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Forewor

d

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

Electrotechn

International

ical Commission (IEC) on all matters of electrotechnical standardization.

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

The main tg
adopted by
Internationa

Attention is
rights. ISO s

ISO 8178-9
SC 8, Exhal

This second
which has b

1ISO 8178 co
Exhaust em

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7: 1
Part 8:

Part 9:
compre

Part 10

sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting. Publication &
Standard requires approval by at least 75 % of the member bodies casting a vote.

Hrawn to the possibility that some of the elements of this document may be the(gubject of p
hall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 70, Internal combustion_engines, Subcomn
st gas emission measurement.

edition cancels and replaces the first edition (ISO 8178-9:2000; IS© 8178-9:2000/AMD 1:2
pen technically revised.

nsists of the following parts, under the general title Reciprocating internal combustion enging
ssion measurement:

[est-bed measurement of gaseous and particulate ‘exhaust emissions
\leasurement of gaseous and particulate exhalist emissions under field conditions
Definitions and methods of measurementoPexhaust gas smoke under steady-state condition
Steady-state test cycles for different-engine applications
[est fuels

Report of measuring results.and test

Engine family determination

Engine group detefmination

[est cycles alid test procedures for test bed measurement of exhaust gas smoke emissions
5sion ignition engines operating under transient conditions

Test\Cycles and test procedures for field measurement of exhaust gas smoke emissions

ards
S an

htent

ittee

D04),

PS —

from

from

compre

5sion’ignition engines operating under transient conditions

nonroad mobile machinery under transient test conditions

Part 11: Test-bed measurement of gaseous and particulate exhaust emissions from engines used in
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Introduction

On a global scale, there are currently many smoke measurement procedures in various forms. Some of these
smoke measurement procedures are designed for test-bed testing and intended to be used for certification or
type-approval purposes. Others are designed for field-testing and can be used in inspection and maintenance
programmes. Different smoke measurement procedures exist to meet the needs of various regulatory agencies
and industries. The two methods typically used are the filter smokemeter method and the opacimeter.

The purpose of ISO 8178 is to combine the key features of several existing smoke measurement procedures as
much as techmcally p033|ble ISO 8178-4 specifies a number of different test cycles to be used to characterize

gass
reco
diffe
With
engi
from

This
inter
spe¢
aspif
statg

Only]

pnition of the differing operating characteristics of various categories of nonroad macHing
ent smoke test cycles can be appropriate for different categories of nonroad engin€s an
n ISO 8178-4 it was possible to characterize and control gaseous and particulate emissions f
hes using a variety of steady-state operating points. To properly characterize and control smok
many engine applications a transient smoke test cycle is needed.

part of ISO 8178 is intended for the measurement of the emissions of smoke from compreg
hal combustion engines. It applies to engines operating under transient’conditions, wherg
d or load, or both, changes with time; note that the smoke emissions fronrtypical well-maintain
ated engines under transient conditions will generally be the same a@sthe smoke emissions u
conditions.

opacimeter-type smokemeters are intended to be used formaking the smoke measurements

this part of ISO 8178, which allows the use of either full-flow ot partial-flow opacimeters and corre

ford
due

The
desgc

The
desg

fferences in response time between the two types of opacimeters, but does not account for an
o differences in temperatures at the sampling zone.

test cycle described in Annex E is representative for those engines that are used in ap
ribed in the E1, E2, E3 and E5 cycles of ISO"8178-4:2007.

test cycle described in Annex F is répresentative for those engines that are used in ap
ribed in the F cycle of ISO 8178-4;2007.

eveloped in
s. Likewise,
d machines.
om nonroad
€ emissions

sion ignition

the engine
ed naturally-
nder steady-

described in
Cts accounts
differences

blications as

blications as
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Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 9:
Test cycles and test proce

tion principle. The purpose of this part of ISO 8178 is to define’ the’ smoke test cycles and
to measure and analyse smoke. Specifications for measurément of smoke using the lig

be ng¢cessary. For engines used in machinery.covered by additional requirements (e.g. occupation
safely regulations), additional test conditions and special evaluation methods can apply.

ormative references
The following documents, in-whole or in part, are normatively referenced in this document and are in

for it$ application. For dated-references, only the edition cited applies. For undated references, the
of the referenced document (including any amendments) applies.

dures for test bed measurement

bn of smoke

on the light
the methods
ht extinction
in Clauses 1
5 in general.
ropriate test
cycle that is
b smoke test
.

can prove to
bl health and

dispensable
atest edition

nt — Part 4:

5: Test fuels

hrt 6: Report

of measuring results and test

ISO 8178-7, Reciprocating internal combustion engines — Exhaust emission measurement — Part 7: Engine

family determination

ISO 8178-8, Reciprocating internal combustion engines — Exhaust emission measurement — Part 8: Engine

group determination

ISO 8528-1, Reciprocating internal combustion engine driven alternating current generating sets — Part 1:

Application, ratings and performance

ISO 11614:1999, Reciprocating internal combustion compression-ignition engines — Apparatus for
measurement of the opacity and for determination of the light absorption coefficient of exhaust gas
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3 Terms and definitions

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

341
exhaust gas smoke
visible suspension of solid and/or liquid particles in gases resulting from combustion or pyrolysis

NOTE Black smoke (soot) is mainly comprised of carbon particles; blue smoke is usually due to droplets resulting
from the incomplete combustion of fuel or lubricating oil; white smoke is usually due to condensed water and/or liquid fuel;
yellow smoke is caused by NO».

3.2
transmittance
T
fraction of light, expressed as a percentage, transmitted from a source through a smoke-obscured path and
which reachgs the observer or the instrument receiver

3.3
opacity
N
fraction of light, expressed as a percentage, transmitted from a source throughia smoke-obscured path and
which is preyented from reaching the observer or the instrument receiver

NOTE N|=100- 7

34
optical path length

3.41
effective optical path length
La
length of thel smoke-obscured optical path betweehsithe opacimeter light source and the receiver, expressgd in
metres and ¢orrected, as necessary, for non-uniformity due to density gradients and fringe effect

NOTE Pprtions of the total light source toreceiver path length which are not smoke obscured do not contribute o the
effective optidal path length.

3.4.2
standard efffective optical pathZJength

Las
measurement used to enstire’meaningful comparisons of quoted opacity values

NOTE LAs values @re defined in 10.1.4.

3.5
light absor;rtion coefficient
k
fundamental means of quantifying the ability of a smoke plume or smoke-containing gas sample to obscure light

NOTE By convention, the light absorption coefficient is expressed in reciprocal metres (m-1). The light absorption
coefficient is a function of the number of smoke particles per unit gas volume, the size distribution of the smoke particles
and the light absorption and scattering properties of the particles. In the absence of blue, white or yellow smoke or ash,
the size distribution and the light absorption/scattering properties are similar for all diesel exhaust gas samples and the
light absorption coefficient is primarily a function of the smoke particle density.

2 © 1S0 2012 — All rights reserved
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3.6

Beer-Lambert law

mathematical equation describing the physical relationships between the light absorption coefficient (k), the
smoke parameters of transmittance (7 ) and effective optical path length (La)

NOTE Because the light absorption coefficient (k) cannot be measured directly, the Beer-Lambert law is used to
calculate k&, when opacity (N) or transmittance (7 ), and effective optical path length (ZLa) are known:
k = iln L
=i|n 1_i
Lp 100 2)
3.7

opa¢imeter
instriment used for the measurement of smoke characteristics using the optical method of transnpittance

3.71
full-flow opacimeter
instrbment in which all flow of exhaust gas passes through the smoke{measuring chamber

3.711
full-flow end-of-line opacimeter
instriment which measures the opacity of the full exhaust plume as it exits the tailpipe

NOTE The light source and receiver for this type of opacimeter are located on opposite sides of the smqgke plume and
in clgse proximity to the open end of the tailpipe. When.applying this type of opacimeter, the effective optical path length
is a flinction of the tailpipe design.

3.71|2
full-flow in-line opacimeter
instriment which measures the opacity-of the full exhaust plume within the tailpipe

NOTE The light source and receiver for this type of opacimeter are located on opposite sides of the smqke plume and
in close proximity to the outer wallof-the tailpipe. With this type of opacimeter the effective optical path lengtH is dependent
on the instrument.

3.7.2
part|al-flow opacimeter
instriment which&amples a representative portion of the total exhaust flow and passes the sample through
the measuring.chamber

NOTE \With this type of opacimeter the effective optical path length is a function of the opacimeter desjgn.

3.7.3
Opacimeter response time

3.7.31

opacimeter physical response time

fp

difference between the times when the raw i-signal reaches 10 % and 90 % of the full deviation when the light
absorption coefficient of the gas being measured is changed in less than 0,01 s

NOTE The physical response time of the partial flow opacimeter is defined with the sampling probe and transfer tube.
Additional information on the physical response time can be found in 8.2.1 and 11.7.2 of ISO 11614:1999.

© 1S0O 2012 — All rights reserved 3
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3.7.3.2

opacimeter electrical response time

fe

difference between the times when the instrument recorder output signal or display reaches 10 % and 90 % of
full scale when the light source is interrupted or completely extinguished in less than 0,01 s

NOTE Additional information on the electrical response time can be found in 8.2.3 of ISO 11614:1999.

4 Symbols and units

See Table 1

Table 1 — Symbols and units for terms used in this part of ISO 8178

Symbol Term Unit
B Bessel function constant 1
C Bessel function constant 1
D Bessel function constant 1
E Bessel constant 1
fa Atmospheric factor 1
fe Bessel filter cut-off frequency s
k Light absorption coefficient m-"1

kcorr Ambient condition corrected light absorption coefficient m-1
kobs Observed light absorption coefficient m~"
K Bessel constant 1

Ks Smoke ambient correction factor 1
La Effective optical path length m
Las Standard effective optical path'length m
N Opacity %
Na Opacity at effectivegptical path length %
Nas Opacity at standargd-effective optical path length %
Pme Brake effective-mean pressure kPa
Ds Dry atmospheric pressure kPa
P Engine-power kW
Sj Instantaneous smoke value m~" or %
tAver Overall response time S
t& Opacimeter electrical reponse time s
IF Filter response time for Bessel function s
Lo Opacimeter physical response time S
At Time between successive smoke data ( = 1/sampling rate) s
Ta Engine intake air temperature K
X Desired overall response time S
Y; Bessel averaged smoke value m~1or %
o Dry ambient density kg/m3
T Smoke transmittance %
Q Bessel constant 1

4 © 1S0 2012 — All rights reserved
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5 Test conditions

5.1

5.1.1

Ambient test conditions

Test condition parameter

The absolute temperature T3, of the engine intake air expressed in kelvin, and the dry atmospheric pressure ps,
expressed in kPa, shall be measured, and the atmospheric factor 15, shall be determined using Formulae (3) to (5).

For naturally aspirated and mechanically supercharged compression-ignition engines and compression-

igniti

n anaines-with wastaaatas onerating-:
R-8RgHes-WHR-WastegatesS-opelratig:

This
is no
char

0,7
. [%][T_]
Ps 298

formula also applies if the wastegate is operating only during sections of the)test cycle. If th
t operating during any section of the test cycle, Formula (4) or (5) shall be used depending o
je cooling, if any.

For tdrbocharged compression-ignition engines without charge air cooling, or with charge air cooling by air,

For t

5.1.2

For &

(9] (T )
| ps 298

urbocharged compression-ignition engines with.¢harge air to liquid charge air cooler:

99" (1, Y
=| — X| ——
@ ps 298

Test validation criteria — test conditions
test to be recognized as valid the parameter f3 should be such that:

93 <f3<1,07

It is fecommended thattests be with the parameter f; between 0,96 and 1,06.

Addi

5.2

ional validation criteria are given in 7.3.2.3 and A.3.2.2.

Power

)

e wastegate
n the type of

air cooler:

(6)

Th q Sanaliorioc v bl oo o PPN IWIP-N-N IW) ik Baratian + mackbiae-andarvbiab-naas -
ose-athdartesS-WwHerh-areReeeSSat y Oy TOT T OpPTTatiomT UT O TTIac T e arta wimoT T riray— oCTiT

engine shall be removed for the test. The following incomplete list is given as an example:

air compressor for brakes;
power steering pump;
air conditioning compressor;

pumps for hydraulic actuators.

For further details see 3.8 of ISO 8178-1:2006.

© 1SO 2012 — All rights reserved
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5.3 Engine air inlet system

The test engine shall be equipped with an air inlet system presenting an air inlet restriction within + 10 % of the
manufacturer’s specified upper limit for a clean air-cleaner. The upper limit shall be at the engine operating condition,
as specified by the manufacturer, that results in the maximum air flow for the respective engine application.

5.4 Engine exhaust system

The test engine shall be equipped with an exhaust system presenting an exhaust back pressure within + 10 % of
the manufacturer’s specified upper limit. The upper limit shall be at the engine operating condition, as specified
by the manufacturer, that results in the maximum declared power for the respective engine application. Tests

may be con
measureme
measureme
typical of thg

5.5 Cooli

An engine g
prescribed b

5.6 Lubri

Specifications of the lubricating oil used for the test shall be recorded and presented with the results of the|

5.7 Engin
The temperd

The cooling
The charge
the manufag

Hucted with a muffler, as this will tend to reduced exhaust pulsations which may interfere
nt of smoke. Further, the use of a muffler should provide better correlation between test-bed. si
't and any in-field smoke tests that may occur. The design of the muffler (i.e. volumé) shou
t used in actual field applications of the engine being tested.

hg system

ooling system with sufficient capacity to maintain the engine at normal~eperating tempera
y the manufacturer shall be used.

cating oil

es with charge air cooling
ture of the cooling medium and the temperaturg,of the charge air shall be recorded.

system shall be set with the engine operatifg at the speed and load specified by the manufac
pir temperature and cooler pressure drop shall be set to within + 4 K and + 2 kPa respective
turer’s specification.

5.8 Test

The test fue| temperature shall be in accordance with the manufacturer’'s recommendations. In the even
the manufacturer does not specify the‘temperature, it shall be 311 K + 5 K. Except for cases where “heavy
is used, the femperature specified’by the manufacturer shall not be greater than 316 K. The fuel temper

shall be me
the location

6 Test fu

uel temperature

sured at the inleto the fuel injection pump unless otherwise specified by the manufacturer
pf measuremeéntvshall be recorded.

els

with
noke
d be

ures

test.

urer.
bly of

that
[ fuel
hture
and

Fuel charact

pristics influence the engine smoke emissions. Therefore, the characteristics of the fuel used fg

r the

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

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

© 1SO 2012 — All rights reserved
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Table 2 — Selection of fuel

-9:2012(E)

Test purpose Interested parties

Fuel selection

Type approval (certification)

Certification body

Manufacturer or supplier
defined

Reference fuel, if one is defined

Commercial fuel if no reference fuel is

Acceptance test

Commercial fuel as specifi
manufacturer 2

Manufacturer or supplier

Customer or inspector

ed by the

Res

earch/development One or more of:

£ 4
— 1Tidruracudrcr,
— research organization;

— fuel and lubricant supplier; etc.

To suit the purpose of the test

a
limit

by tH

Customers and inspectors should note that the emission tests carried out using commercial fuel will, netnecessari
specified when using reference fuels. The fuel used for acceptance tests should be within the range‘of fuel specific
e engine manufacturer, as specified in the engine manufacturer’s technical literature.

ptions allowed

y comply with

7 Measurement equipment and accuracy

7.1 | General

The following equipment shall be used for smoke tests on engines using dynamometers. This parf
doeq not contain details of pressure and temperature measuring equipment. Instead, only t
requfrements of such equipment necessary for conductinga smoke test are given in 7.4.

7.2 | Dynamometer specification

An dgngine dynamometer with adequate charaéteristics to perform the test cycle as described i
and B shall be used. Test cycle linearity requirements apply only when tests have been conduc

elecfric dynamometer. The instrumentation-for torque and speed measurement shall allow the nj
accu

be s
max
thes

7.3

7.3.1

Tran

opad
Speq

in C

racy required for running the test cyele within the limits given in Annexes A and B. Speed and
bmpled at a frequency of at least 1 Hz. The accuracy of the measuring equipment shall be 3
mum tolerances of the figures given in Table 3 are not exceeded. Engine driven equipmery
P requirements may be used instead of dynamometers.

Determination-of-smoke

General

sient smoke tests must be conducted using opacimeter-type smokemeters. Three differ
imeters- are allowed: in-line and end-of-line full-flow opacimeters and the partial-flow
ifications for the three types of opacimeters can be found in Clause 11 of this part of IS

4404 4. 400

of ISO 8178

ne accuracy

Annexes A
ed using an
easurement
torque shall
uch that the
t that meets

ent types of
opacimeter.
O 8178 and

o [ B IR VoYX o1 4 r 1 — TN I 4 +
ausSts U dllu 7 U ToVU TTUT5. 1999, TTCITIPCTalulc CUTTCUUUIT Tias TIOU UTCCTT valludicU 101 U

therefore, temperature correction of smoke results has not been included in this part of ISO 8178.

© 1SO 2012 — All rights reserved
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Table 3 — Permissible deviations of instruments for engine-related parameters

7.3.2 Speg

7.3.21 Ge

Smoke tests
functional un
components

a full-flg
for opad

adataq

a printe
Annexe

Permissible deviation Calibration
Item (% based on engine maximum intervals
values) in accordance with months
ISO 3046-3

Engine speed 2 % 3
Torque +2 % or+5Nm?a 3
Power +3 % not applicable
8  Whichever is greater.

ifications — opacimeters

heral

require the use of a smoke measurement and data processing system which includes
its. These units may be integrated into a single component or provided asia-system of interconne
. The three functional units are as follows:

w or a partial-flow opacimeter meeting the specifications of this-sdbclause. Detailed specifica
imeters can be found in Clause 11 and in ISO 11614;

rocessing unit capable of performing the functions described in 10.2 and 10.3 and in Annex

r and/or electronic storage medium to record and.output the required smoke values specifi
5 A and B.

7.3.2.2 Linearity

Linearity is g

efined as the difference between the wvalue measured by the opacimeter and the reference

of the calibrating device. The linearity shall notexceed + 2 % opacity.

7.3.2.3 Zel

Zero drift du
2 % of full sq

7.3.24 Op
For display
appropriate
0,1 % of full

The optical g

o drift

ring the lesser of a one.hour period or the duration of the test shall not exceed + 0,5 % opac
ale whichever is smaller.

pcimeter display and range

in both opaCity and light absorption coefficient the opacimeter shall have a measuring r
for accurately measuring the smoke of the engine being tested. The resolution shall be at
scale.

hree
cted

tions

D;

ed in

alue

ty or

hnge
east

ath Iongi‘h selactad fortha smoka instriimant shall hg siitahlg faor tha smaka lavals hning mea

ured

in order to minimize errors in calibrations, measurements and calculations.

7.3.2.5

Instrument response time

The physical response time of the opacimeter shall not exceed 0,2 s, and the electrical response time of the
opacimeter shall not exceed 0,05 s.

7.3.2.6 Sampling requirements for partial-flow opacimeters

The samplin

g conditions shall conform to the requirements of 11.3.
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7.3.2.7 Light source

The light source shall conform to the requirements of 11.2 and 11.3

7.3.2.8 Neutral density filters

Any neutral density filters used for calibrating and checking opacimeters must be known to an accuracy of
+ 1 % opacity and the filter's nominal value must be checked for accuracy at least yearly using a reference
traceable to a national or International Standard.

Neutral density filters are precision devices and can easily be damaged during use. Handling should be

miniizedand; wher Tequired; shoutdbe done withtare toavoid scratching or soiting of thefitter

7.4 | Accuracy
The galibration of all measuring instruments shall be traceable to International Standards’ (or natiorfal standards

if no|International Standards exist) and comply with the requirements given in Table 8.

8 Calibration of the opacimeter

8.1 | General

The ppacimeter shall be calibrated as often as necessary in order to fulfil the accuracy requirements of this part
of IS 8178. The calibration method that shall be used is described in 8.2.

8.2 | Calibration procedure

8.2.1 Warming-up time

The ppacimeter shall be warmed up and stabilized in accordance with the manufacturer’'s recommendations.
If thg opacimeter is equipped with a purgerair system to prevent sooting of the instrument optics| this system
shoyld also be activated and adjusted in.accordance with the manufacturer’'s recommendations.

8.2.1 Establishment of the linearity response

With[the opacimeter in thé opacity readout mode, and with no blockage of the opacimeter light beam, the
readput shall be adjustedo 0 % + 0,5 % opacity.

With[the opacimetefin'the opacity readout mode, and all light prevented from reaching the receiver, the readout
shalllbe adjusted.té 100 % + 0,5 % opacity.

The linearity-of'the opacimeter, when used in the opacity mode, shall be checked periodically injaccordance
with the manufacturer’s recommendations. A neutral density filter between 30 % and 60 % opacity which meets

the lequirements of 7.3.2.8 shall be introduced to the opacimeter and the value recorded. Th¢ instrument
readLWmﬁ‘mhdﬁ@‘brnm‘Wmﬂrmmammw filter. Any

nonlinearity exceeding the above value shall be corrected prior to the test.

9 Testrun

9.1 Installation of the measuring equipment

The opacimeter and sample probes, if applicable, shall be installed after the muffler or any after-treatment
device, if fitted, according to the installation procedures specified by the instrument manufacturer. Additionally,
the requirements of Clause 10 of ISO 11614:1999 shall be observed, where appropriate.
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9.2 Checking of the opacimeter

Prior to any zero and full-scale checks, the opacimeter shall be warmed up and stabilized in accordance with
the instrument manufacturer’'s recommendations. If the opacimeter is equipped with a purge air system to
prevent sooting of the meter optics, this system shall also be activated and adjusted in accordance with the
manufacturer’s recommendations.

The zero and full-scale checks shall be made in the opacity readout mode, since the opacity scale offers two
truly definable calibration points, namely 0 % opacity and 100 % opacity. The light absorption coefficient is then
correctly calculated based upon the measured opacity and La, as submitted by the opacimeter manufacturer,
when the instrument is returned to the k readout mode for testing.

With no blog
light being p

9.3 Test ¢

The engine
consideratio

9.4 Deter

Portions of

kage of the opacimeter light beam, the readout shall be adjusted to 0 % + 1 % opacity. Wit
revented from reaching the receiver, the readout shall be adjusted to 100 % + 1 % opacity.

tycle

shall be run on the test cycle as described in Annexes A, B, E and F, taking into accoun
hs noted in Annex C.

mination of effective optical path length (La)

he light source to receiver path length which are not smoke.obscured do not contribute t

h the

t the

b the

effective opfical path length. If the smokemeter light beam is located.sufficiently close to the exhaust gqutlet
(within 0,07 m), the cross section of the smoke plume as it passes by the smokemeter is essentially the game
as the tailpige outlet along the line of orientation of the smokemeterlight beam. In general, this distance should
be determined by direct measurement of the tailpipe outlet. To achieve corrected smoke results which are
accurate within + 2 % opacity, determination of La shall be made within = 6 %. (The largest error in opacity
occurs at an|opacity of approximately 60 %, at lower and higher values of opacity, less accurate determingtion
of La can bd tolerated.) For the smallest standard effective optical path length (0,038 m), £ 6 % equates fo an

accuracy of 0,002 m.

It is often difficult, particularly in field testing, to-gain access to and obtain direct measurements of the tailpipe
outlets on many machines. Therefore, the extension of the exhaust stack pipe from three to a maximum pf 30
times the stack pipe diameter should be conhsidered if the engine manufacturer does not have any objectjons.

Proper seali

For many co
dimensions

10 Data e

10.1 Data

ng of that joint is necessarytQ ‘avoid exhaust dilution with air.

mmon tailpipe designsTa can be determined with sufficient accuracy from external exhaust sy
which are more easilymeasured.

valuation.and calculation

bvaluation

stem

10.1.1 Generatrequirements—opacimeters

The smoke shall be sampled using a minimum frequency of 20 Hz. Smoke values shall be reported in units
of either opacity (V) or light absorption coefficient (k). The measured smoke values (transmittance) shall be
converted into the respective smoke units and corrected for opacimeter optical path length differences, as
necessary (see 10.1.2, 10.1.3 and 10.1.4). Ambient density correction, if necessary, shall be applied to the
light absorption coefficient, only (see 10.3). The smoke data shall then be processed by means of the Bessel
algorithm, as described in 10.2 and Annex A.

The sample line length shall not affect the smoke trace (see 10.3). However, even though sample line length
does not affect the shape of the smoke trace, it may introduce a delay between when the smoke is produced
and when it is measured. The analysis of smoke traces shall account for any delay time associated with
transport of smoke in the exhaust system.
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The smoke values shall then be calculated as described in Annex A.

10.1.2 Beer-Lambert relationships

The Beer-Lambert law defines the relationship between transmittance, light absorption coefficient and effective
optical path length as shown in Formula (7).

T _ o Ha 7)
100

From the definitions of transmittance and opacity, the relationship between these parameters may be defined
as shown in Formula (8).

N=100-1z 8)

From Formulae (7) and (8) the following relationships are derived:

v Las
L
Nac =100x|1-| 1- A | "A 9
AS ( 100] 9
= xin[1-Na (10)
La 100

10.1/3 Data conversion

Conyersion from as-measured smoke values to appropriate reporting units is a two-step prdqcess. Since
the basic measurement unit of all opacimeters is-t{fansmittance, the first step in all cases is to ¢onvert from
trangmittance (7 ) to opacity at the as-measured effective optical path length (Va) using Formula {8). For most
opadimeters this step is done internally and is‘invisible to the user.

The pecond step of the process is to convert from Na to the desired reporting units as follows:

If thg test results are reported in opacity units, Formula (9) must be used to convert from opacity at the as-
measured effective optical pathength (Na) to opacity at the standard effective optical path length (Nas).

NOTE In the event that the measured and standard effective optical path lengths are identical, Nas is equal to Na and
this gecondary conversion step-is not required.

If thg test results are-reported in units of light absorption coefficient, then Formula (10) shall be applied.

10.1{4 Effectiveloptical path length input values

In orgder torapply Formula (10), it is necessary to apply the as-measured effective optical path lepgth (La). To
use Formula (9), values shall be applied both for La and for the standard effective optical path length Las.

For full-flow end-of-line opacimeters, La is a function of the engine tailpipe design. For straight tailpipes with a
circular cross section, Lp is equal to the tailpipe inner diameter.

For partial-flow (sampling) opacimeters and full-flow in-line opacimeters, La is a fixed function of the instrument
measurement cell and purge air system design. Specification data supplied by the instrument manufacturer
shall be used to determine the appropriate value for La when these types of opacimeters are used.

Typically, it is necessary to determine La to within 0,002 m in order to achieve corrected smoke results that are
accurate to within 2 % opacity.

Smoke opacity readings depend on the effective optical path length of the instrument. Since limit values may
be established in units of percent opacity, they must be referred to the standard effective optical path lengths
(pipe diameter) at which the limit values apply. For meaningful smoke data comparisons, smoke opacity results
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shall be reported at the standard effective optical path lengths (Las) shown in Table 4. Smoke opacity may be
measured at non standard optical path lengths.

For the purposes of Table 4 engine power need not be measured. Engine power is typically available either from
a label on the engine, from the owner’s manual for the engine or from information used to apply certification or
type approval of the engine. In the event that engine power cannot be determined, it is not possible to evaluate
the engine’s compliance with limit values that are expressed in percent opacity.

Table 4 — Standard effective optical path lengths

Engine power Standard effective optical path length
P TAS
kW m
P<37 0,038
37<P<75 0,05
75<P <130 0,075
130<P <225 0.1
225< P <450 0,125
P> 450 0,15

10.2 Bessel algorithm

10.2.1 General

The Bessel plgorithm shall be used to compute the averageivalues from the instantaneous smoke readjngs.
The algorithin can be applied to either values of smoke opacity or light absorption coefficient. However, |f the
smoke level|is less than 40 % opacity, the algorithm may be applied to the opacity signal with negligible ¢rror.
The algorithin emulates a low pass second order filter,”and its use requires iterative calculations to determine
the coefficignts. These coefficients are a functionof the response time of the opacimeter system and the
sampling rafe. Therefore, the calculations given)in 10.2.2 must be repeated whenever the system resppnse
time and/or $ampling rate changes.

10.2.2 Calcuplation of filter responsé time and Bessel constants

The required Bessel filter responsetime (¢r) is a function of the physical and electrical response times df the
opacimeter $ystem, as defined-in 3.7.3, and the desired overall response time X and shall be calculated ysing
Formula (11}

=Xt - 2 +) (11)

where

tp s the physical response time, in seconds;
te is the electrical response time, in seconds.

Formula (11) can be used to adjust differing opacimeters to a common response time provided that both #, and
fe are < X (see 7.3.2.5) and provided that both 7, and te are < the duration of the transient test.

The calculations for estimating the filter cut-off frequency (fc) are based on a step inputof 0 to 1in < 0,01 s (see
Annex D). The response time is defined as the time between when the Bessel output reaches 10 % (#10) and
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when it reaches 90 % (t9p) of this step function. This must be obtained by iterating on f¢ until g0 — 710 = tF. The
first iteration for /¢ is calculated using Formula (12).

_ T
‘o= (10x2¢) (12

The Bessel constants £ and K shall be calculated using Formulae (13) and (14).

1

E= (13)
1+ Qx3xD + Dx Q2
(=2 X EX (DX Q2=T1)—1 (14)
whefe
D = 0,618 034;

A = 1/sampling rate;
)= 1/[tan(p x At x f)].

Usinf the values of E and K, the Bessel averaged response of X to a step.input S; shall be calculatdd as follows:

Yi=Yiqa+Ex(Si+2xSi1+Si2-4xY;2)+Kx(Yiq - Yi2) (15)
whele

;2 =28;1=0;

5 =1,

Vi 2=Y;1=0.

The fimes t19 and tgg shall be interpolated, The difference in time between tgg and ¢1g defines the rgsponse time
tr for that value of f¢. If this response time is not close enough to the required response time, itergtion shall be
continued until the actual response.fime is within 1 % of the required response as follows:

lt90 — t10) — tF| = 0,01 ¢ (16)

Example of calculations used for the first and second iteration are given in Annex D.

10.2{3 Calculation of Bessel averaged smoke

Once¢ the proper Bessel algorithm constants £ and K have been calculated in accordance with 10.2.2, the

o and initial

The resultant Bessel averaged smoke values are then used to calculate the appropriate smoke values as
described in Annex A.

10.3 Ambient correction

10.3.1 General
For engine type approval, the atmospheric factor, f5, shall be within a band of 0,98 and 1,02 (see 5.1.2). If 15

lies within a band of 0,93 and 1,07, smoke shall be corrected in accordance with Formula (19), since smoke is
largely dependent on atmospheric conditions. However, no correction is allowed in the 0,98 to 1,02 band.
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The air density correction equations provided in this clause reflect the best fit nominal sensitivity of a sample
of evaluated engines/vehicles. Some engines are more sensitive and some are less sensitive to the air
density changes predicted by the adjustment equations. In light of this, applying the correction equations to
specific engines/vehicles of unknown air density sensitivity, the adjustment equations can only be considered
approximate. It is recommended that regulatory agencies adopting this procedure in enforcement programmes
make some allowance for the fact that the air density sensitivity of individual vehicles tested in the programme
will, in general, not be known precisely and may be different than that indicated by nominal adjustment.

10.3.2 Reference conditions

The correction factor of 10.3.3 accounts for engine intake dry air density. The reference dry air density is
1,157 5 kg/m? at the reference temperature of 298 K and the reference pressure of 99 kPa (see 5.1.1).

10.3.3 Ambjent density smoke correction

The correctipn shall be applied to smoke values expressed as a light absorption coefficient op{'%”) The correftion
shall be applied to the Bessel-averaged peak smoke values, and not to the raw smoke trace. Opacity values
must be converted to £ using Formula (10) and may then be reconverted to opacity. units after making the
correction. Hormula (17) shall be used.

1

Ks = 5 (17)
191952p“ —48,259p + 30,126
where
103
p =287 (18)
287x T,

Using Formdla (17), smoke values in Annexes A and B shallkbe corrected from “observed” to “corrected” vglues
of light absofption coefficient using Formula (19).

keorr = Hs X kops (19)

10.4 Test eport

The test repprt shall contain the data specified in ISO 8178-6.

11 Determination of smoke

11.1 General

11.2 and 11{3 and/Figures 1 and 2 contain detailed descriptions of the recommended opacimeter systems.
Since varioyscconfigurations can produce equivalent results, exact conformance with Figures 1 and 2 is not
required. Additrorat comporents suchasinstroments;vatves, sotenoids; pumps and—switches Tay be-used
to provide additional information and coordinate the functions of the component systems. Other components
which are not needed to maintain the accuracy on some systems may be excluded if their exclusion is based
upon good engineering judgement.

The principle of measurementis thatlight is transmitted through a specific length of the smoke under investigation
and that proportion of the incident light which reaches a receiver is used to assess the light obscuration
properties of the medium. The smoke measurement depends upon the design of the apparatus and may be
carried out in the exhaust pipe (full-flow in-line opacimeter), at the end of the exhaust pipe (full-flow end-of-line
opacimeter) or by taking a sample from the exhaust pipe (partial-flow opacimeter). For the determination of the
light absorption coefficient from the opacity signal, the optical path length of the instrument shall be supplied
by the instrument manufacturer.
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11.2 Full-flow opacimeter

11.2.1 General

Two general types of full-flow opacimeters may be used (see Figure 1). With the in-line opacimeter, the opacity
of the full exhaust plume within the exhaust pipe is measured. With this type of opacimeter, the effective optical
path length is a function of the opacimeter design.

R

LS CL 0/

Ch LD

N

EP

Figure 1= Full-flow opacimeter

With|the end-of-line opacimeter, the opacity of the full exhaust plume is measured as it exits the gxhaust pipe.
With|this type of opacimeter, the effective optical path length is a function of the exhaust pipe defign and the
distance between the end of the-exhaust pipe and the opacimeter.

11.2]2 Components of full-flow opacimeter (see Figure 1)

11.2]2.1 EP: exhaust,pipe

With[an in-line opacimeter, there shall be no change in the exhaust pipe diameter within 3 exhaust pipe diameters
befofe and after'the measuring zone. If the diameter of the measuring zone is greater than the digmeter of the
exhgust pipe; a pipe gradually convergent before the measuring zone is recommended.

With[an‘end-of-line opacimeter, the terminal 0,6 m of the exhaust pipe shall be of circular cross|section and
be free from elbows and bends. The end of the exhaust pipe shall be cut off squarely. The opacimeter shall be
mounted centrally to the plume within 25 mm + 5 mm of the end of the exhaust pipe.

11.2.2.2 OPL: optical path length

The length of the smoke-obscured optical path between the opacimeter light source and the receiver, corrected
as necessary for non-uniformity due to density gradients and fringe effect. The optical path length shall be
submitted by the instrument manufacturer taking into account any measures against sooting (e.g. purge air).
If the optical path length is not available, it shall be determined in accordance with 11.6.5 of ISO 11614:1999.
For the correct determination of the optical path length, a minimum exhaust gas velocity of 20 m/s is required.
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11.2.2.3 LS:

light source

The light source shall be an incandescent lamp with a colour temperature in the range of 2 800 to 3 250 K or
a green light emitting diode (LED) with a spectral peak between 550 nm and 570 nm. The light source shall
be protected against sooting by means that do not influence the optical path length beyond the manufacturer’s

specification

11.2.2.4 LD:

S.

light detector

The detector shall be a photocell or a photodiode (with a filter, if necessary). In the case of an incandescent
light source, the receiver shall have a peak spectral response similar to the phototopic curve of the human eye

(maximum r
430 nm and
the optical p

11.2.2.5 CL

The light ou

p
shall be parlllel within a tolerance of 3° of the optical axis.

11.2.2.6 T1

For monitori

11.3 Partis

11.3.1 General

With the par
and passed
path length i

flow rate of the opacimeter, as specified by the.instrument manufacturer.

bsponse) in the range of 550 nm to 570 nm, to less than 4 % of that maximum response.b
pbove 680 nm. The light detector shall be protected against sooting by means that do not infld
bth length beyond the manufacturer’s specifications.

collimating lens

ut shall be collimated to a beam with a maximum diameter of 30 mm. Therays of the light

temperature sensor (optional)

ng the exhaust gas temperature during the test.

I-flow-opacimeter

ial flow opacimeter (see Figure 2), a representative exhaust sample is taken from the exhaust
hrough a transfer line to the measuring chamber. With this type of opacimeter, the effective of
5 a function of the opacimeter design. The response times referred to in 11.2 apply to the mini

elow
ence

eam

pipe
tical
mum
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Figure 2==-Partial-flow opacimeter

11.3j2 Components of partial-flow opacimeter (see Figure 2)

11.3J2.1 EP: exhaust pipe

The ¢xhaust pipe shall be-a'straight pipe of at least 6 pipe diameters upstream and 3 pipe diameters{downstream
of the tip of the probe.

11.3J2.2 SP: sampling probe

The [sampling.probe shall be an open tube facing upstream on or about the exhaust pipe centerline. The
cleafance with the wall of the tailpipe shall be at least 5 mm. The probe diameter shall ensure a refpresentative
sampling and a sufficient flow through the opacimeter.

11.3.2.3 TT: transfer tube

The transfer tube shall:

— be as short as possible and ensure an exhaust gas temperature of 373 K + 30 K (100 °C + 30 °C) at the
entrance to the measuring chamber;

— have a wall temperature sufficiently above the dew point of the exhaust gas to prevent condensation;
— be equal to the diameter of the sampling probe over the entire length;

— have a response time which is part of the physical response time 1, of less than 0,05 s at minimum
instrument flow, as determined in accordance with 3.7.3;

© 1S0O 2012 — Al rights reserved 17


https://standardsiso.com/api/?name=90eff529c07b3cfa8541f5719b962426

ISO 8178-9:2012(E)

11.3.2.4 FM

have no significant effect on the smoke peak.

: flow monitoring device

Flow monitoring to detect the correct flow into the measuring chamber. The minimum and maximum flow rates
shall be specified by the instrument manufacturer, and shall be such that the response time requirement of TT
and the optical path length specifications are met. The flow monitoring device may be close to the sampling

pump, P, ifu

sed.

11.3.2.5 MC: measuring chamber

The measurjng chamber shall have a non-reflective internal surface or equivalent optical environment.
impingemen{ of stray light on the detector due to internal reflections of diffusion effects shall be reduced to aminin

The pressurg¢ of the gas in the measuring chamber shall not differ from the atmospheric pressure)by more
0,75 kPa. WHhere this is not possible by design, the opacimeter reading shall be converted to atmasgheric pres|

The wall temperature of the measuring chamber shall be set to within + 5 K between 343-K'(70 °C) and 3
(100 °C), but in all cases sufficiently above the dew point of the exhaust gas to prévent condensation.

measuring

11.3.26 O

The length 0
as necessalt
submitted by
If the optical

11.3.2.7 LS

The light solirce shall be an incandescent lamp with a-colour temperature in the range of 2 800 K to 3 2

oragreen li
be protected
specification

11.3.2.8 LD

The detecto
light source,
(maximum r
430 nm and

amber shall be equipped with appropriate devices for measuring the.temperature.

L: optical path length

f the smoke-obscured optical path between the opacimeter.light source and the receiver, corrd
y for non-uniformity due to density gradients and fringe ‘effect. The optical path length shg
the instrument manufacturer taking into account any;measures against sooting (e.g. purge
path length is not available, it shall be determined.in accordance with 11.6.5 of ISO 11614:19

light source

hht emitting diode (LED) with a spectral;peak between 550 nm and 570 nm. The light source
against sooting by means that dofiot'influence the optical path length beyond the manufacty
S.

light detector
" shall be a photoceltor/a photodiode (with a filter, if necessary). In the case of an incandes

bsponse) in therange of 550 nm to 570 nm, to less than 4 % of that maximum response b
pbove 680 nm¢The light detector shall be protected against sooting by means that do not influ

The
num.

than
sure.

73 K
The

cted
Il be
air).
99.

50 K
shall
rer's

cent

the receiver shall-have a peak spectral response similar to the phototopic curve of the human eye

elow
ence

the optical ppth length-beyond the manufacturer’s specifications.
11.3.2.9 CL} collimating lens
The light outputstattbeTottimmatedtoa beam withamaximum diameter of 30T e Tays of thefightbeam

shall be parallel within a tolerance of 3° of the optical axis.

11.3.2.10

T1: temperature sensor

For monitoring the exhaust gas temperature at the entrance to the measuring chamber.

11.3.2.11P: sampling pump (optional)

A sampling pump downstream of the measuring chamber may be used to transfer the sample gas through the

measuring ¢
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Annex A
(normative)

Test cycle for variable-speed off-road engines

Scope

The
test.
ISO

Emoke cycle described in this annex consists of two parts: a free acceleration test and a loaded
This smoke cycle is applicable to those variable speed engines that are included.inythe

and the two together provide for control of emissions under a wide variety of operatingconditions.

the 9
mac

The
appl

moke test is intended to offer a method of characterizing an engine’s emjssions when i
nine, and to provide for measurement of smoke emissions both at the manufacturer and in th

C1 category of ISO 8178-4 is for “off-road vehicles, diesel powered off«oad industrial equipn
cations for C1 engines included in the scope of this annex include, but'are not limited to

ndustrial drilling rigs, compressors etc.,

construction equipment including wheel loaders, bulldozers, erawler tractors, crawler loaders
ruck-type loaders, off-highway trucks, hydraulic excayators etc.,

hgricultural equipment, rotary tillers,

forestry equipment,

self-propelled agricultural vehicles (including tractors),

material handling equipment,

fork lift trucks,

road maintenance equipmert (motor graders, road rollers, asphalt finishers),
snow plough equipnient;

hirport support€guipment,

berial lifts,.and

mobile_cranes.

The

fransient smoke test described in this annex contains acceleration rates that may not be a

acceleration
C1 cycle of

B8178-4. The transient smoke cycle is expected to complement the steady-state emission mgasurements

Furthermore,
hstalled in a
b field.

ent”. Typical

Chievable by

all sizes of engines, or may not be relevant to certain applicalions. The scope of this annex has {
confirmed for engines with a rated power output up to 1 500 kW. Engines with only one or two cylinders
may have special difficulty in running the cycles. Additionally, smoke measurement from one- or two-cylinder
engines may include a pulsation that precludes reliable measurements unless a damping volume (muffler) is
used. Special test procedures for unique applications may be used if agreed upon by the parties involved.

A.2 Terms and definitions
A.21
free acceleration test

hus far been

portion of the procedure consisting of accelerating the engine against its own internal inertia, including flywheel,

from

low idle speed to high idle speed
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A.2.2

free acceleration time

FAT

time, in seconds, required for the engine to go from 5 % above low idle speed to 95 % of rated speed in the free
acceleration test, this time being used as the basis for the acceleration times used in the loaded transient test

A.23

free acceleration smoke

FAS

highest 1 s Bessel averaged smoke value obtained during an individual free acceleration in A.3.2.1 e) and the
average of the three individual free accelerations of A.3.2.1 €)

A.2.4

loaded tranjsient test

portion of th

acceleration
NOTE T

A.25

peak smoke¢ value

PSV
highest 1 s H
test, there b

A.2.6
lug smoke Y
LSV
highest 1 s |
of the three

NOTE T
to yield simila

A.2.7
intermedia
endpoint of

A.3 Tes

Acceleratior
in this test pr
occur when
rates repres
will provide
group testin

b

b procedure consisting of running the engine through a clearly defined cycle consisting of a lo
mode, a rated speed, full load mode, and a lug mode

hree different loaded acceleration times are used, with times of 3 x, 6 x, and 9 x FAT,

bessel averaged value that occurs in each of the three acceleration modes of the loaded tran
bing three values of PSV, one each for the 3 x FAT, 6 x FAT, and’9 x FAT acceleration times

value

Bessel averaged value obtained during the lug mede of the loaded transient test and the avsg
ndividual values

ne three lug modes (at the end of the 3 x, 6 x, and 9 x FAT accelerations) are identical, and thus are exp
I results.

speed
e lug mode of the loaded transient test as defined in 3.6 of ISO 8178-4:2007.

E cycle

times between’the free acceleration time and nine times the free acceleration time are empl
ocedure. Thisawill allow the smoke tests to bracket the free acceleration rates typical of those \
he engine~undergoes a free acceleration in the machine and will also include loaded acceler,

Emaokevalues under a variety of operating conditions, which will facilitate the use of the fam
j cancept contained in 1ISO 8178-7 and ISO 8178-8. Different acceleration times may be

hded

sient

rage

bcted

pyed
hich
ation

bntative-of those which occur during machine operation. The use of a number of acceleration fimes

ly or
more

relevant for

A.3.1

? P H <l L i ol o U4 <l loasblo H H 1 |
CrialiT Ty s ditu dapyiniativrils, difuiTidy UT UstTU T aylTTU UpPuUIT Uy T PJdiico MvVUIVTU.

Preconditioning of the engine

The engine shall be warmed up at the rated power in order to stabilize the engine parameters in accordance
with the recommendations of the manufacturer.

A preconditioning phase should also protect the actual measurement against the influence of deposits in the
exhaust system resulting from a former test.

20
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A.3.2 Free acceleration test

A.3.2.1 General

The free acceleration test is the first part of the test cycle for engine applications covered by this annex. It shall
be performed immediately following the preconditioning, as described in A.3.1. The free acceleration test is a
procedure that accelerates the engine from low idle speed to high idle speed against its own internal inertia and
the inertia provided by the engine’s flywheel. The engine tested shall be equipped with a flywheel and other
rotating components that provide an inertia on the low end of the range of inertias available for the rating that is
being tested. This will provide a value for FAT that is typically of the fastest acceleration that occurs in practice,

thus

providing for smoke control under the widest range of conditions. The free acceleration test i

intended to

be r|

NOTE
that portion of the clutch that continues to rotate with the engine does not exceed 25 % of thectetal engin

perm
acce

The
a)

b)

c)

d)

e)

A.3.]
The 1

The
the t

Addi
7.3.2

A.3.]

FAT
acce

n with the engine decoupled from the dynamometer.

It is permissible to use a clutch to decouple the engine from the dynamometer as dohg as

ssible to leave the engine coupled to the dynamometer if the dynamometer is used to simulate zero in
eration test can be run with the dynamometer connected if agreed upon by the parties’involved.

ree acceleration test has the following general sequence. The sequence is'shown graphically
The engine shall be stabilized at low idle speed for 15s + 5 s.

The speed control lever shall be moved rapidly to and held in(the wide open position unt
‘eaches its governed high idle (no load) speed.

The speed control lever shall be returned to the closed, position and the engine allowed to
ow idle speed.

The above sequence shall be repeated 2 times as, practice runs in order to clean out the exh

After the 3 practice runs, the above sequence shall be repeated until 3 successive runs mee
Criteria as described in A.3.2.2.

.2 Test validation criteria — Free acceleration test
ree acceleration test results shall be considered valid only after the following test cycle criteria ha

brithmetical difference between the highest and lowest maximum 1 s Bessel averaged smoksg
nree successive free acceleration tests shall not exceed 5 % opacity.

ional test validation.criteria are given in 5.1.2 [ambient (atmospheric) conditions validation
.3 (opacimeterzero drift).

.3 Determination of free acceleration time (FAT)

is the/basis for loaded acceleration times (A.3.4.2). The free acceleration time for an in
letation in A.3.2.1 e) is the time the engine speed goes from 5 % above low idle speed to 9

the inertia of
e inertia. It is
brtia. The free

n Figure A1.

| the engine

return to its

pust system.

the stability

ve been met.

values from

criteria] and

dividual free
5 % of rated

spe
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Y
alb———-
b |
1\ 2
(b) (c)
(a)
15 +5 15 +5 15 +5 15 +5 15 +5 15 +5
[of
d e
|
X
Key
Y engine sgeed
X time, s

1 full “throttle”
2 closed “tHrottle”

NOTE (d), (b) and (c) refer to A.3.2.1 a), b), and c).

@  Highidle|
b Rated.
¢ Idle.

d  Practice rLuns.
€ Actual rups.

Figure A.1— Free acceleration test

A.3.3 Rgconditioning of the engine

The engine pliall be reconnected to the dynamometer. The engine shall be warmed up at the rated power in

Hale L - (= L L - £ L £
order to stabtlizethe cNgme pdldlllCtClb ACCOTUmyg totherecommendationsof themanufactorer:

A reconditioning phase should also protect the actual measurement against the influence of deposits in the
exhaust system resulting from a former test.

A.3.4 Loaded transient test

A.3.4.1 General

The loaded transient test is the second part of the test cycle, and has the sequence as described in A.3.4.3.
It shall immediately follow the reconditioning of the engine. The sequence is shown graphically in Figure A.2.
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A.3.4.2 Loaded transient test times

The acceleration times of the loaded transient test are multiples of the free acceleration test time determined
in A.3.2.3. The engine acceleration times to be used in the loaded transient test are to be 3 x FAT, 6 x FAT
and 9 x FAT. Each of these resultant times is to be the time from when the engine speed is 5 % above low idle
speed until it reaches 95 % of rated speed. The values of 3 x FAT, 6 x FAT and 9 x FAT may be rounded to the
nearest second.

Y (3)
20
{\ (L)
£0—+3
g F——-
(5)
30 +]
f2)
9 X FAT
f | — —
N (6] ™
1 5 2
e
(1)
40 £5
a b c d
X

Key
Y gngine speed
X time, s
NOTE (1), (2), (3), (41 (5)and (6) refer to A.3.4.3 a).
@ loaded acceleration | (conditioning).
b Joaded acceleration Il (3 x FAT).
¢ Uoaded acteleration Ill (6 x FAT).
d  loaded-acceleration IV (9 x FAT).
e lgle:
f Intermediate
9 Rated

Figure A.2 — Loaded acceleration test

A.3.4.3 Conducting a loaded transient test

The loaded transient test begins with a conditioning cycle in order to improve the repeatability of the results.
The conditioning cycle is followed by three loaded acceleration cycles that differ only in the rate of the loaded
acceleration. The loaded acceleration is followed by full load rated speed stabilization and engine lug down.
The linearity specifications in 2) below apply only to electric dynamometers and are intended to prevent the
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engine from being operated in an unusual fashion so as to achieve low smoke values. Furthermore, no motoring
of the engine is allowed. The loaded transient test sequence is as follows:

a) Conditioning cycle:

1) The engine shall be operated with the speed control lever in the closed position at low idle speed
for40s+5s.

2) From the low idle speed the speed control lever shall be moved rapidly to, and held in, the wide open
position. The engine shall accelerate such that the time from 5 % above low idle speed to 95 % of the
rated speed is 3 x FAT seconds. The engine speed versus time between 5 % above low idle speed and
95 9% aof rated speed shall be linear within + 100 min=1 or+ 5 % of rated speed_whichever s gregter.

3) Within 20 s of the engine reaching 95 % of rated speed point, the necessary dynamometer.|oad |shall
be Applied in order to stabilize the engine at rated speed, full load.

4) Rafed speed and full load shall be maintained for 60 s + 5 s.

5) The¢ dynamometer shall be adjusted as necessary to lug the speed down underfult load conditiops to
thelintermediate speed. The rate of speed change shall be linear, and the timefrom the start of the lug
down until reaching the intermediate speed point shallbe 30 s + 3 s.

6) Within 5 s of the engine reaching the intermediate speed, the speed control level shall be returngd to
the|closed position and the engine allowed to return to its low idle-speed.

b) 3 x FAT|loaded acceleration:

Repeat(1) to 6).
c) 6 x FAT|loaded acceleration:

Repeat|1) to 6) with the loaded acceleration time in 2).replaced with 6 x FAT seconds.
d) 9 x FAT|loaded acceleration:

Repeat[1) to 6) with the loaded acceleration time in 2) replaced with 9 x FAT seconds.

The above dteps shall be repeated until the'engine speed, time and linearity criteria of this clause have peen
satisfied exdept if the acceleration is below 0,5 s.

A.3.4.4 Cdnducting a loaded transient test — Alternative procedure

As an alterngtive to the singleyfour-cycle” test described in A.3.4.3, the loaded transient test can be condycted
by running tmree “two-cycle*tests. This will allow inertia to be changed between tests, so that the tests cgn be
run without yising a computer-controlled dynamometer. Each test will consist of the conditioning cycle 1)[to 6)
of A.3.4.3 a)|being run'two times. For the first test, the loaded acceleration time for A.3.4.3 a) 2) will be 3 x|FAT.
For the secqnd testthe time for A.3.4.3 a) 2) will be 6 x FAT. For the third test the time for A.3.4.3 a) 2) Wl be
9 x FAT. Redults from the second cycle of each test shall be used for official results.

A.4 Analysis of results

A.4.1 General

This clause describes how to analyse the results of the free acceleration test and the loaded transient test.
Many opacimeters used for this test have a smoke output signal that is an X = 0,5 s Bessel average smoke
according to the algorithm described in 12.2. For these opacimeters further signal conditioning to produce the
“X =1 s” smoke results is needed, and the value of (tp2 + t2) used in Formula (11) in 12.2.2 is 0,25. Analysis of
raw smoke results, those not already processed according to the 0,5 s Bessel algorithm, should use a (tp2 +162)
value that represents the opacimeter system.

Reported smoke values shall also be corrected for ambient conditions as described in 10.3.
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A.4.2 Peak smoke value (PSVE, PSV3, PSVg, PSVg)

Values for PSV shall be calculated for the free acceleration (PSVE) and each of the three loaded accelerations
(PSV3, PSVg and PSVg). These values are the maximum values of the X = 1 s Bessel average smoke that
occurs during the acceleration event. Care must be taken to ensure that the smoke data that is analysed
corresponds to the time during which the acceleration event occurs (see 10.1.1). The free acceleration event
is A.3.2.1 b). Loaded accelerations of time 3 s, 6 s and 9 s areb) 2), c) and d) respectively of A.3.4.3 (or their
equivalents in A.3.4.4).

The methodology for calculating Bessel averaged numbers can be found in 10.2. For peak smoke values the
value of X in Formula (11) is 1 s.

A.43 Lug smoke value (LSV)

Valugs for LSV shall be calculated for the lug portion of each of the three loaded transientitests [LSV3, LSVg
and | SVg). These values are the maximum values of an X = 1 s Bessel average smoke that opcurs during
the Iugging event. Care must be taken to ensure that the smoke data that is analyséd corresponds to the time

during which the lugging event occurs (see 10.1.1). The lugging event is b) 5), c)@nd d) respectivgly of A.3.4.3
(or their equivalents in A.3.4.4).

The methodology for calculating Bessel averaged numbers can be found'in 10.2. For lug smokg values the
valug of X'in Formula (11) is 1 s.

The |ug smoke value that is reported, LSV, is the average of LS\3) LSV and LSVo.

A.5| Reported results

The following smoke values shall be reported: PSVFf, PSV3, PSVg, PSVg and LSV.
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Annex B
(normative)

Test cycle for constant-speed off-road engines

pe

Engines witiin the scope of this annex either cannot or do not operate at varying speeds. Howevgr, s

constant sp
episodes of

The transier]
together will
smoke test i

and to providle for measurement of smoke emissions both at the manufacturer and dn-the field.

Testing of th
5.2 of 8178-

This annex i

has thus beg¢n confirmed for engines with a rated power output up to-1y500 kW.

Typical appl
a) Catego
— gas

— ger
for

—  turf
— chi

— SsNng

— Swegepers.

b) Catego

—  ped

ed engines can undergo rapid and substantial changes in load, an event that can J€ad to
smoke emittance.

t smoke cycle is expected to complement the steady-state emission measurefménts and the
provide for control of emissions under a wide variety of operating conditions. Furthermorg
5 intended to offer a method of characterizing an engine’s emissions when, installed in a mag

e engine with the highest fuel flow (the parent engine in the family(according to the provisio
1:1996) is expected to yield the worst case of smoke emission.

5 applicable to the D2, G1, and G2 categories of engine as defined in Clause 8 of 8178-4:2007

cations include, but are not limited to
y D2:
Compressors;

erating sets with intermittent load.including generating sets on board of ships and trains
propulsion);

care;
bpers;

w removal equipment;

y G1:

estrian-controlled rotary or cylinder lawn mowers;

ome
brief

two
, the
hine

ns of

and

(not

— fron

t'or' rear engine riding lawn mowers;

— rotary tillers;

— edge trimmers;

— law

n sweepers;

— waste disposers;

— Sprayers;

— show removal equipment;

— (golf carts.
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Category G2:

— portable generators, pumps, welding sets and air compressors;

— lawn and garden equipment which operates at engine-rated speed.

B.2

Terms and definitions

B.21

smo

ke test

test consisting of rapid load application at a constant engine speed

B.2.
pea

PSV
aver.

B.2.
stea
SSS
high

B.3

B.3.

This
be a

spedd engine is used in a generator application, the'declared power shall be the power produced 4

at thp prime power rating of the generator, as defined in ISO 8528-1. For engines used in applig
than|generators, the declared power shall be-the rated power of the engine as specified by the m
The pngine’s pme shall be calculated as.follows:
Pme = Fx2000 for 4-stroke engines
Vd XN
Pme = £x1000 for2-stroke engines
Vd XN
whefe

Ey-state smoke value

Pme is the brake mean effective pressure, in kilopascals;

smoke value

B

pst smoke recorded during steady-state operation of the engine

Test cycle

1 Engine load step

subclause describes how to calculate the load step that will applied to the engine. The load s
bplied is a function of the brake mean effectivepressure (pme) at the declared power. When

.. is the declared power, in kilowatts;

hge of the three highest 1 s Bessel averaged smoke values obtained during the, load applicatjon tests

ep that shall
the constant
y the engine
ations other
anufacturer.

Vq is the displaced volume, in litres;

N is the engine speed, in revolutions per second.

Figures B.1 and B.2 specify the amount of load (percent of declared power) that shall be applied to the engine,
as a function of the pme of the engine. Recognizing that most constant speed applications are in generators, the
load step is that specified for generators in ISO 8528-5. Figure B.1 applies to four-stroke engines and Figure B.2
applies to two-stroke engines. The load given by Figure B.1 or B.2 is that load which is applied in B.3.3 c).

B.3.

2 Preconditioning of the engine

The engine shall be warmed up at the rated power in order to stabilize the engine parameters according to the
recommendations of the manufacturer.
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A preconditioning phase should also protect the actual measurement against the influence of deposits in the
exhaust system resulting from a former test.

B.3.3

a)

Smoke test procedure

smoke emission.

b)

0)

Operate the engine at 10 % of declared power for40s + 5 s.

Apply the step load specified in B.3.1 as rapidly as possible.

Immediately after preconditioning operate the engine for 40 s + 5 s at fuel stop power and record its

NOTE T

d) Operate

e) Repeat

B.4 Ansg

B.41 Ge

This clause

smoke outpy
these opacir
(tp? + te?) us
according to

he time it takes the engine to accept the step load will vary depending upon the requirements of the applic
the engine at this load for40 s £ 5 s.

steps b) to d) to complete three cycles.

lysis of results

neral

t signal that is an X= 0,5 s Bessel average smoke accordingto the algorithm described in 10.2
neters further signal conditioning to produce the “X =1 s” stnoke results is needed, and the val
ed in Formula (11) in 12.2.2 is 0,25. Analysis of the raw smoke results, those not already proce
the 0,5 s Bessel algorithm, shall use a (tp2 + 162) valué-that represents the opacimeter systen

Reported smoke values shall also be corrected for ambient-conditions as described in 10.4.

B.4.2 St

pady-state smoke value (SSSV)

SSSV is the highest smoke recorded during B.3.3 a):No Bessel averaging is required of a steady-state smoke v

B.4.3 Pe

Determine t
Care must b
load applica
values obtai

B.5 Rep

The followin

ak smoke value (PSV)

ne highest 1 s Bessel avérage smoke values that occurs during the three replicates of B.3
e taken to ensure that'the smoke data that is analysed corresponds to the time during whic
ion event occurs (s€ey10.1.1). PSV is the average of the three highest 1 s Bessel averaged sij
hed during the loadhapplication tests.

orted results

) smoke'values shall be reported: PSV and SSSV.

Ation.

jescribes how to analyse the results of the smoke test. Many apacimeters used for this test have a

. For
ue of
ssed
.

alue.

3 c).
h the
noke

28

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=90eff529c07b3cfa8541f5719b962426

Key

Key
Y

ISO 8178-9:2012(E)

H

ad step, % of declared power

o

500

1000

1500

rake mean effective pressure (pme) at declared power, kPa

Y |
100

2000

2500

Figure B.1 — Load step forfour-stroke engines
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Figure B.2 — Load step for two-stroke engines
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Annex C
(informative)

Remarks on test cycles

The smoke cycles described in Annexes A and B that are mentioned below are intended to produce smoke
representative of that which occurs under in-service conditions. Additionally, the measurement methods in this

part of ISO

The test cygle described in Annex A is representative of those engines which are used in applicatiorn

described i
output of 1
in applicatio
other applic

Extension t
locomotives
operating cdg
equipped wi
in the annex
smoke contr

The test pro
test bed me
that the resy
In some cas
testing (mon
cycle has ng
preference fi

It is anticipa
perhaps thre
on measure

For all of thg
on engines (

Work is in p
account in fy

cedures applicable to the engines dealt with in Annexgs A and B are specifically intended fq
bsurement of an engine. It is envisioned that these tests would be run on a “parent engine’

Dr in-use measurement and control even more pronounced.

ment procedures, accuracy\and variability.

the C1 cycles of ISO 8178-4. The scope of Annex A is thus far confirmed up to,a-rated p
00 kW. The test cycle described in Annex B is representative of those engines, which are
s as described in the D2, G1 and G2 cycles of ISO 8178-4. Extension of this part of ISO 81
tions is foreseen, through the development of additional annexes.

other power levels (such as power plants) and other applications_(such as large shig
require serious study. Limitations to acceleration rates (due to engine'size) and inclusion of
nditions (such as engine starting) needs further definition. Furthetmore, some engines ma
h speed and or load control systems that preclude the engines-from running the cycles desc

Its would be relevant for all engines in the family (see 1ISO 8178-7) or group (see ISO 817
es (e.g. ships or power plants not subject toengine family or group testing) individual en
toring) is favoured over family or group testing. In such instances an annex with a defined sr
relevance. Operation of these larger engines on residual fuel, with fluctuating quality, make

ed that measuring difficulties will be experienced on engines that have only a few (one, twg
e) cylinders feeding into an exhaust pipe. This is due to exhaust pressure and flow rate varia

above reasons the limitations expressed in Annexes A and B should be respected. Smoke
utside the limitations-of an annex may require a different cycle or measurement procedure.

ocess to verify th'e accuracy of instruments outside the normal size range. This will be taker
ture editions-of this part of ISO 8178.
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Annex D
(informative)

Example of calculation procedure

D.1 Scope

Sincge the application of the Bessel algorithm on filtering is a new averaging procedure in smoke ditermination,
an ekplanation of the Bessel filter, an example of the design of a Bessel algorithm, and.an example of the
calcylation of the final smoke value is given in this annex.

The [constants of the Bessel algorithm depend only on the design of the opacimeter’and the sampling rate
of thp data acquisition system. It is recommended that the opacimeter manufagturer provide the|final Bessel
filter[constants for different sampling rates and that the customer use these constants for designinjg the Bessel
algofithm and for calculating the smoke values.

D.2| General remarks on the Bessel filter

Due [to high frequency distortions, the raw opacity signal usually*shows a highly scattered tracqg. To remove
thes¢ high frequency distortions a Bessel filter is required.for the smoke test. The Bessel filter itself is a
recufsive, second-order low-pass filter which guarantees the fastest signal rise without overshoof.

Assyming a real time raw exhaust plume in the exhaust pipe, each opacimeter shows a delayed and differently
measgured opacity trace. The delay and the magnitude of the measured opacity trace is primarily dependent
on the geometry of the measuring chamber of thé“opacimeter, including the exhaust sample lineg, and on the
time [needed for processing the signal in the electronics of the opacimeter. The values that charagterize these
two ¢ffects are called the physical and the electrical response time which represent an individual filter for each
type|of opacimeter. The goal of applying a'Bessel filter is to guarantee a uniform overall filter characteristic of
the whole opacimeter system, consisting of

— physical response time of theyopacimeter (¢p);
— Plectrical response time\of the opacimeter (ze);
— filter response time-of the applied Bessel filter (¢F).

The resulting ovefal-response time of the system (X) is given by

X =212 4 12

and must be equal for all kinds of opacimeters in order to give the same smoke value Therefore d Bessel filter

has to be created in such a way, that the filter response time (¢r) together with the physical response time (¢p)
and electrical response time (te) of the individual opacimeter must result in the required overall response time
(X). Since #p and te are given values for each individual opacimeter, and X is defined to be 1 s in this part of
ISO 8178 (see, for example, A.2.5 and A.2.6), tr can be calculated as follows:

he]

N
|
~

]
N

tr=X2% -t

By definition, the filter response time ¢f is the rise time of a filtered output signal between 10 % and 90 % on a
step input signal. Therefore the cut-off frequency of the Bessel filter has to be iterated in such a way that the
response time of the Bessel filter fits into the required rise time.

In Figure D.1, the traces of a step input signal and Bessel filtered output signal as well as the response time of
the Bessel filter (¢F) are shown.
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Designing th

In the follow
steps accor
defined as 1

For

32

121 1

N

0,8

-[0,5 0

signal
time, s
step inpuf signal

bessel filtered output signal

.1 General

the opagimeéter and the data acquisition system, the following characteristics are assumed:

Figure D.1 — Traces of a step inputsignal and the filtered output signal

culation of the Bessel algorithm

1,5 2 25X

e final Bessel filter algerithm is a multi-step process which requires several iteration cycles] The
scheme of the iteration procedure; which is based upon Clause 10, is shown in Figure D.2.

ng example,@’Béssel algorithm is designed for the peak smoke value (PSV, see A.4.2) in seperal
ling to the.itération procedure shown in Figure D.2. For the PSV, the overall response time is
s. The_iteration procedure for LSV is identical.

physical response time #p:
electrical response time f¢:
overall response time X:

sampling rate:

0,15s

0,05s

1 s (by definition for PSV)
150 Hz
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Characteristics Regulation Data acquisition
of opacimeter X (s) system
fos 1 (s) sample rate (Hz)

' Y Y

- _ |Required overall Bessel filter response
fc_ j;:,new - ¢
=

Step 1

Y

Design of Bessel algorithm

fy E K Step 2

Y
Application of Bessel filter
Adjustment of

\_Z on step(input | step 3
Ho 9o
cut-off frequency

enew= Jo X (1 + 4) Y
1 Calculation of‘iterated
filter response time Step 4

Ieien= Lo - 10

Y

Deviation between - and ¢,

Step 5
A = (tF,iler - tF) / Ir
Y
lteration No Check for iteration criteria Step 6
|4] < 0,01 P
Yes
\
Final Bessel filter constants
and algorithm Step 7
Yl' = ...

Figure D.2 — Iteration scheme of Bessel filter algorithm

D.3.2 Step 1: required Bessel filter response time
fr= X2 - +1)

e = \/12 - 0.15% +0,05%) =0,987 421 s

D.3.3 Step 2: estimation of cut-off frequency, /., and calculation of Bessel constants £ and
K for first iteration

fo=T1/(10 X tF)
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fo=T1/(10 x 0,987 421) = 0,318 161 Hz

At =1/150

Q= 1/tan(1T X At X f¢)

Q= 1/tan (1 x 1/150 x 0,318 161) = 150,067 975

1

E:
1+ 4

D=0,61

D X \/3x D +Dx Q2
3 034

! =7,080 29 x 10-°

This gives th

Y=Y

Yi=Yiq

where S; rep
the output si

D.3.4 St

The Bessel
90 % on a st
filter has to |

The index nu
for thefirst ar

1,080 29 x 10 x (0,618 034 x 150,067 9752 - 1) - 1 = 0,970 781

50,067975%x+/3x0,618034 + 0,618034X150,0679752
P x (Dx Q2-1)-1

e Bessel algorithm:

HEX(Si+2X8i4+8i2-4XxYi2)+ KX (Yiq-Yi2)
7,080 29 X 105 X (S; + 2 X Si_q + Si—2 - 4 X Yd) 0,970 781 X (Vi1 - Yi_)

resents the values of the step input signal (either “0” or “1”) and Y; represents the filtered valu
gnal.

bp 3: application of Besselfilter on step input
filter response time ¢ is ‘defined as the rise time of the filtered output signal between 10 %

e applied to a steplinput using the above values of f;, £ and K.

mbers, the tim@.and the values of a step input signal and the resulting values of the filtered output S
d the seconditeration are shown in Table D.1. The points adjacent to 719 and t9g are marked in bold

Table D.1 — Values of step input signal and Bessel filtered output signal
for the first and second iteration cycle

es of

and

Ep input signal. For determining the times of 10 % (z10) and 90 % (t90) of the output signal, a Béssel

ignal
face.

34

Index Time Step input signal Filtered output signal
Y;
s S; 1st iteration 2nd iteration
-2 - 0,013 333 0 0,000 000 0,000 000
-1 - 0,006 667 0 0,000 000 0,000 000
0 0,000 000 1 0,000 071 0,000 084
1 0,006 667 1 0,000 352 0,000 416
2 0,013 333 1 0,000 908 0,001 074
3 0,020 000 1 0,001 731 0,002 046
4 0,026 667 1 0,002 813 0,003 321

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=90eff529c07b3cfa8541f5719b962426

Table D.1 (continued)

ISO 8178-9:2012(E)

Index Time Step input signal Filtered output signal
Y;

5 0,033 333 1 0,004 146 0,004 891
24 0,160 000 1 0,067 884 0,078 788
25 0,166 667 1 0,072 823 0,084 448
26 0,173 333 1 0,077 882 0,090 237
Zl U, 16U UUU I U,U65 UoO U,UJ0 149
28 0,186 667 1 0,088 339 0,102 178
29 0,193 333 1 0,093 728 0,108/318
30 0,200 000 1 0,099 218 0,114/564
31 0,206 667 1 0,104 804 0,120 911
32 0,213 333 1 0,110 482 0,127 352
33 0,220 000 1 0,116 248 0,133 884
34 0,226 667 1 0,122 097 0,140 500
35 0,233 333 1 0,128 025 0,147 197
36 0,240 000 1 0,134 029 0,153 969
37 0,246 667 1 0,140 104 0,160 811
174 1,160 000 1 0,859 856 0,896 087
175 1,166 667 1 0,862 443 0,898 336
176 1,173 333 1 0,864 994 0,900 548
177 1,180 000 1 0,867 510 0,902 723
178 1,186 667 1 0,869 990 0,904 863
179 1,193 333 1 0,872 436 0,906 967
180 1,200,000 1 0,874 846 0,909 036
181 1,206 667 1 0,877 223 0,911 071
182 1,213 333 1 0,879 565 0,913 072
183 1,220 000 1 0,881 874 0,915 038
184 1,226 667 1 0,884 149 0,916 972
185 1,233 333 1 0,886 392 0,918 872
186 1,240 000 1 0,888 601 0,920 740
187 1,246 667 1 0,890 779 0,922 575
188 1,253 333 1 0,892 924 0,924 379
189 1,260 000 1 0,895 037 0,926 151
190 1,266 667 1 0,897 120 0,927 893
191 1,273 333 1 0,899 170 0,929 603
192 1,280 000 1 0,901 191 0,931 284
193 1,286 667 1 0,903 180 0,932 934
194 1,293 333 1 0,905 140 0,934 556

In Table D.1, first iteration, the 10 % value occurs between index number 30 and 31 and the 90 % value occurs
between index numbers 191 and 192. For the calculation of ¢r jter the exact 119 and t9g values are determined
by linear interpolation between the adjacent measuring points, as follows:

110 = tiower + At X (0,1 - outiower)/(outupper - outiower)
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190 = tiower + At X (0,9 - outiower)/(outupper - outiower)

where outypper and outiower, respectively, are the adjacent points of the Bessel filtered output signal, and fiower
is the time of the adjacent time point, as indicated in Table D.1.

10 = 0,200 000 + 0,006 667 x (0,1 - 0,099 218)/(0,104 804 - 0,099 218) = 0,200 933 s

t90 =1,273 333 + 0,006 667 x (0,9 - 0,899 170)/(0,901 191 - 0,899 170) = 1,276 071 s

D.3.5 Stegp4fitterresponse time of firstiteratiom cycte 7 ter

IF iter = 190 - 110

trjter = 1276 071 - 0,200 933 = 1,075 138 s

D.3.6 Step 5: deviation between required and obtained filter response. time, A, of first
iteration cycle

A= (tritdr - tF)/tF
A= (1,045 138 - 0,987 421)/0,987 421 = 0,088 834

D.3.7 Step 6: checking the iteration criteria

|4l = 0,01 is tequired. Since 0,088 834 > 0,01, the iteration ¢riteria are not met and a further iteration cycle must
be started. Hor this iteration cycle, a new cut-off frequency is calculated from f; and A as follows:

Jenew =T X (1 + A)
Jfe,new = 0,318 161 x (1 + 0,088 834) = 0,346 425 Hz

This new cuf-off frequency is used-in;the second iteration cycle, starting again at Step 2. The iteration must
be repeated|until the iteration criteria are met. The resulting values of the first and second iteration are given
in Table D.2

Table D.2 — Values of the first and second iterations

Parameter Unit 1st iteration 2nd iteration

fo Hz 0,318 161 0,346 425

E 1 7,080 29 x 10-5 8,383 292 x 10-5
K 1 0,970 781 0,968 199
t10 S 0,200 933 0,184 259
t90 S 1,276 071 1,178 348
IF jiter s 1,075 138 0,994 090
A 1 0,088 834 0,006 754
Jfc,new Hz 0,346 425 0,348 765

36 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=90eff529c07b3cfa8541f5719b962426

ISO 8178-9:2012(E)

D.3.8 Step 7: final Bessel algorithm

As soon as the iteration criteria have been met, the final Bessel filter constants and the final Bessel algorithm are
calculated in accordance with Step 2. In this example, the iteration criterion has been met after the second iteration
(4=0,006 754 < 0,01). The final algorithm is then used for determining the averaged smoke values (see D.4).

Yi=Yi4 +EX(Si+2XS8j1+Sj2-4xYi2)+Kx(Yji1-Yi2)

Yi=7Yi1+8,383292x10°x (Sj+2xSj1+Sj2-4x7Yj2)+0,968 199 x (¥;_1 - ¥j_2)

D.4| Calculation of the smoke values

D.41 General

In thie following example, the general procedure of determining the final smoke value is given for PSV in
accgrdance with 10.2.3. In this case, the Bessel filter designated in D.3 is uséd, and is applied to the light
absgrption coefficient, k, converted from the raw opacity signal according to Formula (10) of 10.112. If opacity
is usgd for reporting the test results, the same filter algorithm is directly applied to the raw opacity signal. The
procgdure for LSV is identical.

In Figure D.3 are shown the traces of the measured raw opacity signal, and of the unfiltered and filtered light
absdrption coefficients, k, of an acceleration. The maximum value Y; max (peak) of the filtered « frace is also
indicpted. Correspondingly, Tables D.3 and D.4 list the numeérical values of index i, time (sampling rate of
150 Hz), raw opacity, unfiltered &k and filtered k. Filtering was  conducted using the constants of the Bessel
algofithm designated in D.3. Due to the large amount ofdata, only those sections of the smoke {race around
the Beginning and the peak are tabled.
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Y1 Y2
30 — 1
25 —
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oA | | L L1 [ 1| 0—>
0 1 4 6 8 9 10 11 X
Key
Y1 opacity, N, %
Y2 light Absgrption Coefficient, 1/m
X time, s
1 raw opacity, N
2 unfiltered|smoke, k&
3 filtered smoke, k&
Figure D.3 — Traces of measured opacity VN, of  for unfiltered smoke and of % for filtered smok
Tablg D.3 — Values of epacity, N, and of unfiltered and filtered % at beginning of load step
Index Time Opacity Unfiltered Filtered
N k-value k-value
i s % m-" m-"
-2 0,000 000 0,000 000 0,000 000 0,000 000
-1 0,000 000 0,000 000 0,000 000 0,000 000
0 0,000 000 0,000 000 0,000 000 0,000 000
1 0,006 667 0,020 000 0,000 465 0,000 000
2 0,013 333 0,020 000 0,000 465 0,000 000
3 0,020 000 0,020 000 0,000 465 0,000 000
4 0,026 667 0,020 000 0,000 465 0,000 001
5 0,033 333 0,020 000 0,000 465 0,000 002
6 0,040 000 0,020 000 0,000 465 0,000 002
7 0,046 667 0,020 000 0,000 465 0,000 003
8 0,053 333 0,020 000 0,000 465 0,000 004
9 0,060 000 0,020 000 0,000 465 0,000 005
38 © 1S0 2012 — All rights reserved
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Index Time Opacity Unfiltered Filtered
N k-value k-value
i s % m-"1 m-"1
10 0,066 667 0,020 000 0,000 465 0,000 006
11 0,073 333 0,020 000 0,000 465 0,000 008
12 0,080 000 0,020 000 0,000 465 0,000 009
13 0,086 667 0,020 000 0,000 465 0,000 011
=% 6;693-333 6,626666 6,000465 6,606613
15 0,100 000 0,192 000 0,004 469 0,000 015
16 0,106 667 0,212 000 0,004 935 0,000 018
17 0,113 333 0,212 000 0,004 935 0,0007023
18 0,120 000 0,212 000 0,004 935 0,000 029
19 0,126 667 0,343 000 0,007 990 0,000 037
20 0,133 333 0,566 000 0,013 200 0,000 047
21 0,140 000 0,889 000 0,020 767 0,000 062
22 0,146 667 0,929 000 0,021'706 0,000 083
23 0,153 333 0,929 000 0,021 706 0,000 110
24 0,160 000 1,263 000 0,029 559 0,000 144
25 0,166 667 1,455 000 0,034 086 0,000 187
26 0,173 333 1,697,000 0,039 804 0,000 240
27 0,180 000 2,030,000 0,047 695 0,000 305
28 0,186 667 2,081 000 0,048 906 0,000 383
29 0,193 333 2,081 000 0,048 906 0,000 475
30 0,200 0Q0 2,424 000 0,057 067 0,000 580
31 0,206(667 2,475 000 0,058 282 0,000 701
32 0,213:333 2,475 000 0,058 282 0,000 837
33 0,220 000 2,808 000 0,066 237 0,000 989
34 0,226 667 3,010 000 0,071 075 0,001 158
35 0,233 333 3,253 000 0,076 909 0,001 345
36 0,240 000 3,606 000 0,085 410 0,001 551
87 0,246 667 3,960 000 0,093 966 0,001 780
38 0,253 333 4,455 000 0,105 983 0,002 032
39 0,260 000 4,818 000 0,114 836 0,002 311
40 0,266 667 5,020 000 0,119 776 0,002 618

Table D.4 — Values of opacity, ~, and of unfiltered and filtered £ around PSV

Index Time Opacity Unfiltered Filtered
i N k-value k-value
s % m-"1 m-"1
259 1,726 667 17,182 000 0,438 429 0,538 748
260 1,733 333 16,949 000 0,431 896 0,539 244
261 1,740 000 16,788 000 0,427 392 0,539 689
262 1,746 667 16,798 000 0,427 671 0,540 082
263 1,753 333 16,788 000 0,427 392 0,540 426
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Table D.4 (continued)

Index Time Opacity Unfiltered Filtered
i N k-value k-value
s % m-"1 m-"1
264 1,760 000 16,798 000 0,427 671 0,540 720
265 1,766 667 16,798 000 0,427 671 0,540 968
266 1,773 333 16,788 000 0,427 392 0,541 170
267 1,780 000 16,788 000 0,427 392 0,541 327
268 + 786667 16,798666 6,427 671 0,544+
269 1,793 333 16,798 000 0,427 671 0,541 514
270 1,800 000 16,793 000 0,427 532 0,541 5452
271 1,806 667 16,788 000 0,427 392 0,541 538
272 1,813 333 16,783 000 0,427 252 0,541 493
273 1,820 000 16,780 000 0,427 168 0,541411
274 1,826 667 16,798 000 0,427 671 0,541 293
275 1,833 333 16,778 000 0,427 112 0,541 140
276 1,840 000 16,808 000 0,427 951 0,540 954
277 1,846 667 16,768 000 0,426 833 0,540 737
278 1,853 333 16,010 000 0,405,750 0,540 486
279 1,860 000 16,010 000 0;405 750 0,540 199
280 1,866 667 16,000 000 0,405 473 0,539 877
281 1,873 333 16,010 000 0,405 750 0,539 519
282 1,880 000 16,000 000 0,405 473 0,539 128
283 1,886 667 16,040.000 0,405 750 0,538 704
284 1,893 333 16,394 000 0,416 406 0,538 251
285 1,900 000 16,394 000 0,416 406 0,537 769
286 1,906 667 16,404 000 0,416 685 0,537 262
287 1,913 333 16,394 000 0,416 406 0,536 731
288 1,920.000 16,394 000 0,416 406 0,536 176
289 1,926 667 16,384 000 0,416 128 0,535 598
290 1,933 333 16,010 000 0,405 750 0,534 997
291 1,940 000 16,010 000 0,405 750 0,534 373
292 1,946 667 16,000 000 0,405 473 0,533 726
293 1,953 333 16,010 000 0,405 750 0,533 055
294 1,960 000 16,212 000 0,411 349 0,532 364
295 1,966 667 16.394 000 0.416 406 0,531 654
296 1,973 333 16,394 000 0,416 406 0,530 927
297 1,980 000 16,192 000 0,410 794 0,530 184
298 1,986 667 16,000 000 0,405 473 0,529 424
299 1,993 333 16,000 000 0,405 473 0,528 648
300 2,000 000 16,000 000 0,405 473 0,527 854
a2  Boldface indicates peak value.

D.4.2 Calculation of the unfiltered k-value (optional)

The calculation procedure starts with the conversion from the as-measured opacity values to light absorption
coefficient values. As indicated above, this is only required if the final smoke values are to be reported in
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units of light absorption coefficient or if ambient correction is to be applied in accordance with 10.3.2. In this
example, the conversion is done for index 262 (opacity N = 16,798 %) and an optical path length, La, of 0,43 m.

k= sn(1-
I 100

1 16,798
xln(1—

k=———
0,43 100

j =0,427 671 m™

This value corresponds to S262 given in D.4.3.

D.4.3 Calculation of Bessel averaged smoke (filtered k-value)

For gtarting the Bessel algorithm, S;_1, S;—2, Yi-1 and Y;_ are set to zero. After the start, @ll-indiidual smoke
valugs are calculated (filtered) in the same way as described for index i = 262 resulting‘in the listing of filtered
k-values of Table D.4. The following data are an excerpt of Table D.4 for index 262;

Sae2[ 0,427 671 m~"
Sze1 | 0,427 392 m™
S260fF 0,431 896 m™"
Y261 0,539 689 m
Yo60l= 0,539 244 m"

In Fgrmula (15), the Bessel constants of D.3 are used.;The actual unfiltered 4-value correspondp to S262 (S))
as calculated above. S261 (S;—1) and S2g0 (S;—2) are the.two preceeding unfiltered k-values, Y2g1 (Yi}1) and Y260
(Y;_2) are the two preceeding filtered k-values.

Yi=Y, 4+ EX(Si+2X S;1+ S;.0-4x ¥ 3)+ KX (Y;_1-Y;_5)
Y262 = 0,539 689 + 8,383 292 x 1065% (0,427 671 + 2 x 0,427 392 + 0,431 896 - 4 x 0,539 244) +
0,968 199 x (0,539 689 - 0,539°244)

- 0,540 082 m"

The pighest filteredk*value of the complete smoke trace corresponds to PSV (PSVE or PSV3 or PEVg or PSVg
depgnding on acgeleration). In this example, the maximum is 0,541 545 m~" found at index 270.

LSV [is caleutated accordingly.

As irjdicated above, the Bessel algorithm can be directly applied to the opacity N without conversipn to k-value
if the final values are to be reported in units of opacity. Another possibility is the re-conversion of the k-value,
as calculated above, to opacity.
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E.1

Annex E
(normative)

Test cycle for marine propulsion engines

General

Marine engi
on-road and
shiftable geaz

There are ty
the number
the constan
propeller. Th
the smoke d
and influenc
various kind

One exampl

on-road or mobile off-road engines. This is partly due to the physicalkbehaviour of the power transmission

the propelle
depending g
for dynamic
engine famil

On board vessels, safety is always of paramount importance. Therefore, although automatic control i
an exception shall remain for emergency cases where overriding of the system is needed to

general rule
reduce immi
engine acce

E.2 Apg

The smoke-
E2, E3 and

is the loaded acceleration’titvie. This should be 20 s + 5 s or be as declared by the manufacturer, taking

account the
application f

The followin

e operations occurs over a much more limited combination of speed and torque as compar
mobile off-road engines. This is partly due to the fact that marine engines are not equipped W
rbox and partly to the physical behaviour of the power transmission from the propeller to'the w

of revolutions of the crankshaft in a given period of time, with a fixed propeller or water jet
-speed law (comparable to generator applications), which is applicable with"a controllable-
ese principles correspond with the E1, E2, E3 and ES5 test cycles of ISO,8178-4:2007. Therg
uring the engine load increase, for both cases (with or without speed increase), is more s
ed mainly by the rate of load increase. This rate is subjected to autematic limitation procedur|

L

pD.

b is the power-increase rate. For marine engines, the powet-increase rate is slower as compar

to the water. In all such cases, the engine will be controlled by its management or control sy
n the kind of the vessel. This “standard case” is als@'the worst case, and is very suitable as
smoke measurements. Engines with various management or control settings can be combin
es or groups, with a worst case being tested for'the complete family or group.

nent danger. In such an emergency case, there might be an increased smoke rate due to gr
eration. Such increased smoke rates are not considered in this annex.

lication of the smoke-test cycle

fest cycle described@in this annex is applicable to those engines which are included in thg
E5 cycles of ISO.8178-4:2007. The factor governing whether to use the test cycle in this a

engine management or control system. Those marine propulsion engines that can be used i
br mobileoff-road engines may optionally be tested according the procedures in Annex A.

j are typical applications:

ed to
ith a
ater.

o principle torque-to-speed relationships: the propeller law, defined by torque~¥(n2), wher¢ n is

and
pitch
fore,
table
es of

ed to
from
stem
Dasis
ed in

5 the

bater

e E1,
nnex

into
h the

E1: diesel'engines Tor craft 1ess than Z4 m long (derived from test cycle B);
E2:constant-speed, heavy-duty engines for vessel propulsion without limitation in length;
E3: propeller-law, heavy-duty engines for vessel propulsion without limitation in length;

ES5: diesel engines for craft less than 24 m long (propeller law).

This annex has been confirmed for engines with rated power of up to 1 500 kW.

E.3 Terms and definitions

42
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