st
.6 (transient), while the method to determine the appropriate test points (speed, toj
described in 7.2 to 7.4. The tabulated cycles are contained in Annex.A to Annex C.

speeds

shall be determined according to the test cycle(s) to be used. In certain cases a rated s
1 to represent 100 % speed, as declared by the manufacturer according to 3.58. In g
[TS (maximum test speed) will be used to represent 100 % speed, as determined

as a percentage of the rated speed or MTS.

t-speed engines the 100 % speed shall he determined according to 7.2.5.

kKimum test speed (MTS)

that are tested with a transiernt cycle the MTS shall be determined according to this cld
the 100 % test speed is equal to the MTS. For engines that are tested with both a st
discrete- or ramped- modal) and also a transient cycle, the MTS shall also be used in j
speed for operating the steady state cycle.

g duty cycles are described in this clause: discrete mode steady-state cycles}¥amped-mjodal

ady-
que,

beed
ther
‘Tom
beed

luse.
pady
lace

In order tofcalculate thé MTS for variable-speed engines the transient mapping procedure shall be
performed faccordingto 7Z.4. The MTS is then determined from the mapped values of engine speed
versus powgr. Forthe calculation of the MTS one of the following formulations shall be used:
a) bviwd = My, + 0,95 * (ny; — myp) 9)
where

ny; ishigh speed (see 3.31);

n, islow speed (see 3.37).
b) nyrs = n; at the average of the lowest and highest speeds at which (n2...; + P?,ormd) is  (10)

equal to 98 % of the maximum value of (2, ..,; + P?,ormi)- If there is only one speed

at which the value of (2., + P%,0rm) IS €qual to 98 % of the maximum value of

(M2 0rmi + P?normi) then MTS = ni at which the maximum value of (n?, . + P?pormd

occurs.
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where
n is engine speed;
i is an indexing variable that represents one recorded value of an engine map;
Nyorm;i 1S an engine speed normalized by dividing it by np,.;
P.ormi 1S an engine power normalized by dividing itby P, ;
Npmax 1S the average of the lowest and highest speeds at which power is equal to 98 % of

P .- Linear interpotation shail be used between the mapped values to dgtermine
the speeds where power is equal to 98 % of P, ,,. If there is only one spegd at

which power is equal to 98 % of P, then np, .. shall be the speed-abP_ J..
Linepr interpolation shall be used between the mapped values to determine’ the sp¢eds where

(M2 drmi + PPrormi) i €qual to 98 % of the maximum value of (n2,,,,; + P?

normi normi)'

7.2.1.2 Use of adeclared MTS

If the MTS calculated according to 7.2.1.1 is within *3 % of the MTS*declared by the manufacturer, the
declpred MTS may be used for the emissions test. If the tolerance is-exceeded, the calculated MTS shall
be uped for the emissions test.

7.2.1.3 Use of an adjusted MTS for correct driving of the NRTC

If the falling part of the full load curve has a very.steep edge, this may cause problems o drive the
105 [% speeds of the NRTC test cycle correctly. In'this case it is allowed, with prior agreement of the
partjies involved, to use an alternative value of MTS determined using one of the following methods:

a) Reduce the MTS slightly (maximum 3 %)-in order to make correct driving of the NRTC possible.

b) [alculate an alternative MTS usingtHe following formulation:

Myits :(nmax ~idle )/1’05+nidle (11)
where

n is maximum no load speed;

max

Nigle 1sddlé speed.

7.2.2 Rated’speed

The [rated speed is defined in 3.58 and will normally be the maximum full load speed allgwed by the
gOV 1I'1IVUL, dS dco;5ucd b_y thc ulauufa\.tux I, UIl, ;fou\,h [23 sUVCl 11Ul ;D ll\.lt lJl COCllt, thC DPCCd t Which the

maximum 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 according to one of the
procedures in 7.4.
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The maximum torque speed is either:
a) the speed at which the highest torque was recorded; or

b) the average of the lowest and highest speeds at which the torque is equal to 98 % of the maximum
torque. Where necessary, linear interpolation shall be used to determine the speeds at which the
torque is equal to 98 % of the maximum.

If the maximum torque speed determined from the maximum torque curve is within +4 % of the
maximum torque speed declared by the manufacturer for SI engines <56 kW, or +2,5 % of the maximum
torque speed declared by the manufacturer for all other engines, the declared value may be used. If the

t 1 le—asccan dod tho yaavinais tav i cnnd dotnsniinnd Frao +hn oy b~ h 11
0 erance 1 CALCCUTUTUY, LIICU 1TITUAITITIIUIIT LUI \.1[.4\' Jy\/\tu \Z4AA\SI I PSSR ST D W § Ulll CIIC TIITUATITIIUIIT LU \.1\/!\' Ul ve a

be used.

The interme¢diate speed shall meet one of the following requirements:

a) For engines that are designed to operate over a speed range on a full load tog¥que curve| the
intermg¢diate speed shall be the maximum torque speed if it occurs between 60* % and 75 P of
rated speed.

b) Ifthe maximum torque speed is less than 60 % of rated speed, then the intérmediate speed shgll be
60 % of the rated speed.

c) Ifthe njaximum torque speed is greater than 75 % of the rated speed then the intermediate speed
shall bg 75 % of rated speed. Where the engine is only capable*of operation at speeds higher fhan
75 % of rated speed the intermediate speed shall be the lowest speed at which the engine can be
operatgd.

d) For engines that are not designed to operate over a,speed range on a full-load torque curye at
steady-state conditions, the intermediate speed will*typically be between 60 % and 70 % 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 a]so replace rated speed when determining the intermediate speed.

7.2.4 1dl¢ speed

The idle speed is the lowest_engine speed with minimum load (greater than or equal to zero lpad),
where an engine governor function controls engine speed. For engines without a governor function|that
controls idl¢ speed, idle speed means the manufacturer-declared value for lowest engine speed poskible
with minimum load. Neté that warm idle speed is the idle speed of a warmed-up engine.

7.2.5 Test speed.for constant-speed engines

The governprsiof constant-speed engines may not always maintain speed exactly constant. Typigally,
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 signal is used to simulate the governor, the 100 % speed at zero load
shall be the no load speed specified by the manufacturer for that governor setting and the 100 % speed
at full load shall be the rated speed for that governor setting. Interpolation shall be used to determine
the speed for the other test modes.
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In the case that the governor has an isochronous operation setting, or the nominal rated speed and
no-load speed declared by the manufacturer differ by no more than 3 %, a single value declared by the
manufacturer may be used for the 100 % speed at all load points.

7.3

Torque and power

7.3.1 Torque

The torque figures given in the test cycles are percentage values that represent, for a given test mode,

one

a)

b)

)

d)

Figure 3 shows torque scales for engines operating,on'a non-propeller curve.

Key

AW N RSN

of the following:

Che ratio of the required torque to the maximum possible torque at the specified.teg
cycles except D1, D2, E2, E4).

The ratio of the required torque to the torque corresponding to the continuous:rated g
P1) declared by the manufacturer as defined in ISO 8528-1.

[he ratio of the required torque to the torque corresponding to the rated power decl
manufacturer as defined in ISO 8528-1 (cycle D2).

For cycle E2 % torque is relative to the torque corresponding to.the rated power decl
manufacturer.

For the test cycle E4 the torque figures are percentage‘values of the torque at rated
Cycle is based on the theoretical propeller characteristic curve representing typical plg
spark-ignition engine operation.

t speed (all

ower (cycle

ared by the

ared by the

power. This
basure craft

T
1 100 %
—100 %
—75 %
—75%
—50 %
—50 %
— 0,
25% 250
—10% — 10 %
@
2 3 4 n
torque
engine speed
full-load torque curve
low idle
intermediate speed
100 % speed

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

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

a) For the test cycle E3 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 driven
by heavy-duty engines without limitation of length.

b) For the test 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

th 2 - | VS S | A 1 3
an T O TCITE TIT AT TVEIT Uy UTCSTT CTITETITCSY

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

Figure 4 shgws an example of two representative propeller curves.

NOTE Ofther propeller characteristic curves exist.
T P
120 120
100 100

80 1 va / 80
60 \/ 60
40 40
e
20 20
e

. 3
0 20 40 60 80 100 120 140 n

Key
T torque
n  engine speed
P power
1 torque H4
2 power H3
3 idling
NOTE The values of n, T and P are expressed in % of rated speed, maximum torque and maximum power
respectively.

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

7.4 Engine mapping

Before starting the engine mapping, the engine shall be warmed up and towards the end of the warm
up it shall be operated for at least 10 min at maximum power or according to the recommendation of
the manufacturer and good engineering judgement in order to stabilize the engine coolant and lube oil
temperatures. When the engine is stabilized, the engine mapping shall be performed.
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Except constant-speed engines, engine mapping shall be performed with fully open fuel lever or
governor using discrete speeds in ascending order. The minimum and maximum mapping speeds are

defined as follows:

Minimum mapping speed = warm idle speed;

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

If t

smaller.
where ny; is high speed (see 3.31).

e highest speed is unsafe or unrepresentative (e.g. for ungoverned engines), good

engineering

judg
7.4.

The
a)

b)

d)

ement shall be used to map up to the maximum safe speed or the maximum representa

| Engine mapping for transient cycles

engine mapping shall be performed according to the following procedure:

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 mj
dynamometer or another loading device shall be used to target a torque of zero on
primary output shaft and the engine shall be allowed{to govern the speed. Thig
speed shall be measured.

For engines without a low-speed governor, the dyftamometer shall be set to target
zero on the engine's primary output shaft, and-the operator demand shall be set to
speed to the manufacturer-declared lowest(ngine speed possible with minimun
known as manufacturer-declared warm idle speed).

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

Dperator demand shall be set to miaximum and engine speed shall be controlled to bet
dle and 95 % of its warm idle speéd. 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 refexence speed.

The engine speed shall be increased at an average rate of (8 + 1) min~1/s or the eng
mapped by using accoritinuous sweep of speed at a constant rate such that it takes 4 n
Lo sweep from migimum 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 occurs. If this highest speed is unsafe or unref
(e.g. for Ungoverned engines), good engineering judgment shall be used to map up to th
cafe speed or the maximum representative speed. Engine speed and torque points shall
ht asample rate of at least 1 Hz.

five one.

nimum, the
the engine's
warm idle

a torque of
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
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ntative for

any given engine, alternate mapping techniques may be used. These alternate techniques shall
satisfy the intent of the specified mapping procedures to determine the maximum available torque

at all engine speeds achieved during the test cycles. Deviations from the mapping

techniques

specified in this clause for reasons of safety or representativeness shall be approved by the parties

involved along with the justification for their use. In no case, however, the torque curve
by descending engine speeds for governed or turbocharged engines.

shall be run

e) Anengine need not be mapped before each and every test cycle. An engine shall be remapped if:

1) an unreasonable amount of time has transpired since the last map, as determined by good

engineering judgement; or
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2)

3)

7.4.2

physical changes or recalibrations have been made to the engine which potentially affect
engine performance; or

the atmospheric pressure near the engine's air inlet is not within *5 kPa of the value recorded
at the time of the last engine map.

Engine mapping for variable-speed steady-state cycles

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 andtofque
should be cplculated using the recorded data from the last 4 s to 6 s. Linear interpolation shall be' fised

to determirle the steady-state test speeds and torques if needed.

Except as s¢t-out in 7.2, if the derived test speeds and torques do not deviate for moredhan +3 % from
the speeds pnd torques indicated by the manufacturer, the manufacturer defined speeds and torfjues
shall be applied. When engines are additionally required to run a transient cyclejthen the trangient

mapping cufrve shall be used to determine steady-state test speeds and torques!

At the choide of the manufacturer the engine mapping may alternatively be*cohducted according t¢ the

procedure in 7.4.1.

7.4.3

Engine mapping for constant-speed engines

The engine jmay be operated with a production constant-speed governor or a constant-speed govefrnor
maybe simpulated by controlling engine speed with an,¢perator demand control system. Ejther

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

The followihg mapping procedure shall be applied:

a) With the governor or simulated governorgontrolling speed using operator demand, the engine
shall bg operated at no-load governed speed’(at high speed, not low idle) for at least 15 s, unles} the

specifi¢ engine is unable to perform this.task.

b) The dyhamometer shall be used toiincrease 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 constanitspeed test cycles. During the engine mapping actual speed and tofque

shall bg recorded with atleast 1 Hz;

c) In case|of a constant=speed engine with a governor that can be reset to alternative speeds} the

engine fhall be tested at each applicable constant speed.

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

metho sshallinclude but not he limited tothe Fn"nuring-

1y

30

For constant-speed engines subject only to steady-state testing, an engine map may be
performed by using a series of discrete torques. At least five evenly spaced torque setpoints
from no-load to 80 % of the manufacturer-declared test torque or to a torque derived from the
published maximum power level shall be selected if the declared test torque is not available.
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 value
greater than the torque at maximum observed power where the engine outputs 90 % of the
maximum observed power; or the torque when engine stall has been determined. Torque and
speed shall be allowed to stabilize at each setpoint and the mean feedback speed and torque
at each setpoint shall be recorded. Mapping at higher torque setpoints may be carried out if
desired. From this series of mean feedback speed and torque values, intermediate values are
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determined by using linear interpolation. These series of mean speeds and torques
generate the power map.
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are used to

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.
B) For any isochronous governed (0 % speed droop) constant-speed engine, the)éng
mapped with two points. After stabilizing at the no-load governed speed, the me
speed and torque is recorded.

lising operator demand, and the dynamometer shall be used to target a speed of 99
recorded mean no-load governed speed. Torque and speed shallcbe allowed to stabi
setpoint. The mean feedback speed and torque at each setpodint and the target spe
Fecorded.

The absolute value of the speed error (the mean feedback’spéed minus the target speed]
breater than 0,1 % of the recorded mean no-load governed speed. From this series of me
speed and torque values, intermediate values are détermined by using linear interpold
series of two mean feedback speeds and torques.atre' used to generate the power map. N
measured maximum test torque will be the meatrfeedback torque recorded on the secq

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 spgecified as a list of discrete modes (operating points), where ead

ned up and running €ngine according to manufacturer's specification.

ine may be
hn feedback

Che engine shall be operated with the governor or simulated governor, controlling epgine speed

L5 % of the
lize at each
ed shall be

must be no
an feedback
ition. These
ote that the
nd point.

values are
value if it is

h operating
ured with a

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

ram

Perf
why|
cond

7.5.1

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

brming amRMC 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
uctam emission test according to both 7.5.1 and 7.5.2.

cal reasons
required to

Discrete mode test cycles

7.5.1.1 General remarks

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 A.

The particulate emission may be measured by either the multiple filter or the single filter method
according to ISO 8178-1:2020, 8.6.1.2. To evaluate the particulate emission by the multiple filter method,
it is necessary to measure the particulate concentration and the particulate mass emission of each test
mode at stabilized engine operation. The time needed for stabilization of the engine depends on engine
size and ambient conditions.
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7.5.1.2 Requirements for conduct of test using discrete mode cycle

7.5.1.2.1

Test sequence

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

modes for a

7.5.1.2.2

particular test cycle.

Mode length

The minimum test mode length is 10 min, which is the standard, except when testing spark-ignition

engines using r‘yr]pc “‘GI_If necessary the mode Ipngfh may be extended e g to collect sufficient
particulatesample mass or to achieve stabilization with large engines.

For spark-ignition engines when only gaseous emissions are measured using cycles “G”, each mode fime
shall be at least 3 min.

The mode I¢ngth 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 emigsion
concentratipn values shall be measured and recorded for at least 3 min anywhere in the mode if the
engine is stpbilized and meets the speed and torque requirements ofthe respective mode.

For spark-ignition engines when only gaseous emissions are measured using cycles “G”, the gaspous
exhaust enjission concentration values shall be measured and recorded for the last 2 min of the
respective fest 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 beforelengine stabilization, as defined by the manufactprer,
has been arhieved, and shall preferably be\cohducted 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 fmeasurement.

7.5.1.2.4 |Repeat measurements

For the mulftiple filter method only, particulate sampling and gaseous emissions measurement mdy be
repeated dyring the modeurtil a valid sample is obtained as long as the speed and torque requirements
are met.

Test modes|may be repeated, as long as the engine is pre-conditioned by running the previous or cuirent
mode. In the case of the first mode of any cycle, the engine shall be preconditioned according to 8.4.2.
7.5.1.2.5 [alidation 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,
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.

7.5.1.2.6 Equipment malfunction

If at any time during a test mode, the test equipment malfunctions or the engine speed and load do not
meet the requirements of 7.5.1.2.5, the test mode is void and may be aborted. The test mode may be
restarted by preconditioning with the previous or current mode.

32 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

7.5.2 Ramped-modal 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
cycl¢ for the application as described in general in 7.5.3. The corresponding test cyclescaile tabulated
in Ahnex B. Where available the RMCs are numbered to correspond to the equivalent /dicrete mode
cycle¢. Where no RMC exists for a given application the steady state test shall be conductdd using the
apprjopriate discrete mode cycle.

7.5.2.2 Requirements for conduct of test using RMC

7.5.2.2.1 Testsequence

EacH test shall be performed with a warmed-up and running engine in the given sequencé¢ of the test
modes for a particular test cycle.

7.5.2.2.2 Mode length

The engine shall be continuously controlled by the testbed control unit during the RMC tegt cycle. The
length is defined in the respective table in Annéx B. Advance from one mode to the next within a
20-spcond transition phase. During the transitiowphase, command a linear progression from the torque
setting of the current mode to the torque setting of the next mode, and simultaneously Fommand a
similar linear progression for engine speed:ifthere is a change in speed setting.

7.5.2.2.3 Emission measurement

The [gaseous and particulate emissions shall be measured and sampled continuously durihg the RMC
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 continuously during the RMC test cycle, repeat
meapurements within the test cycle are not permitted.

In cdse of engine stall during the test the entire test is void and may be aborted. The entire {est shall be
restarteds

7 5 Lo In H 'S 1E g3
[T IV ~“rY~Tre ] Lqulplllclll IIdITUIICUIVUII

If at any time during a test mode, the test equipment malfunctions or the engine speed and load do not
meet the requirements of 7.5.1.2.5, the entire test is void and shall be aborted. The entire test shall be
restarted.

7.5.3 Cycle types and applicability

This clause provides a general description of the test cycles for different engine applications.
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7.5.3.1 Test cycles type C “Non-road machinery and industrial equipment”

7.5.3.1.1 Test cycle type C1 “Compression-ignition engine powered non-road machinery and
industrial equipment”

General-purpose variable-speed test cycle. Tables of discrete and RMC test modes are listed in A.1 and
B.1 respectively.

Typical examples of applications are:

— industrial drilling rigs, compressors etc.;

— constryction equipment including wheel loaders, bulldozers, crawler tractors, crawlerdeaglers,
truck-type loaders, dumpers, hydraulic excavators etc.;

— agriculfural equipment, rotary tillers;

— forestry equipment;

— self-prdpelled agricultural vehicles (including tractors);
— materigl handling equipment;

— fork-lift trucks;

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

— snow tifactors;

— airport|supporting equipment;

— aerial lifts;

— mobile ranes.

This list is not exhaustive.

NOTE1 Cpmpression-ignition engines with rated power typically below 19 kW intended for applicafions
listed under [£.5.3.5 (test cycles G),.can be tested according to the test cycles given in 7.5.3.1 (test cycles C).

NOTE 2  Cpmpression-ignitiefvengines that operate within +15 % of the rated speed and spend less than [L5 %
of their time[at idle speed gan be tested according to test cycle D2.

This test cyfle may eptionally 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-speed test cycle with focus on intermediate speed operation. Tables of discrete and RMC test
modes are listed in A.1 and B.1 respectively.

Typical examples of applications are:
— fork-lift trucks;

— airport supporting equipment;
— material handling equipment;
— road maintenance equipment;

— agricultural equipment.
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list is not exhaustive.

cycle C1 may optionally be used for spark-ignition engines >56 kW.

7.5.3.2 Test cycles type D “Constant speed”

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.

Typi

This

NOT
(test

NOT

idle §peed can be tested according to test cycle,32.

7.5.3.3 Test cycles type E “Marine-applications”

Test

B.3 tespectively.

Sele

cal examples of applications are:

eyele-D+:

— power plants;
cycle D2:

— gas compressors;
— irrigation pumps;

— generating sets with intermittent load including generating sets on board of ship
(not for propulsion), welding sets;

— turf care, chippers, snow removal equipment, sweepers:
list is not exhaustive.

1 Diesel engines with rated power typically below 19 kW intended for application listed
cycles G) can be tested according to the test cycles'given in 7.5.3.2 (test cycles D).

2 Diesel engines that operate within £159%of the rated speed and spend less than 15 % of]

cycles for marine propulsionerngines. Tables of discrete and RMC test modes are liste

Ction of test cycles shall conform to the following criteria:

cycle E1: compression ignition engines for propulsion of craft less than 24 m in lengt}
boats and push boats;

cycle E2;eonstant-speed heavy duty engines for propulsion of ships of any length inclu
blectric'drive and variable-pitch propeller applications;

cycle.E3: propeller-law heavy duty engines for propulsion of ships of any length;

b and trains

inder 7.5.3.5

their time at

lin A.3 and

| except tug

ding diesel-

cycle E4: spark-ignition engines for propulsion of craft less than 24 m in length except tug boats and

push boats;

cycle E5: compression ignition engines for propulsion of craftless than 24 m inlength when operated

on a propeller law except for tug boats and push boats.

For compression ignition engines in craft less than 24 m in length, test cycle E1 or E5 can be applied
depending on which cycle is closer to the actual operation.

For constant-speed marine propulsion engines cycle E2 applies. For variable pitch propeller sets cycle
E2 or E3 may be used depending on which cycle is closer to the actual operation; usually the operation
is closer to constant-speed operation (cycle E2).

For spark-ignition engines in craft less than 24 m in length test cycle E4 applies.
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7.5.3.4 Test cycle type F “Rail traction”

Test cycle for rail propulsion. Tables of discrete and RMC test modes are listed in A.4 and B.4 respectively.

Typical examples of applications are:

— locomo

— rail car

tives;

S;

— shunting locomotives.

This list is jot exhaustive.

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

7.5.3.5 T
Tables of di

If the prim
examples g

st cycles type G “Utility, lawn and garden”; typically <19 kW
screte and RMC test modes are listed in A.5 and B.5 respectively.

iry end use of an engine model is known then the test cycle may-be chosen based of
ven in 7.5.3.5. If the primary end use of an engine model is uncertain then the approp

test cycle should be chosen based upon the engine specification. Both compression ignition and sy
ignition engines may be tested in any of the three cycles; whichever issmost appropriate.

Typical exa
— cycleG

mples of applications are:

E

— pedestrian-controlled rotary or cylinder lawn mewers;

— fro

— rot

ht or rear engine riding lawn mowers;

ary tillers;

— edge trimmers;

— lawn sweepers;

— Wwa

ste disposers;

— spifayers;

— sndw removal equipment;

— gol
— cycleG

[ carts;

19

the
riate
ark-

— pormh]p generators_pumps welders air COMPTressors;

— may also include lawn and garden equipment that operates at engine-rated speed;

— cycle G3:

— edge trimmers;

— str

— blo

ing trimmers;

WEers;

— vacuum equipment;

— chain saws;
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— portable saw mills.
These lists are not exhaustive.

NOTE
according to that cycle (e.g. cycles D and C1).

7.5.3.6 Test cycle type H “Snowmobile”

Diesel engines of any rated power intended for applications listed in other test cycles can be tested

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; .Tableg
and RMC test modes are listed in A.7 and B.7 respectively.

7.6 | Transient cycles

7.6. General

Transient cycles are listed in Annex C as a second-by-second seqdence of normalized speed
valups. In order to perform the test on an engine test cell, th® hormalized values shall be
equivalent reference values for the individual engine.to be tested, based on specifi
torque values identified in the engine mapping curve. The eonversion is referred to as denot
and fthe resulting test cycle so developed as the referénce cycle of the engine to be tested.
refefence speed and torque values, the cycle shall be-run on the test cell, and the actual sp
and [power values shall be recorded. In order tos;validate the test run, a regression analy
refefence and actual speed, torque and power\values shall be conducted upon completion|
For ¢alculation of the brake specific emissioiis, the actual cycle work shall be calculated by
actupl engine power over the cycle. For cy¢le validation, the actual cycle work must be withir
limigs of the cycle work of the reference.eycle (reference cycle work).

7.6. Non-road transient cycle.(NRTC)

The jnon-road transient cycle (NRTC) may be applied to variable-speed compression-igniti
ignifion engines for mobile) use (NRMM) with a maximum power output between 19 kW 4§
thatjare also subject to.the C1 steady-state (discrete- or ramped- modal) cycle. This cycle do
to ngn-road engines.for applications that are not subject to the C1 test cycle.

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

7.6.2.1 <Test sequence for NRTC

of discrete

and torque
onverted to

speed and
malization,
With those
eed, torque
bis between
of the test.
integrating
prescribed

n or spark-
nd 560 kW
es not apply

The transient test cycle shall be run twice after completion of pre-conditioning:

a)

As cold start after the engine and aftertreatment systems have cooled down to room temperature

after natural engine cool down, or as cold start after forced cool down and the engine, coolant and
oil temperatures, aftertreatment systems and all engine control devices are stabilized between

20 °C and 30 °C. The measurement of the cold start emissions shall be started with the
cold engine.

start of the

b) Hot soak period - Immediately upon completion of the cold start phase, the engine shall be shut-
down and conditioned for the hot start by a 20 min 1 min hot soak period.
c) The hot-start shall be started immediately after the soak period with the cranking of the engine.

The gaseous analysers shall be switched on at least 10 s before the end of the soak period to avoid

switching signal peaks. The measurement of emissions shall be started in parallel with
the hot start phase including the cranking of the engine.

© IS0 2020 - All rights reserved

the start of

37


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

Brake specific emissions expressed in (g/kWh), or number per kilowatt-hour (#/kWh) for PN, shall be
determined by using the procedures of Clause 9 or H.7 for both the cold and hot start NRTC. Composite
weighted emissions shall be computed by weighting the cold start results by 10 % and the hot start
results by 90 % as detailed in Clause 9 or H.7. Other weighting factors for cold start (e.g. 5 %) and hot
start (e.g. 95 %) NRTC can be used if required by the parties involved. Sum of the two-weighting factor
must add to 100 %

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-
. . i . - or

b) amaxigpum power output greater than 30 kW but less than 560 kW;

¢) amaxifum engine speed <3 400 rpm.

This cycle dloes not apply to non-road engines that are not subject to the C2test cycle and doeg not
apply to enjgines for non-road utility vehicles with displacement <1 | and:maximum power <30 kW,
snowmobilgs, off-highway motorcycles or all-terrain vehicles (ATVs).

The sequente of normalized speed and torque values is given in C.3.

7.6.3.1 Testsequence for LSI-NRTC

The transiept test cycle shall be run once after completion ofpre-conditioning:

a) Warm uyp the test engine by starting and operatingfer the first 180 s of the duty cycle, then opgrate
atidle yithout load for 30 s. Emissions are not measured during this warm-up sequence.

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

Brake specific emissions expressed in {g/kWh), or number per kilowatt-hour (#/kWh) for PN, shall be
determined by using the procedures 0f)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 eniSsions will accurately represent those from an engine starting at rjoom
temperature. For example,if’an engine starting at room temperature warms up enough in 3 mjn to
start closed-loop operation-and achieve full catalyst activity, then minimal engine cooling is necessary
before starfing the next-test.

With the agreementof the parties involved, the engine warm-up procedure may include up to 15 mjin of
operation oferthe duty cycle.

7.7 Testcycle generation

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

This clause shall be used to generate the engine speeds and loads over which the engine shall be
operated during steady-state discrete-mode or RMC tests.

7.7.1.1 Generation of test speeds for engines tested with both transient and steady-state cycles

For engines that are tested with a transient cycle in addition to a steady-state cycle the MTS specified
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 permitted at the choice of the manufacturer.
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The MTS shall be used in place of rated speed when determining intermediate speed according to 7.2.3.

The idle speed shall be determined according to 7.2.4.

7.7.1.2 Generation 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
ratefi Speed.

The [dle 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.

7.7.1.3 Generation of load settings for each test mode

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

The [L00 % value at a given test speed shall be the measuted 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
for €ach test mode shall be calculated using the formula:

L
gz((P100%+PAUX >X_100 ]_PAUX (12)
whete
) is dynamometer setting in kW;
D

100% is 100 % value of measured or declared power at the specified test speed in kW;

P,ux  is sum of thedeclared total power absorbed by auxiliaries that are to be removed for the test
but whiclrare installed minus the declared total power absorbed by auxiliaries|that should
be fitted for the test but were not installed, (see 5.2.4) at the specified test speed in kW;

[, is’%torque.
A w3grm minimum torque that is representative of in-use operation may be declared. For example, if the

engipe-isitypically connected to a machine that does not operate below a certain minimum [torque, this
torq 1o may he declared and used for any load pninf that would otherwise fall helaw, this va ue.

In the case of cycle D1 and D2 the manufacturer shall declare the maximum continuous power and
rated power respectively and these shall be used as 100 % power when generating the test cycle.

7.7.2 Generation of NRTC and LSI-NRTC

This clause shall be used to generate the engine speeds and loads over which the engine shall be
operated during NRTC or LSI-NRTC tests.
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7.7.2.1 De

normalization of engine speed

Each engine speed from Annex C shall be denormalized using the following formula:

_ Mhorm ><(nMTS ~igle )

nref - 100 +nidle (13)
where

Npof is reference speed;

NMTS is maximum test speed;

Nidle is idle speed;

Nporm is value of NRTC or LSI-NRTC normalized speed taken from Annex C.
A declared MTS as specified by 7.2.1.2 is permitted at the choice of the manufacturer,
7.7.2.2 Denormalization of engine torque
The torque|values in the engine dynamometer schedule of Annex C arée normalized to the maxigum
torque at the respective speed. The torque values of the reference cycle shall be denormalized, ysing
the mapping curve determined according to 7.4.1, as follows:

T xT
T :_r orm max 14
ref 100 ( )

where

Tt is reference torque for the respectivereference speed;

Thax is maximum torque for the respective test speed taken from the engine mapping

performed according to 7.4:1 adjusted where necessary according to 7.7.2.2.1;

T orm 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 auxilliaries are fitted,in accordance with Annex G there shall be no adjustment to the maxifnum
torque for the respectivetest speed taken from the engine mapping performed according to 7.4.1.
Where, according te:h/2.1 or 5.2.2 necessary auxiliaries that should have been fitted for the test ar¢ not
installed, of auxiliaries that should have been removed for the test are installed, the value of T,,,, shall
be adjusted|according to this clause.

T hax :Tmap ~Thux (15)
where
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installed for the test.
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7.7.T.2.2 Declared minimum torque

pically connected to a machine that does not operate below a certain minimum«torque
be declared and used for any load point that would otherwise fall below this value.
.3 Example of denormalization procedure
h example, the following test point shall be denormalized:
s =43 %
s =82%
h the following values:
=2 200 /min
=600 /min

actual speed can be calculated as foHows:

43(2200-600)
et~ 100

+600=1288/ min

the maximum torque‘ef 700 Nm observed from the mapping curve at 1 288 /min|
Lie is:

82700
act — 100

=574 Nm

Testirun

8.1

General test sequence

To measure engine emissions the following steps have to be performed:

a)

Tmap  isunadjusted maximum torque for the respective test speed taken from the engine mapping
performed according to 7.4.1;

Tauyx =T -Tg

T; is torque required to drive auxiliaries that should have been fitted but were not installed
for the test;

T. is torque required to drive auxiliaries that should have been removed for the test but were

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

this torque

the actual

The engine test speeds and test loads have to be defined for the engine to be tested by measuring

the max torque (for constant-speed engines) or max torque curve (for variable-speed engines) as
function of the engine speed.

b)

speeds and torques (for variable-speed engines) found in 8.1 a).

test or test series (cold and hot cycle) in advance.

© IS0 2020 - All rights reserved
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The engine, equipment, and measurement instruments shall be prepared for the following emission
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d)

f)

g)

h)

i)

Pre-test procedures shall be performed to verify proper operation of certain equipment and
analysers. All analysers have to be calibrated. All pre-test data shall be recorded.

The engine shall be started (NRTC) or kept running (LSI-NRTC and steady-state cycles) at the
beginning of the test cycle and the sampling systems shall be started at the same time.

Emissions and other required parameters shall be measured or recorded during sampling time (for
NRTC and ramped-modal steady-state cycles throughout the whole test cycle.

Post-test procedures shall be performed to verify proper operation of certain equipment and
analysers.

PM filter(s) shall be pre-conditioned, weighed (empty weight), loaded, re-conditioneds a]gain
weighef (loaded weight) and then samples shall be evaluated according to pre- (8.4.1) and-postttest
(8.7.2) procedures.

Emissi@n test results shall be evaluated.

The following diagram gives an overview about the procedures needed to conduety NRMM test cycles

with measuring exhaust engine emissions.

42
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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'‘eycle as
necessary to check erigine/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 engine

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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8.2 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
with the sthtistical calculations in ISO 8178-1:2020, D.10. The standard error of the estimate,-S{, of
the sample [flow rate versus the total flow rate shall be determined. For each test interval, it'shalll be
demonstratled that Si was less than or equal to 3,5 % of the mean sample flow rate.

For any paif of flow meters, the recorded sample and total flow rates or their 1 Hz méeans shall be us¢d to
that each flow rate was constant within 2,5 % of its respective jmean or target flow [rate.
The following options may be used instead of recording the respective flow rate-0f each type of meter:

Critical-flow venturi option. For critical-flow venturis, the recorded venturi-inlet conditions or
their 1 [Hz means shall be used. It shall be demonstrated that thé.flow density at the venturi jnlet
was comstant within 2,5 % of the mean or target density overeach test interval. For a CVS criffical-

inlet was constant within +4 % of the mean or target absolute temperature over each test intefval.

Positive-displacement pump option. The recorded pump-inlet conditions or their 1 Hz means $hall
.It shall be demonstrated that the flow densify at the pump inlet was constant within +2,5 %
of the nhean or target density over each test interval. For a CVS pump, this may be demonstratgd by
that the absolute temperature at the*pump inlet was constant within +2 % of the megn or
target gbsolute temperature over each testinterval.

8.2.1.1.3 [Demonstration of proportional sampling

For any proportional batch sample such as a bag or PM filter, it shall be demonstrated that proportjonal
sampling wps maintained using one-of the following, noting that up to 5 % of the total number of|data
points may pe omitted as outliers.

Using good| engineering judgement, it shall be demonstrated with an engineering analysis that the
proportional-flow control.system inherently ensures proportional sampling under all circumstances
expected dyiring testing: For example, CFVs may be used for both sample flow and total flow if|it is
demonstratled that'they always have the same inlet pressures and temperatures and that they aliays
operate under critical-flow conditions.

Measured ofr calculated flows and/or tracer gas concentrations (e.g. CO,) shall be used to determing¢ 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 to extract a proportional raw exhaust gas sample, a fast
system response is required; this is identified by the promptness of the partial flow dilution system.
The transformation time for the system shall be determined by the procedure in ISO 8178-1:2020,
9.8.6.3.2 and the related Figure 1. The actual control of the partial flow dilution system shall be based
on the current measured conditions. If the combined transformation time of the exhaust gas flow
measurement and the partial flow system is <0,3 s, online control shall 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
combined rise time shall be <1 s and the combined delay time <10 s.The total system response shall
be designed so as to ensure a representative sample of the particulates, g,,,,; proportional to the
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conducted on a minimum 5 Hz data acquisition rate, and the following criteria shall be met:

-4:2020(E)

i Versus q,,.,, ; shall be

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

b) The standard error of estimate of g, ; 0n gy, ; shall not exceed 5 % of g, maximum.

€)  qmp intercept of the regression line shall not exceed +2 % of g,,,, maximum.

Look-ahead control is required if the combined transformation times of the particulate system, s, p

and

of the exhaust gas mass flow signal, f-g - are >0,3 s, In this case, a pre-test shall be

run and the

exhad
syst
pret

For

used,
That
dete)

8.2.2

8.2.1

If an|
perf]

8.2.1

For
max
whig

8.2.1

For
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The
rang

8.2.1

If th
corr

ust gas mass flow signal of the pre-test be used for controlling the sample flow into the
em. A correct control of the partial dilution system is obtained, if the time tracecoflg,,
pst, which controls g, is shifted by a “look-ahead” time of t5 p + t5¢ -

pstablishing the correlation between q,,, ; and gy,,c,,,; the data taken during‘the actual {
with q,,c,, ; time aligned by t5 ¢ relative to Dmp,i (no contribution from t&p,p to the time
is, the time shift between q,,,,, and gq,,, is the difference in their transformation time
rmined in ISO 8178-1:2020, 9.8.6.3.2.

. Gas analyser range validation, drift validation and drift correction

P.1 Range validation

analyser operated above 100 % of its range at any timie during the test, the following s
brmed:

2.1.1 Batch sampling

pbatch sampling, the sample shall be re<analysed using the lowest analyser range that
imum instrument response below 100-%. The result shall be reported from the lowest
h the analyser operates below 100.% of its range for the entire test.

2.1.2 Continuous sampling

continuous sampling, theentire test shall be repeated using the next higher analyser 1
yser again operates-above 100 % of its range, the test shall be repeated using the next h
test shall be continued to be repeated until the analyser always operates at less than
e for the entiretest.

r.2 Driftvalidation and drift correction

e driftds within #1 %, the data can be
betion. If the drift is greater than *1

either accepted without any correction or acg
%, two sets of brake specific emission resu

calct

particulate
of the

ew,pre

est shall be
alignment).
s that were

eps shall be

results in a
range from

ange. If the
gher range.
100 % of its

epted after
Its shall be
| be voided.

One set shall be calculated using data before drift correctlon 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 8178-1:2020, 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 8178-1:2020, 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 Vjsualinspection

The unused sample filter media shall be visually inspected for defects, defective filters.‘shal]l be
discarded.

8.2.3.3 Grounding

Electrically|grounded tweezers or a grounding strap shall be used to handle PM-filters as describ¢d in
ISO 8178-1:p020, 8.1.5.3.

8.2.3.4 Upused sample media

Unused sarIple media shall be placed in one or more containers that atre open to the PM-stabilizqtion
environment. If filters are used, they may be placed in the bottom:half of a filter cassette.

8.2.3.5 Stabilization

Sample medlia shall be stabilized in the PM-stabilizatiop’environment. An unused sample mediun] can
be considerjed stabilized as long as it has been in the'PM-stabilization environment for a minignum
of 30 min,|[during which the PM-stabilization environment has been within the specifications of
ISO 8178-1:p020, 8.1.5. However, if a mass of 400.jg or more is expected, then the sample media shdll be
stabilised f¢r at least 60 min.

8.2.3.6 Weighing
The sample|media shall be weighed.automatically or manually, as follows:

a) For autpmatic weighing, the automation system manufacturer's instructions shall be followed to
prepar¢ samples for weighing. This may include placing the samples in a special container.

b) For manual weighing, good engineering judgement shall be used.

c) Optionglly, substitution weighing is permitted (see 8.2.3.10).

d) Once a filteris 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 [SO 8178-1:2020, 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

46 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

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
(C,H5OH) 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 range. This is most appropriate when quantifying total PM masses that are less than 0,1 % of
the sample medium's mass. However, it may not be appropriate when total PM masses e€xteed 1 % of
the §ample 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 we¢ighing. The
mass of the substitution weight shall be corrected for buoyancy if the density of the’substitytion weight
is legs than 2,0 g/cm3. The following steps are an example of substitution weighing:

a) Electrically grounded tweezers or a grounding strap shall be used, as destribed in ISO 8178-1:2020,
B.1.5.3.

b) WA static neutralizer shall be used as described in ISO 8178-1:20260;.8.1.5.3 to minimize sttic electric
Charge on any object before it is placed on the balance pan.

c) A substitution weight shall be selected that meets théspecifications for calibration| weights in
SO 8178-1:2020, 8.1.5.2. The substitution weight shall*also have the same density ag the weight
Fhat is used to span the microbalance, and shall be similar in mass to an unused sample medium
(e.g. filter). If filters are used, the weight's mass;should be about (80 to 100) mg for typical 47 mm
Hiameter filters.

d) [[he stable balance reading shall be recordéd and then the calibration weight shall be r¢moved.

e) MAn unused sampling medium (e.g.~a_new filter) shall be weighed, the stable balamjce reading
recorded and the balance envireniment's dew point, ambient temperature, and gtmospheric
pressure recorded.

f) [The calibration weight shall'be reweighed and the stable balance reading recorded.

g) [hearithmetic mean of the two calibration-weight readings that were recorded immediptely before
hnd after weighing-the unused sample shall be calculated. That mean value shall be| subtracted
from the unused-sample reading, then the true mass of the calibration weight as sthted on the
calibration-weight certificate shall be added. This result shall be recorded. This is [the unused
sample's tare/weight without correcting for buoyancy.

h) [Chese substitution-weighing steps shall be repeated for the remainder of the unused sajnple media.

i) [Théuinstructions 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
inifial THC contamination and diluted (CVS) exhaust background corrections.

14

4) Sampling systems are considered contaminated if either of the following conditions applie

i) | The hydrocarbon emission level exceeds 2 % of the flow-weighted amean wet,| net
concentration expected at the HC standard.

ii) [ The PM emission level exceeds 5 % of the level expected at the standard and exceeds 20 pg
on a 47 mm PTFE membrane filter.

b) To predondition/decontaminate sampling systems, the following procédure should be used or good
engineg¢ring judgment shall be used to select a different procedure:

1) The¢ engine shall be started and good engineering judgment shall be used to operate it{at a
corjdition that generates high exhaust temperatures at the sample probe inlet.

2) Any dilution systems shall be operated at their expected flow rates. Aqueous condensdtion
shdll be prevented in the dilution systems.

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

4) PM]|shall be sampled for at least 10 min-using any sample media. The sample media may be
chgnged at any time during this proeess and may be discarded without weighing them.

5) Any gaseous sampling systemsythat do not require decontamination during this proceflure
maly be purged.

6) Calibrations or verifications on any idle equipment or analysers may be conducted during this
prdcedure.

c) Ifthe sampling systemis’still contaminated following the procedures specified in b) of this cljuse,
more aggressive procedures may be used to decontaminate the sampling system, as long ag the
decontamination~does not cause the sampling system to be cleaner than an equilibrium condjtion
such thpt artificially 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 contam1nat10n and allows air exchange and placed ina welghlng chamber for stabilization. At the
end g e A erecorded. The

filter
shal
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shall then bestored ina closed Petr1 dlSh or sealed fllter holder untll needed for test1
be used within eight hours of its removal from the weighing chamber.

. General requirements for preconditioning the sampling system and-the engine

[ing a test sequence as specified in this clause.

intent of preconditioning is to manage the representativeness of emissions and emiss
the duty cycle and to reduce bias in order to meet stable conditions for the following en

sions may be measured during preconditioning cycles./as long as a predefined
onditioning cycles are performed and the measurement system has been started acco
irements of 8.4.4.

amount of preconditioning shall be identifiedby the engine manufacturer before
ondition. Preconditioning shall be performed as follows, noting that the specifig
onditioning are the same ones that apply foremission testing.

2.1 Cold-start transient cycle (NRTC)

engine shall be preconditioned by;running at least one hot-start transient cycle. Addit]
be permitted. Immediately after completing each preconditioning cycle, the engine s
n and the engine-off hot-sdak period shall be completed. Immediately after complet|
onditioning cycle, the engine shall be shut down and the engine cool down described i
arted.

P.2  Hot-start transient cycle (hot-start NRTC or LSI-NRTC)

clause describes the pre-conditioning that shall be applied when it is intended to sampl]

the hotgstart NRTC without running the cold start NRTC, or for the LSI-NRTC. The ¢
reconditioned by running at least one hot-start transient cycle. Immediately after comj
onditioning cycle, the engine shall be shut down, and then the next cycle shall be star
ractical. The next preconditioning cycle should be started within 60 s after complet]

ned before

on controls
hission test.
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ted as soon
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preconditioning cycle. Where applicable, following the last 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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b)

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 is defined as
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

The engine| manufacturer shall select one of the following pre-conditioning sequences a) or b).| The

engine shal| be pre-conditioned according to the chosen sequence.

a)

b)

The engine shall be preconditioned by running at least the second half of the ramped-mo6dal dycle,
based an the number of test modes. Additional cycles shall be permitted. The engine shall n¢t be
shut dopvn between cycles. Immediately after completing each preconditioning gycle, the next ¢ycle
(including the emission test) shall be started as soon as practical. Where poSssible, the next ¢ycle
should pe started within 60 s after completing the last preconditioning cycle.

The engine shall be warmed-up and run until engine temperatures (cooling water and lubg oil)
have bgen stabilized on 50 % speed and 50 % torque for any RMC testcycle other than type [, E2,
or G, orjlnominal engine speed and 50 % torque for any RMC test e¢ycle D, E2 or G. The 50 % spepd is
calculated in accordance with 7.7.2.1 in the case of an engine where MTS is used for the genergtion
of test §peeds, and calculated in accordance with 7.7.1.2 in all 9ther cases. 50 % torque is defingd as
50 % of the maximum available torque at this speed.

8.4.3 Engine cool down (NRT(C)

A natural of forced cool-down procedure may be applied.

send cool ofl through the engine lubricatiop-system, to remove heat from coolant through the engine

Good engingering judgment shall be used to sét-up systems to send cooling air across the engiaj, to

cooling system, and to remove heat from any exhaust aftertreatment systems. In the case of a f
aftertreatment cool-down, good engineering judgment would indicate that the flowing of cooling air
not be starfed until the aftertreatmént 'system has cooled below its catalytic activation tempera
For platinum-group metal catalysts, this temperature is about 200 °C. Once the aftertreatment sy
has naturally cooled below its(catalytic activation temperature, good engineering judgment w
indicate thqt clean air with a’témperature of at least 15 °C shall be used, and the air directed thr
the aftertrgatment system-in-the normal direction of exhaust flow.

Any cooling procedurethat results in unrepresentative emissions is not permitted.

8.4.4 Preparation of measurement equipment for sampling

The followihgsteps shall be taken before emission sampling begins:

ced
shall
fure.
btem
ould
pugh

a) Leak checks shall be performed within 8 hours prior to emission sampling according to

ISO 8178-1:2020, 9.3.

b) For batch 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) Heatexchangers in the sampling system shall be pre-heated or pre-cooled to within their operating
temperature ranges for a test.

g) Heated or cooled components such as sample lines, filters, chillers, and pumps shall be allowed to
stabilize at their operating temperatures.

h) Exhaust dilution system flow shall be switched on at least 10 min before a test sequence.

i)

the procedure of 8.4.5.

j)

Any electronic integrating devices shall be zeroed or re-zeroed, before the start of any t

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

est interval.

8.4.%

App
swit]
emis

b Calibration of gas analysers

ropriate gas analyser ranges shall be selected. Emission analysers with automatic or m
ching are allowed. During a ramped-modal or a NRTC test and during a sampling period
sion at the end of each mode for discrete mode testing, the range of the.emission an

not e switched. Also the gains of an analyser's analogue operational amplifier(s) may not |

duri

All (
ISO

If sa

hg a test cycle.

B178-1:2020, 9.2. FID analysers shall be spanned on a carboitiumber basis of one (C;).

mple bags are used, they shall be evacuated.

8.4.¢ Adjustment of the dilution system

The
apa

total diluted exhaust gas flow of a full flow dilution system or the diluted exhaust gas f
"tial flow dilution system shall be set to elinfihate water condensation in the system, a

a filfer face temperature between 42 °C and 52 °C.

8.5

8.5.
The

b)

Crar

1

Engine starting and restarting

Engine start
engine shall be started:

hs recommended ifirthe owner's manual using a production starter motor or air-start
bither an adequately charged battery, a suitable power supply or a suitable compressed a

by using the dynamometer to crank the engine until it starts. Typically motor
within £25'% of its typical in-use cranking speed or start the engine by linearly ing
dynantometer speed from zero to 100 min~! below low idle speed but only until the eng

king'shall be stopped within 1 s of starting the engine. If the engine does not start 3

hnual range
bf a gaseous
hlysers may
be switched

ontinuous analysers shall be zeroed and spanned using gases that meet the specifications of

w through
d to obtain

system and
I source; or

the engine
reasing the
ine starts.

fter 15 s of

crar

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

8.5.2 Engine stalling

a)
b)

1 h Jooll 1 4= a | ] £, 4] ol 4o desadecl orde . | l h
Rlllg, CI ARG SIidIT UT StUPPTU dlIU LHT TTASUIT TUT LT 141Ut LU stdl U Uttt IIIICU, uniess t e

If the engine stalls anywhere during the cold start test of the NRTC, the test shall be voided.

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.

preconditioned and the test be repeated.
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d) Ifthe 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

8.6.1.1 Epgine warm up

The engine|shall be warmed-up using the pre-conditioning sequence in 8.4.2.3. Immediatelyfrom| this
engine conditioning point, the test cycle measurement starts without stopping the enginel

8.6.1.2 Performing discrete-mode test cycles

The test shiall be performed in ascending order of mode numbers as set out\for the test cycle|(see
Annex A).

Each mode has a mode length of at least 10 min, except when testing spatk-ignition engines using cycles
G1, G2 or G} where each mode has a length of at least 3 min. In each niode the engine shall be stabilized
for at least p min and emissions shall be sampled for 1 min to 3 min‘or gaseous and where applicpble,
PN emissiofis at the end of each mode, except when testing sparksignition engines using cycles G1, G2
or G3 wher¢ emissions shall be sampled for at least the last 2 min'of the respective test mode. Extended
time of sampling is permitted to improve the accuracy of PM{sampling.

The mode l¢ngth shall be recorded and reported.

The PM sampling may be done either with the single filter method or with the multiple filter method.
Since the relsults of the methods may differ slightly, the method used shall be declared with the resjlts;

For the single filter method, the modal weighting factors specified in the test cycle procedure and the
actual exhaust flow shall be taken into account during sampling by adjusting sample flow rate and/or
sampling tine, accordingly. It is required that the effective weighting factor (according to 9.2.5) of the

PM samplinfg is within +0,005 of thé weighting factor of the given mode as given in Annex A.

Sampling shall be conducted as late as possible within each mode. For the single filter method} the
completion fof PM sampling shall be coincident within +5 s with the completion of the gaseous emigsion
measuremegnt. The sampling time per mode shall be at least 20 s for the single filter method and at |east
60 s for thg multi-filter\iiethod. For systems without bypass capability, the sampling time per mode
shall be at Ieast 60 sdor single and multiple filter methods.

The engine|speed and load, intake air temperature, fuel flow and where applicable air or exhaust gas
flow shall becmeasured for each mode at the same time interval which is used for the measuremept of
the gaseous-eo dittonat-datarequiredforcatettatt

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 minl,
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

i
hllslllc wdl lllllls ulJ

The [engine shall be warmed-up using the pre-conditioning sequence in 8.4.2.4. Immediatg

engipe conditioning procedure, engine speed and torque shall be changed in a linear ramp
to the first mode of the test. Within 10 s after the end of the ramp, the test cycle meastiremen

8.6.2.2 Performing a ramped-modal test cycle

The famped-modal cycles are shown in Annex B.

The
nexti

engine shall be operated for the prescribed time in each mode. The transition from one
shall be done linearly in 20 s + 1 s following the tolerancesyptescribed in 8.6.2.4. (see A

ly after the
pf 20s+1s
[ shall start.

mode to the
nnex B).

Fory

of 1{Hz and this sequence of points shall be used to run the cycle. During the transiti

opeifator demand to go to maximum.

Ovef the whole RMC test cycle (duringceach mode and including the ramps between the

condentration of each gaseous pollutant shall be measured and the PM and where applig
sampled. The gaseous pollutants may be measured raw or diluted and be recorded cont
diluted, they can also be sampled' into a sampling bag. The particulate sample shall be d
conditioned and clean air. One-sample over the complete test procedure shall be taken, an

PM dollected on a single sampling filter.

For ¢alculation of the-brake specific emissions, the actual cycle work shall be calculated by
actupl engine powerever the complete cycle.

8.6.2.3 Emission test sequence

amped-modal cycles, reference speed and torque values shall be generated at a minimut

s, the denormalized reference speed and torque walues shall be linearly ramped bety
to generate reference points. The normalized refererice torque values shall not be linea
between modes and then denormalized. If the spéed and torque ramp runs through a poiry
engipe's torque curve, it shall continue to command the reference torques and it shall be allc

h frequency
bn between
veen modes
rly ramped
t above the
wed for the

modes), the
able, PN be
inuously; if
iluted with
d in case of

integrating

a) Execution of the RMC, sampling exhaust gases, recording data, and integrating measpired values

lrall'be started simultaneously.

b) Speed and torque shall be controlled to the first mode in the test cycle.

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

d) Atthe 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.

e) 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 3. Note that the RMC tolerances are different from the NRTC
tolerances of Table 4. When conducting testing of engines of maximum power greater than 560 kW, the
regression line tolerances of Table 4 and the point deletion of Table 5 may be used.

Table 3 — RMC regression line tolerances

Speed Torque Power
Standard error of estimate |maximum 1 % of rated maximum 2 % of maximum 2 % of
(Sgg) of y onfx speed maximum engine torque |maximum engine powgr
Slope of theregression 0,99to0 1,01 0,98 to 1,02 0,98 to 1,02
line, a;
Coefficient ¢f minimum 0,990 minimum 0,950 minimum,950
determinatipn, r?
y intercept qf the +1 % of rated speed +20 Nm or 2 % of +4 kW-or 2 % of
regression ljne, a, maximum torque maximum power

whichever is greater whichever is greater

In case of junning the RMC test not on a transient test bed, where the second by second speed|and
torque valups are not available, the following validation criteria shall be,used.

At each mofle the requirements for the speed and torque tolerances are given in 8.6.1.3. For the|20 s
linear speed and linear torque transitions between the RMC steady-state test modes (7.5.2) the folloywing
tolerances for speed and load shall be applied for the ramp, théspeed shall be held linear within +2 % of
rated speed. The torque shall be held linear within +5 % of the maximum torque at rated speed.

8.6.3 Transient test cycle (NRTC and LSI-NRT(C)

8.6.3.1 Ggpneral requirements

Reference speeds and torques commands-shall be sequentially executed to perform the transient test
cycle. Speed and torque commands shall'be issued at a frequency of at least 5 Hz. Because the reference
test cycle is|specified at 1 Hz, the in between speed and torque commands shall be linearly interpolated
from the reference torque values generated from cycle generation.

Small denofmalized speed valu€es near warm idle speed may cause low-speed idle governors to activate
and the engjne torque to exceed the reference torque even though the operator demand is at a mininpum.
In such casgs, it is recommended to control the dynamometer so it gives priority to follow the refergnce
torque inst¢ad of the reference speed and let the engine govern the speed.

Under cold{start.cenditions engines may use an enhanced-idle device to quickly warm up the erngine
and aftertijeatment devices. Under these conditions, very low normalized speeds will gengrate
reference speéds below this higher enhanced idle speed. In this case it is recommended controlling 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 executed according to the schedule of C.2.

At the end of the cycle, sampling shall be continued, operating all systems to allow systen response
timq to elapse. Then all sampling and recording shall be stopped, including the recordinglef background
samples. Finally, any integrating devices shall be stopped and the end of the test cycle shall pe indicated
in the recorded data.

Postitest procedures according to 8.7 have to be performed.

8.6.3.3 Performing an LSI-NRTC transient cycle test
Testjng shall be started as follows:
The fest shall commence according to the sequence given in Z6.3.1.

Datgd logging, sampling of exhaust gases and integrating measured values shall he initiated
simyltaneously with the start of the test cycle at the,end of the 30-second idle period fpecified in
7.6.3.1 b). The test cycle shall be executed according.to‘the schedule of C.3.

At the end of the cycle, sampling shall be continuved, operating all systems to allow system response
timg 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.

Postttest procedures according to 8.%shall be performed.

8.6.3.4 Cycle validation criteria for transient test cycle

In ofder to check the validity of a test, the cycle-validation criteria in this clause shall be agplied to the
reference and feedbackvalues of speed, torque, power and overall work.

8.6.3.5 Calculation of cycle work

Before calculating the cycle work, any speed and torque values recorded during engine stprting shall
be o itted Points with negative torque values have to be accounted for as zero work. The pactual cycle
work W, (kWh) shall be calculated based on engme feedback speed and torque values. The reference

i ? e values. The
actual cycle Work W, is used for comparison to the reference cycle Work W,..¢ and for calculating the
brake specific emissions (see Clause 9).

W, shall be between 85 % and 105 % of W

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=a;x+q, (16)

where

y isfeedback value of speed (min1), torque (Nm), or power (KW);

a, isslope of the regression line;
x  is reference value of speed (min1), torque (Nm), or power (kW);
a, isylintercept of the regression line.

The standayd error of estimate (Sg) of y on x and the coefficient of determination (12),shall be calculated
for each regression line (ISO 8178-1:2020, Annex D).

It is recommended that this analysis be performed at 1 Hz. For a test to be censidered valid, the criteria
of Table 4 shall be met.

Table 4 — Regression line tolerances

Speed

Torque

Power

Standard er

or of

<5,0 % of maximum

<10,0 % of maximum

<10,0 % of maximum

estimate (S{g) of y on x test speed mapped tdrque mapped power
Slope of theregression 0,95t0 1,03 0,83 to 4,03 0,89 to 1,03

line, a4

Coefficient ¢f minimum 0,970 mihimum 0,850 minimum 0,910
determinatipn, r2

y intercept df the +10 % of idle +20 Nm or +2 % of +4 kW or +2 % of
regression ljne, a, maximum torque maximum power

whichever is greater

whichever is greater

For regress
regression
and emissic
normalized
cycle; point

ion purposes only, peint-deletions are permitted where noted in Table 5 before doing
calculation. However;-those points shall not be deleted for the calculation of cycle ¥
ns. An idle pointis defined as a point having a normalized reference torque of 0 % and a
reference speed of 0 %. Point deletion may be applied to the whole or to any part o
5 to which thé point deletion is applied have to be specified.

Table 5 — Permitted point deletions from regression analysis

¢ the
vork

f the

Event Conditions (n = engine speed, T = torgue) Permitted poing
deletions
Minimum Npor = Nigle speed and power
operator
demand and
(idle point) T.er=0%
and
Tact > (Tref' 0,02 Tmaxmappedtorque)
and
Tact < (Tref +0,02 Tmaxmappedtorque)
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Table 5 (continued)
.. _ . _ Permitted point
Event Conditions (n = engine speed, T = torque) deletions

Minimum Nt £ 1,02 nppand T, > T power and either torque
operator or or speed
demand

Mact = Nref and Tact S Tref

or

Ny > 1'02 Nyt and Tref < Tact s (Tref + 0'02 Tmaxmappedtorque)
Maxfimum Mot < Npef AN Toop = Tror power and either torque
operator or or speed,
demfand

Myet 2 0'98 Nyef and Tact < Tref

or

Nace < 0,98 Npef and Tref > Tact 2 (Tref - 0,02 Tmaxmappedtorque)
Key)|
Npef reference speed (see 7.7.2)
Nidle idle speed
Nact actual (measured) speed
Tot reference torque (see 7.7.2)
Tt acutal (measured) torque
Tnasdmappedtorque  highest value of torque on the full-load torque curve mapped in accordance with [.4

8.7 | Post-test procedures

The following steps shall be taken after emission sampling is complete:

8.7.1 \Verification of proportional-sampling

For pny proportional batch sample, such as a bag sample or PM sample, it shall be verified that
progortional sampling was fnaintained according to 8.2.1. For the single filter method and the discrete
steafly-state test cycle, effective PM weighting factor shall be calculated. Any sample that dges not fulfil
the tequirements of 8.2-bshall be voided.

8.7.2 Post-test PM conditioning and weighing

Used PM sample filters shall be placed into covered or sealed containers or the filter holders shall be
clos¢d, inerder to protect the sample filters against ambient contamination. Thus protected, the loaded
filtefs have to be returned to the PM-filter conditioning chamber or room. Then the PM sample filters
shal] 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 8178-1:2020, 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 8178-1:2020, 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

in ISO 8178

-1:2020, 8.1.5.3.

8.7.2.4 Visual inspection

The collecte
of either th
matter cont
emissions.

proceeding

8.7.2.5 St

To stabilise
stabilizatio
long as it hg
the stabiliz

a) Ifitis ¢
assumi
stabiliz

filters)

b) Ifitise

filter sh

If a filtg
shall bd

8.7.2.6 D

The proced

8.7.2.7 T

Each buoya
post-test fil
Clause 9 an

bd PM samples and the associated filter media shall be inspected visually. If the condi
e filter or the collected PM sample appear to have been compromised, or if the partic
acts any surface other than the filter, the sample may not be used to determine'partic
n the case of contact with another surface, the affected surface shall be_cleaned be

abilization of PM samples

PM samples, they shall be placed in one or more containers: that are open to the
h environment, which is described in ISO 8178-1:2020, 8.1.5/1.'A PM sample is stabilizg
s been in the PM-stabilization environment for one of the follewing durations, during w
ition environment has been within the specifications of 150"8178-1:2020, 8.1.5.1:

xpected that a filter's total surface concentration of PM will be greater than 0,353 pg/q
ng a 400 pg loading on a 38 mm diameter filter stain area, the filter shall be exposed t
ption environment for at least 60 min before weighing. Note that 400 pg on sample medial

kpected that a filter's total surface concentration of PM will be less than 0,353 pg/mm?
all be exposed to the stabilization environment for at least 30 min before weighing.

r's total surface concentration 6f PM to be expected during the test is unknown, the f
exposed to the stabilization environment for at least 60 min before weighing.

etermination of post-testfilter mass

ires in 8.2.3 shall berepeated (8.2.3.6 to 8.2.3.9) to determine the post-test filter mass

ptal mass

Incy-corrected filter tare mass shall be subtracted from its respective buoyancy-corre
ter mass»The result is the total mass, my,;, which shall be used in emission calculatio
] Arinex H.

corresponds to an approximate brake specificemission of 0,07 g/kWh for a hot-start test.

ions
late
late

fore

PM-
d as
hich

hm?2,
the
(e.g.

, the

ilter

cted
NS 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:

a)

b)

)

9

9.1
Calc

the molar-based approach according to Annex H can be applied, which'is equally acceptable

9.1.]

The

desa

eval

9.1.2

The

exhad
to th

In th

loca

exhad
as in

this
calc

be uped. If the engine is equipped with an exhaust aftertreatment system, the exhaust sam
takejn downstream of the exhaust aftertreatment system.

9.1.2.1 , ‘Air and fuel measurement method (see ISO 8178-1:2020, 6.4.4.1)

whe

4:2020(E)

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
plus any additional time to account for analyser response.

sample gas,

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.

These data shall be used to validate and correct for drift as described in 8.2.2.

Data evaluation and calculation

Gaseous emissions

1lating gaseous emissions can be conducted by the mass-based procedtre in Clause 9. A

| General

paseous components emitted by the engine submitted for testing shall be measured by ]
ribed in [SO 8178-1:2020, Clause 7. They shall be determined in the raw or dilute exhau
1ation and calculation procedures are described.in®.1.3 and 9.1.4.

. Sampling for gaseous emissions
gaseous emissions sampling probes shall be fitted at least 0,5 m or 3 times the dian

ust pipe, whichever is larger, upstregam of the exit of the exhaust gas system but suffig
e engine as to ensure an exhaustgas temperature of at least 70 °C at the probe.

e case of a multi-cylinder engine with a branched exhaust manifold, the inlet of the pr
ed sufficiently far downstream so as to ensure that the sample is representative of

a “V” engine configdration, the manifolds should be combined upstream of the sampli
is not practical, etlier methods may be used (see ISO 8178-1:2020, 5.2.3). For exhaul
lation, the totalexhaust mass flow, determined according to one of the following for

ternatively,

he methods
st gas. Data

heter of the
iently close

bbe shall be
the average

ust emissions from all cylinders. In multi-cylinder engines having distinct groups of manifolds, such

ng probe. If
st emission
mulae shall
ple shall be

(17)

. . P
TITCWT Traw-,t L WL

re
dmaw, 1sinstantaneous intake air mass flow rate [kg/s];
dme; s instantaneous fuel mass flow rate [kg/s].
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9.1.2.2 Tracer measurement method (see ISO 8178-1:2020, 6.4.4.3)

This involves measurement of the concentration of a tracer gas in the exhaust. The calculation of the
instantaneous exhaust gas flow q,,,, ; [kg/s] shall be as follows:

_ th ><pe
Amew.i =106 x(c

where

(18)
mix,i b )

qy.  istracer gas flow rate [m3/s]:

Cmix,; 1§ instantaneous concentration of the tracer gas after mixing [pmol/mol];
Pe i$ density of the raw exhaust gas [kg/m3];
Ch i$ background concentration of the tracer gas in the intake air [pmol/mol].

concentratipn measured immediately before the test run and after the test rim When the backgr¢und
concentratipn is less than 1 % of the concentration of the tracer gas aftefniixing ¢ um
exhaust floy, the background concentration may be neglected.

The backgrpund concentration of the tracer gas ¢, may be determined by averaging the backgriund

mix,; 4t maxi

9.1.2.3 Ajr flow and air-to-fuel ratio measurement method (se€ISO 8178-1:2020, 6.4.4.4)

1
qmew,i ::qmaw,ix 1+ A (19)
—XA;
Fe
with:
138,0x 1+g—£+y
4, 2
A/F, = (20)
12,011+1,007 94x0+15,9994xe+14,006 7x5+32,065xy
) 2XCppq x1074
4
Ccog *10 - o " ccozd € 6 -
1do- “Ciiw X1074 | —x 5 [(ccoza+ccoa10 )
1+Cc0d><10
3,5%,
li — . C02d (21)
4,764x(1+%—5+y}<(%02d+cc0d><10‘4+cHCW><10_4)
where

dmaw,i 1S wetintake air mass flow rate [kg/s];
A/F,. is stoichiometric air-to-fuel ratio [-];
A; is instantaneous excess air ratio [-];

Ccoq  1s concentration of CO in the raw exhaust gas on a dry basis [pmol/mol];

Ccozq 1S concentration of CO, in the raw exhaust gas on a dry basis [%)];

Cucw  1s concentration of HC in the raw exhaust gas on a wet basis [pmol/mol C1];
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a is molar hydrogen-to-carbon ratio [-];

1) is molar nitrogen-to-carbon ratio [-];

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

y is atomic sulphur-to-carbon ratio [-].
9.1.3 Data evaluation

-4:2020(E)

For the evaluation of the gaseous emissions, the raw emission concentrations (HC, CO and NO,) and the

exhd
othe

shal

For d

and

defimed in Clause 3. Therefore, the response time of each gaseous emissions analyser

ust gas mass flow rate shall be recorded and stored with at least 2 Hz on a computer

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

alculation of the mass emission of the gaseous components the traces of the réeorded con
the trace of the exhaust gas mass flow rate shall be time aligned by the transformat

system. All

r data may be recorded with a sample rate of at least 1 Hz. For analogue analysets, the response

bvaluation.

centrations
ion time as
and of the

exhdust gas mass flow system shall be determined according to ISO 8178-1:2020, 9.1.6.2 [and 9.1.6.3,
resplectively, and recorded.
9.1.4 Calculation of mass emission
9.1.4.1 General
The [mass of the pollutants (g/test) shall be preferably determined by calculating the inqtantaneous
mas§ emissions from the raw concentrations of the pollutants, the u values from Table 6 and[the exhaust
mas$ flow, aligned for the transformation time as'determined in accordance with 9.1.3, and|integrating
the |nstantaneous values over the cycle in accordance with 9.1.4.2. Preferably, the corjcentrations
shoyld be measured on a wet basis. If measured on a dry basis, the dry/wet correction dccording to
9.1.9 shall be applied to the instantaneous-concentration values before any further calculatjon is done.
Optipnally, the mass emissions may.be calculated using the exact formulae of 9.1.4.3 with the prior
agreement of the parties involved. The exact formulae must be used if the fuel used for the test is not
spedified in Table 6, under multi-fuel operation or in case of dispute.
An elxample of the calculation’procedures is given in Annex F.
9.1.4.2 Calculation-method based on tabulated values of gas properties
9.1.4.2.1 Steady state test
The pmission rate of a gaseous emission Amgas,i for each mode i of the steady state test shall bg calculated.
The coreentration of the gaseous emission shall be multiplied by its respective flow:
qmgas,i :kh ><kxugas ><qmew i gas 1X5 600 (22)
where
Gmgas IS the emission mass flow rate of individual gas;
ky, is NOx correction factor [-], only to be applied for the NOx emission calculation (see 9.1.5);
k equals 1 for Cgas,i iN [umol/mol] and 10 000 for Caas,i 1N [% vol];
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Ugas 1S the ratio between density of exhaust component and density of exhaust gas;
Cgas is the concentration of the respective component in the raw exhaust gas [pmol/mol];
Qmew 1S the exhaust mass flow [kg/s].

For the calculation of NO,, the humidity correction factor - k4 or ky,,, as applicable and as determined
according to 9.1.6 - shall be used. The measured concentration s%all 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 6 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 mjass per test of a gaseous emission Mg [g/test] shall be calculated by multiplicatien of the
time alignef instantaneous concentrations and exhaust gas flows and integration over the test ¢ycle
according t¢ the following formula:

I=n

|
Mgas :]?th ><k><ugaS xZ(qmew‘i xcgas‘i) (23)
i=1
where

Ugas  |is the ratio between density of exhaust component and density of exhaust gas;

ky, is the NO, correction factor [-], only to be applied fok'the NO, emission calculation
(see 9.1.5);

k equals 1 for cg, ; in [umol/mol] and 10 000 for'c,, ; in [% vol];

Cgas,i  |is the instantaneous emission concentration in the raw exhaust gas, on a wet basis
[wmol/mol] or [% vol];

dmew,i |is the instantaneous exhaust gas mass flow rate on a wet basis [kg/s];

f is the data sampling rate [Hz];

n is the number of measurements.

For the cal¢ulation of NO,, theZhumidity correction factor ky,  and ky,  as applicable, as determlined
according tp 9.1.6, shall be-used.

The instantpneously measured concentration shall be converted to a wet basis according to 9.1.5, if not
already measured of a wet basis.

Values for ujaregiven in Table 6 for selected components based on ideal gas properties and a range of fjuels.

Table 6 — Values of u in the exhaust gas and density for various exhaust components

Gas NO, co HC o, 0, CH, HCHO | CH,OH
Pyas [kg/m?] 2,053 1,250 a 19636 | 14277 0,716 1,340 1,430
FUEL Pe Coefficient u,,

Diese?]%non—road 1,2943 | 0,001586 | 0,000966 | 0,000482 | 0,001517 | 0,001103 | 0,000553 | 0,001 035 | 0,001 104
gas-oi

a Depending on the fuel.
b AtA =2, wetair, 273K, 101,3 kPa.
¢ u accurate within 0,2 % for mass composition of: C= 66 % to 76 %; H=22 % to 25 %; N=0 % to 12 %.

d NMHC on the basis of CH; g3 (for total HC the g, coefficient of CH, is used).

e u accurate within 0,2 % for mass composition of: C3 =70 - 90 %; C, = 10 - 30 %.
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Table 6 (continued)
Gas NO, co HC co, 0, CH, HCHO CH;0H
RME 1,2950 | 0,001585 | 0,000965 | 0,000536 | 0,001516 | 0,001 102 | 0,000 553 | 0,001 035 | 0,001 104
Methanol 1,2610 | 0,001628 | 0,000991 | 0,001133 | 0,001557 | 0,001132 | 0,000 568 | 0,001 062 | 0,001 134
Ethanol 1,2757 | 0,001609 | 0,000980 | 0,000805 | 0,001 539 | 0,001 119 | 0,000 561 | 0,001 050 | 0,001 121

Ethanol for dedicated
compression ignition 1,276 8 | 0,001 609 | 0,000980 | 0,000780 | 0,001539 | 0,001119 | 0,000561 | 0,001 050 | 0,001121
engines (ED95)

Ethanol (E85) 1,2797 | 0,001604 | 0,000977 | 0,000 730 | 0,001 534 | 0,001 116 | 0,000559 | 0,001 047 | 0,001 117
E;ﬁ‘:f:ifjﬁe/c 126611 0,001 6211 0,000987 10,000 5284 1 0,001 551 1 0,001 128 | 9.000 5651 0,001058 | 0,001 129
Prophne 1,2805 | 0,001603 | 0,000976 | 0,000512 | 0,001533 | 0,001 115 | 0,000559 | 0,001,046 | 0,001 116
Butafe 1,2832 | 0,001 600 | 0,000974 | 0,000 505 | 0,001530 | 0,001 113 | 0,000 558 [ 0,001 044 | 0,001 114
LPGe 1,2811 | 0,001602 | 0,000976 | 0,000510 | 0,001533 | 0,001 115 | 0,0005597 0,001 046 | 0,001 116
Gasoline 1,2977 | 0,001582 | 0,000963 | 0,000 481 | 0,001513 | 0,001100 | 0,000552 | 0,001 032 | 0,001102
Petrdl (E10) 1,2931 | 0,001587 | 0,000966 | 0,000 499 | 0,001518 | 0,001 104 |[(D,000553 | 0,001 035 | 0,001 105
a epending on the fuel.

b A\t A =2, wetair, 273 K, 101,3 kPa.
¢ accurate within 0,2 % for mass composition of: C = 66 % to 76 %; H =22 % to 25 %; N = 0 % to 12:%.
d NMHC on the basis of CH, g3 (for total HC the ug, coefficient of CH, is used).

e accurate within 0,2 % for mass composition of: C3 =70 - 90 %; C, = 10 - 30 %.

9.1.4.2.3 Full flow dilution measurement (CVS)

The jexhaust mass flow rate shall be measured with\a constant volume sampling (CVS) sy$tem, which
may]use a positive displacement pump (PDP), a critical flow venturi (CFV) or a subsonic verturi (SSV).

For gystems with constant mass flow (i.e. with heat exchanger), the mass of the pollutants m,, [g/test]
shal| be determined from the following formula:

ngas :kh ><kxugas ><Cgas XMy (24)
whefe
Uoas IS the ratio between density of exhaust component and density of exhaust air (equivalent to
air density)pas’given in Table 6 or calculated with Formula (37);
Coas IS meanbdckground corrected concentration of the component on a wet basis [pmol/mol] or

[% volfrespectively;
k,, JSINO, correction factor [-], only to be applied for the NO, emission calculation;

k equals 1 for ¢, ; in [pmol/mol] and 10 000 for c,, ; in [% vol];

gas,i

mgq istotal diluted exhaust gas mass over the cycle [kg/test].

For systems with flow compensation (without heat exchanger), the mass of the pollutants mg,; [g/
test] shall be determined by calculation of the instantaneous mass emissions, by integration and by
background correction according to the following formula:

1 1
mgas =kh Xkx Z[(med,i ><Ce ><ugas ):|_|:(med ><Cd x(l_B }Xugas ]:| (25)

i=1

where
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¢, 1semission concentration in the diluted exhaust gas, on a wet basis [pmol/mol] or [% vol];

¢4 1s emission concentration in the dilution air, on a wet basis [umol/mol] or [% vol].

9.1.4.2.3.1 PDP-CVS system (see ISO 8178-1:2020, 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:

p.
m.,=1,293xV, xn_x—2> <273 26
ed 0 n

101,31

where
V is volume of gas pumped per revolution under test conditions [m3/rev];
np is total revolutions of pump per test [rev/test];
Pp is absolute pressure at pump inlet [kPa];
T 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 system yith flow compensation is used (i.e. without heat exchanger), the mass of the diluted exhaust
gas my, ; [kg] during the time interval shall be calculated as follows:

Moy ; =1,293xV, XNp ; x%x? (27)
where

V is volume of gas pumped per rewolution under test conditions [m3/rev];

Py is absolute pressure at pumiptinlet [kPa];

Np; is total revolutions ofpump per time interval i [rev/At];

T is average temperature of the diluted exhaust gas at pump inlet [K];

1,293 |[is air density’fkg/m3] at 273,15 K and 101,325 kPa.
9.1.4.2.3.2| CFV-GVSsystem (see ISO 8178-1:2020, 9.8.3)

The calculdtion*of the mass flow over the cycle m,y4 [g/test] is as follows, if the temperature of the
diluted ex&%ﬁ%@%@%&%&sﬁg—a—hﬂa&h&g&:j

_1,293xt><KV xpp
med -

_ (28)

where

64 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

t is cycle time [s];

Ky is calibration coefficient of the critical flow venturi for standard conditions
[(\/Exm‘* 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.

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

_1,293><At1. XKy XPy

Med,i = 70,5 (29)
whefe
t; is time interval of the test [s];
& is calibration coefficient of the critical flow venturifof standard conditions
[(\/Exm“ xs)/kg] ;
2 is absolute pressure at venturi inlet [kPa];
r is absolute temperature at venturi inlet [K|;

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

9.1.4.2.3.3 SSV-CVS system (see ISO 8178-1:2020, 9.8.4)

The [calculation of the diluted exhaustjgas mass over the cycle m.4 [kg/test] shall be as fo]lows, if the
temperature of the diluted exhaust'is kept within +11 K over the cycle by using a heat exchanger:

. =1,293%qyeey XAt (30)

whele

1,293 is airdensity [kg/m?3] at 273,15 K and 101,325 kPa;
¢ is.cycle time [s];

Hyséy ¢ is volumetric flow rate of the SSV [m3/s] according to ISO 8178-1:2020, 9.8.4.2.

If a systermmwithr flow compensation IS used (-, withiout Teat eXCITangeT ), the mass of the dituted exhaust
gas m,q ; [kg] during the time interval shall be calculated as follows:

Mg ; =1,293Xqygy XAt (31)

where

1,293 is air density [kg/m?3] at 273,15 K and 101,325 kPa;
At

; is time interval [s];

Qyssy  is volumetric flow rate of the SSV [m3/s] according to ISO 8178-1:2020, 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 ug,. It is assumed in the following formulae

that the con

centration c,, in Formula (22) is measured in or converted to pmol/mol.

ugas,i =]Wgas /(Me,i x1 000)

or
ugas,i =1

where

pgas
pe,i
The densiti

of the exhayist, M, shall be derived for a general fuel compesition CzH,0.N;S, under the assumpti

complete cd

)gas /(pe,i x1 000)

is molar mass of the gas component [g/mol];
is instantaneous molar mass of the wet raw exhaust gas [g/mol{;
is density of the gas component [kg/m3] = M, / 22,414 is optionally taken from Table

gas

is instantaneous density of the wet raw exhaust gas [kg/m3].

mbustion, as follows:

(32)

(33)

[y

S, Pgas are given for a number of exhaust gas components in Table 6. The molecular mass

n of

q
14 mfi
q .
Mei — maw,l1 (34)
’ H x1073 1
o & % a +
al.. Tf?; 2x1,007 94+15,9994 M__
2 . .
q|  12,001+1,007 94xa+15{999 4xe+14,006 7x5+32,006 5xy 1+H, x107
The exhausf density p, shall be dexived, as follows:
- 1000+H, +L000X(4,¢; / Gmaq; ) as)
ei” A
773,4+1,243 43H, + K X1 000X( Gt ; / Gpag.; )
where
ke =0,0p55584xwy; —0,000 108 3xw, —0,000 156 2xw; +0,007 993 6xw +0,006 997 8xw, (36)
9.1.4.3.2 Diluted gaseous emissions
=M__ /(M x1000)= Meas 37
Ugas,i =Mgas /( dw % )_ 1 1 (37)

66

[Mda‘w x(l—— ]+Mr,w x( D

D

=
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where

Mg,s  is molar mass of the gas component [g/mol];
My,, is molar mass of diluted exhaust gas [g/mol];
Mg, is molar mass of dilution air [g/mol];

M.,  is molar mass of raw exhaust gas [g/mol];

D is dilution factor [see Formula (50)] [-].

9.1.4.4 Calculation of NMHC and CH, with the non-methane cutter

The [concentration of NMHC and CH, shall be calculated as follows for propane as calipration gas,
byp4ssing NMC:

CHC(w/oCutter) ><( 1 _ECH4- )_CHC(W/Cutter)

ECH4)

ENMHC = (38)

(EC2H6_

| CHC(w/Cutter) ~CHC(w/oCutter) X(1-Egppe)
CeHa =

(39)
Jrr cuagric-rin) *(Eczne ~Ecua)

The [concentration of NMHC and CH, shall be calculated as follows for methane as calibration gas,
passing though the NMC:

CHC(w/o NMC) X(1-Ecya )_CHC(W/ NMC) ¥ JRF CH4[THC-FID] X(1-Ecyy)

'NMHC ~ (40)

(EC2H6 _ECH4 )

| CHe(w/ NMC) X JRE cH4[THC£1D) X(1-Ecya )_CHC(W/O NMC) X(1-Ecope)
FCcHa =

(41)
e cita[THC—FID] X(Econe —Ecua)

where

CHe(w/Cutter) 1S theHC concentration with the sample gas flowing through the NMC;
CHC(w/oCutter) 1S the HC concentration with the sample gas bypassing the NMC;

JrE cHarTC¥ID] 1S the response factor;

F 14 is the methane efficiency as determined per ISO 8178-1:2020, 9.5.7;

isthe ethane nffir'innr*y as determined per 1S0 8178-1 -7{]')(\’ QL8 7

LZH0

NOTE If a 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

Coy :kw #Cy (42)
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9.1.5.1 Raw exhaust

9.1.5.1.1 Complete combustion
qu,i
1,244 2><Ha +111,19><wH X
q .
k, =|1- madl__ 1,008
q .
773,441,244 2xH, +—"" xk.x1000
9mad,i
or
qu,i
1,244 2><Ha +111,19><wH X
k =1L 9mad,i b
v At i Py
773,4+1,244 2xH, +—""-xk;x1000
qmad,i
where
P is the water vapor pressure after cooling bath, kPa;
Py is the total atmospheric pressure, kPa;
dme;  |is the instantaneous fuel flow rate [kg/s];
Gmad,; |is the instantaneous dry intake air flow rate [kgy/s};
H, is the intake air humidity, g water per kg dryair;
Wy hydrogen content of the fuel [% mass];
k¢ is the fuel specific factor [see Formula (36]].
NOTE Fprmulae (43) and (44) are principally identical with the factor 1,008 in Formula (43) bein
approximatipn for the more accurate denominator in Formula (44).
9.1.5.1.2 [Incomplete combustion
! k
w1
. 140:x0,005%(Coge™Co )
W=
CPe
Py
where k4 Is the moisture in the intake air and is given by

1,6U6XH

k =
W171000+(1,608xH, )

where

Pr
Py

a

68

is the water vapor pressure after cooling bath, kPa;
is the total atmospheric pressure, kPa;

is the molar hydrogen ratio of the fuel;

(43)

(44)

g an

(45)

(46)

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

Ccoz isthe dry CO, concentration, % vol;
Cco isthedry CO concentration, % vol;

H

a

is the intake air humidity, g water per kg dry air.

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:

axc,
K e =H1_$}_sz}xl,008 (47)
or
1-k
k= Uk 1,008 (48)
w,e
14 %% Cco2d
200
where
Kwe  1sdry-to-wet conversion factor for the diluted €xhaust gas [-];
Y is molar hydrogen to carbon ratio of the fuel,[-];

Ccozw 1S concentration of CO, in the diluted exhaust gas on a wet basis [% vol];
Ccoza IS concentration of CO, in the dilufed exhaust gas on a dry basis [% vol].

The |[dry to wet correction factor k,,, takes-into consideration the water content of both infake air and
dilugion air:

voons{ {1 A5
2= o (49)
1000+{1,608><[HGl X(l_B ]+Ha X(B ﬂ}

whele

f

a

is intakeair humidity [g H,0/kg dry air] (see Annex D on wet air);
f1; is'dilution air humidity [g H,0/kg dry air] (see Annex D on wet air);

PDC is dilution factor [see Formula (50)] [].

9.1.5.3 Dilution factor

The dilution factor D [-] (which is necessary for the background correction and the k,,, calculation)
shall be calculated as follows:

a) For diesel fuelled engines and LPG fuelled gas engines

D= fs
2
Ccoze T(Chge tco,e 1X10

(50)
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b) For natural gas fuelled gas engines

K
D= = (51)
Ccoz,e T(Enmuc,e TCc0,e X110
where
Fg is stoichiometric factor v [-];

Ccoze | isconcentration of CO, 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 C,];
CnMHC,e| 1S concentration of NMHC in the diluted exhaust gas on a wet basis [umol/mol C4];
CcoLe is concentration of CO in the diluted exhaust gas on a wet basis [umol/miol].

The stoichigmetric factor shall be calculated as follows:

1

FS =100x (52)
1+g+3,76>< 1+g
2 4

where «a is mholar hydrogen to carbon ratio in the fuel [-].
Alternatively, if the fuel composition is not known, the followitig stoichiometric factors may be usef:
— Fg(diedel) = 13,4
— Fs(LPQ) =116
— F5(NG)=9,5

— Fg(E10) =13,3
— Fg(E8Y) =115

If a direct mheasurement is made-of the exhaust gas flow, the dilution factor D [-] may be calculatgd as
follows:

D:%

= (53)
quw
where
Qvevs is'the volumetric flow rate of diluted exhaust gas [m3/s];
Qvew is the volumetric flow rate of raw exhaust gas [m3/s].
9.1.5.4 Dilution air
kW,d =(1—kW3 )x1,008 (54)
with
1,608xH,
(55)

w37 1000+1,608xH,

where H, is dilution air humidity [g H,0/kg dry air] (see D.2.2.3 on wet air).
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9.1.6 NO, correction for humidity and temperature
a) For compression-ignition engines correct for intake-air humidity using the following formula:

As the NO, emission depends on ambient air conditions, the NO, concentration shall be corrected
for ambient air temperature and humidity with the factors k;, j, [-] given in the following formulae.
This factor is valid for a humidity range between 0 and 25 g H,0/kg dry air.

15,698xH, 0,632 (56)
= — } )
h,D 1000

vhere H, 1s humidity of the intake air [g H,0/Kg dry air].

Alternatively, the following formula may be applied to consider the impact of the ambient air
femperature.

1
k. =
B.D™1-0,0182x(H, ~10,71)+0,004 5x(T, —298)

(57)

where

H

a

is humidity of the intake air [g H,0/kg dry air];
T,

, isambient air temperature [K].

b) For spark-ignition engines correct for intake-air huniidity using the following formula:

ky, G =0,6272+44,030x1073 xH, —0,862x10"¥xH,? (58)

{1, Hy may be derived from relative humidity measurement, dewpoint measurement, vapor
pressure measurement or dry/wet bulb-measurement using the generally accepted formulae.

)
621,8x—2x
100 Pa

H, =
p.—P X_a
b "a"100
RH{
621'8X_de
H, = 100 (59)
RH,
ey x_
ByPa” 00

where ¢is,the relative humidity.

9.1.7_Cycle work and specific emissions

9.1.7.1 Transient and ramped-modal cycles

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 W, .. [kWh] is calculated as follows:

n n

1 1 1 2xm
W .= PxAt,=—X X X n. xT; 60
act 21 1 i f 3600 103 60 ;( i 1) ( )

where
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Ti
Wact
f

is instantaneous engine power [kW];
is the measurement interval [s]

is instantaneous engine speed [rpm];
is instantaneous engine torque [Nm];
is actual cycle work [kWh];

is data sampling rate [Hz];

n i

Where aux
instantaneq
been fitted
installed, th

=T,
where

T.

i,meas

Ti,AUX

The specifi
test cycle.

gas

=

where

Mgy |

w.

act

-

In case of t
start testa

e

m gas

number of measurements [-].

iliaries were fitted in accordance with Annex G there shall be no adjustment to
us engine torque. Where, according to 5.2.1 or 5.2.2 necessary auxiliaries that'should

for the test are not installed, or auxiliaries that should have been removed‘for the tes
e value of T; shall be adjusted as follows.

+T.

Pas i,AUX

is measured value of instantaneous engine torque;

emissions ey,

[g/kWh] shall be calculated in:the following ways depending on the ty

.
act

total mass of emission |g/test];
cycle work [kWh],

e composite NRTC, the final test result e
d hot start testby using:

gas [8/kWh] shall be a weighted average from

(0, 1m0 )+(0,9xmy )

gas

ct,hot )

In case of

the
have
L are

(61)

is corresponding value of torque required to drive auxiliaries determined according to 7.7.2.2.1.

be of

(62)

cold

(63)

0,1<Wyy o1q )+(0,9xW,
ration (C O 1 9 2 +bo oo

al a
PP 2 2P~ LE PoL 2 Lanarwiadi ) Aol o ot oo acifl rnaleciato—
T T CHOCTIC (PCTTOUTC) T CATIOU ST T CECTICTatIoTT (o 2z, cac SpCtITTCCTIT

I be

corrected with the multiplicative adjustment factors ky;,,. and kyp, [Formulae (5) and (6)] or with the
two separate pairs of adjustment additive factors ky;,. [upward factor of Formula (7)] and ky,. [downward

factor of Formula (8)].

Formula (63) specifies 10 % weighting factor for cold start and 90 % for hot start NRTC’s. If alternative
weighting factors are required by the parties involved; update the 0,9 and 0,1 for alternative weighting

factors (e.g.

72

5 % for cold start and 95 % for hot start NRTC) in this formula.
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9.1.7.2 Steady-state discrete-mode cycle

The specific emissions €gas [g/kWh] are calculated as follows:
mode
e _ i=1 (qmgas,i ><fWFi) (64-)
gas Mod
0 (P figr)
where
Q045 ; 1S Mean emission mass flow rate for the mode i [g/h];

N0de 1S the number of modes in applicable discrete mode NRSC;

P, is engine power for the mode i [KW] with P; = P, ; +P, ;

(see 7.7.1 and §:2)

fwri  1s weighting factor for the mode i [-].

9.1.8 NH; data evaluation

The pverage NH; concentration (pmol/mol/test) shall be determined by integrating the indtantaneous
valups over the cycle. The following formula shall be applied:

_1Ipi=n umol 1
(NH3 _;2i=1CNH3 'i[ mol test} (65)

Alternatively the NH; concentration may be weighted iy the exhaust mass flow

1=n .
zi:1CNH3,ime [umol 1 }

C = . (66)
NH; 21=”m mol test
i=1 G
whefe
Cyps,; 1S the instantaneous NH; concentration in the exhaust gas, pmol/mol;
n is the number of measurements.
For the composite NRTC;the final test result shall be determined with the following formul:
Pk, =( 01Xt cota )0 9%y, ot ) 67)

where

Ci3,c01d 1S the average NH; concentration of the cold start test, umol/mol;

CNH3hot 1S the average NHj concentration of the hot start test, pmol/mol.

For discrete-mode NRSC, the mean NH; concentration in the exhaust gas over the test cycle cyy3 [umol/
mol] shall be determined by measuring the mean concentration for each mode and weighting the result
according to the weighting factors applicable to the test cycle. The following formula shall be applied:

_ i=n de =
CNH, —Z,-zlmo * ONH i X fwri (68)
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where

ENH3,i is the mean NH; concentration in the exhaust gas for mode i [umol/mol];

n is the number of modes in the test cycle;

mode

fwri  Is the weighting factor for the mode i [-].

9.2 Particulate mass emission

9.2.1 General

ination of the particulates requires a dilution system. In this clause, dilution shall be
accomplish¢d by a partial flow dilution system. The flow capacity of the dilution system shall be large
enough to cpmpletely eliminate water condensation in the dilution and sampling systems, and maintain
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 espedially
useful if dilution air humidity is high. The temperature of the dilution air shall be between 20 °( and
52 °C (see 1$0 8178-1:2020, 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 erjgine exhaust stream, thus responding to excursions in the exhaust stream flow rate|and
introduce djilution air to this sample to achieve a temperature between 42 °C and 52 °C at the test fflter.
For this it i§ essential that the dilution ratio or the sampling xatio ry or r, be determined such thaf the
accuracy limnits of 9.2.2 are fulfilled. Different extraction niethods can be applied, whereby the type of
extraction ysed 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 sampling filters,
a micrograin balance and a temperature and humidity controlled weighing chamber are required] The
details of tHe system are described in ISO 8178¢1:2020, 8.1.

9.2.2 Particulate sampling

In general, fhe particulate samplingprebe shall be installed in close proximity to the gaseous emisgions
sampling pirobe, but sufficiently, distant as to not cause interference. Therefore, the installdtion
provisions |of 9.1.2 also apply-to particulate sampling. The sampling line shall conform to| the
requiremerjts of ISO 8178-1:2020, 7.4.2.

In the case pf a multi-cylinder engine with a branched exhaust manifold, the inlet of the probe shdll be
located sufficiently far{downstream so as to ensure that the sample is representative of the average
exhaust em|ssionsfrom all cylinders. In multi-cylinder engines having distinct groups of manifolds, such
as in a “V” ¢ngine’configuration, the manifolds should be combined upstream of the sampling probe. If
this is not practical, it is permissible to acquire a sample from the group with the highest partictilate
emission (reférence vy whith—have—beenr—shown—to—corretate—with—the—above
methods may be used. For exhaust emission calculation, the total exhaust mass flow shall be used.

9.2.3 Data evaluation

The tare weight of the filter, as determined in accordance with 8.4.1, shall be subtracted from the gross
weight of the filter, as determined according to 8.7.2, which results in the particulate sample mass m;.
For the evaluation of the particulate concentration, the total sample mass (mjp) through the filters
over the test cycle shall be recorded.

With the prior approval of the parties involved, the particulate mass may be corrected for the
particulate level of the dilution air, as determined in H.6.4.2, in line with good engineering practice and
the specific design features of the particulate measurement system used.
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9.2.4 Calculation of mass emission

The mass of particulates shall be calculated by either of the following methods. An example of the
calculation procedures is given in Annex F.

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

Moo= 69
"M %1000 (©9)
where
m, is particulate mass sampled over the cycle [mg];
. isaverage sample ratio over the test cycle [-].
with:
m m,
,«S — Se X SEp (70)
Mgy, Mgeq
whefe
m., is sample mass of raw exhaust over the cyele [kg];
m.,, istotal mass of raw exhaust over the€ycle [kg];

M., ismass of diluted exhaust gas passing the particulate collection filters [kg];

m is mass of diluted exhaustgas passing the dilution tunnel [kg].

sed

In cgse of the total sampling type'system, mg,, and mg,q are identical.

The |particulate emission over the cycle mpy [g] based on dilution ratio shall be calculatpd with the
following formula:

me  Mygr
M, =——x—24 71
PM ™ m. . 22000 (71)

sep

whele

Mg\ is particulate mass sampled over the cycle [mg];

M, is mass of diluted exhaust gas passing the particulate collection filters [kg];

myqs 1s mass of equivalent diluted exhaust gas over the cycle [kg].

The total mass of equivalent diluted exhaust gas mass over the cycle m 4 [kg] shall be determined as
follows:

1 n
Mg 4 :7X2 Tmedti (72)
i-1
qmedf,i =qmew,i er,i (73)
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qmdew,i

M=

qmdew,i _qmdw,i

where

qmedf,i
qmew,i

Fa,i

is instantaneous equivalent diluted exhaust mass flow rate [kg/s];
is instantaneous exhaust mass flow rate on a wet basis [kg/s];

is instantaneous dilution ratio [-];

qmdew,i
qmdw,i

f

n

is instantaneous diluted exhaust mass flow rate on a wet basis [kg/s];
is instantaneous dilution air mass flow rate [kg/s];
is data sampling rate [Hz];

is number of measurements [-].

9.2.4.2 F];ll flow dilution system

The mass e

oM =)
where
me i
Moy, |
Myq 1
with
Mg, =11
where
Mg 1
Mggq i
9.24.3 B

ission shall be calculated as follows:

M Med
N 1000

sep

i$ particulate mass sampled over the cycle Jmg];
i$ mass of diluted exhaust gas passing the particulate collection filters [kg];

i$ mass of diluted exhaust gas ovér the cycle [kg].

set "Mssd

mass of deuble diluted exhaust gas through particulate filter [kg];

mass‘of'secondary dilution air [kg].

The particu

Mpyc =

76

hckground correction

late mass mpy . [g] may be background corrected as follows:

m m m
e M (L)L Med
mSep my D 1000

(74)

(75)

(76)

(77)
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where

m¢  is particulate mass sampled over the cycle [mg];
M, is mass of diluted exhaust gas passing the particulate collection filters [kg];
mgy is mass of dilution air sampled by background particulate sampler [kg];

my,  is mass of collected background particulates of dilution air [mg];

m.q 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 dalculations shall be based upon the average values of the individualmodes during the sampling
peripd.

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 ISO"8178-1:2020, Figure 9:

Imedf = Imew <Td (78)
r, — 9mdew (79)
Tmdew ~Imdw
where
Qmedf is equivalent diltted exhaust mass flow rate [kg/s];
Qmew 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];
Qndw is dilution air mass flow rate [kg/s].

b) [For full-flow/dildtion systems q,,40, i used as q,qq-

The particulate emission flow rate over the cycle q,,p\ [g/h] shall be calculated as follgws:

1)A_'For the single-filter method

m 3600
quM msep qmedf 1 000
n
medst :quedfi ><fWFi (81)
i=1
n
msep =zmsepi [82)
)
where
QmpM is particulate mass flow rate [g/h];
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mg is particulate mass sampled over the cycle [mg];
Qmeds 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/sl;
Sfwri is weighting factor for the mode i [-];
Mo is mass of diluted exhaust gas passing the particulate collection fil-
ters [kg];
Mgepi is mass of diluted exhaust sample passed through the partieilate §am-
pling filter at mode i [kg];
n is number of measurements [-].
2)  Fpr the multiple-filter method
my; 3600
AmpMi =7 XDmedfi %300 (83)
m 1 sepi meari 1000
where
QmpMi is the particulate mass flow rate’at'mode i [g/h];
my; is the particulate sample mass corrected at mode i [mg];
Qmedfi is the equivalent dilutedexhaust gas mass flow rate on wet basis at
mode i [kg/s];
My is the mass of diluted exhaust sample passed through the particulate
sampling filteryat mode i [kg].
The PM mass is determined over thetest cycle by summation of the average values of the individual
modes | during the sampling period.
The particulate mass flow rate q,,py [8/h] may be background corrected as follows:
1)  Far the single-filtermethod
n
mg Mg 4 1 — 3600
=5 —=X 1-—— X X——— 84
2)  Fdrghe multiple-filter method
my; Mg 4 1 3600
= —| ——=X| 1-— || X X ——— 85
Ampmi {msepi { m, D Amedfi 1 000 (85)
where

78

is the particulate mass flow rate [g/h];
is the particulate mass flow rate at mode i [g/h];
is the particulate sample mass collected [mg];

is the particulate sample mass collected at mode i [mg];
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9.2.4

The
[/t

whe

The
shoyf

9.2.4
The

Myep, is the mass of diluted exhaust sample passed through the particulate sampling
filter [kg];

Mgep;  is the mass of diluted exhaust sample passed through the particulate sampling
filter at mode i [kg];

Mg 4 is the particulate sample mass of the dilution air collected [mg];

my is the mass of the dilution air sample passed through the particulate sampling
filters [kg];

D 1s the dilution factor [see Formula (50)] [-];

D; is the dilution factor at mode i [see Formula (50)] [-];

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

Umedf is the average equivalent diluted exhaust gas mass flow'rate on wet Hasis

[kg/sl;

[kg/s].
f more than one measurement is made m;4/mg shall be xeplaced with mg 4 /my .

.5 Transient and ramped-modal cycles

particulate specific emissions shall be calculated with Formula (62) where e
pst] are substituted by epy [g/kWh] and mpy{g/test] respectively:

[8/kW

gas

L _Mpm
FPM —

act

e

mpy  is total mass of particulates emission, calculated according to 9.2.4 [g/test];

14

act

is cycle work [kWh].

emissions on the-transient composite cycle (i.e. cold phase and hot phase) shall be c:
yn in 9.1.7.

.6 Steady-state discrete-mode cycle

particulate specific emission epy [g/kWh] shall be calculated in the following way:

Qmedsi 1S the equivalent diluted exhaust gas mass flow rate on wet basis at mpode i

h] and my,

(86)

hlculated as

a)

For the single-filter method

mpm

epy = 87
" :inl()de (B> fwri) o
where
P; is engine power for the mode i [kW] with P;= P ; + P, ; (see 7.7.1 and 5.2);
N.ode 1S the number of modes in applicable discrete mode NRSC;
Swri is weighting factor for the mode i [-];
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qnpm 1S particulate mass flow rate [g/h].

b)  For the multiple-filter method

n
mode
o (Gmpai *fiwri)
epy = - (88)
mode
0 (P figi)
where
P. is engine nowor for the mode j [KW 1 wzith P — D + P (sea 771 and 5 2):
1 o r el L 1 1 m,I aux,1 U — ==
nl 4e isthe number of modes in applicable discrete mode NRSC;
Sulri is weighting factor for the mode i [-];

qapm; 1S particulate mass flow rate at mode i [g/h].

9.2.5 Effective weighting factor (steady-state discrete cycles only)

For the single-filter method, the effective weighting factor, fyp.;, for eachtmode shall be calculat¢d in
the following way.

_ msepi XGnedf 89
Fureer = (89)
sep Amedfi

where

Qmedr |1 average equivalent diluted exhaust gas mass flow rate on wet basis [kg/s];
Qmedri |1s equivalent diluted exhaust gasmass flow rate on wet basis at mode i [kg/s];

Mge,  [is mass of diluted exhaust gds passing the particulate collection filters [kg];

m is mass of diluted exhaust sample passed through the particulate sampling filter at

mode i [kg].

sepi

The value (f the effectivesweighting factors shall be within 0,005 (absolute value) of the weighting
factors listgdd in AnnexA;

9.3 Adjuktment for emission controls that are regenerated on an infrequent
(periodic) basis

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 (kyy,. or ky,). In the case that infrequent
regeneration took place during the test the downward factor shall be applied (kyp, or kp,). In the case
of the discrete-mode cycle, where the adjustment factors have been determined for each mode they
shall be applied to each mode during the calculation of the weighted emission result.
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9.4 Particle number emission

9.4.1 Time alignment

For partial flow dilution systems residence time in the particle number sampling and measurement
system shall be accounted for by time aligning the particle number signal with the test cycle and the
exhaust gas mass flow rate according to the procedure in 9.1.3. The transformation time of the particle
number sampling and measurement system shall be determined according to SO 8178-1:2020, 8.4.3.2.

9.4.2 Determination of particle numbers for transient and ramped-modal cycles (RMC) with a
partj e .

9.4.2.1 Partial flow dilution sampling system

Whdre particle numbers are sampled using a partial flow dilution or a raw)gas sampling system
ding to the procedures set out in ISO 8178-1:2020, 8.3.2, the number of particles emitted over the
test cycle shall be calculated by means of the following formula:

m o
’\I:%xkxcS X f.x10° (90)

whele

v is number of particles emitted over the test cyele; #/test;

m.q¢ 1S mass of equivalent diluted exhaust gasover the cycle, determined according {o 9.2.4,
kg/test;

k’ is calibration factor to correct the particle number counter measurements to thellevel of
the reference instrument where'this is not applied internally within the particle humber
counter. Where the calibration;factor is applied internally within the particle number

counter, a value of 1 shall beused for k in the above formula;

C is average concentration of particles from the diluted exhaust gas corrected to standard
conditions (273,15 K and 101,33 kPa), particles per cubic centimetre;

f.  ismean particle roncentration reduction factor of the volatile particle remover specific to
the dilution-séttings used for the test.

c,  shall beealculated from the following formula:
Zi:nc
F = 121 S)i (91)
where
¢s; Isadiscrete 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.
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9.4.2.2 Raw gas sampling system

Where particle numbers are sampled using a raw gas sampling system according to the procedures set
out in ISO 8178-1:2020, 8.4, the number of particles emitted over the test cycle shall be calculated by
means of the following formula:

1 i mew i v
N=—x Zxc. . Kkx f.x100 (91a)
f Igl,( pe,i s,i r
where
N is the number of particles emitted over the test cycle [#/test];

dmew, |is the instantaneous exhaust gas flow rate on a wet basis [kg/s];

Pei is the instantaneous density of the exhaust gas in the standard conditionsy(273,15 K arjd
101,33 kPa) and on a wet basis [kg/m3] [refer to Formulae (35) and (36)};

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 particl
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;

[

is the mean particle concentration reduction factor of.thé volatile particle remover
specific to the dilution settings used for the test;

|

Cs is a discrete measurement of particle concentration in the raw exhaust gas from the
particle counter, corrected for coincidence andito standard conditions (273,15 K and
101,33 kPa), particles per cubic centimetre;

n is the number of particle concentration’measurements taken over the duration of the test;

f is the data sampling rate [Hz].

9.4.3 Determination of particle numbers for transient and ramped-modal cycles (RMC) with a

Where particle numbers are sarhpled using a full flow dilution system according to the procedurep set
out in ISO 8178-1:2020, 8.3.3,the number of particles emitted over the test cycle shall be calculatdd by

xkxc, X fx100 (92)

N is number of particles emitted over the test cycle, #/test;

m,q is total diluted exhaust gas flow over the cycle calculated according to the method
described in 9.1.4.2.3, kg/test;

k is 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;
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standard conditions (273,15 K and 101,33 kPa), particles per cubic centimetre;

c is average corrected concentration of particles from the diluted exhaust gas corrected to

f.  ismean particle concentration reduction factor of the volatile particle remover specific

to the dilution settings used for the test.

(93)

¢,  shallbe calculated from the following formula:
Z i:nc
_ i=1 S,I
¢, 1n1
where

9.4.4 Determination of particle numbers for discrete-mode cycles with partial flow ¢

raw

9.4.4.1 Partial flow dilution system

Where particle numbers are sampled using a partiakflow dilution system according to the
set qut in ISO 8178-1:2020, 8.3.2, the rate emission particles during each individual discretsg

r. . is a discrete measurement of particle concentration in the diluted gas exhaust fron

101,33 kPa), particles per cubic centimetre;

h  is number of particle concentration measurements taken over-the duration of the ]

gas sampling system

particle counter, corrected for coincidence and to standard conditions, (273,15 K apd

n the

est.

lilution or

procedures
mode shall

be calculated by means of the Formula (94) using’average values for the mode:
- med I
V=Y kxic, x . x106x3 600 (94)
1,293
whefe

N is the rate of emissioh of particles during the individual discrete mode, #/h;

Imeas 1S the equivalent diluted exhaust mass flow rate on a wet basis during the indivifual
discrete mode, determined according to Formula (78), kg/s;

k’ is thelealibration factor to correct the particle number counter measurements t¢ 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 pajticle
number counter, a value of 1 shall be used for k in the above formula;

C_ is the average concentration of particles from the diluted exhaust gas during th
individual discrete mode corrected to standard conditions (273,15 K and 101,33 kPa),
particles per cubic centimetre;

fr is the mean particle concentration reduction factor of the volatile particle remover
specific to the dilution settings used for the test.

with
zi=nc
— i=1 Sl
= (95)
n
where
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s,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  isthe number of particle concentration measurements taken during the individual discrete
mode sampling period.

9.4.4.2 Raw gas sampling system

Where particle numbers are sampled usmg araw gas sampllng system accordlng to the procedures set

calculated &

7= dme
Pe

where

qmew

Pe

y means of the followmg formula using average values for the mode:

- xkxc, X f, x109x3 600

is the rate of emission of particles during the individual discrete thode [#/h];

is the average exhaust gas flow rate on a wet basis during the individual discrete mode
[kg/sl;

is the calibration factor to correct the particle numbeircounter measurements to the
level of the reference instrument where this is not applied internally within the particl
number counter, a value of 1 shall be used for k inthe above formula;

is the average density of the exhaust gas in the standard conditions (273,15 K and
101,33 kPa) and on a wet basis during theindividual discrete mode [kg/m3] [refer to
Formulae (35) and (36)];

o

|

with

where

is the average concentration of particles from the raw exhaust gas during the individuz
discrete mode corrected to standard condition (273,15 K and 101,33 kPa), particles pe
cubic centimetre;

is the mean particle concentration reduction factor of the volatile particle remover
specific to the dilutien settings used for the test.

—1 S,i

[}

—

(97)

C

s,1

counter, corrected for coincidence and to standard condition (273,15 K and 101,33 kPa),
particles per cubic centimetre;

is a discrete measurement of particle concentration in the raw exhaust gas from the particle

n is the number of particle concentration measurements taken during the individual discrete
mode sampling period.

84
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9.4.5 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 specifications
set out in ISO 8178-1:2020, 8.3.3 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:

S I
N ="MW o T X f.x10° %3600 98
1,293 s%r (98)

where

N is the rate of emission of particles during the individual discrete mode, #/h;

Imdew 1S the total diluted exhaust mass flow rate on a wet basis during the indivjdual discrete
mode, kg/s;

i is the calibration factor to correct the particle number counter measurements tp 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 nymber
counter, a value of 1 shall be used for k in the above formula;

C is the average concentration of particles from the dilted exhaust gas during the individual
discrete mode corrected to standard conditions (273,15 K and 101,33 kPa), particles per
cubic centimetre;

f. is the mean particle concentration reduction factor of the volatile particle remoper specific
to the dilution settings used for the test:
with
S
- =1 S/ (99)
n
where

;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), patticles per cubic centimetre;

n  is the nunber of particle concentration measurements taken during the individual discrete
mode sampling period.

9.4.¢ Testresult

9.4.6- alewls ped-modal
cycles (RMC)
For each applicable individual RMC, hot NRTC and cold NRTC the specific emissions in number of
particles/kWh shall be calculated as follows:

o = N
PN _”7
act

(100)

where
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epy is the number of particles emitted per kWh;
N is number of particles emitted over the applicable RMC, hot NRTC or cold NRTC;
|4

act

is the actual cycle work according to 8.6.3.5, in kWh.

For an RMC, in case of an engine with infrequent (periodic) exhaust regeneration (see 5.5.1.2.2), the
specific emissions shall be corrected with the appropriate multiplicative adjustment factors ky;, and
kyp, [Formulae (5) and (6)] or with the appropriate additive factors ky;,. [upward factor of Formula (7)]
and kp, [downward factor of Formula (8)]. In the case that infrequent regeneration did not take place
during the test the upward factor shall be applied (ky;;,. or ky;,). In the case that infrequent regeneration
took place during the test the downward factor shall be applied (kyp, or kp,).

The result, where applicable, shall also be adjusted by the infrequent regeneration adjustment fctor
established|according to 5.5.1.2.

9.4.6.2 Weighted average NRTC test result

For the NRTC, the final test result shall be a weighted average from cold start.and hot start (including
periodic regeneration where relevant) tests calculated using one of the following formulae:

a) Inthe dase of multiplicative regeneration adjustment, or engines without periodically regenerating
after-treatment

S—er[( (O’IXNcold)+(O'9XNhot) )] 101)

e

gak
0, 1><Vl/act cold) (O 9><Vl/acthot

b) Inthe dase of additive regeneration adjustment

(( (0,1xNg1q ) +(0,9% Ny ) )] ([102)

0, 1><Vl/act cold )+(0 9><]/Vact hot

Coak =k .+

where

N.l,q  isthe total numben®©fparticles emitted over the NRTC cold test cycle;

Nyt is the total numiber of particles emitted over the NRTC hot test cycle;

4 Is the actualcycle work over the NRTC cold test cycle according to 9.1.7, in kWh;

ct,col

W] ¢ hot is the actual cycle work over the NRTC hot test cycle according to 9.1.7, in kWh;

isitHe regeneration adjustment, according to 5.5.1.2, or in the case of engines without
periodically regenerating after-treatment k. = 1.

In the case e erat : o to
applied (kMUr or kUr) In the case that 1nfrequent regeneratlon took place durlng the test the downward
factor shall be applied (kyp, or kp,).

The result, where applicable, shall also be adjusted by the infrequent regeneration adjustment factor
established according to 5.5.1.2.

Formulae (101) and (102) specify a 10 % weighting factor for cold start and 90 % for hot start NRTC’s. If
alternative weighting factors are required by the parties involved; update the 0,9 and 0,1 for alternative
weighting factors (e.g. 5 % for cold start and 95 % for hot start NRTC) in both formulae.
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9.4.6.3 Calculation of the specific emissions for discrete-mode NRSC tests

The specific emissions e [#/kWh] are calculated as follows:

4:2020(E)

(103)

n d .
o e (N> fri )
Mod
e (B> fwri)
where
P; is the engine power for the mode i [kW] with P;= P ;+ P,y ;5
fwri  1s the weighting factor for the mode i [-];
Ni is the mean emission number flow rate for the mode i [#/h] from Formula (96) or] (98)
depending upon the dilution method.
In cpse of an engine with infrequent (periodic) exhaust after-treatment, System regeng

5.5.1
fact
take
rege

Whs
duri

The
esta

.2.2), the specific emissions shall be corrected with either the applicable‘multiplicative

dr or with the applicable adjustment additive factor. In the case thatinfrequent regenerd

place during the test the upward factor shall be applied (ky;y, ©rky,). In the case thaf
neration took place during the test the downward factor shall Be applied (kyp,. or kp,).

re the adjustment factors have been determined for eachrmede, they shall be applied td
hg the calculation of the weighted emission result at Fexmula (103).

result, where applicable, shall also be adjusted by>the infrequent regeneration adjust
blished according to 5.5.1.2.

9.4.6.4 Rounding of final results

The
figu

Final NRSC and weighted average NRTC'test results shall be rounded in one step to threg
'es in accordance with ASTM E29£06b. No rounding of intermediate values leading

braKe specific emission result is permissible.

9.4.1

At t
may
filte
cond

Subt
appr
for d
sign

f  Determination of particle number background
ne engine manufacturer’s request, dilution tunnel background particle number con
be sampled, priorde or after the test, from a point downstream of the particle and h|
's into the particle number measurement system, to determine the tunnel backgroy
entrations.

raction of \particle number tunnel background concentrations shall not be allows
oval, butimay be used at the manufacturer’s request, with the prior approval of the parti
onformity of production testing, if it can be demonstrated that tunnel background cor
ficant, which can then be subtracted from the values measured in the diluted exhaust.

ration (see
adjustment
tion did not

infrequent

each mode

ment factor

e significant
to the final

centrations
[ydrocarbon
nd particle

ed for type
es involved,
tribution is

9.5

Specific requirements for dual-fuel engines

For engines that do not conform to the definition in 3.17 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 document to enable emission
testing of dual-fuel engines independent whether these emissions are solely exhaust emissions or also
crankcase emissions added to the exhaust emissions according to 5.5.2.
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Emission testing of a dual-fuel engine is complicated by the fact that the fuel used by the engine can
vary between pure liquid fuel and a combination of mainly gaseous fuel with only a small amount of
liquid fuel as an ignition source. The ratio between the fuels used by a dual-fuel engine can also change
dynamically depending of the operating condition of the engine. As a result, special precautions and

restrictions

are necessary to enable emission testing of these engines.

9.5.1.2 Test conditions (see Clause 5)

9.5.1.2.1

Laboratory test conditions (see 5.1.1)

The paramgter

9.5.1.3 T¢

9.5.1.3.1

A full-flow ¢
(CVS syste

This measu
mainly infl
methods de

st procedures (Clause 8)

Measurement pI‘OCEdUI‘ES

lilution measurement procedure for dual-fuel engines is described in 1S0)8178-1:2020,

).

rement procedure ensures that the variation of the fuel composition during the test
1ience the hydrocarbon measurement results. This shall bé compensated via one o
scribed in 9.5.1.4.

Raw gaseoys/partial flow measurement described in ISO 8178-1:2020, 8.3.2 may be used with {

precautions

9.5.1.4 E]

The emissi
gaseous fug
is acceptab
(e.g. pipelin|
testis cond

regarding exhaust mass flow determination and caletilation methods.

mission calculation

bn calculation requires knowledge of the composition of the fuels being used. Wh|
| is supplied with a certificate confirming the properties of the fuel (e.g. gas from bottl
e to use the composition specified by-the supplier. Where the composition is not avai
e fuel) the fuel composition shallbe-analysed at least prior to and after the engine emig

ras energy ratio (GER) is used it shall be consistent with the definition in 3.25. The ave
R over the cycle shall belcalculated by one of the following methods:

 the number of measurement points.

ng factorfor that mode and calculating the sum for all modes. The weighting factors sha
‘fom AnneX A for the applicable cycle.

Dry/wet correction (see 9.1.5)

icted. More frequent analysis shall be permitted and the results used in the calculation|

8.3.3

will
" the

ome

En a
ps) it
able
sion

rage

tstart transient cy€le and RMC NRSC by dividing the sum of the GER at each measureinent

frete-mode NRSC by multiplying the average GER for each test mode by the corresponding

1l be

Where the
value of GEI
a) For hot]
point b
b) For dis
weighti
taken f
9.5.1.4.1
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

Formulae (48) and (49) shall be used to calculate the wet/dry correction.

The molar hydrogen ratio a of the combination of the two fuels shall be used for the dry/wet correction.
This molar hydrogen ratio shall be calculated from the fuel consumption measurement values of both
fuels according to 9.5.2.
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9.5.1.4.2 NO, correction for humidity (see 9.1.6)

The NO, humidity correction for compression ignition engines as specified in 9.1.6 shall be used to
determine the NO x humidity correction for dual-fuel engines.

9.5.1.4.3 Partial flow dilution (PFS) and raw gaseous measurement (ISO 8178-1:2020, 8.3.2)

9.5.1.4.3.1 Determination of exhaust gas mass flow (ISO 8178-1:2020, 6.4.3)

The exhaust mass flow shall be determined according to the direct measurement method as described

in 1S0.8178-1:2020 643

Alternatively, the airflow and air to fuel ratio measurement method according to }SQ.8
6.4.4.4 and 9.1.2.3 [Formulae (19) to (21)] may be used only if a, y, 6 and € valués are

aCcCo

Exhd
6.4.4

For 1
bala

9.5.]

The
Tabl

the manufacturer.

a)

b)

ding to 9.5.2.2.2. The use of a zirconia-type sensor to determine the air fuel ratio is no

iust gas mass flow rate calculation based on air flow and fuel flow measurements (ISO 8
.1) may alternatively be used for steady-state testing.

aw gaseous measurement, exhaust mass flow may be calculated baSed on the fuel flow|
hce method (D.3.2.3.1), when the test mode is of a steady-state discrete mode type.

|.4.3.2 Determination of the gaseous components (see 9.1.4)

possible variation of fuel composition will influencerall the regulated u-factors (s
P 6) 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
consumption measurements or calculations; or

iwvhen the mass-based calculatien in 9.1.4.3 is used for the specific case of a dual{

1,.-values. These tabulateéd values shall be applied as follows:

178-1:2020,
determined
r allowed.

178-1:2020,

and carbon

be 9.1.4.2.2,
he choice of

hg chemical
bplied using
hneous fuel

fuel engine

bperated on gas and diesel fitel, tabulated values may be used for the molar componenit ratios and

g

1) For engines operated on the applicable test cycle with an average gas energy ratio 290 %
(GER = 0,9) thefrequired values shall be those for gaseous fuel, taken from Table 6.

) For enginés)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 repfesented by
thosefor a mixture of 50 % gaseous fuel and 50 % diesel fuel taken from Table 7 arld Table 8.

B) For'engines operated on the applicable test cycle with an average gas energy natio <10 %
(GER < 0,1) the required values shall be those for diesel fuel, taken from Table 6).

4) For the calculation of THC emissions the u, . 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 u,,  value on the basis of CH, 95 shall be used; in
all cases irrespective of the average gas ratio (GéR).

6) For the calculation of the CH, emissions, the u gas value of CH, shall be used; in all cases

irrespective of the average gas ratio (GER).
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Table 7 — Molar component ratios for a mixture of 50 % gaseous fuel and 50 % diesel fuel

(mass %)

Gaseous fuel a y 1) £
CH, 2,868 1 0 0 0,004 0
Gr 2,767 6 0 0 0,004 0
Gys 2,798 6 0 0,070 3 0,004 3
Gys 2,737 7 0 0,1319 0,004 5
Propane 2,263 3 0 0 0,0039
Butane 21837 8 0 6,603-8
LPG 2,1957 0 0 0,003.8
LPG Fuel A 2,174 0 0 0 0,003-8
LPG Fuel B 2,240 2 0 0 0;0039

Table 8 —| Raw exhaust gas u,,, values and component densities for a mixture,of 50 % gasepus
fuel and 50 % diesel fuel (mass %)

Gas
NO, co HC 0y 0, CH,
Gaseous fyel Pe Pgas [kg/m3]
2,053 1,250 a 1,963 6 1,427 7 0,716
ugas

CNG/LNG¢ 1,278 6 0,001 606 0,000978 | 0,000 528% | 0,0001536 | 0,001117 0,000 560
Propane 1,286 9 0,001 596 0,000972 0,000,510 | 0,0001527 | 0,001 110 0,000 9§56
Butane 1,288 3 0,001 594 0,000971 0,000 503 | 0,0001525 | 0,001 109 0,000 9§56
LPGe 1,288 1 0,001 594 0,000971 0,000 506 | 0,0001525 | 0,001109 0,000 9§56

b AtA=2,

and Gy;).

a2 Depending on fuel.
ry air, 273 K, 101,3 kPa.
¢ wuaccurafe within 0,2 % or mass composition of: C = 58 % to 76 %; H = 19 % to 25 %; N = 0 % to 14 % (CHy, G, G, G»3

4 NMHC o] the basis of CH; 93 (for total HE the Ug,s coefficient of CH, shall be used).
¢ wyaccurafe within 0,2 % for mass.composition of: C; = 27 % to 90 %; C, = 10 % to 73 % (LPG Fuels A and B).

9.5.1.4.3.3

In the case[that the exact formulae are applied to calculate instantaneous values of Ugas according to
9.5.1.4.3.2 d) thenzwhen calculating the mass per test of a gaseous emission for a transient or ranm)
shall be included in the summation in Formula (23) as follows:

modal cycld, uggg

Mass per test)of a gaseous emission

ed-

n
mgas :?'kh 'k'Z(ugas,i Tmew,i 'Cgas,i)

i=1

where ug, ;is instantaneous value of ug,.

gas,i

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)

(104)

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
transformation time of the exhaust flow measurement and the partial flow system exceeds 0,3 s, look-
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ahead control based on a pre-recorded test run shall be used. In this case, the combined rise time shall
be <1 s and the combined delay time <10 s. Except in the case that the exhaust mass flow is measured
directly the determination of exhaust mass flow shall use values of «, y, 6 and € determined according
t0 9.5.2.2.2.

The quality check according to 8.2.1.2 shall be performed for each measurement.

9.5.1.4.3.5 Additional requirements regarding the exhaust gas mass flow meter

The flow meter referred to in ISO 8178-1:2020, 6.4.3.1 shall not be sensitive to the changes in exhaust gas
composition and density. The small errors of e.g. pitot tube or orifice-type of measurement (equivalent
with the square root of the exhaust density) may be neglected.

9.5.1.5 Full flow dilution measurement (CVS) (8.2.1.1)

The possible variation of the fuel composition will mainly influence the tabulatédyhydrocarpon u-value
(Table 6) used with the mass based formulae in Clause 9. The exact formulae shall be applied for the
calctyilation of the hydrocarbon emissions using the molar component ratios’determined frjom the fuel
conjumption measurements of both fuels according to 9.5.2.

9.5.1.5.1 Determination of the background corrected concentrations (ISO 8178-1:2020, 5.2.5)

To dptermine the stoichiometric factor, the molar hydrogen ratie « of the fuel shall be calcuflated as the
averpge molar hydrogen ratio of the fuel mix during the testaccording to 9.5.2.

Alternatively the Fg value (see 9.1.5.3) of the gaseous fuel may be used in the Formulae (50)|and (51).

9.5.1.6 Equipment specification and verification

9.5.1.6.1 Water quench check (ISO 8178-1:2020, 9.5.9.1.5)
The water quench check in ISO 8178-1:2020, 9.5.9.1.5 shall likewise be performed for dual-fliel engines.

9.5.2 Determination of molarcomponent ratios and u,, values for dual-fuel engines

9,5.2.1 General

This|clause defines the.determination of molar component ratios and ug,s values for the dry-wet factor
and pmissions calctilations for emission testing of dual-fuel engines.

9.5.2.2 Determination of the molar component ratios when the fuel mix is known

9.5.2.271 ' Calculation of the fuel mixture components

The following formulae have to be used to calculate the elemental composition of the fuel mixture:

e =me1 +mf2 (105)
Wi Xqeq + Wy X
Wy =1 Amf1 T WhH2 ¥mf2 (106)
A1 T 9me2
Wy Xq,cq +Wey X
wg =—C1 Imf1 W2 XDmf2 (107)
Ame1 T mf2
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Weq X +We, X
wg =51 Tmf1 TWs2 X me2 (108)
nf1 T me2
Wy X + Wy, X
wy =1 Amf1 TWN2 X Dmf2 (109)
Dnf1 T me2
W X +Wq, X
wg =01 Imf1 TWo2 *mf2 (110)
Ame1 +qu2
where
Q1 [is fuel mass flow rate of fuell, kg/s;
Qmez  [is fuel mass flow rate of fuel2, kg/s;
Wy is hydrogen content of fuel, % mass;
we is carbon content of fuel, % mass;
Wg is sulphur content of fuel, % mass;
wy is nitrogen content of fuel, % mass;
wy is oxygen content of fuel, % mass.
9.5.2.2.2 [Calculation of 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:
WH
o=11,916 4x— 111)
e
Ws
y=0,374 64x—= n12)
We
WN
0=0,85752x— (113)
We
Yo
£=0,75072x— 114)
e
where
WH IS h}rdrngnn I‘nntnnt of Fun], 0[\) 1aASS;
we  is carbon content of fuel, % mass;
wg is sulphur content of fuel, % mass;
wy is nitrogen content of fuel, % mass;
wo  is oxygen content of fuel, % mass;
a is molar hydrogen ratio (H/C);
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y is molar sulphur ratio (S/C);

1) is molar nitrogen ratio (N/C);

€ is molar oxygen ratio (0/C).

referring to a fuel CH,0,S, N

9.5.2.2.3 Calculation of the u,, values for a fuel mixture

The raw exhaust gas u,.,. values for a fuel mixture can be calculated with the exact formulae in 9.1.4.3

and the molar ratios calculated according to this clause.

For pystems with constant mass flow, Formula (32) is needed to calculate the diluted ¢xhaust gas
Ugys Values.

10 Engine control area

10.1 General remarks

The |exhaust emissions are measured using the appropriate test cycles in accordance with 7.5 to 7.7.
The |emission results will therefore be representative for therespective test cycle. In addition, where
it is fequired that the emissions from certain engine families‘or groups shall be controlled |n areas not
covered by the test cycle, this clause shall apply. While this'document does not specify any|conformity
factgr for those areas, it defines the engine control area-depending on the engine operation described in
7.6 and 7.7.

Mechanically controlled engines with a fixed injection timing may not be designed to comply with a
confprmity factor in (certain ranges of) the emission control area.

NOTE Engine control area-standards dd-not apply to constant or variable-speed marine engines with a
cylinder capacity greater than 30 L.

10.2 Control area for enginestested to cycles C1, C2, E1 and H

Thege engines operate with variable speed and load. The control area, as shown in Figure 6 and Figure 7,
is ddfined as follows:

— lpper torque limit: full load torque curve;

— ppeed range:speed A to ny;;

— forquesange: 30 % to 100 %j;

where:

— speed A=ny, + 0,15 (ny; - n,);

— speed B=ny, + 0,50 (n; - ny,);

— speed C=ny, + 0,75 (ny; - n,);

with

n,, low speed (see 3.37);

ny; high speed (see 3.31).

If the measured engine speeds A, B and C are within +3 % of the engine speeds declared by the
manufacturer, the declared engine speeds shall be used. If the tolerance is exceeded for any of the test
speeds, the measured engine speeds shall be used.
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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 right of or below the
line formed by connecting the points of 30 % of maximum torque or 30 % of maximum power,
whichever 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 to the right of the line formed
by connecting the points of 30 % of maximum torque or 30 % of maximum power, whichever is
greater, at the B speed, 50 % of maximum power at 2 400 r/min, and 70 % of maximum power at the

ad
A= e o

high sp

Key
speed (9
torque (|
engine d
all emis;
PM carv

T

30 %»b

30 %a

0)
Do of maximum)
ontrol area
ions carve-out

b-out

2 W N R o~ S

o

% of ma

% of maE

imum torque

imum net power.

Figure 6 — Engine control area for Engines tested to cycles C1, C2, E1 and H, speed C <2 400 rpm
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/U704
50%b
50 %a
30 %p
30%-a
n

Key

n  ppeed (%)

T  forque (% of maximum)

1  pngine control area

2 pll emissions carve-out

3 PM carve-out

a %0 of maximum net power.

b Pb of maximum torque.

Figure 7 — Engine control area for Engines tested to cycles C1, C2, E1 and H, speed C >2 400 rpm

10.3 Control area for engines tested to cycles D1, D2, E2, G1, G2 and G3

Thege engines are mainly operated very close to their designed operating speed, hence the

fontrol area

is ddfined as:
— fpeed: 100 %
— lload: 50 % to 100 %.

10.4 Control areator engines tested to test cycle 1

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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30 %%

30 %a

n
Key
n  speed (%) D  upper aridlower tolerances for speed B (example)
T  torque (Po of maximum) 1 engine€ontrol area
A intermefliate speed 2 all'emissions carve-out
B rated spgeds 3 «Max power.
C  upper apd lower tolerances for speed A (example) _®y Max torque.

Figure 8 — Engine control for Engines tested to test cycle I

10.5 Control area for engines tested to E3 and ES5 test cycle

10.5.1 Control area for CIl marine engines

These engines are mainly{operated slightly above and below a fixed pitch propeller curve. The control
area is related to the fpropeller curve and has exponents of mathematical formulae defining the
boundaries|of the control area.

For E3 cycl¢ marine engines (see Figure 9):

a) Enginelcontrol area subzone A is defined by:

— upper boundary curve: P, o1 = 100 x (190, 1/90)3>;

— lower boundary curve: P 70 x (”100%, r,31/100)2'5;

max, rel =
— upper power limit: Full load power curve.

b) Engine control area subzone B is defined by:
— lower speed limit: 0,7 x nygq;

— upper boundary curve: P, ;= 100 x (190, 11/90)>;

— lower boundary curve: P, o1 = 70 x (900 re1/100)%5.
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c) Line separating engine control area subzone A and B is defined by the following end-point
coordinates:

— Ny00%, rel: /8,9; P 163,2;

max, re
nlOO%, rel* 84'6; Pmax, rel 46’1'
where

Phax rel 1S the percentage of the maximum net power;

1700%, rel tsthe pcrucutasc of 1700%

n100% is the 100 % speed for the corresponding test cycle.

Key
tpeed (%)

bower (% of maximum)
full logd-power curve

ipper boundary curve

ower boundary curve
separating line between engine control area subzone 5 and subzone 6
engine control area subzone A

S U1 B W N R TS

engine control area subzone B

[}

Lower speed limit of control area B (% of maximum speed).

Figure 9 — Engines tested to E3 test cycle
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For E5 cycle marine engines with an individual cylinder displacement <51 (see Figure 10):

a)

b)

d)

98

Engine control area subzone A is defined by:

— upper boundary curve: P, .o =100 x (11400, re1/90)35;

— lower boundary curve: Piax, rel = 70 % (”100%, re1/100)25;

— upper power limit: full load power curve;

— lower limit of control area A: 3 x (100 % - 1190, rel)-

Engine control area subzone b 1s defined Dy:

— lower speed limit: 0,7 xn_(100 %);

— upper boundary curve: P,y o1 = 100 x (n109, re1/90)35;

— lower boundary curve: P, o1 = 70 x (1900, re1/100)%5.

Engine(control area subzone C is defined by:

er boundary curve: P .. 11 = 100 x (1409, re1/90)35;
er power limit: full load power curve;

er speed limit: maximum speed permitted by governors

— lower power limit of control area C: 95 % power at 88;7 % speed.

Line sgparating engine control area subzone A and B is defined by the following end-point
coordirates:

- nlOD%, rel* 78,9; Pmax, rel 63,2;

— nlOD%, rel’ 84'6; Pmax, rel 46'1;
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Key

N O U W RS

[}

NOT

NOT

tpeed (%)

bower (% of maximum)

ipper power limit

ipper boundary curve

ower boundary curve

ower limit of engine control area subzongA

engine control area subzone A

engine control area subzone B

engine control area subzone(C

.ower speed limit of engine.¢ontrol area subzone B (% of maximum speed).
.ower power limit ofrengine control area subzone C (% of maximum power).

K1 nisexpressedas apercentage of the rated speed; P is expressed as a percentage of the max

£ 2 Emissien requirement for area A, B and C can be different. The limit for the entire area can|

Figure 10 — Engines tested to E5 test cycle

Imuim power.

be the same.

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:
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— Lower speed limit:

— Lower torque limit:
— Upper propeller curve boundary:

— Lower propeller curve boundary:

0,4 x 119094
0,25 x T,,,,, at rated speed;
1,51 = 0,16 nyg04, re;

15 _
n 0,08 1004, rel-

— Upper Torque limit: Full load torque curve
I
7
/
s
/
100%¢
40 %b—]
r e
< -
- 2
n
Key
n  speed (%) lower propeller curve boundary
T  torque (Pb of maximum) 5 engine control area
1  upper tqrque limit (full lead’torque curve) 2 Lower torquelimit for engine control area (% of maximum
2 nl5 (prdpeller curve) torque at rated speed).
3 upper pfopeller curvé boundary b Lower speed limit for engine control area (% of fated
speed).
¢ Upper speed limit for engine control area (% of fated
speed).

NOTE

Figure 11 — Engine tested to E4 test cycle

10.5.3 Control area for engines tested to the F cycle

nis expressed as a percentage of rated speed; T is expressed as a percentage of maximum rated torque.

These engines are mainly operated slightly above and below a cube law curve. The control area is
related to the cube law curve and is defined as follows

100
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— Lower speed limit:
— Lower power limit:
— Upper boundary curve:
— Lower boundary curve:

— Upper power limit:

0,63 x 119995
0,25 x P ax
Pmax, rel = 115 x (n100%, rel/loo)z'5

Pmax, rel = 85 x (n100%, rel/loo)4

Full load power curve

ISO 8178-4:2020(E)

— Upper speed limit: Maximum speed permitted by governor
where
Prnax rel 1S the percentage of the maximum net power (Py,,.);
1000, rel 1S the percentage of nyggo;
1009 is the 100 % speed for the corresponding test cycle.
P
1 // 2
e
3 ,
/
e
- 4
5
=
X
o
©
n
Key
n  ppeed\(%)
P power (% of maximum)
1 upper power limit (full load power curve)
2 cubic propeller curve
3  upper boundary curve
4  lower boundary curve
5 engine control area subzone A
6  engine control area subzone B
3 Lower power limit (% of maximum power).
b

Lower speed limit of control area B (% of maximum speed).

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
Speed? 100 % Intermediate Idl¢
TorqueP (% 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  See7.2,74 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
Speed? 100 % Intermediate Idle
Torque® (% 25 100 75 50 25 10 0
Weighting factor 0,06 0,02 0,05 0,32 0,30 0,10 0,15

a2 SeeZ7.2,74 and 7.7 for determination of required test speeds.

b The % tofque is relative to the maximum torque at the'commanded engine speed.

A.2 Test|cycles type D “Constantspeed”

Table A.3 — Table of cycles type D test modes and weighting factors

Mode number

(cycle D1) 1 2 3
Speed? 100 % Intermediate Idle
Torque® (% 100 75 50
Weighting 03 05 02
factor ’ ’ ’
Mode number
(cycle D2) 1 2 3 4 >
Speed? 100 % Intermediate Idle
Torquec¢ (%) 100 75 50 25 10
Weighting 005 | 025 | 03 | 03 | 01
actor

a  SeeZ7.2,74 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
ISO 8528-1.
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A.3 Test cycles type E “Marine applications”

Table A.4 — Table of cycles type E test modes and weighting factors

?’C';gg ]‘E‘;‘)mber 1 2 3 4 5
Speed? 100 % Intermediate Idle
TorqueP (%) 100 75 75 50 0
Weighting factor | 0,08 0,11 0,19 0,32 0,3
Mode number
(cycle E2) = - 3 *
Spegd? 100 % Intermediate Idle
Torgued (%) 100 75 50 25
Weipghting factor 0,2 0,5 0,15 0,15
1(\::1;2 : gg)mber 1 2 3 4
Speed? (%) 100 91 80 63
Power¢ (%) 100 75 50 25
Weighting factor 0,2 0,5 0,15 0,15
?’C'}‘,’C‘ c ]‘E‘X)‘“ber 1 2 3 4 5
Speed? (%) 100 80 60 40 Idle
Torqued (%) 100 71,6 46,5 25,3 0
Weipghting factor 0,06 0,14 0,15 0,25 0,40
1("5;’5 c ]‘E‘g)mber 1 2 3 4 5
Speed? (%) 100 91 80 63 Idle
Power¢ (%) 100 75 50 25 0
Weighting factor 0,08 0,13 0,17 0,32 0,3
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.
¢ Power (%) is relative to'the maximum rated power at the 100 % speed.
d Torque (%) is relative to the torque corresponding to the rated net power declared by the manufdcturer at the
comanded engine sgeed:-
A.4| Testeycle type F “Rail traction”

Table A.5 — Table of cycle type F test modes and weighting factors

Mode number 1 24 3
Speed? 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.
¢ 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
Speed? 100 % Intermediate Idle
TorqueP (%) 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
Speed? 100 % Intermediate 1dle
Torque® (% 100 75 50 25 10 q
Weighting factor 0,09 0,20 0,29 0,30 0,07 0,05
Mode numbyer 1 2
(cycle G3)
Speed? 100 % Intermediatge Idle
Torque® (% 100 q
Weighting factor 0,85 0,15
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$peed.

A.6 Test|cycle type H “Snowmobile”

Table A.7 — Table of cycle type H test modes and weighting factors

Mode numbjer 1 2 3 4 5
Speed? (%) 100 85 75 65 Idle
TorqueP (% 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 Torque|(%) 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 numher 1 | 2 3 4
Speeda (%) 1064 hrtermmediate
Torque® (%) 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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A.8 Combined table of the weighting factors (for information only)

Table A.9 — Combined table of the weighting factors

Torque (%) 100 | 75 | 50 | 25 | 10 [100 | 75 | 50 | 25 [ 10 | 0 Table
Speed? 100 % Intermediate Idle
Non-road vehicles
Cycle C1 0,15 0,15 | 0,15 01101101101 0,15 Al
Cycle C2 0,06 0,02 | 0,05 (0,32 {030 | 0,10 | 0,15 A2
Conptamtspeed —
Cycle D1 03] 0502 >
O M A3
Cycle D2 0,05[025] 03 | 03 | 01 KD
Utiljty, lawn and garden nJD‘ ’
Cycle G1 0,09 | 0,2 [0,29] 037007 | 0,05
Ccle G2 0,09] 02 [029] 03 |0,07 b ] 0,05 A6
Cycle G3 0,85 Y 0,15
Trapsport Refrigeration Unit X N
Cycle 1 | Jozsfozs| | |  Jozs|des| | | | A8
Marijine application O
Cycle E1 0,08 | 0,11 20,19 | 0,32 0,3
Crcle E2 02 | 05 |015 015 4 A4
Marjine application propeller law s\‘(\
Mode number 1 ) ®$ 2 3 4
(Cygle E3) AN
Speed (%)? 100 O 91 80 63
Ppwer (%)P 1004 75 50 25
Weighting factor (‘&v 0,5 0,15 0,15
i S BEEERE
Speed (%) C,” 100 80 60 40 | ldle|| paa
Tprque (%)> 10 100 71,6 46,5 25,3 0
Weighting factor ~\}’ 0,06 0,14 0,15 0,25 | 040
)
Mode number ‘@9 1 2 3 4+ | s
Speed (%)2)" 100 91 80 63 | Idle
Ppwer (%) 100 75 50 25 0
Weighting factor 0,08 0,13 0,17 032 | 03
SnotWwmobtle
l(‘g‘;,‘cife';‘)mber 1 2 3 4 5
Speed (%)? 100 85 75 65 Idle A7
Torque (%)P 100 51 33 19 0
Weighting factor 0,12 0,27 0,25 0,31 0,05
a  See 72,74 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)
Torque (%) 100 | 75 | 50 | 25 | 10 [100 | 75 | 50 | 25 | 10 | 0 Table
Speed? 100 % Intermediate Idle

Rail Traction | |
Mode number (Cycle F) 1 2 3

Speed? 100 % Intermediate Idle A5

Power (%)P 100 50 5
Weighting factor 0,15 0,25 0,6
a  See 7.2, JtramdtZ7fordetermimatiomrof requiTed test speeds:
b See tablelof each individual cycle for details of what each torque (%) or power (%) figure represents.
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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
Mo d;{ll\\laucmber Time gl)mode Engine speed?¢ Torque (%)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 trans]tion
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  BeeZ7.2,74 and 7.7 fer détermination of required test speeds.
b Torque (%) is relative to the maximum torque at the commanded engine speed.
¢ Advance from»ehe mode to the next within a 20-second transition phase. During the transition phasd, 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 (%)b<
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

a2 SeeZ7.2,7.4 and 7.7 for determination of required test speeds.
b Torque (%) is relative to the maximum torque at the commanded engine speed.

¢ 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)

Mo d:rl:/:lcmber Time Eg)mode Engine speed?° Torque (%)<
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 Transitign 20 Linear transition Linear transition
7a Steady-sfate 96 100 % 25
7b Transitipn 20 Linear transition Linear'transition
8 Steady-sthte 124 Idle 0
a  See7.2,74 and 7.7 for determination of required test speeds.
b Torque () is relative to the maximum torque at the commanded engine speed.
¢ Advance|from one mode to the next within a 20-second transition phase. During the transition phase, command a
linear progrefssion 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.2 Test|cycles type D “Constant speed”

Table B.3 — Table of RMCG-D2 test modes

mo dgrl\l/{[inber Time ;181)mode Engitespeed (%)? Torque (%)<
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, 14 andi%Zfor determination of required test speeds.
b Torque (Yo)is relative to the torque corresponding to the rated power declared by the manufacturer.
¢ 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 gl)mode Engine speed (%)? Torque (%)b¢
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 Lineartransitjon

4 Steady-state 175 100 50
a  BeeZ7.2,74 and 7.7 for determination of required test speeds.

b Torque (%) is relative to the maximum torque corresponding to the rated net power@eclared by the manufacturer at
the jommanded engine speed.

¢ Advance from one mode to the next within a 20-second transition phase. During the transition phasd, 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 test modes

ho dgxxcmber Time E;l)mode Engine speed (%)?° Power (%)Y¢
la Jteady-state 229 100 100
1b Transition 20 Linear transition Linear transitjon
2a Yteady-state 166 63 25
2b Transition 20 Linear transition Linear transitjon
3a §teady-state 570 91 75
3b Transition 20 Linear transition Linear transitjon
4 Steady-state 175 80 50
a  Bee7.2,7.4 and 7.7 for determination of required test speeds.
b Power (%) is relative to the mraximum rated power at the 100 % speed.
¢ Advance from one modejto the next within a 20-second transition phase. During the transition phasd, command a
linedr progression from¢the torque setting of the current mode to the torque setting of the next mode, and sijnultaneously
comnand a similar linearprogression for engine speed.

Table B.6 — Table of RMC-E5 test modes

the d;{ll:/{lcmber Time }:)mode Engine speed?¢ Power (%)Yc
la Steady-state 67 TdTe 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

a2 See7.2,7.4 and 7.7 for determination of required test speeds.

b Power (%) is relative to the maximum rated power at the 100 % speed.

¢ 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 i(;l)mode Engine speed?°c Power (%)bc

4a Steady-state 141 91 % 75

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 Power (%) is relative to the maximum rated power at the 100 % speed.

¢ Advance|from one mode to the next within a 20-second transition phase. During the transition phase,;;cemmand a
linear progrefssion from the torque setting of the current mode to the torque setting of the next mode, and simultanequsly
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 gl)mode Engine speed?*¢ Power (%)¢

la Steady-sfate 350 Idle 5b

1b Transitign 20 Linear transition Linear transition

2a Steady-sfated 280 Intermediate 50¢

2b Transitign 20 Linear transition Linear transition

3a Steady-state 160 100 % 100¢

3b Transitign 20 Linéar Transition Linear transition

4 Steady-stjte 350 Idle 5¢

a2 SeeZ7.2,74 and 7.7 for determination of required-test speeds.

b Power (%) at this mode is relative to the pewer at mode 3a.

¢ Power (%) at this mode is relative to thesmiaximum power at the commanded engine speed.

d  For engifpes using a discrete controlysystem (i.e. notch type controls) mode 2a is defined as an operation in the fjotch
closest to mofle 2a or 35 % of the rated power.

¢ Advance|from one mode to the next within a 20-second transition phase. During the transition phase, command a
linear progrejssion from the tergue setting of the current mode to the torque setting of the next mode, and simultanegusly
command a sjmilar linear pregression for engine speed if there is a change in speed setting.

B.5 Test|cycles type G “Utility, lawn & garden”

Table B.8 — Table of RMC-G1 test modes

mo dgll:/lucmber Time ;g)mode Engine speedac Torque (%) ¢
la Steady-state 41 Idle 0
1b Transition 20 Linear transition Linear transition
2a Steady-state 135 Intermediate 100

a2 SeeZ7.2,74 and 7.7 for determination of required test speeds.

b Torque (%) is relative to the maximum torque at the commanded engine speed.

¢ 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)
mo dgg{xcmber Time gl)mode Engine speed?c Torque (%)b<

2b Transition 20 Intermediate Linear transition
3a Steady-state 112 Intermediate 10

3b Transition 20 Intermediate Linear transition
4a Steady-state 337 Intermediate 75

4b Transition 20 Intermediate Linear transition
Sa Steadvy-state 5018 Intermediate 25 |

5b Transition 20 Intermediate Linear trahsition
6a {teady-state 494 Intermediate 50

6b Transition 20 Linear transition Linéar transifion
7 Steady-state 43 Idle 0

a2 PBee7.2,7.4 and 7.7 for determination of required test speeds.
b Torque (%) is relative to the maximum torque at the commanded engine speed.

¢ Advance from one mode to the next within a 20-second transition phase. During the transition phasd, command a
lineqr progression from the torque setting of the current mode to the torque setting of the next mode and sijnultaneously
comfnand a similar linear progression for engine speed if there is a change in{speed setting.

Table B.9 — Table of RMC-G2 test modes

o dgxlcmber Time gl)mode Engine'speed?c Torque (%]b<
la Yteady-state 41 Idle 0
1b Transition 20 Linear transition Linear transifion
2a Jteady-state 135 100 % 100
2b Transition 20 100 % Linear transition
3a {teady-state 112 100 % 10
3b Transition 20 100 % Linear transition
4a Jteady-state 387 100 % 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  PBee™2,'7.4 and 7.7 for determination of required test speeds.

b £

L0/ 3 | P i £ il dad o |
SrgH 7ot Terattveotiaxtitt - coragHe-aret-Cotiit areetreRgStt e-Speeer

¢ 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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B.6 Test cycle type H “Snowmobile”

Table B.10 — Table of RMC-H test modes

mo dgrlzfxcmber Time gl)mode Engine speed?¢ Torque (%)>¢
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
a2  SeeZ7.2,74 and 7.7 for determination of required test speeds.
b Torque () is relative to the maximum torque at the commanded engine speedt
¢ 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 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 gl)mode Engine speedac Torque (%)
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, 714 andZZfor determination of required test speeds.

b Torque (Yo)is relative to the maximum torque at the commanded engine speed.

¢ 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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C.1 _General

Annex C

(normative)

Transient test cycles

ISO 8178-4:2020(E)

C.2| NRTC engine dynamometer schedule
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ISO 8178-4:2020(E)

Table C.1 (continued)

114

Time Normalized speed | Normalized torque
O] (%) (%)
31 1 6
32 2 1
33 4 13
34 7 18
35 9 21
36 17 20
37 33 42 ‘19
38 57 46 ‘],Q
39 44 33 /bv
40 31 0 (\‘b
41 22 27 o
42 33 43 O
43 80 49 *‘io
44 105 47, O]
45 98 70 )"
46 104 36¢
47 104 «65
48 96 9 71
49 101 W ez
50 102 9 51
51 102 O 50
52 10200 46
53 102~ 41
54 102 31
55 | (v 89 2
56 | 82 0
52\ 47 1
=i 23 1
) 59 1 3
60 1 8
%Q 61 1 3
/\?‘ 62 1 5
S 63 1 6
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)

ISO 8178-4:2020(E)
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Time Normalized speed | Normalized torque
(O] (%) (%)
74 64 8
75 58 44
76 65 10
77 65 12
78 68 23
79 69 30
80 71 30 ‘19
81 74 15 ‘],Q
82 71 23 ,b“
83 73 20 AD
84 73 21 Q
85 73 19 0O
86 70 33\
87 70 30"
88 65 O
89 66 R
90 64 D 53
91 65 o 45
92 66 .\ 38
93 67.9 49
94 (69 39
95 ) 39
9% | 66 42
97 | 71 29
98\~ 75 29
| (99 72 23
P 100 74 22
o101 75 24
Q‘Q 102 73 30
X 103 74 24
%Q 104 77 6
z\?‘ 105 76 12
S 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
116 103 38
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ISO 8178-4:2020(E)

Table C.1 (continued)

Time Normalized speed | Normalized torque
O] (%) (%)
117 103 39
118 103 34
119 102 44
120 103 38
121 102 43
122 103 34
123 102 41 ‘19
124 103 44 ‘],Q
125 103 37 /bv
126 103 27 (\‘b
127 104 13 o
128 104 30 O
129 104 19 *‘io
130 103 28 , O]
131 104 40 )"
132 104 32¢
133 101 «63
134 102 -9 54
135 102 T s2
136 102 9 51
137 103 O 40
138 1040 34
139 102~ 36
140 - 104 44
141 | Y 103 44
142 [ 104 33
143\ 102 27
- at 103 26
Q‘})ms 79 53
| 146 51 37
%Q 147 24 23
/\?‘ 148 13 33
7o) 149 19 55
150 45 30
151 34 7
152 14
153 8 16
154 15 6
155 39 47
156 39 4
157 35 26
158 27 38
159 43 40
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Table C.1 (continued)
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Time Normalized speed | Normalized torque
(s) (%) (%)
160 14 23
161 10 10
162 15 33
163 35 72
164 60 39
165 55 31
166 47 30 ‘19
167 16 7 ‘],Q
168 0 6 /bv
169 0 8 /\‘b
170 0 8 Q
171 0 2 O
172 2 17, N7
173 10 28"
174 28 )31
175 33 8 30
176 36 N 0
177 19 9 10
178 1N 18
179 0 16
180 O 3
181 A1 4
182 [ 1 5
183 ¢ 1 6
184 1 5
o (185 1 3
D 186 1 4
| 187 1 4
Q‘Q 188 1 6
X 189 8 18
%Q 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 0 12
200 8
201 22
202 12 20
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ISO 8178-4:2020(E)

Table C.1 (continued)

Time Normalized speed | Normalized torque
O] (%) (%)
203 14 20
204 16 17
205 20 18
206 27 34
207 32 33
208 41 31
209 43 31 ‘19
210 37 33 ‘],Q
211 26 18 /bv
212 18 29 AD
213 14 51 ‘b\
214 13 11 O
215 12 9 *‘io
216 15 33 , O]
217 20 25 O
218 25 a7<
219 31 €29
220 36 9 66
221 66 & 40
222 50 o9 13
223 16 .0 24
224 26\~ 50
225 (6 23
226 W - 81 20
227 | 83 11
228 [ 79 23
229\ 76 31
230 68 24
Q‘})231 59 33
| 232 59 3
%Q 233 25 7
s 234 21 10
S 235 20 19
236 4 10
237 5 7
238 4 5
239 4 6
240 4 6
241 4 5
242 7 5
243 16 28
244 28 25
245 52 53
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Table C.1 (continued)

ISO 8178-4:2020(E)

Time Normalized speed | Normalized torque
(O] (%) (%)
246 50 8
247 26 40
248 48 29
249 54 39
250 60 42
251 48 18
252 54 51 ‘19
253 88 90 ‘],Q
254 103 84 /bv
255 103 85 AD
256 102 84 Q
257 58 66 .
258 64 97, -
259 56 800
260 51 )7
261 52 ~ < 96
262 63 D 62
263 71 O 6
264 33 16
265 479 45
266 3 56
267 o 42 27
268 | () 42 64
269 [ 75 74
270 68 96
| (271 86 61
P 272 66 0
| 273 37 0
Q‘Q 274 45 37
X 275 68 96
%Q 276 80 97
&?‘ 277 92 96
S 278 90 97
279 82 96
280 94 81
281 90 85
282 96 65
283 70 96
284 55 95
285 70 96
286 79 96
287 81 71
288 71 60
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120

Table C.1 (continued)

Time Normalized speed | Normalized torque
O] (%) (%)
289 92 65
290 82 63
291 61 47
292 52 37
293 24
294 20
295 39 48 ‘19
296 39 54 ‘],Q
297 63 58 /bv
298 53 31 AD
299 51 24 ‘b\
300 48 40 O
301 39 0 X%
302 35 18 , O]
303 36 16 )"
304 29 a7<
305 28 21
306 31 -9 15
307 31 o 10
308 3 39 19
309 49 O 63
310 78\~ 61
311 78 46
312 W - 66 65
313 | v 78 97
314 [ 84 63
315\ 57 26
316 36 22
ngn 20 34
| 318 19 8
%Q 319 9 10
s 320 5
S 321 11
322 15 15
323 12 9
324 13 27
325 15 28
326 16 28
327 16 31
328 15 20
329 17 0
330 20 34
331 21 25
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Table C.1 (continued)

ISO 8178-4:2020(E)

Time Normalized speed | Normalized torque
(O] (%) (%)
332 20 0
333 23 25
334 30 58
335 63 96
336 83 60
337 A1
338 26 0 ‘19
339 29 44 ‘],Q
340 68 97 /bv
341 80 97 AD
342 88 97 Q
343 99 88
344 102 86,
345 100 82"
346 74 79
347 57 879
348 76 T 97
349 84 o9 97
350 86 .\ 97
351 810 98
352 (83 83
353 Ak 65 96
354 | () 93 72
355« [ 63 60
356 72 49
| (357 56 27
P 358 29 0
| 389 18 13
Q‘Q 360 25 11
X 361 28 24
%Q 362 34 53
s 363 65 83
S 364 80 44
365 77 46
366 76 50
367 45 52
368 61 98
369 61 69
370 63 49
371 32 0
372 10 8
373 17 7
374 16 13
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ISO 8178-4:2020(E)

Table C.1 (continued)

122

Time Normalized speed | Normalized torque
O] (%) (%)
375 11 6
376 9 5
377 9 12
378 12 46
379 15 30
380 26 28
381 13 9 ‘19
382 16 21 ‘],Q
383 24 4 ,b&‘
384 36 43 AD
385 65 85 ‘b\
386 78 66 O
387 63 39 *‘io
388 32 34, O]
389 46 55 Q°
390 47 42<
391 42 €39
392 27 9 o
393 14 NN
394 14 9 14
395 24O 54
396 60~ 90
397 (53 66
398 W 70 48
399 | 77 93
400 [ 79 67
41\ I 46 65
a2 69 98
) 403 80 97
| 404 74 97
%Q 405 75 98
s 406 56 61
S 407 42 0
408 36 32
409 34 43
410 68 83
411 102 48
412 62 0
413 41 39
414 71 86
415 91 52
416 89 55
417 89 56
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ISO 8178-4:2020(E)

Table C.1 (continued)

Time Normalized speed | Normalized torque
(O] (%) (%)
418 88 58
419 78 69
420 98 39
421 64 61
422 90 34
423 88 38
424 97 62 ‘19
425 100 53 ‘],Q
426 81 58 /bv
427 74 51 AD
428 76 57 Q
429 76 72 O
430 85 72, \7
431 84 600
432 83 _O72
433 83 S8 72
434 86 o 7
435 89 o9 72
436 86 .\ 72
437 870 72
438 (88 72
439 - 88 71
440 | ) 87 72
441 (| . 85 71
4423 88 72
| (443 88 72
D 444 84 72
|45 83 73
Q‘Q 446 77 73
X 447 74 73
%Q 448 76 72
z\?‘ 449 46 77
S 450 78 62
451 79 35
452 82 38
453 81 41
454 79 37
455 78 35
456 78 38
457 78 46
458 75 49
459 73 50
460 79 58
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Table C.1 (continued)

124

Time Normalized speed | Normalized torque
O] (%) (%)
461 79 71
462 83 44
463 53 48
464 40 48
465 51 75
466 75 72
467 89 67 ‘19
468 93 60 ‘],Q
469 89 73 /bv
470 86 73 (\‘b
471 81 73 o
472 78 73 O
473 78 73 *‘io
474 76 73, O]
475 79 73 )"
476 82 73¢
477 86 W3
478 88 9 7
479 92 N o7
480 97 9 54
481 3.0 43
482 36~ 64
483 (63 31
484 W - 78 1
485 | Y 69 27
486 | 67 28
487 72 9
R 71 9
) 489 78 36
1 490 81 56
%Q 491 75 53
z\?‘ 492 60 45
S 493 50 37
494 66 41
495 51 61
496 68 47
497 29 42
498 24 73
499 64 71
500 90 71
501 100 61
502 94 73
503 84 73
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Table C.1 (continued)
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© IS0 2020 - All rights reserved

Time Normalized speed | Normalized torque
(O] (%) (%)
504 79 73
505 75 72
506 78 73
507 80 73
508 81 73
509 31 73
510 83 73 ‘19
511 85 73 ‘],Q
512 84 73 /bv
513 85 73 AD
514 86 73 Q
515 85 73 O
516 85 73, N\~
517 85 2
518 85 ROXE
519 83 ¢ 73
520 79 73
521 78 o 73
522 81 .\ 73
523 8290 72
524 94 56
525 ok 66 48
526 | ()~ 35 71
527 o 51 44
528" 60 23
| (529 64 10
D 530 63 14
\./
| 531 70 37
Q‘Q 532 76 45
X 533 78 18
%Q 534 76 51
/\?‘ 535 75 33
S 536 81 17
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
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ISO 8178-4:2020(E)

Table C.1 (continued)

126

Time Normalized speed | Normalized torque
O] (%) (%)
547 77 62
548 80 68
549 83 53
550 83 50
551 83 50
552 85 43
553 86 45 ‘19
554 89 35 ‘],Q
555 82 61 ,b“
556 87 50 AD
557 85 55 ‘b\
558 89 49 O
559 87 70 N
560 91 39 , O]
561 72 3 O°
562 43 25¢
563 30 “60
564 40 -9 45
565 37 N
566 37 9 32
567 43 .0 70
568 zoc\){: 54
569 ; 47
570 W79 66
571 | (v 85 53
572 [ 83 57
573\ 86 52
oM 85 51
) 575 70 39
| 576 50 5
%Q 577 38 36
&?‘ 578 30 71
S 579 75 53

580 84 40
581 85 42
582 86 49
583 86 57
584 89 68
585 99 61
586 77 29
587 81 72
588 89 69
589 49 56
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ISO 8178-4:2020(E)

Table C.1 (continued)

Time Normalized speed | Normalized torque
(O] (%) (%)
590 79 70
591 104 59
592 103 54
593 102 56
594 102 56
595 103 a1
596 102 64 ‘19
597 103 60 ‘],Q
598 93 72 ,b“
599 86 73 AD
600 76 73 Q
601 59 49 O
602 46 22, N7
603 40 65"
604 72 )31
605 72 o< 27
606 67 N 44
607 68 o9 37
608 67 42
609 68:7 50
610 37 43
611 ok 58 4
612 | 22 37
613 [. 57 69
614 68 38
| (615 73 2
D616 40 14
| 617 42 38
Q‘Q 618 64 69
X 619 64 74
%Q 620 67 73
s 621 65 73
S 622 68 73
623 65 49
624 81 0
625 37 25
626 24 69
627 68 71
628 70 71
629 76 70
630 71 72
631 73 69
632 76 70
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Table C.1 (continued)

128

Time Normalized speed | Normalized torque
() (%) (%)
633 77 72
634 77 72
635 77 72
636 77 70
637 76 71
638 76 71
639 77 71 ‘19
640 77 71 ‘],Q
641 78 70 /bv
642 77 70 (\‘b
643 77 71 o
644 79 72 O
645 78 70 *‘io
646 80 70 , O]
647 82 71 )"
648 84 71¢
649 83 W1
650 83 9 13
651 81 70
652 g0 9 71
653 78O 71
654 76\ 70
655 76 70
656 W - 76 71
657 | 79 71
658 [ 78 71
659\| 81 70
BP0 83 72
) 661 84 71
| 662 86 71
%Q 663 87 71
/\?‘ 664 92 72
S 665 91 72
666 90 71
667 90 71
668 91 71
669 90 70
670 90 72
671 91 71
672 90 71
673 90 71
674 92 72
675 93 69
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ISO 8178-4:2020(E)

Table C.1 (continued)

Time Normalized speed | Normalized torque
(O] (%) (%)
676 90 70
677 93 72
678 91 70
679 89 71
680 91 71
681 90 71
682 90 71 ‘19
683 92 71 ‘]9
684 91 71 ,bv
685 93 71 AD
686 93 68 Q
687 98 68 O
688 98 67, 7
689 100 69"
690 99 )68
691 100 R
692 99 0 68
693 100 9 69
694 102 72
695 1009 69
696 290 69
697 o102 71
698 | () 102 71
699 . 102 69
700%" 102 71
| (701 102 68
P 702 100 69
| 703 102 70
Q‘Q 704 102 68
X 705 102 70
%Q 706 102 72
e 707 102 68
S 708 102 69
709 100 68
710 102 71
711 101 64
712 102 69
713 102 69
714 101 69
715 102 64
716 102 69
717 102 68
718 102 70
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Table C.1 (continued)

Time Normalized speed | Normalized torque
O] (%) (%)
719 102 69
720 102 70
721 102 70
722 102 62
723 104 38
724 104 15
725 102 24 ‘19
726 102 45 ‘]9
727 102 47 ,b&‘
728 104 40 AD
729 101 52 ‘b\
730 103 32 O
731 102 50 *‘io
732 103 30 , O]
733 103 44 O
734 102 40¢<
735 103 A3
736 103 9 a1
737 102 o 46
738 103 9 39
739 102 ,O 41
740 103 41
741 102~ 38
742 - 103 39
743 | % 102 46
744 [0 104 46
745\ 103 49
= 102 45
Q‘y 747 103 42
| 748 103 46
%Q 749 103 38
e 750 102 48
S 751 103 35
752 102 48
753 103 49
754 102 48
755 102 46
756 103 47
757 102 49
758 102 42
759 102 52
760 102 57
761 102 55
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Table C.1 (continued)

ISO 8178-4:2020(E)
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Time Normalized speed | Normalized torque
(O] (%) (%)
762 102 61
763 102 61
764 102 58
765 103 58
766 102 59
767 102 54
768 102 63 ‘19
769 102 61 ‘],Q
770 103 55 /b«
771 102 60 AD
772 102 72 Q
773 103 56 .
774 102 55, "\~
775 102 67"
776 103 )56
777 84 R
778 48 N 7
779 48 9 6
780 48 .\ 6
781 4890 7
782 (48 6
783 s 7
784 | 67 21
785, [. 105 59
786~ 105 96
| (787 105 74
D 788 105 66
| 789 105 62
Q‘Q 790 105 66
X 791 89 41
%Q 792 52 5
s 793 48 5
S 794 48 7
795 48 5
796 48 6
797 48 4
798 52 6
799 51 5
800 51 6
801 51 6
802 52 5
803 52 5
804 57 44
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Table C.1 (continued)

132

Time Normalized speed | Normalized torque
O] (%) (%)
805 98 90
806 105 94
807 105 100
808 105 98
809 105 95
810 105 96
811 105 92 ‘19
812 104 97 ‘]9
813 100 85 /bv
814 94 74 AD
815 87 62 ‘b\
816 81 50 O
817 81 46 *‘io
818 80 39 , O]
819 80 32 Q)"
820 81 28¢<
821 80 “\26
822 80 -9 23
823 80 23
824 g0 o9 20
825 81O 19
826 80N~ 18
827 8t 17
828 « - 80 20
829 | v 81 24
830 [ 81 21
831\ 80 26
= 80 24
\.)833 80 23
| 834 80 22
%Q 835 81 21
e 836 81 24
S 837 81 24
838 81 22
839 81 22
840 81 21
841 81 31
842 81 27
843 80 26
844 80 26
845 81 25
846 80 21
847 81 20
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Table C.1 (continued)
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Time Normalized speed | Normalized torque
(O] (%) (%)
848 83 21
849 83 15
850 83 12
851 83 9
852 83 8
853 33 7
854 83 6 ‘19
855 83 6 ‘],Q
856 83 6 /bv
857 83 6 AD
858 83 6 Q
859 76 5 .0
860 49 8\~
861 51 LR
862 51 )20
863 78 RN
864 80 DT 38
865 81 o9 33
866 83 .\ 29
867 839 22
868 (83 16
869 o83 12
870 | 83 9
871 o 83 8
872~ 83 7
| (873 83 6
D874 83 6
EE 83 6
Q‘Q 876 83 6
X 877 83 6
%Q 878 59 4
s 879 50 5
S 880 51 5
881 51 5
882 51 5
883 50 5
884 50 5
885 50 5
886 50 5
887 50 5
888 51 5
889 51 5
890 51 5
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Table C.1 (continued)

134

Time Normalized speed | Normalized torque
O] (%) (%)
891 63 50
892 81 34
893 81 25
894 81 29
895 81 23
896 30 24
897 81 24 ‘19
898 81 28 ‘],Q
899 81 27 ,b&‘
900 81 22 (\‘b
901 81 19 o
902 81 17 O
903 81 17 *‘io
904 81 17, O]
905 81 15 )"
906 80 45¢
907 80 «\28
908 81 9 2
909 81 N 24
910 81 9 19
911 81O 21
912 81\ 20
913 (83 26
914 « - 80 63
915 | v 80 59
916 [ 83 100
97| 81 73
918 83 53
) 919 80 76
1 920 81 61
%Q 921 80 50
s 922 81 37
S 923 82 49
924 83 37
925 83 25
926 83 17
927 83 13
928 83 10
929 83 8
930 83 7
931 83 7
932 83 6
933 83 6
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Table C.1 (continued)
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Time Normalized speed | Normalized torque
(O] (%) (%)
934 83 6
935 71 5
936 49 24
937 69 64
938 81 50
939 31 43
940 81 42 ‘19
941 81 31 ‘],Q
942 81 30 /bv
943 81 35 AD
944 81 28 Q
945 81 27 O
946 80 27, \7
947 81 30"
948 81 O
949 81 R
950 81 o 37
951 81 o9 43
952 81 .\ 34
953 810 31
954 81 26
955 ! 23
956 | () 8l 27
957 o | 81 38
958~ 81 40
| (959 81 39
1 960 81 27
\./
| 961 81 33
Q‘Q 962 80 28
X 963 81 34
%Q 964 83 72
s 965 81 49
S 966 81 51
967 80 55
968 81 48
969 81 36
970 81 39
971 81 38
972 80 41
973 81 30
974 81 23
975 81 19
976 81 25
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Table C.1 (continued)

136

Time Normalized speed | Normalized torque
O] (%) (%)
977 81 29
978 83 47
979 81 90
980 81 75
981 80 60
982 21 48
983 81 41 ‘19
984 81 30 ‘]9
985 80 24 ,b&‘
986 81 20 (\‘b
987 81 21 o
988 81 29 O
989 81 29 *‘io
990 81 27, O]
991 81 23 O
992 81 25¢
993 81 “\26
994 81 9 2
995 81 & 20
996 81 9 17
997 81O 23
998 83\ 65
999 8t 54
1000 W - 81 50
1001 | v 81 41
1002 [ 81 35
1 ) 81 37
€004 81 29
\ 1005 81 28
7| 1006 81 24
%Q 1007 81 19
e 1008 81 16
S 1009 80 16
1010 83 23
1011 83 17
1012 83 13
1013 83 27
1014 81 58
1015 81 60
1016 81 46
1017 80 41
1018 80 36
1019 81 26
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Table C.1 (continued)

ISO 8178-4:2020(E)

© IS0 2020 - All rights reserved

Time Normalized speed | Normalized torque
(O] (%) (%)
1020 86 18
1021 82 35
1022 79 53
1023 82 30
1024 83 29
1025 33 32
1026 83 28 ‘19
1027 76 60 ‘]9
1028 79 51 /bv
1029 86 26 AD
1030 82 34 Q
1031 84 25 O
1032 86 23\~
1033 85 29"
1034 83 )26
1035 83 < 25
1036 83 o 37
1037 84 o9 14
1038 83 .\ 39
1039 76:0 70
1040 (78 81
1041 =75 71
1042 | 86 47
1043, [. 83 35
1 81 43
| 1045 81 41
P1o46 79 46
| 1047 80 44
Q‘Q 1048 84 20
X 1049 79 31
%Q 1050 87 29
e 1051 82 49
S 1052 84 21
1053 82 56
1054 81 30
1055 85 21
1056 86 16
1057 79 52
1058 78 60
1059 74 55
1060 78 84
1061 80 54
1062 80 35
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Table C.1 (continued)

138

Time Normalized speed | Normalized torque
O] (%) (%)
1063 82 24
1064 83 43
1065 79 49
1066 83 50
1067 86 12
1068 a4 14
1069 24 14 ‘19
1070 49 21 ‘]9
1071 77 48 ,b&‘
1072 103 11 (\‘b
1073 98 48 o
1074 101 34 O
1075 99 39 *‘io
1076 103 1, O
1077 103 19 O
1078 103 A
1079 103 13
1080 103 9 10
1081 102 13
1082 101 9 29
1083 102 ,0O 25
1084 10200 20
1085 96 60
1086 W99 38
1087 | v 102 24
1088 [ 100 31
1089 100 28
090 98 3
N 091 102 26
| 1092 95 64
%Q 1093 102 23
e 1094 102 25
S 1095 98 42
1096 93 68
1097 101 25
1098 95 64
1099 101 35
1100 94 59
1101 97 37
1102 97 60
1103 93 98
1104 98 53
1105 103 13
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Table C.1 (continued)

Time Normalized speed | Normalized torque
Q)] (%) (%)
1106 103 11
1107 103 11
1108 103 13
1109 103 10
1110 103 10
1111 103 11
1112 103 10 ‘19
1113 103 10 ‘]9
1114 102 18 ,b&‘
1115 102 31 AD
1116 101 24 Q
1117 102 19 0O
1118 103 10,7
1119 102 127
1120 99 )56
1121 96 ¢ 59
1122 74 o 28
1123 66 O 62
1124 74 A\ 29
1125 640 74
1126 (69 40
1127 o= 76 2
1128 | 72 29
1129, [. 66 65
1 54 69
REE 69 56
P1132 69 40
| 1133 73 54
Q‘Q 1134 63 92
X 1135 61 67
%Q 1136 72 42
z\?‘ 1137 78 2
S 1138 76 34
1139 67 80
1140 70 67
1141 53 70
1142 72 65
1143 60 57
1144 74 29
1145 69 31
1146 76 1
1147 74 22
1148 72 52
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Table C.1 (continued)

140

Time Normalized speed | Normalized torque
O] (%) (%)
1149 62 96
1150 54 72
1151 72 28
1152 72 35
1153 64 68
1154 74 27
1155 76 14 ‘19
1156 69 38 ‘],Q
1157 66 59 /bv
1158 64 99 AD
1159 51 86 ‘b\
1160 70 53 O
1161 72 36 *‘io
1162 71 47, O]
1163 70 42 O
1164 67 34<
1165 74 N
1166 75 9 21
1167 74 15
1168 75 09 13
1169 ) 10
1170 75 13
1171 75 10
1172 W - 75 7
1173 | % 75 13
1174 | 76 8
1175 76 7
4176 67 45
N 177 75 13
| 1178 75 12
%Q 1179 73 21
z\?‘ 1180 68 46
S 1181 74 8
1182 76 11
1183 76 14
1184 74 11
1185 74 18
1186 73 22
1187 74 20
1188 74 19
1189 70 22
1190 71 23
1191 73 19
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Time Normalized speed | Normalized torque
(O] (%) (%)
1192 73 19
1193 72 20
1194 64 60
1195 70 39
1196 66 56
1197 68 a4
1198 30 68 ‘19
1199 70 38 ‘],Q
1200 66 47 ,b“
1201 76 14 AD
1202 74 18 Q
1203 69 46 O
1204 68 62,
1205 68 620
1206 68 )z
1207 68 8 62
1208 68 DT 62
1209 68 o9 62
1210 54 50
1211 41,9 37
1212 27 25
1213 o 14 12
1214 [ 0 0
1215, [. 0 0
1 0 0
| 217 0 0
P1218 0 0
| 1219 0 0
Q‘Q 1220 0 0
X 1221 0 0
%Q 1222 0 0
s 1223 0 0
S 1224 0 0
1225 0 0
1226 0 0
1227 0 0
1228 0 0
1229 0 0
1230 0 0
1231 0 0
1232 0 0
1233 0 0
1234 0 0
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C.3 LSI-NRT€engine-dynamometer-schedule

Table C.1 (continued)

Time Normalized speed | Normalized torque
(s) (%) (%)

1235 0 0

1236 0 0

1237 0 0

1238 0 0

142

o
Table C.2 (]/Q
Time | Normalized speed | Normalized torque Q)/b‘ )
s) (%) (%) K\
0 0 0 %
1 0 0 Cé;D
2 0 0 KN
3 0 0o ¢
4 0 0 )
5 0 O
6 0 0
7 0 270
8 0 K 0
9 1 QF 8
10 6 O 54
11 8.0 61
12 (34 59
13 N C22 46
14 | O s 51
15 18 51
164 31 50
R 30 56
18 31 49
<:;?‘ 19 25 66
& 20 58 55
cé;j?~ 21 43 31
22 16 45
23 24 38
24 24 27
25 30 33
26 45 65
27 50 49
28 23 42
29 13 42
30 9 45
31 23 30
32 37 45
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Time | Normalized speed | Normalized torque
(s) (%) (%)
33 44 50
34 49 52
35 55 49
36 61 46
37 66 38
38 42 33
39 17 41 ‘19
40 17 37 ‘],Q
41 7 50 /be
42 20 32 /\‘b
43 5 55 ey
44 30 22 0O
45 44 53,
46 45 560"
47 41 Q)52
48 24 R
49 15 WO 40
50 11 o9 44
51 32 O\ 31
52 381 54
53 38 47
54 A9 55
55 | 10 50
56 |- 33 55
5N 48 56
| (58 49 47
4 59 33 44
60 52 43
Q‘Q 61 55 43
X 62 59 38
%Q 63 44 28
/\?‘ 64 24 37
o) 65 12 44
66 9 47
67 12 52
68 34 21
69 29 44
70 44 54
71 54 62
72 62 57
73 72 56
74 88 71
75 100 69
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Table C.2 (continued)

144

Time | Normalized speed | Normalized torque
(O] (%) (%)
76 100 34
77 100 42
78 100 54
79 100 58
80 100 38
1 83 17
82 61 15 ‘19
83 43 22 ‘],Q
84 24 35 /be
85 16 39 AD
86 15 45 ‘b\
87 32 34 O
88 14 42 *‘io
89 8 48, O]
90 5 51 )"
91 10 41 <
92 12 37
93 4 -9 47
94 3 o 49
95 3 R 50
96 4 .0 49
97 4 N= 48
98 8y 43
99 N 51
100 | Y 5 46
101 [ 8 41
1028 4 47
- ap3 3 49
) 104 6 45
| 105 3 48
%Q 106 10 42
/\?‘ 107 18 27
S 108 3 50
109 11 41
110 34 29
111 51 57
112 67 63
113 61 32
114 44 31
115 48 54
116 69 65
117 85 65
118 81 29
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Table C.2 (continued)
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Time | Normalized speed | Normalized torque
Q)] (%) (%)
119 74 21
120 62 23
121 76 58
122 96 75
123 100 77
124 100 27
125 100 79 ‘19
126 100 79 ‘],Q
127 100 81 /be
128 100 57 AD
129 99 52 ey
130 81 35 0O
131 69 29, N7
132 47 280
133 34 )28
134 27 REL
135 83 WO 60
136 100 9 74
137 100 & 7
138 100,
139 79 18
140 k23 39
Ul [ 5 54
142 ¢ |- 11 40
143%" 11 34
| (144 11 41
P 145 19 25
\./
| 146 16 32
Q‘Q 147 20 31
X 148 21 38
%Q 149 21 42
z\?‘ 150 9 51
S 151 4 49
152 2 51
153 1 58
154 21 57
155 29 47
156 33 45
157 16 49
158 38 45
159 37 43
160 35 42
161 39 43
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Table C.2 (continued)

146

Time | Normalized speed | Normalized torque
(O] (%) (%)
162 51 49
163 59 55
164 65 54
165 76 62
166 84 59
167 83 29
168 67 35 ‘19
169 84 54 ‘],Q
170 90 58 /bv
171 93 43 (\‘b
172 90 29 o
173 66 19 O
174 52 16 *‘io
175 49 17, O
176 56 38_ )"
177 73 7 <
178 86 280
179 96 E
180 89 &N 27
181 66 R 17
182 50 .0 18
183 36 N 25
184 36 24
185 38 40
186 | (% 40 50
187 [0 27 48
188\)| 19 48
B9 23 50
) 190 19 45
ol 191 6 51
%Q 192 24 48
/\?‘ 193 49 67
S 194 47 49
195 22 44
196 25 40
197 38 54
198 43 55
199 40 52
200 14 49
201 11 45
202 7 48
203 26 41
204 41 59
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Time | Normalized speed | Normalized torque
Q)] (%) (%)
205 53 60
206 44 54
207 22 40
208 24 41
209 32 53
210 44 74
211 57 25 ‘19
212 22 49 ‘],Q
213 29 45 /be
214 19 37 AD
215 14 43 Q
216 36 40 O
217 43 63,
218 42 A9
219 15 )50
220 19 o8 44
221 47 WO 59
222 67 o 80
223 76 O\ 74
224 87" 66
225 98 61
226 _Ak=100 38
227 | (> 97 27
228 ¢ |- 100 53
229" | 100 72
| (230 100 49
D231 100 4
o[ 232 100 13
Q‘Q 233 87 15
X 234 53 26
%Q 235 33 27
/\?‘ 236 39 19
S 237 51 33
238 67 54
239 83 60
240 95 52
241 100 50
242 100 36
243 100 25
244 85 16
245 62 16
246 40 26
247 56 39
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Table C.2 (continued)

148

Time | Normalized speed | Normalized torque
(O] (%) (%)
248 81 75
249 98 86
250 100 76
251 100 51
252 100 78
253 100 83
254 100 100 ‘19
255 100 66 ‘],Q
256 100 85 /bv
257 100 72 AD
258 100 45 ‘b\
259 98 58 O
260 60 30 *‘io
261 43 32, O]
262 71 36_)"
263 44 32<
264 24 38
265 42 -9 17
266 22 & 51
267 13 R 53
268 23 .0 45
269 29 N 50
270 28 42
271 W -21 55
272 | (34 57
273 (U 44 47
21| 19 46
5 13 44
) 276 25 36
277 43 51
%Q 278 55 73
/\?‘ 279 68 72
S 280 76 63
281 80 45
282 83 40
283 78 26
284 60 20
285 47 19
286 52 25
287 36 30
288 40 26
289 45 34
290 47 35
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Table C.2 (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
291 42 28
292 46 38
293 48 44
294 68 61
295 70 47
296 48 28
297 42 22 ‘19
298 31 29 ‘],Q
299 22 35 /bv
300 28 28 AD
301 46 46 ey
302 62 69 O
303 76 81\~
304 88 850"
305 98 )81
306 100 < 74
307 100 W 13
308 100 9 11
309 100 & 17
310 99 3
311 80
312 ok 62 11
313 |V 63 11
314 |- 64 16
69 43
| (316 81 67
D317 93 74
7| 318 100 72
Q‘Q 319 94 27
X 320 73 15
%Q 321 40 33
z\?‘ 322 40 52
S 323 50 50
324 11 53
325 12 45
326 5 50
327 1 55
328 7 55
329 62 60
330 80 28
331 23 37
332 39 58
333 47 24
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Table C.2 (continued)

150

Time | Normalized speed | Normalized torque
() (%) (%)
334 59 51
335 58 68
336 36 52
337 18 42
338 36 52
339 59 73
340 72 85 ‘19
341 85 92 ‘],Q
342 99 90 /bv
343 100 72 (\‘b
344 100 18 o
345 100 76 O
346 100 64 *‘io
347 100 g7 , O]
348 100 97 )
349 100 84 <
350 100 100
351 100 9 91
352 100 & 83
353 100 93
354 100 O 100
355 94 N 43
356 ar 10
357 W77
358 | (48
359 [0 29
360\| 59 19
361 63 5
) 362 35 2
| 363 24 3
%Q 364 28 2
/\?‘ 365 36 16
S 366 54 23
367 60 10
368 33 1
369 23 0
370 16 0
371 11 0
372 20 0
373 25 2
374 40 3
375 33 4
376 34 5
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Table C.2 (continued)

Time | Normalized speed | Normalized torque
Q)] (%) (%)
377 46 7
378 57 10
379 66 11
380 75 14
381 79 11
382 80 16
383 92 21 ‘19
384 99 16 ‘],Q
385 83 2 ,b“
386 71 2 AD
387 69 4 ey
388 67 s+ O
389 74 16\~
390 86 250
391 97 )28
392 100 REE
393 83 N
394 62 oF 4
395 40 O\
396 49 10
397 35 5
398 27 4
399 | () 29 3
400 | - 22 2
401" | 13 3
| (402 37 36
D 403 90 26
| 404 41 2
Q‘Q 405 25 2
X 406 29 2
%Q 407 38 7
z\?‘ 408 50 13
S 409 55 10
410 29
411 24
412 51 16
413 62 15
414 72 35
415 91 74
416 100 73
417 100 8
418 98 11
419 100 59
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Table C.2 (continued)

152

Time | Normalized speed | Normalized torque
(O] (%) (%)
420 100 98
421 100 99
422 100 75
423 100 95
424 100 100
425 100 97
426 100 90 ‘19
427 100 86 ‘],Q
428 100 82 /bv
429 97 43 (\‘b
430 70 16 o
431 50 20 O
432 42 33 *‘io
433 89 64 , O]
434 89 77 )"
435 99 95 <
436 100 a1
437 77 -9 12
438 29 o 37
439 16 R 41
440 16 O 38
441 15 36
442 s 44
443 W4 55
444 | Y 24 26
445 | 26 35
446\ | 15 45
AT 21 39
) 448 29 52
ol 449 26 46
%Q 450 27 50
/\?‘ 451 13 43
S 452 25 36
453 37 57
454 29 46
455 17 39
456 13 41
457 19 38
458 28 35
459 8 51
460 14 36
461 17 47
462 34 39
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Table C.2 (continued)
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Time | Normalized speed | Normalized torque
(s) (%) (%)
463 34 57
464 11 70
465 13 51
466 13 68
467 38 44
468 53 67
469 29 69 ‘19
470 19 65 ‘],Q
471 52 45 /bv
472 61 79 /\‘b
473 29 70 ey
474 15 53 0
475 15 60,
476 52 A0
477 50 )61
478 13 < 74
479 46 WO 51
480 60 o 73
481 33 84
482 318 63
483 31 42
484 o 26 69
485 | 23 65
486 . 48 49
28 57
| (488 16 67
P 489 39 48
490 47 73
Q‘Q 491 35 87
X 492 26 73
%Q 493 30 61
/\?‘ 494 34 49
o) 495 35 66
496 56 47
497 49 64
498 59 64
499 42 69
500 6 77
501 5 59
502 17 59
503 45 53
504 21 62
505 31 60
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Table C.2 (continued)

154

Time | Normalized speed | Normalized torque
(O] (%) (%)
506 53 68
507 48 79
508 45 61
509 51 47
510 41 48
511 26 58
512 21 62 ‘19
513 50 52 ‘],Q
514 39 65 /bv
515 23 65 AD
516 42 62 ‘b\
517 57 80 O
518 66 81 *‘io
519 64 62 , O]
520 45 2 O
521 33 42<
522 27 «57
523 31 09 59
524 41 & 53
525 45 R 72
526 48 O 73
527 46 90
528 (56" 76
529 64 76
530 | (% 69 64
531 (U 72 59
532)] 73 58
533 71 56
) 534 66 48
| 535 61 50
%Q 536 55 56
s 537 52 52
S 538 54 49
539 61 50
540 64 54
541 67 54
542 68 52
543 60 53
544 52 50
545 45 49
546 38 45
547 32 45
548 26 53
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Table C.2 (continued)
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Time | Normalized speed | Normalized torque
(s) (%) (%)
549 23 56
550 30 49
551 33 55
552 35 59
553 33 65
554 30 67
555 28 59 ‘19
556 25 58 ‘],Q
557 23 56 /b«
558 22 57 /\‘b
559 19 63 Q
560 14 63 O
561 31 61,
562 35 620
563 21 )80
564 28 R
565 7 W 74
566 23 9 54
567 38 54
568 14 78
569 38 58
570 o= 52 75
571 | ()~ 59 81
572 |- 66 69
573% | 54 44
| (574 48 34
575 44 33
| 576 40 40
Q‘Q 577 28 58
X 578 27 63
%Q 579 35 45
/\?‘ 580 20 66
) 581 15 60
582 10 52
583 22 56
584 30 62
585 21 67
586 29 53
587 41 56
588 15 67
589 24 56
590 42 69
591 39 83
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Table C.2 (continued)

156

Time | Normalized speed | Normalized torque
(O] (%) (%)
592 40 73
593 35 67
594 32 61
595 30 65
596 30 72
597 48 51
598 66 58 ‘19
599 62 71 ‘],Q
600 36 63 /bv
601 17 59 AD
602 16 50 ‘b\
603 16 62 O
604 34 48 *‘io
605 51 66 , O]
606 35 74 )"
607 15 56 <
608 19 5
609 43 -9 65
610 52 & 80
611 52 R 83
612 9.0 57
613 48 N 46
614 ar 36
615 w25 44
616 | v 14 53
617 | 13 64
618\ | 23 56
619 21 63
) 620 18 67
| 621 20 54
%Q 622 16 67
&?‘ 623 26 56
S 624 41 65
625 28 62
626 19 60
627 33 56
628 37 70
629 24 79
630 28 57
631 40 57
632 40 58
633 28 44
634 25 41
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Table C.2 (continued)
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Time | Normalized speed | Normalized torque
(s) (%) (%)
635 29 53
636 31 55
637 26 64
638 20 50
639 16 53
640 11 54
641 13 53 ‘19
642 23 50 ‘],Q
643 32 59 /b‘ .
644 36 63 /\‘b
645 33 59 ey
646 24 52 0O
647 20 52\~
648 22 550
649 30 )53
650 37 RS
651 41 R
652 36 oF 54
653 29 O 49
654 24 53
655 2 57
656 o= 10 54
657 | () 9 55
658 |- 10 57
659" | 13 55
| (660 15 64
D 661 31 57
\./
| 662 19 69
Q‘Q 663 14 59
X 664 33 57
%Q 665 41 65
&?‘ 666 39 64
) 667 39 59
668 39 51
669 28 41
670 19 49
671 27 54
672 37 63
673 32 74
674 16 70
675 12 67
676 13 60
677 17 56
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Table C.2 (continued)

158

Time | Normalized speed | Normalized torque
(O] (%) (%)
678 15 62
679 25 47
680 27 64
681 14 71
682 5 65
683 57
684 6 57 ‘19
685 15 52 ‘],Q
686 22 61 ,b“
687 14 77 (\‘b
688 12 67 o
689 12 62 O
690 14 59 *‘io
691 15 58, O]
692 18 55 Q°
693 22 53 <
694 19 €69
695 14 9 67
696 9 & 63
697 8 R 56
698 7.0 49
699 25 N 55
700 ar 70
701 W12 60
702 | Y 22 57
703 [0 27 67
704\J| 29 68
05 34 62
) 706 35 61
1 707 28 78
%Q 708 11 71
&?‘ 709 4 58
S 710 5 58
711 10 56
712 20 63
713 13 76
714 11 65
715 9 60
716 7 55
717 8 53
718 10 60
719 28 53
720 12 73
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Time | Normalized speed | Normalized torque
(s) (%) (%)
721 4 64
722 4 61
723 4 61
724 10 56
725 8 61
726 20 56
727 32 62 ‘19
728 33 66 ‘],Q
729 34 73 /bv
730 31 61 /\‘b
731 33 55 ey
732 33 60 O
733 31 59\~
734 29 580"
735 31 )53
736 33 R
737 33 WO 48
738 27 o9 44
739 21 52
740 138 57
741 R 56
742 o= 10 64
743 | 22 47
744 |- 15 74
745 8 66
| (246 34 47
4D 747 18 71
| 748 9 57
Q‘Q 749 11 55
X 750 12 57
%Q 751 10 61
/\?‘ 752 16 53
S 753 12 75
754 6 70
755 12 55
756 24 50
757 28 60
758 28 64
759 23 60
760 20 56
761 26 50
762 28 55
763 18 56

159


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

Table C.2 (continued)

160

Time | Normalized speed | Normalized torque
(O] (%) (%)
764 15 52
765 11 59
766 16 59
767 34 54
768 16 82
769 15 64
770 36 53 ‘19
771 45 64 ‘],Q
772 41 59 /be
773 34 50 AD
774 27 45 ‘b\
775 22 52 O
776 18 55 N
777 26 54, O]
778 39 62 )"
779 37 7 <
780 32 58
781 24 09 48
782 14 & 59
783 7 R 59
784 7 .0 55
785 18 A\ 49
786 a0 62
787 W44 73
788 | (v 41 68
789 (U 35 48
790\)| 29 54
=3 22 69
) 792 46 53
| 793 59 71
%Q 794 69 68
s 795 75 47
S 796 62 32
797 48 35
798 27 59
799 13 58
800 14 54
801 21 53
802 23 56
803 23 57
804 23 65
805 13 65
806 9 64
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Table C.2 (continued)
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Time | Normalized speed | Normalized torque
) (%) (%)
807 27 56
808 26 78
809 40 61
810 35 76
811 28 66
812 23 57
813 16 50 ‘19
814 11 53 ‘],Q
815 9 57 /b«
816 9 62 AD
817 27 57 ey
818 42 69 O
819 47 75\
820 53 670
821 61 )62
822 63 o ¢ 53
823 60 WO 54
824 56 o 44
825 49 O\ 39
826 39 35
827 39 34
828 =33 46
829 | (> 44 56
830 | - 50 56
831" | 44 52
| (832 38 46
D833 33 44
| 834 29 45
Q‘Q 835 24 46
X 836 18 52
%Q 837 9 55
/\?‘ 838 10 54
S 839 20 53
840 27 58
841 29 59
842 30 62
843 30 65
844 27 66
845 32 58
846 40 56
847 41 57
848 18 73
849 15 55
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Table C.2 (continued)

162

Time | Normalized speed | Normalized torque
(O] (%) (%)
850 18 50
851 17 52
852 20 49
853 16 62
854 67
855 a4
856 7 54 ‘19
857 10 50 ‘],Q
858 9 57 /b«
859 5 62 AD
860 12 51 ‘b\
861 14 65 O
862 9 64 *‘io
863 31 50 , O]
864 30 78 )"
865 21 65 <
866 14 51
867 10 -9 55
868 & 59
869 7 R 59
870 19 .0 54
871 23 2\ 61
872 er 62
873 W 34 61
874 | (v 51 67
875 [ 60 66
876\| 58 55
877 60 52
\.)878 64 55
ol 879 68 51
%Q 880 63 54
z\?‘ 881 64 50
S 882 68 58
883 73 47
884 63 40
885 50 38
886 29 61
887 14 61
888 14 53
889 42 6
890 58 6
891 58 6
892 77 39
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Time | Normalized speed | Normalized torque
) (%) (%)
893 93 56
894 93 44
895 93 37
896 93 31
897 93 25
898 93 26
899 93 27 ‘19
900 93 25 ‘],Q
901 93 21 ,b“
902 93 22 AD
903 93 24 ey
904 93 23 O
905 93 27, N7
906 93 340
907 93 O3
908 93 8 26
909 93 W 31
910 93 9 34
911 93 .\ 31
912 93¢ 33
913 = 36
914 ok 93 37
915 | 93 34
916 |. 93 30
93 32
| (918 93 35
P 919 93 35
920 93 32
Q‘Q 921 93 28
X 922 93 23
%Q 923 94 18
z\?‘ 924 95 18
S 925 96 17
926 95 13
927 96 10
928 95 9
929 95 7
930 95 7
931 96 7
932 96 6
933 96 6
934 95 6
935 90 6
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Table C.2 (continued)

164

Time | Normalized speed | Normalized torque
(O] (%) (%)
936 69 43
937 76 62
938 93 47
939 93 39
940 93 35
941 93 34
942 93 36 ‘19
943 93 39 ‘],Q
944 93 34 /bv
945 93 26 AD
946 93 23 ‘b\
947 93 24 O
948 93 24 *‘io
949 93 22, O]
950 93 19 O
951 93 17<
952 93 19
953 93 -9 22
954 93 N 24
955 93 R 23
956 93 +Q 20
957 93 20
958 9% 19
959 W - 95 19
960 | v 95 17
961 [ 96 13
962\)| 95 10
963 96 9
) 964 95 7
965 95 7
%Q 966 95 7
/\?‘ 967 95 6
S 968 96 6
969 96 6
970 89 6
971 68 6
972 57 6
973 66 32
974 84 52
975 93 46
976 93 42
977 93 36
978 93 28
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Time | Normalized speed | Normalized torque
) (%) (%)
979 93 23
980 93 19
981 93 16
982 93 15
983 93 16
934 93 15
985 93 14 ‘19
986 93 15 ‘],Q
987 93 16 /bv
988 94 15 AD
989 93 32 Q
990 93 5 O
991 93 43\~
992 93 370"
993 93 )29
994 93 REE
995 93 WO 20
996 93 o9 18
997 93 .\ 16
998 93 17
999 98 16
1000 | 93 15
1001 | 93 15
1002, |- 93 15
1 93 14
| 1004 93 15
P1oos 93 15
7| 1006 93 14
Q‘Q 1007 93 13
X 1008 93 14
%Q 1009 93 14
/\?‘ 1010 93 15
S 1011 93 16
1012 93 17
1013 93 20
1014 93 22
1015 93 20
1016 93 19
1017 93 20
1018 93 19
1019 93 19
1020 93 20
1021 93 32
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Table C.2 (continued)

166

Time | Normalized speed | Normalized torque
(O] (%) (%)
1022 93 37
1023 93 28
1024 93 26
1025 93 24
1026 93 22
1027 93 22
1028 93 21 ‘19
1029 93 20 ‘]9
1030 93 20 /bv
1031 93 20 (\‘b
1032 93 20 o
1033 93 19 O
1034 93 18 *‘io
1035 93 20 , O]
1036 93 20 O
1037 93 20 <
1038 93 20
1039 93 9 19
1040 93 o 18
1041 93 R 18
1042 93 .0 17
1043 93 A 16
1044 93 16
1045 W93 15
1046 | (93 16
1047 | 93 18
1048 93 37
@049 93 48
N\ 050 93 38
| 1051 93 31
%Q 1052 93 26
e 1053 93 21
S 1054 93 18
1055 93 16
1056 93 17
1057 93 18
1058 93 19
1059 93 21
1060 93 20
1061 93 18
1062 93 17
1063 93 17
1064 93 18
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Time | Normalized speed | Normalized torque
) (%) (%)
1065 93 18
1066 93 18
1067 93 19
1068 93 18
1069 93 18
1070 93 20
1071 93 23 ‘19
1072 93 25 ‘]9
1073 93 25 /bv
1074 93 24 AD
1075 93 24 Q
1076 93 22 0O
1077 93 22, N7
1078 93 220
1079 93 O
1080 93 <16
1081 95 W17
1082 95 P 37
1083 93 .\ 43
1084 93 32
1085 98 27
1086 | 93 26
1087 | 93 24
1088, . 93 22
1 93 22
| 2.090 93 22
P1o91 93 23
7| 1092 93 22
Q‘Q 1093 93 22
X 1094 93 23
%Q 1095 93 23
z\?‘ 1096 93 23
S 1097 93 22
1098 93 23
1099 93 23
1100 93 23
1101 93 25
1102 93 27
1103 93 26
1104 93 25
1105 93 27
1106 93 27
1107 93 27
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Table C.2 (continued)

Time | Normalized speed | Normalized torque

(O] (%) (%)
1108 93 24
1109 93 20
1110 93 18
1111 93 17
1112 93 17
1113 93 18
1114 93 18 ‘19
1115 93 18 ‘],Q
1116 93 19 Q)’b"
1117 93 22
1118 93 22 ‘b'<\
1119 93 19 O
1120 93 17 *‘io
1121 93 17, O
1122 93 18 O
1123 93 18
1124 93 19
1125 93 9 19
1126 93 o 20
1127 93 R 19
1128 93 .0 20
1129 93 A 25
1130 93 30
1131 W -93 31
1132 | Y 93 26
1133 | 93 21
1134 93 18
@135 93 20
Q‘yl 136 93 25
| 1137 93 24
%Q 1138 93 21
s 1139 93 21
S 1140 93 22
1141 93 22
1142 93 28
1143 93 29
1144 93 23
1145 93 21
1146 93 18
1147 93 16
1148 93 16
1149 93 16
1150 93 17
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Time | Normalized speed | Normalized torque
) (%) (%)
1151 93 17
1152 93 17
1153 93 17
1154 93 23
1155 93 26
1156 93 22
1157 93 18 ‘19
1158 93 16 ‘],Q
1159 93 16 /bv
1160 93 17 AD
1161 93 19 ey
1162 93 18 O
1163 93 16\~
1164 93 190
1165 93 22
1166 93 REE
1167 93 WO 29
1168 93 9 27
1169 93 22
1170 93¢ 18
1171 = 16
1172 ok 93 19
1173 | 93 19
1174 |. 93 17
1 93 17
| @176 93 17
P1177 93 16
| 1178 93 16
Q‘Q 1179 93 15
X 1180 93 16
%Q 1181 93 15
/\?‘ 1182 93 17
S 1183 93 21
1184 93 30
1185 93 53
1186 93 54
1187 93 38
1188 93 30
1189 93 24
1190 93 20
1191 95 20
1192 96 18
1193 96 15
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Table C.2 (continued)

Time | Normalized speed | Normalized torque

(s) (%) (%)
1194 9% 11
1195 95 9
1196 95 8
1197 96 7
1198 94 33
1199 93 46
1200 93 37 ‘19
1201 16 8 ‘]9
1202 0 0 /bv
1203 0 0 (\‘b
1204 0 0 o)
1205 0 0 O
1206 0 0 *‘io
1207 0 o . O]
1208 0 o O
1209 0 0. <

QO
\$®®
¥
xO
Xl
>
@ .
OO
o
Q%\
Q.
e
O
v
S

170

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

Annex D
(informative)

Calculation of the exhaust gas mass flow and/or of the combustion

air mass flow

NOTE Formutae i theammexare ot tonvertedto St=symbots:
D.1| General
This|annex may be applied using good engineering judgement.
The [formulae given in this annex are for stoichiometric calculations andfor the calculgtion 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 CO,, O,, H,0 and N, and pmnol/mol for
all ofhers.
Sympols and abbreviations (additionally to those explained in the main part of this documgnt) used in
this pnnex are given in Table D.1.
Table D.1 — Synibols and abbreviated terms
Symbol Term Unit
q, Volume flow m3/h
Qrew Volume flow of wet exhaust m3/h
Qyad Volume flow of wetintake air m3/h
Qred Volume flow of'dry exhaust m3/h
qyad Volume flow.of dry intake air m3/h
Amgds Emission ef component Mg, g/h
Wox Oxygen content of dry intake air % mass
Wineht [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 formulae 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 formulae. This
has the advantage, that the derivation of the formulae 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 concrete numbers given in Table D.2 were used for basic data.

© IS0 2020 - All rights reserved
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Table D.2 — Relative atomic masses, molar masses and molar volumes

Description Symbol Number Unit
Relative atomic mass of hydrogen Ay 1,007 94 g/mol
Relative atomic mass of carbon A 12,011 g/mol
Relative atomic mass of sulfur Ag 32,065 g/mol
Relative atomic mass of nitrogen AN 14,006 7 g/mol
Relative atopie-mass-ofexygen Ay +5;999-4 g/mot
Molar mass jof water M 120 18,015 34 g/mbol
Molar mass jof carbon dioxide M. o2 44,01 g/mol
Molar mass jof carbon monoxide Mo 28,011 g/mol
Molar mass pf oxygen M, o, 31,9988 g/mol
Molar mass jof nitrogen Mo 28,011, g/mol
Molar mass jof nitric oxide Mo 30,008 g/mol
Molar mass pf nitrogen dioxide Moo 46,01 g/mol
Molar mass jof sulfur dioxide M, 502 64,066 g/mol
Molar volunje of water Voan20 22,401 1/mol
Molar Volunie of carbon dioxide Vaeo? 22,262 1/mol
Molar Volunie of carbon monoxide V.o 22,408 1/mol
Molar Volunie of oxygen Vo2 22,392 1/mol
Molar Volur4e of nitrogen VN2 22,390 1/mol
Molar Volunie of nitric oxide Vo 22,391 1/mol
Molar Volunie of nitrogen dioxide Vo2 21,809 1/mol
Molar volunje of sulfur dioxide Vinso2 21,891 1/mol
Assuming no compressibility effects, all of the gases involved in the engine intake/combustion/exHaust
process can 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 1/mol (see Table I}.3).
NOTE The molar volume of gaSes-is 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 Vanf-der-
Waals forcegq at the moment of’the collision. This effect reduces the molar volume of real gases. In mixtureq also
collisions befween more idéal)gases and more real gases occur; these collisions have a more ideal charactgr. In
the case of g¢xhaust emissions 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 volunteof water V120 22401 /ot
Molar volume of carbon dioxide Vinco2 22,262 1/mol
Molar volume of carbon monoxide Vinco 22,400 1/mol
Molar volume of oxygen Vino2 22,392 1/mol
Molar volume of nitrogen VN2 22,403 1/mol
Molar volume of nitric oxide Vano 21,809 1/mol
Molar volume of nitrogen dioxide ViaNo2 21,809 1/mol
Molar volume of sulfur dioxide Vinso2 21,890 1/mol
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For the stoichiometry of combustion the following composition of the dry intake air is assumed:

concentration of inert gases

inert —

NOTE

w 76,8 % mass, 79,0 % volume
Included in the inert gases is CO, with 0,061 % mass, 0,04 % volume.

concentration of oxygen

ox = 23,2 Y mass, 21,0% volume.
D.22 General formulae
D.2.2.1 Formulae related to the components
Calcplation of mass concentration ¢, from volumetric concentration ¢ 4, ©0f component:
:mgas :Cvgas ><pgas
with pg,s = gas density of the component in [kg/m3], Cygas i [LmOl/mol] and ¢,q,¢ in [mg/m
The gas density pg,s can be calculated from the basic data molecular mass M, ,,; and molar vq
:mgas :Cvgas ngas
with pg,s in [kg/m3], M, g, in [g/mol] and Vy g, inyf1/mol]
D.2.2.2 Formulae related to the fuel
The chemical formula of the fuel can bewritten as CgH,0,S, Ng.The fuel composition data a,
defiped as the molar ratios of H,C,S,N'and O related to C (chemical formula of the fuel CH,0,S

too

!

e carbon atom per moleculé). The relation to one carbon atom per molecule is used,

(D.1)

lume V.

mgas*

(D.2)

B,v, 6, eare
N5, related
because the

real|carbon atom number per(anaverage fuel molecule is not known with real fuels. This relationship
doeq not work with non-carbon fuels. The fuel composition data wy, w¢, wg, wy and w ar¢ defined as
the $omass of H, C, S, N and)O. The following formulae give the conversion between the two|sets of data
(whén 8 = 1):
Wh
4 w
=—1=91,916 4x—1- (D.3)
Wi we
e
Ye
A
c
e D.4
A= (D4)
e
Ws
A, w
y=—3=0,374 64x—>- (D.5)
We we
&
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N
A, w
§=—N_=0,857 52x—\- (D.6)
We we
i
Yo
4 w,
g=—220,750 72x—2 (D.7)
We W
e
_ o ATH x100
wy=s—1t——— D.8)
Mrf
BxA. x100
Mrf
yxA. x100
wg s (Ib.10)
Mrf
0xA. x100
N
W= (h.11)
Mrf
YA, X100
Wo=—f—>—— (10.12)
T
with the mqlecular weight of an average fuel molecule CgH,S,N50,
M=o <ArH +ﬂ><ArC +j/><ArS +5><ArN +s><Aro (Ip.13)
D.2.2.3 Fqrmulae related to the saturation vapour pressure
Calculation|of the saturation vapeur pressure p, [Pa] as a function of the temperature t [K] according to
the Federal|Register:
p, =exp(~12,150 799xIn(t)-8 499,22xt > ~7 423,186 5xt
+96,1635147+0,024 917 646xt —1,316 011 9x10 > xt 2
—1) 146045 4x10 8 x¢3 +2,170 128 9x10 M x¢* (1p.14)

~3,610258x10 > xt> +3,850 451 9x10 8 xt®_-1,4317

x10721 x¢7?
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)°

~7,477 123x107° ><(t—273,15)3 +8,10525x107°
1013,2 (D15)

760

5

x(£-273,15)* =3,115 221x10 8 x(£ -273,15)" )x

x100
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D.2.2.4 Formulae related to the soot concentration

Correlations for the calculation of the soot concentration c,, [mg/m3 in wet exhaust] shall be provided
by the manufacturer of the measurement device.

D.2.

3 Reaction formulae and formulae 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

com
is gi

On f
stoid

D.2.

Add

D.2.

Add

bounds. For each combusted element the resulting additional volume (exhaust volume™=
Fen. The summation of these additional volumes results in the total additional voluine f]

his basis formulae for further exhaust relevant data are derived (conversion fact
hiometric air demand and fuel specific factor f¢,).

B.2 Combustion of hydrogen

H(f)+1/,0,(a)> 1, H,0(e)
kg H+M,  [(4x4, )[kg0,] — M, /(2x4, )[kgHg0]
oy /(94 Jm 0] = o, (214, [ 80)

tional volume by combustion:

22XV, 120 ~Vinoz )/ (4x Ay )=(2x22,414£22,414) /(4x1,007 94)=5,559 4| m3 /kg H |

8.3 Combustion of carbon

C(£)+0,(a) > CO,(e)
Lkg C+M, o, /A [k805 | = Mo, /A [kg CO,

/mo2/ Arc [m302] = Vincoz /4 C [m3C02]

tional volume by combustion:

air volume)

Fw*

br wet/dry,

masses

volumes

masses

volumes

V2o =V, )/ A =(22,414-22,414)/12,011=0 m3 /kg C |

haii

D.2.3.4 Combustion of sulfur

S(f)+0,(a) — SO, (e)

lkgS+M, /A [kgOy] > M, /A [kgSO,]

© IS0 2020 - All rights reserved
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(Vmsoz a

_ _ —0 3
Vmoz)/Ars =(22,414-22,414)/32,065=0m3 /kg S

Additional volume by combustion:

(Vmsoz a

_ _ _ 3
Vmoz)/ArS =(21,891-22,392)/32,065-0,0156 2m3 /kg S

D.2.3.5 Reaction of nitrogen

N(f) = N, (e)

volumes

1kg N -

1-V

]
Additional ¥

VmNZ/]

> 1kgN, mg

N2/ Ming [m3N2] volu

rolume by combustion:

1

N2 =22,414/28,01=0,800 21 m3 /kg N

D.2.3.6 Consideration of the fuel oxygen

Since the ¢
with consu
considered

0(f) >
1kgO -
Vmoz

Additional ¥

Mgy

ombustion of the other fuel elements with the,above given formulae was calcul
mption of air oxygen, the fuel oxygen is not ne€ded for combustion and can therefor
to be set free as gaseous molecular oxygen in_the exhaust:

0, (e)

> 1kg O,

4r02 [m302 ] voly

rolume by combustion:

- =22,414 /31,998 8=0,700 46 m3 /kg

o

D.2.3.7 T

tal additional volume f;, [m3/kg fuel]

The fuel spgcific\constants f;,, [m3 volume change from combustion air to wet exhaust/kg fuel]
the correspphding value f; for the dry exhaust are further used to calculate the dry to wet corre

sses

mes

ated
e be

sses

mes

and
tion

factor and the exhaust densities (see D.Z.4 and D.Z2.5]. f,, can be calculated by adding up the additional
volumes of the combustion of the fuel elements given in D.2.3.2 to D.2.3.6:

For the calc

few =0,055 594xwy; +0,008 002 1xwy +0,007 004 6xw, (D.16)
ulation of the exhaust volume flow V,,, it can be used as follows:
Wy =Wy Hme ¥ i (D.17)

ftw 1s also used for calculation of wet exhaust density p,,, and dry/wet factor kyy ..
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D.2.3.8 Calculation of the factor f;, from f;,

The factor f;4 can be used for the calculation of the dry exhaust volume flow as follows:

Gy

=q, +fiyX
ed qvad fi:d qu

(D.18)

f¢q values are always negative, that means that the volume of dry exhaust is always less than the volume
of the intake air.

Based on Formula (D.18) the following derivations can be made:

_ qved _qvad
fd —
mf
The volume of moisture due to combustion which must be removed from the total’volume
to cqmbustion (q,,¢ * f,,) 1S given by:
Wi XG5 meHZO
1OOXZXAFH
. < f Wy xqumeHzo
and qu fw 100X2XAT and
fra = .
Qg
F o= iy f x0,111 18
= B ——— —W. ,

D.2.

Wit}
of ai

With
com

In cq

fra= —0,055586xwy +0,008 002xwy40,007 004 6xw,

8.9 Stoichiometric air demand‘4/F,

the reactions of the fuel elenients given in D.2.3.2 to D.2.3.6 the stoichiometric air dem
' needed for combustion of 1 kg fuel) can be given as follows:

w, w w w, I,
_ C H S 0 02
A/F, = — —

+— =
A B A A [ W,

the term, ¥/w,, the needed oxygen mass is converted to the needed air mass, and
bonents'of'the air are taken into account.

nerete numbers:

(D.19)

change due

(D.20)

(D.21)

(D.22)

hnd (= mass

(D.23)

50 the inert

We Wy Wg Wo
A/F, = + + 1,382
12,011 4,03176 32,06 31,9988
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D.2.4 Calculation of the dry to wet correction factor k,,

D.2.4.1 Stoichiometric combustion

The dry to wet correction factor k,, . is used for converting dry measured concentrations to the wet
reference condition. k, . is further the quotient between dry and wet exhaust volume flow:

— Cgasw — qved :1_qu20 (D.ZS)

Cgasd quw iy

k

w,r

ew

The index "gas*imdicates thre Tdividual gaseous tompornent {erg€6)1,;7; Trere fras tobeimterprieted
as the watel content of the exhaust, which condenses in the cooling bath of the gas analysis system and
which is t};ts removed from the exhaust before measurement. q ;,, is calculated by adding'th€ water
from the intake air to the water formed by combustion and subtracting the rest water, which is|still
present aftgr the cooling bath.

9mad ><Ha XVmHZO

3
qVHZO,intakeair: 1()()O><Mr [m*/h] (1}.26)
H2

Wy XG e XV,
q, B M Mu20 [m3 /h] (D).27)
H20,forfned by combustion = 100X2><AT

H

a, e P 1 .29
H20,rest after cooler = 1,293 p,

with p. = water partial pressure after cooling bath
and p,/p,, =mole fraction of water vapor = volume fraction of water vapor after the cooler
and Density of dry air = 1,293 kg/m3

Q=4+t Sow (§.29)

9mad ><Ha ><VmHZO + WHX ><VmHZO _ 9mad <Pr
1000xM 40 100x2xA. 1,293xp,
k. =1t A (1.30)
' 9mad XHa ><VmHZO 9mad
+ Qe X fow
1000xM 1,0 1,293

Dividing thp numerator-and denominator by 1 000/g,,.4 and substituting for known values of njolar
volumes, mplecularmasses and atomic masses, the following formula can be derived.

128425 H, +111,187 5w <~ _773,4x2r
— “Tmad b
Ky =1- - ma (D.31)
773,4+1,244 2xH, +—"Lx f, %1000
mad

NOTE In [SO 8178-1:1996 the dry wet factor k,, . was calculated by means of the intermediate fuel specific
constant f;, according to Formula (D.32).
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111,187xwy,

ffh:

and kw‘r

773,4+-m £ %1000
mad (D.32)

= 1-fg, xqij—sz +p—r
Amad Py
The f;;, concept was abandoned, because f, is not only fuel specific but also Lambda dependant and
because Formula (D.30) or (D.31) gives better precision.

D.2.f£2 Incomplete combustion

The |water content of the exhaust and the dry/wet factor k. can be calculated from the exhaust
composition in the following way:

The water concentrations (in % units) can be directly derived from the CO, and CO concentiations with
taking into account the H/C ratio a (assuming f = 1) and the fact, that one.molecule watgr is formed
from 2 atoms hydrogen. Additionally for the hydrogen content of the exhaust a subtractign has to be
madp, because from that corresponding hydrogen part of the fuel no @ater has been formled. Further
the yvater in the intake air and the water still present after the gas céoler have to be considgred,

C
B _ cod |_
H20,combustion,d —O'SXO‘X(CCOZd ot J CH2d (D.33)
9, 9
ey == ed (D.34)
! + + -
qvew qved qVHZO,combustion,d quZO,a qVHZO,aftercooler

where the concentration of H,0, H, and CO,\are expressed as a % and the concentration of CO is
expressed in umol/mol.

= ! (D.35)
' q q q
14 H20combustiond | VH20ad _ VH20 after cooler
qved qved qved
1
(o = ¢ . . (D.36)
' 1+ H20,combustion,d + H20,ad _ H20,after cooler
100 100 100
1
Cw,r2 = Ceond P (D.37)
130/x0,005%] ¢ + -0,01xcyy 4 +k -, —F
whefeky,'is the moisture in the intake air and is given by
1,608xH,
(D.38)

k .=
W2 1000+(1,608xH, )

and H, is the humidity of the intake air in g water per kg of dry air.
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The concentration of hydrogen is derived from the water gas equilibrium according to the following
formula based on SAE ] 1088:

C, C,
cod cod
O,SXQXFX( +CCO2d ]

10*
CHog = (D.39)
Ccod |3y,
104 co2d
or
0,5xaxc-n |% Vol |x(c o [% Vol]+c % Vol
CHZ [% 01]2 r‘n[ 0 ] ( r‘n[ 0 ] r‘n?[ 0 ]) (T -40)

Cco [%Vol]+3xc .y, [% Vol]

This method of k,, , calculation is to be preferred for rich fuel air mixtures (high CO values) and|also
for emissiop measurements without direct air flow measurements, because the k,, . calculation by
Formula (D[31) assumes stoichiometric combustion and it needs the data for q,,,4.

D.2.5 Calgulation of the dry and wet exhaust densities using f;, and g

The exhausf density is calculated by dividing the exhaust mass flow by the exhaust volume flow:

B zqnew _ Tmaw +mf E (D.41)
e G, S X L3
ew Vaw fw H1mf
H, Xq,..4
qmad+ T +qu
_ 1000
Pew =7 xH_XV (Ib-42)
mad qmad a” "mH20
+ +ffw><qu
1,293 1000xM 150
1000+ H, +1000x—mf
q
Pew = el ) (1D.43)
m
773,4+1,2434><Ha +1 000><ffw><

mad
Calculation|of the density of the dry exhaust:

M
w I
+q XA H20
Dmad ™ 100 2xA_
H

ped — q hed — |:k_%:| ([ _4,4)
» Gy, o+ Sra %At m

w I
g x| 1——HxH20

p d — AN VA
¢ Qmad +f xq
1,293 fd7mf (D.45)

Qmad + e X(1-wy x0,08936)

Amad
1,293

+ fta Xt
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D.3 Calculation of the exhaust mass flow from the exhaust composition (carbon
and oxygen balance, for fuels with C, H, S, N and 0)

D.3.1 General

In this annex the carbon and oxygen balance method is used for the calculation of the exhaust mass
flow, in order to enable emission calculations without measurement of air flow or exhaust flow. The
calculation formulae in this annex are related to the concentrations in the dry exhaust, whereas in
the last revision a relation to the wet exhaust was used. The conversion was made because with the
dry method a better precision of the calculated exhaust mass flow was reached especially for highly

i nlota comhiictinn citniatianc (crall gacalinn Anginac
inco lot h + + + [ 1 1 )
Hprete- €U StoR-SteatoRS(SHa 8aSo e eRgHeSy-

The falculation of the exhaust mass flow can also be used for comparison with measured.imass flows, in
orddr to provide check methods regarding the plausibility of test results.

Low|deviations between measured and calculated air flow indicate correct CO,‘0r O, value$ (no leak in
sampling system) and correct air flow measurement (no leak in connection tubes between|engine and
air flow equipment) and correct fuel measurement.

Diffg¢rences between measured and calculated air flows give hints forthe following errors:
a) Measured air flow lower than by carbon balance method:

— leak in exhaust sampling system (highest probability); or

— leak in air measurement equipment (moderate prebability); or

— too high fuel flow values (low probability, except for idle).

b) Measured air flow higher than by carbon balance method:

— calibration error of exhaust analyser; or

— calibration error of air measutement equipment; or

— too low fuel flow values.

NOTE All these cases of a),akeless probable than the three cases of b).

Whdn 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 fompensate
eacH other.

For the derivations within D.3.2 and D.3.3 it is assumed that the fuel consumption, the fuel gomposition
and the ceneentration of the exhaust components are known. It is applicable for fuels containing H, C, S,
0 anld N'in'known proportions.

D.3.2 Calculation of the exhaust mass flow on the basis of the carbon balance

D.3.2.1 General

In this clause two forms of the carbon balance method are given, an iterative calculation (multi-step)
procedure and a one-step calculation procedure. The one-step procedure was added within the revision
of this document, because it is easier to use than the multi-step procedure.

D.3.2.2 Carbon balance, iterative calculation procedure

The calculation of q,,.4, as described in the following clause, needs the values of p,4 and k, ,, which are
themselves dependent on q,,,,4 and thus on the result of the g,,.4 calculation. Therefore an iterative (or

multi-step) calculation procedure has to be applied in the following way. With preliminary values of
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Peq and k. (e.g. 1,34 kg/m3 and 1) the gq,,,.4 values are calculated, from these the g,,.4 values and from
these poq and k.. With these almost exact values p4 and k,, . values in the next iteration step using the
same formulae all data are exact enough, so that a third iteration step would not be necessary.

D.3.2.2.1 Formulae for the calculation of the exhaust mass flow

The following formulae can be used for the calculation of the exhaust mass flow on the basis of the
carbon balance method:

4
Gt XWX Pgq X10
Amed = 7 - . S (D.46)
_ 4
B (CCOZd €coz,a )><10 . Fcod 1 4| SHew | Cew 1
Vincoz Vinco 1-Pr Vine  4c ) Kar
Py
Wy Moo
Unad =med — g X| 1-TaX ="
ma me m 100 ZXArH ([ 47)
=g — G, X(1-W}; X0,089 36)
Ha
qmew: Imadx 1+1 000 +qu ([ -48)

Inserting cpncrete numbers into Formula (D.46) results in the following formulae for incomplete
combustion

Qe XWe xped><832,57

Amed = (D.49)
Ccod 1 Cuc c 1
(Ccoz —Ccoza )¥446,1+ + w_, W
22,414 1 Py 22,414 12,011 kWr
Py,

and for complete combustion
p.1x1,8663

og = Qs X (1.50)

(CCOZd _CCOZ,a)

Combining Formulae (D.49};).47) and (D.48) in one formula and using some simplifications (negle¢ting
unburned spot and assuining a fixed cooler temperature of 4 °C, i.e. 1/(1 - p./p;) = 1,008) the folloying
easier to usg formula-forthe wet exhaust mass flow results:

qmew c
HC

A

WC ><ped Ha
=q_.X +w,, x0,08936-1 K| 1+ +1 (D.51)
mf i 1000

Ccoa T

k
c —c )xo,540+—wrxo,54o
( co2d C02,a 10000
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For combustion of typical diesel fuel with w. = 86,2 % mass and p.q = 1,329 (excess air factor of 2) the

follo

qmew :qu

wing further simplified formula can be given:

+wy, %x0,08936-1

He
w

+

cod

k
c —c x0,004 71+———*x0,004 71
( €02d "cCO2,, ) 10.000

(D.52)

D.3.
The

The
The

With

P.2.2 Derivation of formulae
carbon input [g/h] into the engine from the fuel is:

e XWe X10

carbon input [g/h] into the engine from the intake air is q,,,c(; - Seearmula (D.56).

carbon output from the engine in g/h is:

Arc Arc A

7mc02X—M Tqnco 7 Tmuc ™7,

rCo2 MrCO MrHC

e
the following formulae the individual gas components are calculated in g/h.

coz

" _ 0 ch02d

co2=

" Vinco2XPed {_Pr
Py,

><qmed

In Formula (D.55) the CO, mass emissionis calculated from the volume portion by multipl

the quotient of the gas densities (CO;/dry exhaust). The CO, gas density is given as moleq
per molecular volume. These principal formulae are used in comparable way for the other c

M x10 ¢
rC02 0%

Imco2,a = d
T Vo2 XPeay P
Py
M C
o) cod
lmco = x XAmed
MYV coXPaq X1000 P me
Py
e XCHCW

= X
e~V xp %1000 k. med
X Led

(D.53)

(D.54)

(D.55)

cation with
ular weight
pmponents:

(D.56)

(D.57)

(D.58)
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1 Cew
= X X D.59
Ime = X1000 k,,  med (5-59)
The balance condition (carbon input = carbon output) results in
Dmed ><Ar c —C x10% c o o
g X W X10=— ¢ (020 ~Ccoza) + cod +——Hew _, Cw (D.60)
Ped x1000 vV Xl—p—r 174 x 1_p_r VmHC kar ArC kar
m mCO
CO2 D D
Formula (D[60) can be converted to Formula (D.61), allowing the calculation of g,,.4 on the basis-of the

carbon bala

nce:

q - Xw.Xp. x10%
Dmed = r ol 2 L tud e (Ib.61)
(Cco2d ~Cc02,2)¥10 . fcod
Mco2 Vinco “Hew Ccw
ATC X +
_p_r kwr ><VmHC k rXArC
Py
D.3.2.3 C4rbon balance, 1-step calculation procedure K
Because of [the not so easy to use multi-step calculation procedure, in this clause two iteration qteps
are combined in one final formula for the exhaust mass flow, thus enabling a 1-step calculgtion
procedure.‘]{he results of the 1-step procedure are within #0;2'% of the multi-step procedure for all fuel
compositions tested.
D.3.2.3.1 [arbon balance, 1-step calculation precedure, application of formulae
The following 1-step formula can be used for thescalculation of the wet exhaust mass flow:
weXweX1,4
1,4xw. 1
+wyX0;08936-1 K———+ fy
¢ 1,293 +wy, x0,089 361 x| 1+ H, +1 | (D.62)
=q X wy X0, -1 K .

Tmew ={Imf f.xf, H 1000
with the carbon factor) fc [-] given by:

f.=(ccduasCcoz a J¥0,544 1+ ‘cod_, “Hew (1.63)

¢ \cpzd) "Coza ) 18522 17355
or
The following even simpler formula can also be used with the same precision:
W XWe x1,4 H a
Gy =y X x| 1+ +1 (D.64)
ew £ 1 (1,0828xw, + fey X f )X f. 1000

NOTE1 Formula (D.65) is given as a simpler version of Formula (D.63) without significant loss of precision.
NOTE 2  See Annex E for an example for the calculation of exhaust mass flows.
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D.3.2.3.2 Carbon balance, 1-step procedure, derivation of formulae

In the paragraph the quotient q,,.4/q,,¢ is calculated, using Formula (D.50), repeated here as
Formula (D.66):

Qo XWX Poq X832,57

Ded = . ; . . . (D.65)
(Ccoz ~Ccoz,a <446, 1420 P e LW
' 22,414 | py—-p, | 22,414 12,011 ) k.
with
Py = =7 .=0,93 and
Ccw T 0 this formula is simplified to:
Qe XWX P, G e XWeXP
od = m C edCCOd o _mf fC ed (D.66)
c —C x0,544 1+ + ¢
(¢coaa ~coza) 18522 17355
with
f. =(ccozd —Ccoz a )¥0,544 1+ “cod_, “Hew (D.67)
¢ A 18522 17355
wy M
_ —a s 122 rH20
Imad =Y9med ~9mf [ 100 zxArH (D68)
=qpeq ~ms <X(1-wy X0,089 36)
we X
imad _ We*Ped 5 089 36xwy —1 (D.69)
Dt c
Calcplation of dry exhaust density p,4 usihg the ratio q,,,,4/q,,¢ from Formula (D.69):
slighit conversion of Formula (D.45):
wy M
qmad+qu><[1— B« rHZO] Imad 1 1-0,08936xw,,
D 1000 2xAy | Qe (0.70)
ed ™ 9mad - Amad .
ma RE % ma +
1,293 14 i 1,293xq, ¢ a
and |nsertion of Formula (D.69) leads to:
WeXp.
~EEP 0,089 36wy, —1+1-0,089 36xw,,
e (W(‘ xppr]n

1
—+0,06Y 56Xwy, -1 K———+
; i Jx1,293 Tta

and finally to:
Wc ><ped,p
/e
= D.72
Pt e “Pedp ) 089 365w, 1 K+ f o
—_— , W — —_—
H 1,293 "1

C
In this formula p4 , is a preliminary value of the dry exhaust density (target value: p.q , = 1,34), which
is here calculated more exactly to the final value p 4 for further use in the next step.

Use of p,4 in the calculation of the exhaust mass flow:
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Combining Formulae (D.47) and (D.48) leads to:

Ha
mew zqmadx 1+1000 +qu

u (D.73)
=(q0q — s X(1—w}; X0,089 36))x(1+ N 0:‘)0 ]+qu
which is with the use of
G XWe XP
poq =—Ct—ed fc ed (D.74)
C
further tranpsformed to
WeXp H

Qo = ,mfx([CTed_u—wH x0,089 36}{1+ N 0‘80 ]+1] (1.75)

C

Inserting p,

D.3.3 Oxy

D.3.3.1 G4

The oxygen
flows (up t
balance me|

independenit check of the other methods.

D.3.3.2
The followi

oxygen balgnce method.
wy, M
1- L —TH20 b )%10+10x £, —10xw,
100 2xA 4
Tmed =9mf (1
hi
w_x10-————
P 1000xp 4

which trang

Amed =9

AIlplication of formulae

q from Formula (D.72) into this formula leads to the final formulae given in D.3.2.3.1.

rgen balance, iterative calculation procedure

bneral

b 1 % compared to the carbon balance method with below 0,2 %). Therefore the ca
thod should be the preferred method. But the*exygen balance method can be used 3

g formula can be used for the €alculation of the exhaust mass flow on the basis o

forms to thefellowing formula upon substitution:

(1—0,089 36xXwy )><wOX +fo—wg
h

X (L

mf

balance method gives slightly higher deviations éompared to theoretical exhaust mass

rbon
S an

F the

76)

77)

W D —
°% 10 000xp,,

186
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H
qmew :qmad X(1+ 1 O?)O ]+qu (D.78)

f1 and f2 used in Formula (D.76) and (D.77) are defined as:

M _.,X%c A, 1
027%co2d 0
fi :(10 000x—= ” - XCcod }<—

mO02 VmCO _p_r
Py,
(D.79)
((Aq e— 2XA. g - 3xXA.q - 2XA. 4 - \
NO NO2w — HCw — C
+ L ViaNo Y Vanoz Y Vanc YA i )
kWI‘
and
ZxA, 2x
f, =wy xi+wcx % +wgx 4o (D.80)
2XAy A A
Simplification with complete combustion:
M p
_ 02
flcomplete _(10 OOOXV - XCo2d ]/[ __r] (D.81)
m02 Py
Inseftion of concrete numbers:
14276Xcq,4—0,7138%cegg
T p
1-—L
Py (D.82)
N 0,713 8Xcy gy 11,427 6XCyoge T2, 141 4XCyy,, —2,664 1XC(,
kWI'
Simplification with complete combustion
14 276x%c
1 7T ro2d (D.83)
_Pe
Pn
f, =Wy X7,936.7+wx2,664 1+wgx0,997 9 (D.84)
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D.3.3.3 Derivation of formulae
The oxygen input [g/h] into the engine from the air and from the fuel is:

Anad XWox X10+q,, e Xwy 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:

2XA Ao Ao 2XA
9mo2 T mco2 e T mco e TmNo e T amNo2 ATy
rC02 , Ar rco Ar rNO rNO2 ([ .86)
X
0 0
+quOZXM TqmH02 %
rS02 rH20
With the following formulae the individual gas components are calculated in g/h.
M ,x10 ¢
Ano2~= 7 — X v ><qmed ([ '87)
mO2 ><ped 1_p_r
Py
M C
rCO cod
Ao = X Xqed (D.88)
m /10X Peq x1000 1P me
Py
M C
rNO NOw
= X X 1).89
quO /mNO *Ped x1000 kwr fmed ( )
M c
rNO2 NO2w
= X X 0.90
quOZ VmNOZ XPed x1000 kwr fmed ( )
Vi M M
_1%rco2 €02 €02
Qnco =1 Xyng XWc X10=Gp 00 X—Mr ~AmHc X—Mr A
ArC rCoO rHC
(Ib.91)
% Mo,
A
M M
rH20 rH20
Amb20 T52 5 Xdme XWESI0—G e X ——— (1.92)
" XAy " " My
M
Q502 22X ) xwg x10 (1.93)
A
M c
quC = i xCW le'mea (T '94)

Ve XPegX1000 k.

188 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=3c391b7546f0a42028d9ba2d3d04656d

ISO 8178-4:2020(E)

1 Cew

= X X
Ime = x1000 k,,  med

The balance condition (oxygen input = oxygen output) results in

qm a

4 XWoy X10+q, e Xwy X10

— Amed
1000xp,,

(M oXCro . x10000 A XCer .
1U4 \UyAvy _ 1Y CLUU

By d|

and

> VmOZ VmCO

_Pe
Py

A 0 XCNow N 2XA o XCnoaw XA XChow  2XAgXCoy

VmNO VmNOZ VmHC ArC

k

wr

+

4o » 2XA

2xXAg
+1O><qmf X WH><2 +We +wg X 2
X
H C S

efining the following factors

M_ 55 %C504%10000 _ A 5XCcoq

f _ VmOZ VmCO
1=

_Pe
Py

Ao XCNow N 2XA 0 XCNoow XA g XCheyw 22X A XCey

VmNO VmNOZ AmHC ArC

k

wr
2X 2X
ATO FWeX ATO +wg X ArO
2><Ar

H C S

+

8 =[WH><

by using Fortaula (D.47), Formula (D.96) can be converted to the following formula:

w, M
[1—F%xﬁ }<WOX><10+10>< £, 10w,
X
H
Imed = qmf > £

J1
w, X10-——1
X" 1000xp, J

which is equivalent to Formula (D.76) given in the beginning.
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D.4 Derivation of the fuel specific factor k;

The following formulae are essential for the carbon balance method for partial flow particulates
measurement system.

k. %
q= £t (D.100)
Imew X(Cco2d4 ~Cco2,a)
and
ke Xq¢ e
Dmedf = {D7101)

qmeat 15 def
dilution rat

This carbon

Cco2d ~Cco2,a

0).

0 XW( x10[g/h]

balance method supposes that the carbon input from the fuel into the engine

(D.

ned as the mass flow of diluted exhaust in an equivalent full flow dilution tunel (4ame

102)

isequal to the carbon outputin the diluted exhaust, the latter being calculatedfrom the CO,-concentrgtion

in the dilutqd exhaust (minus the CO,-concentration of the dilution air)ii‘the following way:
Tmeds A x10
X[ €024 —Cco2a X (D,
Pew,d mCO2
The balancé condition (input = output) together with Formula (D.101) can be converted to the folloy
formula for kf:
ke = We KV mco2XPew,d .
Ac

The density

(1,293 kg/m3), from the water content.of'the dilution air

p ew,d =

with the fad

M
H20
1,293k, +————x(1=K )

mH20

tor k. from 94.5:2.

 of the diluted exhaust p,,, ;.can be calculated from the density of the dry dilutioy

(D.

103)

wing

104)

N air

105)

With dry djlution air and with high dilution ratios (p,,, 4 = 1,293 kg/m3) and with V¢, = 22,414 and
A =12,011 the following simpler formula results:

kf =wx2/4129 (D.JL06)
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Figure D.1 gives some guidance to the application of formulae for the different possibilities to calculate
the exhaust emissions:

Combustion air Component per Component per Exhaust gas
Air mass flow 100 kg wet air 100 kg wet air volume flow
3 Vew
Gaw kg m m3
H,0 | % (m/m) v (MVH,0/MWH,0)v = 1,243v i % H,0 (V/V)
N, % (m/m) n (MVN,/MWN,)5 = 0,85 11 %N, (V/V)
0 Y% (m/m) T BMYOAMWOJ =07 % 0, (V/V)
(MVO,/MWO,)t, =0,774
Fuel total mass flow, kg/h
GRUEL |
Oxygen mass for the Component gas mass Component gas volume 6 CO, (V/V)
5 op| combustion of 100 kg fuel after the combustion after the combustion z
e of 100 kg fuel of 100 kg fuel
=)
=1
5 E.) S kg kg m?
5 | © oo
E |5 =
A
[ [ —
— Hwy | (AWO/2AWH)wy, = (MVH,0/2AWH)wy, = (MVH30/2AWH)wy, = b S0, (V/V)
| 7,936wy 9,936wy 11, T11wy , 6CO (V/V)
— € We | (2AWO/AWC)w = (MVCO,/AWC)w = (MVCO,/AWC)w = _/ / 4NO (V/V)
— 2,664w, 3,664w 1853w / Do NO, (V/V)
— B Ws | (2AWO0/AWS)w; = (MVS0,/AWS)wy = (MVS0,/AWS)wg = W HC (V/V)
0,998wg 1,998wg 0,682wgq Soot
N WpgL| 0 wy (MVS0,/AWS)wy =
0,682wy
D Wqo -wg 0 0
FiguteD.1 — Air-fuel-exhaust gas
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Annex E
(informative)

Example programme for calculation of exhaust mass flows

An example for calculation of the exhaust mass flows by exhaust and fuel composition according to

Annex D is given in Table E.1 and Figure E.1.
Table E.1 — Example for calculation of exhaust mass flows
Basiddata Relative atomic mass/Molar mass Molar volume
g/mol 1/mol(O C, ¥013 mbar)
H 1,007 94
C 12,011 00
S 32,060 00
N 14,006 70
0 15,999 40
Ar 39,900 00
H,0 18,015 34 22,4010
Co, 44,010 00 22,2620
0, 31,998 80 22,3920
NO, 46,008 00 21,8090
inert gases 28,145 40 22,3901
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