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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison with
Commissio

Internationg

The main t4

[SO, also take part in the work. 1SO collaborates closely with the International EIecirg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

sk of technical committees is to prepare International Standards. Draft International Standards

by the technical committees are circulated to the member bodies for voting. Publication as an Intg

Standard rg

Attention is
rights. ISO

ISO 8178-1
Exhaust ga

ISO 8178 d
Exhaust em

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

Part 9:

quires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this part of ISO 8178 may be the subject
shall not be held responsible for identifying any or all such patent rights.

0 was prepared by Technical Committee ISO/TC 70, Internal-combustion engines, Subcommit
5 emission measurement.

onsists of the following parts, under the general title Reciprocating internal combustion e
ission measurement.

Test-bed measurement of gaseous and particulate exhaust emissions

Measurement of gaseous and particulate*exhaust emissions at site

Definitions and methods of measurenient of exhaust gas smoke under steady-state conditions
Test cycles for different engine\applications

Test fuels

Report of measuring.results and test

Engine family«determination

Engine-group determination

Test cycles and test procedures for test bed measurement of exhaust gas smoke emiss

technical

adopted
rnational
of patent

ee SC 8,

hgines —

ons from

comprt

H A ol 4 H 4 NHH
OOIUINT TYTIitrorr TTrTyIirmco UPTTAlllTy uridcr tradriosicrit CUTNTUINIuric

compression ignition engines operating under transient conditions

Annexes A,

B and C form a normative part of this part of ISO 8178. Annex D is for information only.

Part 10: Test cycles and test procedures for field measurement of exhaust gas smoke emissions from
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uction

Throughout the world there currently exist many smoke measurement procedures in various forms. Some of these
smoke measurement procedures are designed for test bed testing and may be used for certification or type-
approval purposes. Others are designed for field testing and may be used in inspection and maintenance
programmes. Different smoke measurement procedures exist to meet the needs of various regulatory agencies

and indu

The obje
procedur]
emission
engines

should b
condition

Only op3
ISO 8178
accounts
differenc

Btries. 1 he two methods typically used are the Tilter smokemeter method and the opacimeter,

ctive of this part of ISO 8178 is to combine the key features of several existing smoke m
es as much as is technically possible. This part of 1ISO 8178 is intended for the measure
5 of smoke from compression ignition internal combustion engines under field conditions. |
pperating under transient conditions — where the engine speed or load, or béth, changes
b noted that the smoke emissions from typical well-maintained naturally-aspirated engines und
s will generally be the same as the smoke emissions under steady state conditions.

cimeter type smokemeters may be used for making the smoke measurements described in
. This part of ISO 8178 allows the use of either full-flow or partial-flow opacimeters. This part

for differences in response time between the two types of opacimeters, but does not accd
bs due to differences in temperatures at the sampling zone.

pasurement
ent of the
applies to
ith time. It
er transient

this part of
bf 1ISO 8178
unt for any

© I1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=56919d3507da606bb387fc17521ba47f



https://standardsiso.com/api/?name=56919d3507da606bb387fc17521ba47f

INTERN

ATIONAL STANDARD

ISO 8178-10:2002(E)

Reciprocating internal combustion engines — Exhaust emission

meas

Part 1
Test
gas
oper

support
accordar
measure

Likewise

particulaie emissions from nonroad engines. The test cygles in ISO 8178-4 were developed in recog

differing

For trans
principle.
and anal
ISO 1161
are appli
only be ¢
to this pa
scope of
categorig

2 Nonmmative references

The follo
this part

urement —

0:

moke emissions from compression ignition engines
ting under transient conditions

pression ignition engines under field conditions. This part of |SQ 8178 is intended for use pr
for in-use smoke testing programmes on engines that have been “certified” or “type a
ce with the provisions of ISO 8178-9. ISO 8178-9 provides test procedures and test
ment of smoke from different applications of engines operating on the test bed.

ISO 8178-4 specifies a number of different test cycles to be used in order to characterize g
pperating characteristics of various categories.¢f’nonroad machines.

ient smoke test cycles, smoke testing is conducted using smokemeters that operate on the lig
The purpose of this part of ISO 8178 is'to define the smoke test cycles and the methods used
yse smoke. Specifications for measurement of smoke using the light extinction principle can
4. The test procedures and measurement techniques described in clauses 5 to 11 of this part
Cable to reciprocating internal.combustion (RIC) engines in general. However, an engine app
valuated using this part of ISO 8178 once the appropriate test cycle has been developed. Ann
rt of ISO 8178 each contains a test cycle that is relevant only for those specific applications
that annex. Where possible, the smoke test cycle described in the annex utilizes the engine a
s developed in ISO.8778-4.

ving Aermative documents contain provisions which, through reference in this text, constitute p
OfISO 8178. For dated references, subsequent amendments to, or revisions of, any of these

B emissions
marily as a
bproved” in
cycles for

naseous and
nition of the

ht extinction
to measure
be found in
bf 1ISO 8178
lication can
exes Ato C
isted in the
nd machine

rovisions of
bublications

do not a

wply However Innn‘irac to ngrppmpnfe bhased on this part of ISQ 8178 are pnr‘numgpd to invi

pstigate the

possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.

ISO 8178-4:1996, Reciprocating internal combustion engines — Exhaust emission measurement — Part 4. Test
cycles for different engine applications

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

ISO 8178-6, Reciprocating internal combustion engines — Exhaust emission measurement — Part 6: Report of
measuring results and test
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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 8178-9:2000, Reciprocating internal combustion engines — Exhaust emission measurement — Part 9: Test
cycles and test procedures for test bed measurement of exhaust gas smoke emissions from compression ignition
engines operating under transient conditions

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

3 Terms and definitions
For the purposes of this part of ISO 8178 the following terms and definitions apply.

31
exhaust ggds 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 cpmbustion of fuel or lubricating oil. White smoke is usually due to condénsed water and/or liquid fuel. Yellow smoke
is caused by|NO,.

3.2
transmittannce
T
fraction of |ight, transmitted from a source through a smoke-obscured path, which reaches the observer or the
instrument feceiver

NOTE It is expressed as a percentage.

3.3
opacity
N
fraction of ljght, transmitted from a.source through a smoke-obscured path, which is prevented from reafhing the
observer or|the instrument receiver(N = 100 — 7).

NOTE It is expressed as(a'percentage.
3.4 Optigal path length

3.441
effective optical path length
La
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

NOTE 1 It is expressed in metres. 9.2 describes how to determine L, and how to install measuring equipment, on exhaust
systems that may be encountered in the field.

NOTE 2  Portions of the total light source to receiver path length which are not smoke obscured do not contribute to the
effective optical path length.

2 © 1SO 2002 — Al rights reserved
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standard effective optical path length

Lps

measurement used to ensure meaningful comparisons of quoted opacity values

NOTE See 10.1.4.
3.5
light absorption 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~'). The.light absorption
coefficien{ is a function of the number of smoke particles per unit gas volume, the size distribution of the(smoke particles, and
the light gbsorption and scattering properties of the particles. In the absence of blue, white or yellow(Smoke or psh, the size
distributiop and the light absorption/scattering properties are similar for all diesel exhaust gas samples*and the light absorption
coefficien is primarily a function of the smoke particle density.
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, L,
NOTE Because the light absorption coefficient, £, cannot be measured directly, the Beer-Lambert law is used to calculate
k, when opacity, N, or transmittance, 7, and effective optical path length, L,;are known:
-1
k=l—In |-~ 1)
La 100
-1 N
k=l—In|1-——— (2)
Lp 100
3.7
opacimeter
instrument for the measurement of smoke characteristics using the optical method of transmittance
3.71
full-flow|opacimeter
instrument in which all theexhaust gas flow passes through the smoke measuring chamber
3.711
full-flow|end-of-line‘opacimeter
instrument that 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 smoke plume and in
close pro. imity to the open end of the fnilpipn When nlnlnlying this fypn aof nlnnr‘imn’rpr the effective npfir‘s\l Innf |ength is a

function of theJtainipe design.

3.71.2
full-flow

in-line opacimeter

instrument that 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 smoke

plume and in

close proximity to the outer wall of the tailpipe. With this type of opacimeter the effective optical path length is dependent on the

instrumen

t.

© I1SO 2002 — All rights reserved
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3.7.2

partial flow opacimeter
instrument that samples 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 design.

3.7.3 Opacimeter response time

3.7.31

opacimeter physical response time

%
difference |
absorption

NOTE 1
tube. Additio

3.7.3.2
opacimete

le

difference K
scale when

NOTE A

4 Symb

For the pur

coefficient of the gas being measured is changed in less than 0,01 s

" electrical response time

the opacity or light extinction coefficient is changed in less than-0,01 s

ols and units

poses of this part of ISO 8178, the symbols and-units listed in Table 1 apply.

Table.1— Symbols and units

etween the times when the raw k-signal reaches 10 % and 90 % of the full deviation avhen

[he physical response time of the partial flow opacimeter is defined by means of the sampling probe arn

hal information on the physical response time can be found in 8.2.1 and 11.7.2 of ISO 11614:1999.

etween the times when the instrument recorder output signal or,display goes from 10 % to 9(

dditional information on the electrical response time can be founchin'8.2.3 and 11.7.3 of ISO 11614:1999

Symbol Term Unit
D Bessel function constant 1
E Bessel constant 1
Ja Atmaspheric factor 1
Je Bessel filter cut-off frequency s
k Light absorption coefficient m-!

v Ambient condition corrected light absorption coefficient m-!
kops Observed light absorption coefficient m~1
K Bessel constant 1
Kq Smoke ambient correction factor 1
Ly Effective optical path length m
Lps Standard effective optical path length m
N Opacity %
Np Opacity at effective optical path length %
Nps Opacity at standard effective optical path length %

the light

d transfer

% of full

© 1SO 2002 — Al rights reserved
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Symbol Term Unit
Pme Brake effective mean pressure kPa
Ps Dry atmospheric pressure kPa
P Engine Power kw
i Instantaneous smoke value m~" or %
At Time between successive smoke data (= 1/sampling rate) S
Iaver Overall response time s
fe Opacimeter electrical reponse time s
e Filter response time for Bessel function s
b Opacimeter physical response time s
T, Engine intake air temperature K
X Desired overall response time S
Y, Bessel averaged smoke value m~"or %
P Dry ambient density kg/m3
T Smoke Transmittance %
0 Bessel Constant 1

5 Test conditions

5.1

5.1.1

The absq
expresss
evaluate

Naturally]
engines

NOTE

Ambient test conditions

99 T.
fa i (_W X (f)nao

Test condition parameter

lute temperature, T, ©fjthe engine intake air expressed in Kelvin, and the dry atmospheric p
d in kPa, shall be ‘measured, and the parameter, 1, shall be determined according to the
i by equations (3)-10(5).

Laspirated and mechanically-supercharged compression ignition engines, and compress
ith wastegates operating:

10,7

\t'S / \

ressur.e., Ps»
provisions

on ignition

®)

This equation also applies if the wastegate is operating only during sections of the test cycle. If the wastegate is not

operating during any section of the test cycle, equation (4) or (5) shall be used depending on the type of charge cooling, if any.

Turbocharged compression ignition engines without charge air cooling, or with charge air cooling by air/air cooler:

90\ (1,
fa= | 2] x 22
Ps 208

© I1SO 2002 — All rights reserved
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Turbocharged compression ignition engines with charge air to liquid charge air cooler:

99\ (1, \%7
fa = _— X —_— (5)
Ps 208
5.1.2 Test validation criteria — Test conditions

For a test to be recognized as valid, with respect to atmospheric conditions, the parameter f, should be such that:

0,93 << H07 (6)

Smoke valyes obtained within this range of f, shall be corrected in accordance with the provisiops.given in 10.3.
Results from tests conducted outside this range are not comparable to the results from ISO 8178-9.

Additional Yalidation criteria are given in 7.3.4 (opacimeter zero drift) and annexes A to,G>(test cycle Yalidation
criteria).

5.2 Pow

\1%4

r
Auxiliaries pecessary only for the operation of the machine shall be turned off) If they cannot be turned| off, they
shall be mgde to function at minimum power as much as is possible during-the test. The following incomplete list of
such auxiligries is given as an example:
— air conjpressor;

— power gteering pump;

— air conglitioning compressor;

— pumpsi|for hydraulic actuators;

— auxiliany electrical equipment (lights, blowers, etc.).

5.3 Engine air inlet system

The inlet aif system shall be inspected for leaks, loose or missing clamps or fittings, etc. The general copdition of
the air syst¢m, including whether_or not the air cleaner is in need of service, shall be noted.

5.4 Engine exhaust{system

The exhaust systemshall be inspected for leaks, loose or missing clamps or fittings, etc. The general condition of
the exhaus{ systém-shall be noted.

5.5 Engi

timg

The charge air cooling system shall be inspected for leaks, loose or missing clamps or fittings, etc. The general
condition of the charge air cooling system shall be noted.

6 Test fuels

Fuel characteristics influence engine smoke emissions. Smoke tests conducted in accordance with ISO 8178-9 are
generally “certification” or “type approval” tests, utilizing a fuel specified in the regulation. Field tests are typically
not conducted using the reference fuel. Therefore, especially for vehicles that fail the smoke test, the
characteristics of the fuel used for the test shall be determined, recorded and presented with the results of the test.

6 © 1SO 2002 — Al rights reserved
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Where fuels designated in ISO 8178-5 as reference fuels are used, the reference code and the analysis of the fuel
shall be provided. For all other fuels, the characteristics 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.

Table 2 — Selection of fuel

Test purpose Interested parties Fuel selection

— Certification body — Reference fuel, if one(is, dgfined
Type approval
(certification) — Manufacturer or supplier — Commercial fuekif n6 refetence
fuel is defined

— Manufacturer or supplier — Commercial fuel as specified by
Inspection/maintenance test the manufacturer @
—  Customer or inspector

One or more of:

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

Resgearch/development To'suit the purpose of the test.

@ | Customers and inspectors should note that the emission tests carried\out using commercial fuel will not necessarily yield
resyilts that are comparable to those from testing with reference fuels.

The fuel used for acceptance tests should be within the range of. fuglspecifications allowed by the engine manufactyrer, as
spegified in the engine manufacturer's technical literature. When a‘“suitable reference fuel is not available, a fuel with prdperties
very close to the reference fuel may be used. The characteristics‘of the fuel shall be declared.

7 Measurement equipment and accuracy

7.1 Ggneral

The equipment mentioned in 7.3 shall be used for smoke tests of engines in the field.
7.2 Test conditions

7.21 General

This parf of ISO8178 does not contain details of engine speed, pressure and temperature measuring|equipment.
Instead, pnly{the accuracy requirements of such equipment are given in 7.4.

7.2.2 Engine speed

Measurement of engine speed is required in order to determine that the test is being run correctly. Measurement of
engine speed is required to determine if the engine governor is operating correctly — in order to avoid possible
damage to the engine. Incorrect low or high idle speeds may also cause the smoke to differ from those tests
conducted according to the provisions of ISO 8178-9.

7.2.3 Ambient temperature
Ambient temperature (dry bulb temperature) is required in order to correct smoke for the ambient test conditions

and determine if the engine complies with the standard to which it was certified according to the provisions of
ISO 8178-9.

© 1SO 2002 — Al rights reserved 7
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7.2.4 Dry ambient pressure

Dry ambient pressure is required in order to correct smoke and determine if the engine complies with the standard
to which it was certified according to the provisions of ISO 8178-9. Dry ambient pressure is typically determined by
subtracting a calculated vapour pressure from the measured wet ambient pressure (barometric pressure). Vapour
pressure is typically calculated from measurement of the dew point temperature or the wet and dry bulb
temperatures.

7.3 Determination of smoke

7.3.1 Generatl
Transient

opacimeter
for the thre
ISO 11614:

bmoke tests shall be conducted using opacimeter-type smokemeters. Three différent
5 are allowed, in-line and end-of-line full flow opacimeters and the partial flow opacimeters Spegifications
e types of opacimeters can be found in clause 11 of this part of ISO 8178 and in\clauses 6|and 7 of
1999. Temperature correction has not been validated for transient tests,, therefore, temperature

types of

correction g

f smoke results has not been included in this part of ISO 8178.

7.3.2 Gerleral specifications — Opacimeters

Smoke tests require the use of a smoke measurement and data processing, system that includes three functional

units. Thege units may be integrated into a single component or provided as a system of intercpnnected

component$. The three functional units are:

— a full-flow or a partial-flow opacimeter meeting the specifications of this clause. Detailed specifications for
opacimeters can be found in clause 11 and in ISO 11614;

— a data|processing unit capable of performing the functions described in 10.2 and 10.3 and in the gpplicable
annex (A, B or C);

— a printgr and/or electronic storage medium tolrecord and output the required smoke values specified in the
applicable annex (A, B or C).

7.3.3 Lingarity

The linearit
calibrating ¢

evice. The linearity shall not exceed + 2 % opacity.

7.3.4 Zero drift

The zero diift during.the lesser of a one hour period or the duration of the test shall not exceed + 0,5 % ¢

2 % of full §

cale, whichever is smaller.

y is the difference between the value measured by the opacimeter and the reference vallie of the

pacity or

7.3.5 Opqcimeter display and range

For display in both opacity and light absorption coefficient the opacimeter shall have a measuring range
appropriate for accurately measuring the smoke of the engine being tested. The resolution shall be at least 0,1 %
of full scale.

The optical path length selected for the smoke instrument shall be suitable for the smoke levels being measured, in
order to minimize errors in calibrations, measurements and calculations.

7.3.6 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.

© 1SO 2002 — Al rights reserved
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7.3.7 Sampling requirements for partial flow opacimeters

The sampling conditions shall conform to the requirements of 11.3 of ISO 8178-9:2000.

7.3.8 Li

ght source

The light source shall conform to the requirements of 11.2 and 11.3 of ISO 8178-9:2000.

7.3.9 Neutral density filters

Any neufra 3 3
opacity gnd the filter's nominal value shall be checked for accuracy at least yearly using a reference. tre
national ¢r international standard.

NOTE
and, wheri

7.4 Ag

density fiters used for callbrating and checking opacimeters s be RKNown 10 ar Wi

Neutral density filters are precision devices and can easily be damaged during use. Handling should
required, should be done with care to avoid scratching or soiling of the filter.

curacy

cy of £+ 1%
ceable to a

be minimized

The califration of all measuring instruments shall be traceable to international (national if no international standards

exist) standards and comply with the requirements given in Table 3.

NOTE
temperaty

8 Cal

8.1 Ge

The opagimeter~shall be calibrated as often as necessary to fulfill the accuracy requirements of

ISO 817§

Table 3 — Permissible deviations of instruments for eéngine-related parameters

Item Permissible-deviation Calibration intervals
months
Engine speed + 5 %-.0fmeasurement 3
Ambient temperature +2°C 3
Barometric pressure +0,5% 3
Ambient air relative humidity, +3% 3

ISO 8178-1 specifies measurement of intake air temperature while this part of 1SO 8178 utili
re. In some engine installations_the difference between the two may be substantial, and should be accour

bration of the-opacimeter

neral

. The calibration method that shall be used is described in 8.2.

res ambient
ted for.

this part of

8.2 Ca

libration procedure

8.2.1 Warming-up time

The opacimeter shall be warmed up and stabilized in accordance with the manufacturer's recommendations. If the
opacimeter is equipped with a purge air system to prevent sooting of the instrument optics, this system should also
be activated and adjusted in accordance with the manufacturer's recommendations.

8.2.2 Establishment of the linearity response

With the opacimeter in the opacity readout mode, and with no blockage of the opacimeter light beam, the readout
shall be adjusted to 0,0 % + 0,5 % opacity.
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With the opacimeter in the opacity readout mode, and all light prevented from reaching the receiver, the readout
shall be adjusted to 100,0 % + 0,5 % opacity.

The linearity of the opacimeter, when used in the opacity mode, shall be checked periodically in accordance with
the manufacturer's recommendations. A neutral density filter between 30 % and 60 % full scale which meets the
requirements given in 7.3.9 shall be introduced to the opacimeter and the value recorded. The instrument readout
shall not differ by more than + 2 % opacity from the nominal value of the neutral density filter. Any non-linearity

exceeding t

9 Test

he above value shall be corrected prior to the test.

9.1 Inst3
The opacin
fitted, in adg
systems ar
measuremse
Additionally]
flow end-off
mounted or
is presente
possible to
may not be

Excessively
location of
measured.
using meas
zones.

No visible

llation of the measuring equipment

eter and sample probes, if applicable, shall be installed after the muffler or any after-treatment
cordance with the installation procedures specified by the instrument manufacturer. Somg

nt shall be made before this mixing occurs if results are to be compared ta_the results of 1S(

the requirements of clause 10 of ISO 11614:1999 shall be observed, where appropriate. WH
Hine smokemeter is used, L, is a function of the vehicle exhaust system and the way the
the tailpipe. Determination of L, for various types of exhaust pipe that may be encountered ir
d in 9.2. Accessibility to the exhaust system may be limited i some machines, and it mg
nstall the instrumentation in accordance with these recommendations. In these instances smo
comparable to the results of ISO 8178-9.

windy conditions shall be avoided. Winds are considered excessive if they disturb the size,
the smoke plume in the region where the exhaust@amples are drawn or where the smoke
The effect of wind may be eliminated or reduced by locating the machine in a wind-sheltered 4
uring equipment designs which preclude wind,effects on the smoke in the measuring or

humidity (rain, fog or snow) shall be present in the region where exhaust samples are dray

device, if
exhaust

p designed such that ambient air can enter the exhaust pipe and mix with the_éxhaust streanm). Smoke

D 8178-9.
en a full-
meter is
the field
y not be
e results

shape or
plume is
rea or by
sampling

vn or the

smoke plume is measured. Care shall be taken\to”ensure that direct sunlight is not hitting the smoke plume or the

receiver. Sq
9.2 Dete

9.21 Gen
Portions of
optical path
the cross-s

me equipment designs preclude the’effects of these conditions.
rmination of effective optical path length (L,)

eral

the light source(toreceiver path length which are not smoke-obscured do not contribute to the
length. If the.smokemeter light beam is located sufficiently close to the exhaust outlet (within
pction of thexSmoke plume as it passes by the smokemeter is essentially the same as the tailp

along the line of orientation of the smokemeter light beam. In general, this distance should be determined

measuremg
determinati
approximats
the smalles

nt of\the tailpipe outlet. To achieve corrected smoke results that are accurate within =2 %

effective
0,07 m),
pe outlet
by direct
opacity,

bn- of 'L, shall be made within +£6,0 %. (The largest error in opacity occurs at an o

N 0,

t standard effective optical path length (0,038 m), + 6 % equates to an accuracy of 0,002 m.

pacity of
ted.) For

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 of thirty
times the stack pipe diameter shall be considered if the engine manufacturer does not have any objections. Proper
sealing of that joint is necessary in order to avoid exhaust dilution with air.

For many common tailpipe designs L, can be determined with sufficient accuracy from external exhaust system
dimensions which are more easily measured. The remainder of this section describes these cases and the
principles and procedures that shall be adhered to in determining L,.
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9.2.2 External versus internal tailpipe dimensions

9.2.2.1 General

Most tailpipes encountered on machines are constructed from metal tubing of various standard nominal sizes.
Nominal tubing sizes are based on the tubing OD whereas it is the internal dimension of the tailpipe that dictates
L,. The difference between the external and internal tailpipe dimension is twice the tubing wall thickness, which is
typically small.

Use of the external tailpipe dimension as the as-measured effective optical path length results in corrected smoke
values whi i 9 i is small error
is accepjable. However, in cases where extreme accuracy is required or where the tailpipe wall) fhickness is
unusually large, the material thickness should be accounted for in determining L,.

9.2.2.2 | Straight circular non-bevelled tailpipes

This is the simplest tailpipe design that may be encountered and is illustrated inyFigure 1. In thi$ case, the
smokemeter light beam shall be oriented such that it is perpendicular to and passes‘through the central axis of the
smoke plume and is within 0,05 m of the tailpipe exit. If these guidelines are followed, L, is equal to the tailpipe ID
and can psually be adequately approximated by the tailpipe OD (see 9.2.2.1).

1

L

g

= Tailpipednher diameter; L, = Tailpipe outer diameter for wall thickness less than 1,5 mm

1 Full flow smokemeter
2 Circular tailpipe

a  Exhalist flow
b LAoo

¢ <5cm
Figure 1 — Straight circular non-bevelled tailpipe

9.2.2.3  Straight circular bevelled tailpipes

A bevelled tailpipe is formed when the outlet of the tailpipe is not cut off square (perpendicular) to the axis of the
exhaust flow. When this type of tailpipe is encountered, there is only one recommended smokemeter mounting
orientation. The axis of the smokemeter light beam shall be perpendicular to and passing through the central axis
of the smoke plume and should be parallel to the minor axis of the elliptical shape to the tailpipe exit. The
smokemeter light beam shall also be within 0,05 m of the tailpipe outlet (see Figure 2). If these guidelines are
followed, L, is equal to the tailpipe ID and can usually be adequately approximated by the tailpipe OD

(see 9.2.2.1).
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a) Recommended smokemeter orientation

Key

1 Full flow smokemeter

a <5cm
b L, = Tailpipe inner diameter; L, = Tailpipe outer diameter for wall thickness less than 1,5 mm

¢ Light beam not perpendicular to exhaust flow
d  “A” typically > 50 mm

b) Smokemeter orientations that are not recommended

Figure 2 — Straight circular bevelled tailpipe
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9.2.2.4 Curved circular tailpipes

When the central axis of the tailpipe is curved at the approach to the exit, the tailpipe is said to be curved and the
cross section of the tailpipe outlet is non-circular. To avoid erroneously low readings when this type of tailpipe is
encountered, the smokemeter shall be mounted such that the axis of the smokemeter light beam is perpendicular
to and passing through the central axis of the smoke plume (not necessarily the centerline of the pipe) and is
parallel to the minor axis of the tailpipe exit. The smokemeter light beam shall also be within 0,05 m of the tailpipe
exit (see Figure 3). If these guidelines are followed, L, is equal to the tailpipe ID and can usually be adequately
approximated by the tailpipe OD (see 9.2.2.1). Smokemeter orientations in which the smokemeter light beam is not
parallel to the minor axis of the tailpipe exit may be used, but in these cases it will be necessary to determine L, by
direct measurement.

LS

0

Key

1 Full flow smokemeter

a <bcm
b L, = Minor axis of outlet; L, = Tailpipe inner diameter; L, = Tailpipe outer diameter for wall thickness less than 1,5 mm
¢ L, =Major axis of outlet; L, > Tailpipe inner diameter (to be determined by direct measurement)

Figure 3 — Curved circular tailpipe
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9.2.2.5 Non-circular tailpipe

If the tailpipe cross section is non-circular, the smokemeter shall be mounted such that the smokemeter light beam
is perpendicular to and passes through the central axis of the smoke plume and is within 0,05 m of the tailpipe exit.
For these cases, L, shall be determined by direct measurement. If the tailpipe cross section is an oval or an ellipse,
it is recommended that the smokemeter light beam be aligned with either the major or minor axis of the tailpipe
cross section in order to facilitate the measurement of L, (see Figure 4).

a)( Recommended smokemeter orientation

O S

—
—_— \\
~
.......... - \
\\
C) N \)\%
3 134

b) Smokemeter orientation that is not recommended
Key

1 Full flow smokemeter
a <5cm
b L, = Minor axis to be determined by direct measurement

¢ L, =Major axis to be determined by direct measurement
d L, =Major or minor axis difficult to measure

Figure 4 — Non-circular tailpipe
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9.2.2.6 Rain caps

Smoke measurements cannot be performed using a full-flow end-of-line smokemeter when a tailpipe rain cap is
operational. If present, rain caps shall be removed or secured in the fully open position prior to smoke testing. If the
smokemeter is installed without removing the rain cap, the meter shall be oriented so that the cap does not
interfere with the smoke plume or block any portion of the smokemeter light beam (see Figure 5).

)

Key

1 Full flow smokemeter
2 Raindap secured in fully open position; smokemeter oriented-so that the light beam is not interrupted by open rain cap.

a8 <5c¢m

Figure 5 — Rain cap

9.2.2.7 Downward directed exhaust

Some machines have horizontal-exhaust systems affixed to the underside of the chassis. Typically thgse exhaust
systems have a curved tailpipe’which directs the exhaust flow down against the surface of the earth.

Care shquld be exercized’when using a full-flow end-of-line smokemeter with machines having this type of exhaust
system. |n some cas€s, exhaust gases can “rebound” off the earth and recirculate through the smokgemeter light
beam cqusing erroneously high smoke measurements. This condition can be aggravated if dust becomes
entrained in thesrecirculating exhaust flow.

In most cases_little can be done to prevent this condition however it is recommended that testingg personnel
attempt to observe whether recirculation is occurring when testing machines with downward directed exhaust
systems. If recirculation appears to be influencing the smoke measurement, the test results shall be considered
unreliable (too high) and should be used with caution.

9.3 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.
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The zero and full-scale checks shall be made in the opacity readout. The light absorption coefficient is thus
correctly calculated based upon the measured opacity and the L,, as submitted by the opacimeter manufacturer,
when the instrument is returned to the & readout mode for testing.

With no blockage of the opacimeter light beam, the readout shall be adjusted to 0,0 % + 0,5 % opacity. With the
light being prevented from reaching the receiver, the readout shall be adjusted to 100,0 % + 0,5 % opacity.

9.4 Test cycle

The engine shall be run on the test cycle as described in the applicable annexes A, B and C taking into account the
consideratignsnoted-rrannexb-

NOTE Test cycles for constant-speed off-road engines are given in ISO 8178-9.

Prior to conducting the test the following items shall be completed.

a) If the machine is equipped with a manual transmission, the transmission shall be jplaced in neutral and the
clutch shall be released. If the machine is equipped with an automatic transmissiont; the transmission shall be
placed|in the park position, if available, or otherwise in the neutral position.

b) The machine shall be restrained from moving during testing.

¢) Machirje air conditioning should be turned off.

d) If the ehgine is equipped with an engine brake, it shall be deactiviated during testing.

e) All devjces installed on the engine or machine and which.@alter the normal acceleration characterist{cs of the
engine|(such as lights and other accessories) shall be deactivated prior to testing.

f)  All implements and attachments on the machine shall be in a safe position and, if necessary, restrained from
movingd.

10 Data evaluation and calculation
10.1 Datajevaluation

10.1.1 General requirements & ,0Opacimeters

The smoke(shall be sampled with a minimum frequency of 20 Hz. Smoke values shall be corrected, as n¢cessary,
for opacimeter optical path length differences and smoke units (see 10.1.2, 10.1.3 and 10.1.4) and ampient test
conditions (see 10.3)"The smoke data shall then be processed by means of the Bessel algorithm, as degcribed in
10.2 and thg¢ applieablé annex.

10.3 specifles-that the sample line length shall not affect the smoke trace. However, even though sample line
Iength doesmotaffectthest Tape of-the-smoke-trace it nay introducea u'uiay betweemrwhen-the-smoketsproduced
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.

The smoke values shall then be calculated as described in the applicable annex.

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 equation (7).

T _ KA 7
100 ¢ (7)
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From the definitions of transmittance and opacity, the relationship between these parameters may be defined as
shown in equation (8).

N =100 - ¢ (8)

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

v Las
Nas =100 x |1 — |1 = ZA | LA 9
AS X ( 100} (9)
k=l (1 - Na (10)
La 100

10.1.3 Data conversion
Conversipn from as-measured smoke values to appropriate reporting units is a twa-step process. Singe the basic
measurement unit of all opacimeters is transmittance, the first step in all cases(s)to convert from trangmittance, z,
to opacity at the as-measured effective optical path length, N, using equation (8). For most opacimetgrs this step
is done ipternally and is transparent to the user.

The secqnd step of the process is to convert from N, to the desired reporting units as follows.

If the tegt results are reported in opacity units, equation (9) shall be used to convert from opacity at the as-
measurefl effective optical path length, N,, to opacity at the standard effective optical path length, Npg.

NOTE In the event that the measured and standard effegtive optical path lengths are identical, N,g is equal tb N, and this
secondary conversion step is not required.

If the tes] results are reported in units of light absorption coefficient, then equation (10) shall be applied.

10.1.4 Effective optical path length input-values

In order [o apply equation (10), it is"heécessary to input the as-measured effective optical path length) L,. To use
equation|(9), values shall be input(bath for L, and for L,g, the standard effective optical path length.

For full-flow end-of-line opacimeters, L, is a function of the engine tailpipe design (see 9.2).

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

It may bg necessary to determine L, within 0,002 m to achieve corrected smoke results that are accurate to within
+ 2 % oppcity (see 9.2). T

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 shall be referred to standard effective optical path lengths (pipe
diameter) at which the limit values apply. For meaningful smoke data comparisons, smoke opacity results shall be
reported at the standard effective optical path lengths, L,g, shown in Table 4. Smoke opacity may, however, 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.
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Table 4 — Standard effective optical path lengths

10.2 Besgel algorithm

10.2.1 Gen

The Bessel
algorithm is
level is les

Engine power Standard effective optical path length
P Las
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

eral

algorithm shall be used to compute the average values from the instantaneous smoke read
properly applied to smoke values expressed as a light\absorption coefficient. However, if th
5 than 40 % opacity, the algorithm may be appliedto the opacity signal with negligible e

ngs. The
e smoke
rror. The

algorithm emulates a low pass second order filter, and its Use requires iterative calculations to detefmine the
coefficients| These coefficients are a function of the responsé&-time of the opacimeter system and the sampling rate.
Therefore, 10.2.2 shall be repeated whenever the systemresponse time and/or sampling rate changes.
10.2.2 Calgulation of filter response time and Bessel constants
The requirgd Bessel filter response time, #}.i$ a function of the physical and electrical response times of the
opacimeter|system, as defined in 3.7.3, and-the desired overall response time, X, and shall be calculated using
equation (1{1):
where:

f is the physical response time in seconds;

te is fheslectrical response time in seconds.

The above equation can be used to adjust differing opacimeters to a common response time as long as both Iy and
1, are << X (see 7.3.6) and as long as both ty and ¢, are << the duration of the transient test.

The calculations for estimating the filter cutoff frequency, f., are based on a step input of 0 to 1 in <0,01s
(see annex A). The response time is defined as the time between when the Bessel output reaches 10 % (z19) and
when it reaches 90 % (tqg) of this step function. This shall be obtained by iterating on £ until zgy — 744 ~ #¢. The first
iteration for f; is given by equation (12):

T
fe = G ) (12)
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The Bessel constants £ and K shall be calculated by equations (13) and (14):

E =

1

’|+.Q><1/3><D+D><.Q2

K=2><E><(D><.QZ—1)—1

where:
D
At

Q

Using thd

The time
for that
continue

ngo

NOTE
of the Beg
given in g
the sampl
filter cons

calculating the smoke values

10.2.3 G

Once thg
algorithm

Y+ Ex(S; +2x 84+ 8.5 —4xY o)+ K x (Yiq —%3)

=0,618 034,

= 1/sampling rate;
= 1/[tan(z x At x f;)]

values of £ and K, the Bessel-averaged response to a step input S; shall be calculated as follg

1 i

5 149 and tgq shall be interpolated. The differedce in time between tqy and ¢4 defines the repg
alue of f.. If this response time is not close enough to the required response time, iterati
i until the actual response time is within 1<%’ of the required response as follows:

- 110) - l|:| = 0,01 tg

Since the application of the Bessel algorithm on filtering is a new procedure in smoke determination, a
sel filter, an example of the design of a Bessel algorithm, and an example of the calculation of the final sr
hnex D of ISO 8178-9:2000: The constants of the Bessel algorithm only depend on the design of the op
ng rate of the data acquisition system. It is recommended that the opacimeter manufacturer provide the
ants for different sampling rates and that the customer use these constants for designing the Bessel algq

alculation of Bessel averaged smoke

properBessel algorithm constants £ and K have been calculated in accordance with 10.2.2
shall then be applied to the instantaneous smoke trace using equation (15).

(13)

(14)
WER

(15)
nse time ¢
pon shall be

(16)

n explanation
noke value is
Acimeter and
b final Bessel
rithm and for

the Bessel

The Bessel algorithm is recursive in nature. Thus, it needs some initial input values of §;_; and S;_, and

values Y;_4 and Y,_, to get the algorithm started. These may be assumed to be 0.

nitial output

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

10.3 Ambient correction

10.3.1 General

Engine smoke shall be corrected for ambient conditions if in-use smoke values are to be compared to a regulated
limit value. If £, lies within a band of 0,93 to 1,07, smoke shall be corrected in accordance with equation (19). The
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smoke correction equation has not been confirmed for a value of f; outside the band of 0,93 to 1,07. Smoke
measurements occurring outside this range may be corrected in accordance with equation (19), but results should
not be compared to ISO 8178-9.

NOTE The air density correction equations provided in this clause reflect the best fit nominal sensitivity of a sample of
engines/vehicles evaluated. Some engines were more sensitive, and some were less sensitive to the air density changes than
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 programs 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 indicated by the
nominal adjustment.

10.3.2 Reference conditions

The correcfion factor given in 10.3.3 accounts for engine intake dry air density. The reference.dry air gensity is
1,157 5 kg/n3 at the reference temperature of 298 K and the reference pressure of 99 kPa (see'5:1.1).

10.3.3 Ambient density smoke correction

The correcfion shall be applied to smoke values expressed as a light absorption-ceefficient or k. The gorrection
shall be applied to the Bessel-averaged peak smoke values, and not to the raw, smoke trace. Opacity values shall
be converted to k£ using equation (10) and may then be reconverted to opacity ‘units after making the cprrection.
Equation (1|7) shall be used:

1

Kg = ; (17)
19,952 p“ - 48,259 p + 30,126
3
where p = M (18)
287 x T,

Using equation (17), smoke values in the annexes shall be corrected from “observed” to “corrected” valugs of light
absorption goefficient as follows:

keorr F Ks % kobs (19)

10.4 Test|report

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

11 Determination of smoke

11.2 and 11.3 of IS@'8178-9:2000 contain detailed descriptions of the recommended opacimeter systems. Since
various configurations can produce equivalent results, exact conformance with the figures is not |required.
Additional omponents such as mstruments vaIves solenoids, pumps and switches may be used t( provide
additional infermation—and-coerdinate—the—functions—ofthe—compeonen Other-compenen eh are not
needed to malntaln the accuracy on some systems may be excluded if thelr exclu5|on is based upon good
engineering judgement.

The principle of measurement is that light is transmitted through a specific length of the smoke to be measured 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 done 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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Annex A
(normative)

Test cycle for variable-speed off-road engines

A.1 General

The smo
applicabl
smoke ¢
machine

The C1

ke cycle described in this annex consists of an acceleration from low idle to high idle. This sm
e to those variable speed engines that are included in the C1 cycle of ISO 8178-4:1996. T

category of 1SO 8178-4:1996 is for “Off-road vehicles, diesel powered off*road industrial

Typical applications for C1 engines included in the scope of this annex include, but-are’not limited to,

— indu

strial drilling rigs, compressors etc.;

— congtruction equipment including wheel loaders, bulldozers, crawlert{ractors, crawler loaders;

—  truch
— agriq
— foreq

— self

-type loaders, off-highway trucks, hydraulic excavators etc;
ultural equipment, rotary tillers;
try equipment;

propelled agricultural vehicles (including tractors);

— mategrial handling equipment;

— fork
— road
—  snoy
— airpq
—  aefrig

— mob

ift trucks;

maintenance equipment({(motor graders, road rollers, asphalt finishers);
v plough equipment;

rt supporting.equipment;

[ lifts;

le cranes.

pke cycle is
he transient

ycle is an easy-to-perform in-use emission test that can be run on a diesel enging that is installed in a

bquipment”.

The transient smoke test described in this annex may not be feasible on all engines in all machines. Some engine
and/or machine control strategies may be present that would prevent an acceleration from slow idle to high idle.
Smoke measurement from one or two cylinder engines may include a pulsation that precludes reliable
measurements unless a damping volume (muffler) is employed. Special test procedures for unique applications
may be used if agreed upon by the parties involved.
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A.2 Terms and definitions

A21

acceleration test
test consisting of accelerating the engine against its own internal inertia, flywheel and unloaded machine parasitics

from low idl

A211

e speed to high idle speed

free acceleration time

FAT
time, in se
acceleratio

NOTE
accelerate fri
test. Unusua
be greater th
the limit valu
type-approvg

i

A.2.1.2
Peak Smok
PSV,

highest 1,0
test (s = se

NOTE i

A.3 Test

A.3.1 Ger

The test co
conducted f

A.3.2 Endine inspection

The enging
position, in
particular a

inspected for evidence oftampering. Mal-maintenance of or tampering with the intake, exhaust or fuel syst

cause the
family shall

or the purposes of this field test procedure, FAT may be approximated as the time required for' the
bm low idle speed to high idle speed. An approximate value for FAT should be determined during the in-fi
ly high rotating inertias, or high parasitic loads on the engine, could cause the value of FAT from the in-
an 9 FAT from test in accordance with ISO 8178-9:2000 annex A. In-use smoke values,should not be co
e if this occurs, as the in-use smoke test has been run outside the bounds to which the.engine has been
d.

e Value

second Bessel-averaged smoke value obtained during the acceleration in A.3.5.1 e) for the |
vice)

[he reported value for PSV, is the average of the three individual accelerations of A.3.5.1 e).

cycle

eral

hsists of engine accelerations between low idle speeds and high idle speeds. Multiple accelerg
0 reduce variability.

shall be off, the-parking brake shall be on, and all implements and attachments shall be
accordance with~{he provisions of 9.4. The engine shall be inspected for loose or missing part
tention to thelintake and exhaust system in accordance with 5.3, 5.4 and 5.5. The fuel systen;

bngine toMail the smoke test. Engine power, engine model (type), engine serial number an
also bedetermined and recorded during the inspection.

the free

engine to
eld smoke
Ise test to
mpared to
certifed or

n-service

tions are

n a safe
S, paying
shall be
em could
d engine

A.3.3 Che

ick-idle-speeds

Low idle speed shall be checked and recorded prior to running a smoke test.

It is also recommended that the high idle speed be checked prior to running the smoke test in order to avoid engine
damage during the test. The speed control level shall be moved slowly to the full-speed position while monitoring
engine speed. If the engine speed exceeds the high idle speed recommended by the manufacturer, the speed

control shal
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| be immediately returned to the low idle position and the smoke test discontinued.
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reconditioning of the engine

The engine shall be warmed up by operating it at least 15 min under load. Alternatively, oil and coolant temperature
gauges may be used to confirm that the engine is at normal operating temperatures.

NOTE

A preconditioning phase should also protect the actual measurement against the influence of de

exhaust system from a former test.

A.3.5 Acceleration test

A.3.5.1

The park
be off. A
minimum
“Park”.
clause 8,

The accs
The accs

a) The

b) The

its g

The
spes

c)

d) The

Afte
stab

e)

A.3.5.2
The accs
The arith

the three
in5.1.2 4

A.3.5.3

posits in the

~Generat
ng brake shall be on and all implements and attachments shall be in a safe position. All{acces
ccessories and other engine-driven equipment that cannot be turned off shall be set to
possible engine load. Manual transmissions shall be in “Neutral” and automatic transmission
moke instrumentation shall be installed and calibrated in accordance with the’provisions
leration test is a procedure that accelerates the engine from low idle speéd)to high idle speed.
leration test has the following general sequence. The sequence is graphically shown in Figure

engine shall be stabilized at low idle speed for 15s + 5 s.

speed control lever shall be moved rapidly to and held in\the wide open position until the eng
pverned high idle (no load) speed.

speed control lever shall be returned to the closed position and the engine allowed to return tg
d.

above sequence shall be repeated twice as-practice runs in order to clean out the exhaust syst

the three practice runs, the above sequence shall be repeated until three successive run
lity criteria as described in A.3.5.2.

Test validation criteria —~ Acceleration test

metical difference-between the highest and lowest maximum 1,0 s Bessel-averaged smoke
successive deceleration tests shall not exceed 5,0 % opacity. Additional test validation criter
nd 7.3.4.

Determination of free acceleration time (FAT)

The free

sories shall
absorb the
5 shall be in
of 7.3 and

A1

ne reaches

its low idle

em.

s meet the

leration test results shall be considered valid only after the following test cycle criteria have begn met.

values from
a are given

acceleration—time—foran—individual-accelerationin-~A-3-5-4—e)is—the—time—from—whenthe—en

gine speed

leaves low idle speed until the engine speed reaches high idle speed. FAT shall be determined for purposes of
comparison to the acceleration times used when the engine was cerftified or type approved according to the
provisions of 1ISO 8178-9. If the in-field acceleration time is greater than nine times the free acceleration time of
ISO 8178-9, then the engine should not necessarily be expected to meet the limit value.
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(a)
. 15 45 15 +5 15 45 15 +5 15 5 15 5
d e
|
Time, s
Closed throttle
Full throttle

2 High idlg
b Rated
¢ Idle
d  Practice|runs

€ Actual ryns

(a), (b) and

A.4 Anal

(c) refer to paragraphs in A.3.5.1.

Figure A.1 — Acceleration test

lysis of results

A.4.1 General

This clause|describes hew to analyse the results of the acceleration test. Many opacimeters used for this
a smoke oytput signal that is an X = 0,5 s Bessel-average smoke according to the algorithm described in

these opac
(12 + 162) U
according t

meters-further signal conditioning to produce the X = 1,0 s smoke results is needed, and the
sed<n‘equation (11) in 10.2.2 is 0,52. The results of raw smoke analysis, those not already p
b the 0,5 s Bessel algorithm, shall use a (tp2 + tez) value that represents the opacimeter system

test have
10.2. For
value of
rocessed

Reported smoke values shall also be corrected for ambient conditions as described in 10.3.

A.4.2 Peak Smoke Value (PSV,)

Values for PSV shall be calculated for each acceleration of A.3.5.1 e). These values are the maximum values of
the X = 1,0 s Bessel-averaged smoke that occurs during the acceleration event. Care shall 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).
For acceleration procedure see A.3.5.1 b). The methodology for calculating Bessel-averaged numbers can be
found in 10.2. For peak smoke values, the value of X in equation (11) is 1,0 s. PSVj is the average of the values
obtained for each of the three accelerations.
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A.5 Reported results

The following shall be reported: Engine power, engine type, engine family (from emissions label), engine serial

number,

FAT, PSV,.

A.6 Statistical evaluation of results

The results of this test procedure are intended for use as part of an enforcement programme. It is recommended
that additional tests be run prior to taking any enforcement action if the results (average PSV) are close to the

legislated
enforcem
a) Ifea
b) Ifea
c) Ifne

be r

shol

mit value, LL. The clause provides a recommended statstical procedure 10 Use prior 10
ent action.

th value of the three values of PSV is < LL: acceptable result; end of procedure
th value of the three values of PSV is > 1,5 LL: unacceptable result; end of procedure
ther a) nor b) is true, then additional tests are recommended. At a minimum*A.3.3, A.3.4 and A

In two additional times, generating six additional values of PSV. The~acceptable/unaccepta
Id then be based upon the average of at least nine values of PSV.

taking any

\.3.5 should
ble decision
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Annex B
(normative)

Test cycle for marine propulsion engines

B.1 General

Marine eng
and mobile
gearbox an

There are mainly two principle torque-to-speed relationships: the propeller law, defined by torque = f(12) wi

propeller or|
controllable
ISO 8178-4
increase), i
limitation pn

One examp
on-road or
propeller tg
depending

dynamic snfjoke measurements. Engines with various management or control settings can be combined

families or ¢

On board V|
rule, an exd
danger. In

Such incres

B.2 Application of the smoke test cycle

The smoke
and E5 cyc

acceleration time. This shauldbe 20 s + 5 s or be as declared by the manufacturer, taking into account th

manageme
off-road eng

Typical appj

off-road engines. This is partly due to the fact that marine engines are not equipped-with a
J partly to the physical behaviour of the power transmission from the propeller to the water.

water jet, and the constant-speed law (comparable to generator applications) which is applica
Lpitch propeller. These principles correspond with the E1, E2 and-E3 and E5 test
1996. Therefore, the smoke during the engine load increase, for both:eases (with or witho

pcedures of various kinds.

le is the power-increase rate. For marine engines the power<increase rate is a slower rate con
mobile off-road engines. This is partly due to the physical-behaviour of the power transmission
the water. In all such cases, the engine will be controlled by its management or contrg
bn the kind of the vessel. This “standard case” is alsasthe worst case, and is very suitable as

roups, with a worst case being tested for the complete family or group.
bssels, safety is always of paramount impartance. Therefore, although automatic control is th
eption shall remain for emergency cases‘where overriding of the system is needed to reduce

such an emergency case there mightde an increased smoke rate due to greater engine acc
sed smoke rates are not considered.in this annex.

test cycle described:in-this annex is applicable to those engines which are included in the E
es of ISO 8178-4:1996. The discrimination on whether to use the test cycle in this annex is tH

nt or control System. Those marine propulsion engines which can be used in the application f
ines may-optionally be tested according the procedures in annex A.

ications are:

E1: Diesel
E2:
E3:
E5: Diesel

This annex

26

ne operations occurs over a much more limited combination of speed and torque compared t(L on-road

shiftable

th a fixed
ble with a
tycles of
ut speed

5 more stable and influenced mainly by the rate of load increase. This'rate is subjected to automatic

hpared to
from the
| system
basis for
n engine

e general
mminent
eleration.

, E2, E3
e loaded
e engine
br mobile

AY

oot f loss-than-24 b {dorivod o

A

Constant-speed, heavy-duty engines for vessel propulsion without limitation in length.

Propeller-law, heavy-duty engines for vessel propulsion without limitation in length.

engines for craft less than 24 m length (propeller law).

has been confirmed for engines with rated power up to 1 500 kW.
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B.3 Terms and definitions
B.3.1 Test under transient load

B.3.1.1

for variable-speed engines

that portion of the procedure which consists of running the engine through a clearly defined cycle consisting of an
acceleration mode under load, and a mode at 80 % of rated speed under load

that portion of the procedure which consists of running the engine at rated speed through a clearly"defined cycle
consisting of a load-increase mode and a mode at 50 % of rated power

B.3.2 Load-increase time

B.3.2.1

for variaple-speed engines
time an ¢ngine requires to accelerate from low-idle speed to 80 % of rated speed;~during acceleration| the engine
load being controlled so the engine torque corresponds to the transient load curye

B.3.2.2
for constant-speed engines
time an gngine requires at rated speed to increase the load from no-lgad{o 50 % of rated power

B.3.3 Transient-load curve

B.3.3.1
for variaple-speed engines
propeller|curve, defined by torque = f{(n?), at the end paitit'of which, the rated power is reached at the rafed speed

B.3.3.2
for constant-speed engines
constantispeed curve at rated speed, at the end point of which, the rated power is reached

B.3.4
Peak Snjoke Value

PSV
average pf the three highest 1,0-s Bessel-averaged smoke values obtained during the test under transignt load

B.4 Tepst cycle

B.4.1 General

During sinoke measurement in the test under transient load (described in detail in B.4.2 and B.4.3), the jengine load
is increased as rapidly as possible, either on the propeller curve or at constant speed. The load-increase rate and,
thus the load-increase time, is controlled by the engine management or control system.

This cycle is suitable for use on the test stand as well as for measurements with the engine installed in the vessel.
When engine smoke is measured on the test stand, the load-increase time can be varied within a range which

covers the service conditions of an engine family or engine group which shall be defined according to ISO 8178-7
and ISO 8178-8.
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B.4.2 Preconditioning of the engine

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

NOTE
considered a

s creating reference conditions.

B.4.3 Conducting a test under transient load

B.4.3.1
The test un
B4.3.2 V

Generat

This preconditioning phase will also protect the current measurement against the influence of a previous test and be

Jer transient load shall be performed immediately following the preconditioning, as described in

priable-speed engines

B.4.2.

The test umder transient load consists of accelerating the engine from low-idle speed\io 80 % of ratéd speed

against the

B.433 (

The test un
rated load.

Conducting

conditioning
B.4.3.4 and

B434 T

B.4.3.4.1

The en
lowest

a)

b)

to

1)
2) ra
tra
Sy

c) 80 % ¢

load that is described by the function torque = f{n2). The sequence is shown graphically in Figu

onstant-speed engines

der transient load consists of increasing the engine load at rated speed from no-load to 50
he sequence is shown graphically in Figure B.2.

a test under transient load begins with a conditioning cyele to improve repeatability of the res

cycle is followed by three load-increase cycles. The’loaded transient test sequence is des
B.4.3.5.

pst sequence for variable-speed engines

Conditioning cycle

gine shall be operated at the lowest possible stabilized load with the load/speed control le
possible position at low-idle speed for40s + 5 s.

From the low-idle speed, the load/$peed control lever shall be moved:

an open position allowing the engine to reach 80 % of its rated speed in 20 + 5 s;

idly to, and<held at, the fully-open position. The engine shall accelerate against the loa
nsient load ‘curve to 80 % of its rated speed in the time permitted by the engine management
stem.

f rated speed and the given load as specified in the transient load curve shall be maint

re B.1.

% of the

ults. The
cribed in

er in the

d on the
pr control

ained for

60s+

S-

d)

B.4.3.4.2

The load shall be reduced and the load/speed control lever shall be returned to the low-idle position.

Measurement cycle

Repeat a) to d) until three consistent, consecutive results are completed.
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Engine
speed

80 % rated

ISO 8178-10:2002(E)

d) Time declared by
engine manufacturer

b1) - b2) Time 20 £5
or declared by engine

Idle

Engine
power

50 % rated

0%

manufacturer

}X—

Time, s

—— “control lever” in no load position
—— 1) “control lever” in open position

b2) “control lever” in fully open position
=——— maintained speed
——— “control lever” returned to idling position

Figure B.1 — Testing under transient load — Variable-speed engines

d) Time declared by
engine manufacturer

b1) - b2) Time 20 5
or declared by engine
manufacturer

Time, s

—— “control lever” in no load position
e 11) “control lever” in open position
b2) “control lever” in fully open position

= maintained power
———= “control lever” returned to no load position

Figure B.2 — Loaded acceleration test — Constant-speed engines

B.4.3.5 Test sequence for constant-speed engines

B.4.3.5.1 Conditioning cycle

a) The engine shall be operated at the lowest possible stabilized load at rated speed for40s + 5 s.

© I1SO 2002 — All rights reserved

29


https://standardsiso.com/api/?name=56919d3507da606bb387fc17521ba47f

