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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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interniational Stand
the technical committees are circulated to the member bodies for voting. Publication as

| Standard requires approval by at least 75 % of the member bodies casting-@vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 70, Internal‘combustion engines, Subcomm
/St gas emission measurement.

bnsists of the following parts, under the general title Reciprocating internal combustion engine|
5 emission measurement:

Test-bed measurement of gaseous and particulate exhaust emissions

Measurement of gaseous and particulate*exhaust emissions at site

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

Test fuels

Report of measuring-results and tests

Engine family.determination

Engine-group determination

Test'cycles and test procedures for test bed measurement of exhaust gas smoke emissions
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compression ignition engines operating under transient conditions
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d mobile machinery under transient test conditions

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

Part 11: Test-bed measurement of gaseous and particulate exhaust emissions from engines used in
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Today’s measurement systems depend on the type of test cycle, steady state or transient, and the type of
pollutant to be measured. On a steady state cycle, the mass of gaseous emissions can be calculated either
from the concentration in the raw exhaust gas and the exhaust flow of the engine, which can easily be
determined, or from the concentration in the diluted exhaust gas and the CVS (Constant Volume Sampling)

flo
dilu

On
diffi
med

] W dilati y . aiv % i i =T
ion or partial flow dilution systems, in which only a portion of the exhaust gas is diluted, can-be

p transient cycle as covered by this International Standard, real-time exhaust flow determina
cult. Therefore, the CVS principle has been used for many years due to the fact that’ exhaus
surement is not required with this system. The total exhaust gas is diluted, thé}total flow as

dilufion air and exhaust gas flow is kept virtually constant and the emissions (gaseous and PM) ar

in th
for
mesa
cald

For
ISO

e diluted exhaust gas. The space and cost requirements of such a system(are considerably

surement and partial flow systems can only be applied to transients if'sophisticated control s
ulation algorithms are used.

most nonroad applications and heavy-duty engines, the CVS system is large and costly
16183 has been developed by ISO/TC 22/SC 5, which defines raw gaseous emissions measu

parfjal flow dilution for heavy-duty engines under transient, test conditions. Since many nonroad

sim
ISO

For
met]

lar to heavy-duty engines in engine size, displacement and power, it is believed that the
16183 can also be applied to nonroad engines.

the purpose of this International Standard,.both full flow dilution and partial flow dilution/r|
hods are considered equivalent and are therefore covered herein.

M, full flow
used.

ion is more
t mass flow
the sum of
e measured
higher than

the partial flow dilution systems used on steady state cycles. On_the other hand, raw exhaust

ystems and

Therefore,
rement and
bngines are
contents of

aw exhaust
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st-bed measurement of gaseous and particulate exhau:
nissions from engines used in nonroad mobile machine
der transient test conditions

Scope

part of ISO 8178 specifies the measurement and evaluation methads for gaseous and particul
ssion from reciprocating internal combustion (RIC) engines under transient conditions on
pssary for determining one value for each exhaust gas pollutant,

mobile use with a power output between 37 kW and 560 kW, excluding engines for mo
arily designed for road use. This part of ISO 8178‘may be applied to engines used in off-rg
diesel powered off-road industrial equipment as\described in 8.3.1.3 of ISO 8178-4. This ir
nes for construction equipment including wheel loaders, bulldozers, crawler tractors, craw
k-type loaders, off-highway trucks, hydraulic 'excavators, agricultural equipment, self propelled
cles (including tractors), forestry equipment, fork lift trucks, road maintenance equipment
es.

y of the procedures described below are detailed accounts of laboratory methods, since det
5sions value requires performing a complex set of individual measurements, rather than obtain
sured value. Thus, the res(lts*obtained depend as much on the process of performing the me
ney depend on the engine_and test method.

Normative references

following-referenced documents are indispensable for the application of this document,
rences, ‘only the edition cited applies. For undated references, the latest edition of the
Iment(including any amendments) applies.

ry

ate exhaust
a test bed,

specific transient test cycle covered by this part of ISO 8178 is applicable to compression-ignifion engines

or vehicles
ad vehicles
cludes e.g.
ler loaders,
agricultural
and mobile

Brmining an
ing a single
asurements

For dated
referenced

ISO

83178-1 Rpr'i,nmr‘.qﬁng internal combiistion pngimaq — FExhaust emission measurement

— Part 1:

Tes

t-bed measurement of gaseous and particulate exhaust emissions

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

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full — Part 1: General principles and requirements

ISO 5725-2:1994, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic
method for the determination of repeatability and reproducibility of a standard measurement method

© I1SO 2006 — All rights reserved
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ISO 14396:2002, Reciprocating internal combustion engines — Determination and method for the
measurement of engine power — Additional requirements for exhaust emission tests in accordance with
ISO 8178

ISO 15550, Internal combustion engines — Determination and method for the measurement of engine
power — General requirements

ISO 16183:2002, Heavy duty engines — Measurement of gaseous emissions from raw exhaust gas and of
particulate emissions using partial flow dilution systems under transient test conditions

SAE J 1937:1995, Engine testing with low-temperature charge air-cooler systems in a dynamometer test cell

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

31
particulate|matter
any materidl collected on a specified filter medium after diluting exhaust with cleantiltered air to a tempergture
of greater than 315 K (42 °C) and less than or equal to 325 K (52 °C), as measured at a point immedigtely
upstream of the filter

NOTE This is primarily carbon, condensed hydrocarbons, and sulfates with{ associated water.

3.2
gaseous pollutants
carbon morjoxide, hydrocarbons and/or non-methane hydrocarbons, oxides of nitrogen (expressed in nitrdgen
dioxide (NQ,) equivalent), formaldehyde, and methanol

3.3
partial flow dilution method
process of geparating a part of the raw exhaust:ffom the total exhaust flow, then mixing it with an approptfiate
amount of dilution air prior to the particulate sampling filter

3.4
full flow dilution method
process of mixing dilution air with-the“total exhaust flow prior to separating a fraction of the diluted exhpust
stream for gnalysis

NOTE It is common in many’full flow dilution systems to dilute this fraction of pre-diluted exhaust a second tinje to
obtain appropriate sample témperatures at the particulate filter.

3.5
specific enissions
mass emisgions\expressed in g/kWh

3.6

steady-state test cycle

test cycle with a sequence of engine test modes in which the engine is given sufficient time to achieve defined
speed, torque and stability criteria at each mode

3.7

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

2 © I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=3df2ecd362903b86571b9080a7cd97d7

3.8

ISO 8178-11:2006(E)

rated speed
engine speed at which, according to the statement of the engine manufacturer, the rated or prime power is
delivered

NOTE For details see 1ISO 14396.

3.9
low

speed

lowest engine speed where 50 % of the rated or prime power is delivered

3.1
hig
higH

3.11

speed
est engine speed where 70 % of the rated or prime power is delivered

refgrence speed

100
in 6

3.12
res

diffd
app
con

NOT

NOT
mea
Star

3.13

per cent speed value to be used for denormalizing the relative speed values’ef the NRTC tes
4.2

bonse time

rence in time between a rapid change of the component to be{measured at the reference p
ropriate change in the response of the measuring system /whereby the change of thg
ponent is at least 60 % FS and takes place in less than 0,1 second

E1 The system response time (zgg) consists of the delay-time to the system and of the rise time of the

E2 The response time may vary dependent on where the reference point for the change of the com
sured is defined, either at the sampling probe or directly at the port entrance of the analyser; in this
dard, the sampling probe is defined as the referenge point.

delqy time

tim¢
10 9

NOT
sam

NOT

3.14

between the change of the comparient to be measured at the reference point and a system
o of the final reading (z4q)

E1 For the gaseous components, this is basically the transport time of the measured compon
pling probe to the detector-

E2 For the delay time, the sampling probe is defined as the reference point.

rise time

tim¢g

NOT

betweenthe 10 % and 90 % response of the final reading (7gq — 40)

EA This is the instrument response after the component to be measured has reached the instrument.

, as set out

bint and the

measured

system.

ponent to be
International

response of

ent from the

NOTE 2  For the rise time, the sampling probe is defined as the reference point.

3.15

transformation time
time between the change of the component to be measured at the reference point and a system response of
50 % of the final reading ()

NOTE 1 For the transformation time, the sampling probe is defined as the reference point.

NOTE 2  The transformation time is used for the signal alignment of different measurement instruments.

NOTE 3  3.12 to 3.15 do not apply to full flow dilution systems covered by Clause 10.

© I1SO 2006 — All rights reserved
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Key
Y respons¢

respons¢ time

step inpdt
delay time
rise time

a b WODN -

transformation time

YA - 1 -
~
il 2 -
3
VA 7
tio tso  fgo t

Figure 1 — Definitions of system response

4 Symbols and abbreviated terms

4.1 Geneéral symbols
Table'1 — List of general symbols
Symbol Unit Term
AlF — Stoichiometric air to fuel ratio
c ppm 4 Vol% Concentration
Ce — Slip factor
de m Exhaust pipe diameter
dy m Sampling probe diameter
dpm m Particle diameter
A Hz Data sampling rate
fa — Laboratory atmospheric factor
Eco2 % CO, quench of NO, analyser
Ep % Ethane efficiency
Enpo % Water quench of NO, analyser
Em % Methane efficiency
ENox % Efficiency of NO, converter
n Pa*s Dynamic viscosity of exhaust gas
4 © I1SO 2006 — All rights reserved



https://standardsiso.com/api/?name=3df2ecd362903b86571b9080a7cd97d7

ISO 8178-11:2006(E)

Table 1 (continued)

Symbol Unit Term
H, a/kg Absolute humidity of the intake air
i — Subscript denoting an instantaneous measurement (e.g. 1 Hz)
k¢ — Fuel specific factor
khp — Humidity correction factor for NOy for Cl engines
kw — Dry to wet correction factor for the raw exhaust gas
7 — EXCess air ratio
Medf kg Mass of equivalent diluted exhaust gas over the cycle
ms mg Particulate sample mass collected
Mgas g Mass of gaseous emissions (over the test cycle)
mpp g Mass of particulate emissions (over the test cycle)
Mge kg Exhaust sample mass over the cycle
Mged kg Mass of diluted exhaust gas passing the dilttion tunnel
Msep kg Mass of diluted exhaust gas passing the)particulate collection filters
Myas g/kWh Specific emission of gaseous emissjons
Mpw, g/kWh Specific emission of particulate emissions
n — Number of measurements
Pa kPa Saturation vapor pressure of the engine intake air
Db kPa Total atmospheric pressure
Pr kPa Water vapor.pressure after cooling bath
Ds kPa Dry atmospheric pressure
P — Particle penetration
mad kgls Intake air mass flow rate on dry basis
C—— kgls Intake air mass flow rate on wet basis
4,.ce kgls Carbon mass flow rate in the raw exhaust gas
49 cf kd’s Carbon mass flow rate into the engine
9 mcp Ka/s Carbon mass flow rate in the partial flow dilution system
4 ,dew kg/s Diluted exhaust gas mass flow rate on wet basis
9 dw ka/s Dilution air mass flow rate on wet basis
Lyt kg/s Equivalent diluted exhaust gas mass flow rate on wet basis
d e kgls Exhaustgasmassflowrateonwetbasise———— |
49 ex kgls Sample mass flow rate extracted from dilution tunnel
9.5 kg/s Fuel mass flow rate
Gvs I/min System flow rate of exhaust analyser system
qut cm3min Tracer gas flow rate
rq — Dilution ratio
h — Hydrocarbon response factor of the FID
m — Methanol response factor of the FID

© I1SO 2006 — All rights reserved
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Symbol Unit Term
rs — Average sample ratio
Yol kg/m3 Density
Pe kg/m3 Exhaust gas density
PPM kg/m3 Particle density
Standard deviation
Absolute temperature
Ty Absolute temperature of the intake air
110 s Time between step input and 10 % of final reading
150 s Time between step input and 50 % of final reading
90 s Time between step input and 90 % of final reading
T s Particle relaxation time
u — Ratio between densities of gas component and-exhaust gas
Vs I Total volume of exhaust analyser system
W act kWh Actual cycle work of the respective test cycle
Ve m/s Gas velocity in the exhaust pipe
Up m/s Gas velocity in the sampling probe
4.2 Sympols and abbreviations for the fuel composition
WALE hydrogen content of fuel, % mass
WRET carbon content of fuel, % mass
WGAM sulfur content of fuel, %-mass
WDEL nitrogen content of fuel; % mass
WEPS oxygen contentof.fuel, % mass
a molar hydregen ratio (H/C)
p molar garbon ratio (C/C)
% molar sulfur ratio (S/C)
o molar nitrogen ratio (N/C)
£ molar oxygen ratio (O/C)

Table 1 (continued)

referring to a fuel C;H O, NS,
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4.3 Symbols and abbreviations for the chemical components

ACN
c1

CH,
CH,OH
CoHg
CyHg

Acetonitrile

Carbon 1 equivalent hydrocarbon
Methane

Methanol

Ethane

Propane

ISO 8178-11:2006(E)

co
Co;
DNPH
DOP
HC
HCHO
H,
NMHC
NO
NO
NO;
PM
RM

Carbon monoxide
Carbon dioxide
Dinitrophenyl hydrazine
Di-octylphtalate
Hydrocarbons
Formaldehyde

Water

Non-methane hydrocarbons
Oxides of nitrogen
Nitric oxide

Nitrogen dioxide
Particulate matter

Rapeseed oil methylester

4.4| Abbreviations

CLLO Chemiluminescent.Detector

FID Flame lonization Detector

FTIR Fourier Transform Infrared (Analyser)
GC Gas Chromatograph

HCLD Heated Chemiluminescent Detector
HFIP Heated Flame lonization Detector
HPLC High Pressure Liquid Chromatograph
MW Molecular Mass

NDI Non-Dispersive Infrared (Analyser)
NMC Non-Methane Cutter

NRTC Non Road Transient Cycle

% FS Percent of full scale

SIMS Soft lonization Mass Spectrometer
Stk Stokes number
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5 Test conditions

5.1 Engine test conditions

5.1.1 Test condition parameter

The absolute temperature (73,) of the engine air at the inlet to the engine expressed in Kelvin, and the dry
atmospheric pressure (pg), expressed in kPa shall be measured and the parameter f, shall be determined
according to the following provisions. In multi-cylinder engines having distinct groups of intake manifolds, such
as in a “Vee” engine configuration, the average temperature of the distinct groups shall be taken.

Naturally agpirated and mechanically supercharged engines:

o) (1, "
ol v

Turbocharged engines with or without cooling of the intake air:

ho 07 T, 1,5
wolf) ) ?

NOTE Equations (1) and (2) are identical with the exhaust emissions legislation from ECE, EEC and EPA| but
different fronj the ISO power correction equations.

5.1.2 Test validity
For a test tq be recognized as valid, the parameter f, shall be'such that: 0,93 < f; < 1,07.

NOTE It is recommended that the test be conducted with the parameter f, between 0,96 and 1,06.

5.2 Engines with charge air cooling

The chargq air temperature shall be recorded and shall be, at the speed of rated power and full load, wjthin
+ 5 K of thg maximum charge air temperature specified by the manufacturer. The temperature of the cogling
medium shall be at least 293 K (20 °C).

If a test shgp system or externalblower is used, the charge air temperature shall be set to within + 5 K of the
maximum gharge air temperaturée specified by the manufacturer at the speed of the declared maximum pgwer
and full load. Coolant temgerature and coolant flow rate of the charge air cooler at the above set point ghall
not be charjged for the Wwhole test cycle. The charge air cooler volume shall be based upon good enginedring
practice andl typical vehicle/machinery applications.

Optionally, the setting of the charge air cooler may be done in accordance with SAE J 1937:1995.

5.3 Power

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

If it is impossible or inappropriate to install the auxiliaries on the test bench, the power absorbed by them shall
be determined and subtracted from the measured engine power over the whole operating area of the test
cycle.

Certain auxiliaries necessary only for the operation of the machine and which may be mounted on the engine
should be removed for the test. The following incomplete list is given as an example:

— air compressor for brakes,
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power steering compressor,
air conditioning compressor, and
pumps for hydraulic actuators.

further details see ISO 14396 and 1ISO 15550, Table 1.

Where auxiliaries have not been removed, the power absorbed by them shall be determined and added to the
measured engine power over the whole operating area of the test cycle, except for engines where such

aux

liaries form an inteqral part of the engine (e.g. cooling fans for air cooled engines)

Thej correction equation for converting the measured power or measured cycle work, as determined according

to 6.6.2, to uncorrected brake power or uncorrected cycle work, shall be submitted by
manufacturer for the whole operating area of the cycle, and agreed by the parties involved:

5.4

An

Engine air intake system

engine air intake system or a test shop system shall be used presenting)an air intake restri

the engine

ction within

+ 300 Pa of the maximum value specified by the manufacturer for a cleanair cleaner at the spged of rated

power and full load.

If th

5.5

An
+ 65
The]
of I

If th
diar
exp
turb
with
sanf
dun
catg

5.6

An
preg

e engine is equipped with an integral air inlet system, it shall bé used for testing.

Engine exhaust system
bngine exhaust system or a test shop system shall\be used presenting an exhaust backpre

exhaust system shall conform to the requirements for exhaust gas sampling, as set out in 9.4
bO 8178-1.

e engine is equipped with an exhaust aftertreatment device, the exhaust pipe shall hav

in the distance specifications)of the manufacturer. The exhaust backpressure or restriction sha
e criteria as above, and\may be set with a valve. The aftertreatment container may be rem
my tests and during( engine mapping, and replaced with an equivalent container having
lyst support.

Cooling system

bngine cooling system with sufficient capacity to maintain the engine at normal operating tg
cribed>by the manufacturer shall be used.

5.7

tsure within

0 Pa of the maximum value specified by the manufacturer at the speed of rated power anpd full load.

.2 and 16.2

the same

heter as found in-use for at least four pipe diameters upstream to the inlet of the beginhing of the
bnsion section containing the aftertreatment device. The distance from the exhaust manifold flange or
bcharger outlet to the exhaust\aftertreatment device shall be the same as in the vehicle configuration or

Il follow the
bved during
an inactive

mperatures

2 reathmaroft

The lubricating oil shall be specified by the manufacturer; the specifications of the lubricating oil used for the

test

5.8

shall be recorded and presented with the results of the test.

Test fuel

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

ISO

8178-5.
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The fuel temperature shall be in accordance with the manufacturer's recommendations. The fuel temperature
shall be measured at the inlet to the fuel injection pump or as specified by the manufacturer, and the location

of measurement recorded.

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 shal
declared.

Table 2 — Selection of fuel

| be

Test purpose Interested parties Fuel selection

Type approyal 1. Certification body Reference fuel, if one is defined
(Certification) 2. Manufacturer or supplier Commercial fuel if no reference fuel is defin

1. Manufacturer or supplier Commercial fuel as specified by the

Acceptance|test 2. Customer or inspector manufacturer @

One or more of:
Research/dg¢velopment Manufacturer, research organization, | To suit the purpos€ of the test
fuel and lubricant supplier, etc.

@  Customdrs and inspectors should note that the emission tests carried out using commercial“fuel will not necessarily comply
limits specifiel when using reference fuels.

with

6 Test ¢ycle

6.1 General

The nonrogd transient cycle (NRTC) is listed in Annex*A as a second-by-second sequence of normal
speed and forque values applicable to all engines cavered by this International Standard. In order to perf
the test on| an engine test cell, the normalized values shall be converted to the reference values for|
individual ¢ngine under test based on the-‘€ngine mapping curve. The conversion is referred to
denormalization, and the test cycle so developed as the reference cycle of the engine to be tested. With tH
reference speed and torque values, the cycle shall be run on the test cell, and the actual speed, torque
power valugs shall be recorded. In ordento validate the test run, a regression analysis between reference
actual spegd, torque and power values shall be conducted upon completion of the test. For calculation of
brake specific emissions, the actualcycle work shall be calculated by integrating actual engine power ovef
cycle. For ¢ycle validation, theCactual cycle work must be within prescribed limits of the cycle work off
reference cycle (reference cycle*work).

6.2 General test sequence

The following flow, ehart outlines the general guidance that should be followed during testing. The detai
each step |are“\described in the relevant clauses. Deviations from the guidance are permitted wl

zed
orm
the
as
ose
and
and
the
the
the

s of
here

appropriate} blt the specific requirements of the relevant clauses are mandatory.
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Engine preparation, pre-test measurements, performance checks and calibrations

v

Generate engine map (maximum torque curve) see 6.3

Generate reference test cycle see 6.4

v

Run ana or mara nractice—cvelas as nacasceans ta chack anaineltest celllamissions
Pt —ORe—e— e re—practHco—6y618s5—as—H Rf—1o—6R86Kk—eRGIRSABSH—E8-BiisSSion

Ons
befq

6.3

6.3.

(

For

gnnnrafing the NRTC on the test r\nll’ the nnginn shall he mnppnrl prir\r to the run of the t

systems

START

v

Run prescribed preconditioning cycle to condition engine and
particulate system including tunnel system (partial flow or fullflow). see 7.4

Particulates are collected on a dummy filter.

v

With engine running, set PM system in by-pass‘mode and change
PM filter to stabilized and weighed sampling-filter. see 7.5

Ready all other systems for sampling afd data collection. see 7.7

v

Run cycle exhaust emissigfsitest within 5 minutes either from
engine shut down or from running engine that has been
brought down to idle<conditions. see 7.8

or more practice .€ycles may be run as necessary to check engine, test cell and emissio)
re the measurenmient cycle.

Engine mapping procedure

General

ns systems

st cycle for

determining the speed vs. torque curve.

6.3.2 Determination of the mapping speed range

The minimum and maximum mapping speeds are defined as follows:

Minimum mapping speed = idle speed.

Maximum mapping speed = n,,; x 1,02 or speed where full load torque drops off to zero, whichever is smaller.

© I1SO 2006 — All rights reserved
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6.3.3 Engine mapping curve

The engine shall be warmed up in order to stabilize the engine parameters according to the recommendation
of the manufacturer and good engineering practice. When the engine is stabilized, the engine mapping shall
be performed according to either of the following procedures.

6.3.3.1 Transient map

gine shall be unloaded and operated at idle speed.

uinp shall he nppmfpr‘l at full load QpHing of the injprfinn pump at minimum. mqpping Qpnnd

a) Theen
b) Thee
c) The er
mappin
per seq
6.3.3.2 S
a) Theen

b) The en

ond.

tep map

gine shall be unloaded and operated at idle speed.

gine shall be operated at full load setting of the injection pump at mjnimum mapping speed.

gine speed shall be increased at an average rate of 8 = 1 /min/s from minimum to maximum
g speed. Engine speed and torque points shall be recorded at a sample rate of at least ohe goint

c) While maintaining full load, the minimum mapping speed shall be maintained for at least 15 s, and| the

averag
maxim
test po

6.3.4 Mapg

All data pg
resulting to
engine dyn
6.4.3.

ping curve generation

6.3.5 Alt

rnative mapping

e torque during the last 5s shall be recorded. The maximum torque curve from minimum to
Um mapping speed shall be determined in no greater than100 + 20 /min speed increments. Bach
nt shall be held for at least 15 s, and the average torqueduring the last 5 s shall be recorded.

ints recorded under 6.3.3 shall be connected using linear interpolation between points. [The
que curve is the mapping curve and shall:be used to convert the normalized torque values of the
bmometer schedule of Annex A into reference torque values for the test cycle, as described in

If a manufgcturer believes that the_above mapping techniques are unsafe or unrepresentative for any gjven
engine, altdrnative mapping techniques may be used. These alternative techniques must satisfy the inteft of
mapping procedures to determine the maximum available torque at all engine speeds achigved
st cycles. Deviations from the mapping techniques specified in this section for reasons of sgfety
ativeness shall-be approved by the parties involved along with the justification for their use. Inh no
ver, the torque curve shall be run by descending engine speeds for governed or turbocharged

the specifi
during the
or represe
case, how
engines.

6.3.6 Re

licate tests

An engine need not be mapped before each and every test cycle. An engine shall be remapped prior to a test

cycle if:

— an unreasonable amount of time has transpired since the last map, as determined by engineering
judgement

or

— physical changes or recalibrations have been made to the engine which may potentially affect engine
performance.

12

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=3df2ecd362903b86571b9080a7cd97d7

6.4

6.4.
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Generation of the reference test cycle

1 Reference speed

The reference speed (n.y) corresponds to the 100 % normalized speed values specified in the engine
dynamometer schedule of Annex A. The actual engine cycle resulting from denormalization to the reference
speed depends on the selection of the reference speed. The reference speed shall be defined as follows:

N, = low speed + 0,95 x (high speed — low speed)

whe

If th
dec

6.4.

Thelspeed shall be denormalized using the following equation:

6.4.

Thel torque values in the engine dynamometér:schedule of Annex A are normalized to the maximy

the
cur

for the respective referepnce-speed as determined in 6.4.2.

6.4.

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

% s

IS
high speed is the highest engine speed where 70 % of the rated power is delivered, and
low speed is the lowest engine speed where 50 % of the rated power is delivered.

e measured reference speed is within + 3 % of the reference speed as declared by the manulf

2  Denormalization of engine speed

%speed x (reference speed —idle speed)

Reference speed =
100

+idle speed

B Denormalization of engine torque

respective speed. The torque values-of the reference cycle shall be denormalized, using t
e determined according to 6.3.3, as follows:

% torquexmax. torque
100

Reference torque =

# Example of denormalization procedure

pbeed =43 %

acturer, the

ared reference speed may be used for the emissions test. If the tolerance)is exceeded, the¢ measured
reference speed shall be used for the emissions test.

@)

m torque at
e mapping

(4)

Qo QL

% tUquU =04 /0

Given the following values:

reference speed

idle

2 200 /min

600 /min

speed

results in

43 (2200 -600)
100

+600=1 288 /min

actual speed =

© I1SO 2006 — All rights reserved
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With the maximum torque of 700 Nm observed from the mapping curve at 1 288 /min:

actual torque :M =574 Nm
100

6.5 Dynamometer

6.5.1 General

When using a load cell, the torque signal shall be transferred to the engine axis and the inertia of

the

dynamomefer shall be considered. The actual engine torque is the torque read on the load cell plus
moment of jnertia of the brake multiplied by the angular acceleration. The control system has to perform-s
a calculatiop in real time.

6.5.2 Eddy-current dynamometer

If the engine is tested with an eddy-current dynamometer, the dynamometer inertia must be adapted to
engine sizel Therefore, it is recommended that the number of points, where the difference 7, —2-7-ng,
is smaller than 5 % of the engine’s maximum negative torque, does not exceed 30

where
Ty, igthe demanded torque;
gy ig the derivative of the engine speed;
@D ig the rotational inertia of the eddy-current dynamometer.

6.6 Verification of the test run

6.6.1 Data shift

To minimizg the biasing effect of the time lag between the actual and reference cycle values, the entire en
speed and|torque feedback signal sequence may be advanced or delayed in time with respect to
reference speed and torque sequence.lf’'the actual signals are shifted, both speed and torque must be sh
the same aount in the same direction.

6.6.2 Calgulation of the cycle work

The actual cycle work 7% (kWh) shall be calculated using each pair of engine feedback speed and to
values recdrded. This shall be done after any actual data shift has occurred, if this option is selected.
actual cyclg work #%5{ is used for comparison to the reference cycle work W, and for calculating the b
specific em|ssions’(see 9.3.7, 9.4.7, 10.3.7, 10.4.5). The same methodology shall be used for integrating
reference gnd.actual engine power. If values are to be determined between adjacent reference or adja

the
uch

the
Op

hine
the
fted

que
The
ake
both
cent

measured -

In integrating the actual cycle work, any negative torque values shall be set equal to zero and included. If
integration is performed at a frequency of less than 5 Hz and if, during a given time segment, the torque value

changes from positive to negative or negative to positive, the negative portion shall be computed and
equal to zero. The positive portion shall be included in the integrated value.

W4t shall be between —15 % and + 5 % of W 4.

set
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6.6.3 Validation statistics of the test cycle

ISO 8178-11:2006(E)

Linear regressions of the actual values on the reference values shall be performed for speed, torque and
power. This shall be done after any feedback data shift has occurred, if this option is selected. The method of
least squares shall be used in accordance with the equations given in Annex G:

whe

y=aq*x+ag
re

v s the actual value of speed (min=1) torque (Nm), or power (k\W):

(%)

The

aq is the slope of the regression line;
x is the reference value of speed (min—), torque (Nm), or power (kW);

ag is the y intercept of the regression line.

each regression line.

It is
Tab)

e 3 must be met.

Table 3 — Regression line*tolerances

standard error of estimate (Sy.x) of y on x and the coefficient of determination (+2) shall be calculated for

recommended that this analysis be performed at 1 Hertz. For atest'to be considered valid, the criteria of

Speed Torque Power

Standard error of estimate (Sy ) of y max 100 min=t max 13 % of power map |[max 8 % of power map
on x maximum engine torque | maximum engine] power
Slope of the regression line, a4 0,95 te.4,03 0,83-1,03 0,89-1,03
Coefficient of determination, 2 min 0,9700 min 0,880 0 min 0,910 0

+20 Nmor +2 % of max |+ 4 kW or + 2 % ¢f max
|y intercept of the regression line, agy + 50 min~" torque, whichever is power, whichevef is

greater greater

For| regression purposes) only, point deletions are permitted where noted in Table 4 beforg doing the

regression calculation?)However, those points must not be deleted for the calculation of cycle work and

emi
refe]

Table 4 — Permitted point deletions from regression analysis

5sions. An idle,paint is defined as a point having a normalized reference torque of 0 % and alnormalized
rence speed-of 0,1 %. Point deletion may be applied to the whole or to any part of the cycle.

Condition

Points to be deleted

First 24 + 1 seconds and last 25 + 1 seconds

Speed, torque, power

Full load demand and torque feedback < 95 % torque reference

Torque and/or power

Full load demand and speed feedback < 95 % speed reference

Speed and/or power

No load, speed feedback > idle speed + 50 min~", and torque feedback > 105 %
torque reference

Torque and/or power

No load, speed feedback < idle speed + 50 min~", and torque feedback =
manufacturer defined/measured idle torque + 2 % of max. torque

Speed and/or power

No load and speed feedback > 105 % speed reference

Speed and/or power

© I1SO 2006 — All rights reserved
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7 Emissions test run

7.1 General

The emissions to be measured from the exhaust of the engine include the gaseous components (carbon
monoxide, total hydrocarbons or non-methane hydrocarbons and oxides of nitrogen) and the particulates.
Additionally, carbon dioxide is often used as a tracer gas for determining the dilution ratio of partial and full
flow dilution systems. Good engineering practice recommends the general measurement of carbon dioxide as
an excellent tool for the detection of measurement problems during the test run.

The above poltutants—shatt-be—examined-during-thepreseribed-transient-eyete—+ med-tp-engine
operating cpnditions. Using the engine torque and speed feedback S|gnals of the engine dynamometer the
power shalll be integrated with respect to time of the cycle resulting in the work produced by the engine pver
the cycle. Thhe concentrations of the gaseous components shall be determined over the cycle either|in the|raw
exhaust ga$ by integration of the analyser signal in accordance with 9.3.4, or in the diluted exhaust gas [of a
CVS full flow dilution system by integration or by bag sampling in accordance with 10.3.4. Eor particulatgs, a
proportional sample shall be collected from the diluted exhaust gas on a specified filter by, €ither partial flow
dilution (se¢ 9.4.2) or full flow dilution (see 10.4.3). Depending on the method used, the diluted or undiluited
exhaust gas flow rate shall be determined over the cycle to calculate the mass emission values of| the
pollutants. The mass emission values shall be related to the engine work to get the grams of each polldtant
emitted per|kilowatt hour.

One or more practice cycles may be run as necessary to check enging) test cell and emissions systems
before the measurement cycle.

7.2 Preparation of the sampling filters

At least on¢ hour before the test, each filter shall be placed\in a Petri dish, which is protected against fust
contamination and allows air exchange, and placed in a-weéighing chamber for stabilization. At the end of the
stabilizatior] period, each filter shall be weighed and thetare weight shall be recorded. The filter shall then be
stored in a plosed Petri dish or sealed filter holder until-nheeded for testing. The filter shall be used within gight
hours of its removal from the weighing chamber.

7.3 Inst3llation of the measuring equipment

The instru
full flow dil

entation and sample probes_shall be installed as required. The tailpipe shall be connected tg the
ion system, if used.

system and the engine shall be started and warmed up. The sampling system shall be
preconditioned by operating the engine at a condition of rated speed, 100 % torque for a minimum of 20|min
while simulfaneoushi.*Operating either the partial flow dilution system or the full flow dilution system with
secondary ilution~system. Dummy particulate emissions samples may be collected. Those sample filters
need not b stablllzed or welghed and may be d|scarded F|Iter medla may be changed during conditioning as
long as the tets -  set
at the approximate flow rates selected for transient testing. Torque shall be reduced from 1OO % torque while
maintaining the rated speed condition as necessary to prevent exceeding the 464 K (191 °C) maximum
sample zone temperature specifications, if a full flow dilution system is used.

7.5 Starting the particulate sampling system

The particulate sampling system shall be started and running on by-pass. The particulate background level of
the dilution air may be determined by sampling the dilution air prior to the entrance of the exhaust gas into the
dilution tunnel. If filtered dilution air is used, one measurement may be done prior to or after the test. If the
dilution air is not filtered, measurements at the beginning and at the end of the cycle may be done, and the
values averaged. If a different sampling system is used for background measurement, the measurement shall
be done over the period of the test run.
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7.6 Adjustment of the dilution system

The total diluted exhaust gas flow of a full flow dilution system or the diluted exhaust gas flow through a partial
flow dilution system shall be set to eliminate water condensation in the system, and to obtain a filter face
temperature between 315 K (42 °C) and 325 K (52 °C).

7.7 Checking the analysers

The emission analysers shall be set at zero and spanned. If sample bags are used, they shall be evacuated.

7.8 Engine starting procedure

The| stabilized engine shall be started within 5 min after completion of warm-up ~according to the
manufacturer’s recommended starting procedure in the owner's manual, using eitherpa.produgtion starter
motpr or the dynamometer. Optionally, the test may start directly from the engine "preconditigning phase
without shutting the engine off, within 5 min after the engine has been brought to idle-condition.

7.9| Cycle run

7901 Test sequence

Thel test sequence shall be started at the start of the engine or within 5 minutes after the engine has reached
idle|speed, when starting directly from the preconditioning phasé./The test shall be performed accqrding to the
reference cycle as set out in 6.4. Engine speed and torque command set points shall be issued at p Hz (10 Hz
recommended) or greater. The set points shall be calculated by linear interpolation between the 1 Hz set
points of the reference cycle. Feedback engine speed.'ahd torque shall be recorded at least jonce every
secpnd during the test cycle, and the signals may be electronically filtered.

7.9.2 Analyser response

At the start of the engine or test sequence, if the cycle is started directly from the preconditioning, the
meagsuring equipment shall be started, and-simultaneously:

— | start collecting or analysing dilution air, if a full flow dilution system is used;

— | start collecting or analysing raw or diluted exhaust gas, depending on the method used;
— | start measuring the @amount of diluted exhaust gas and the required temperatures and pressurgs;
— | start recording.the exhaust gas mass flow rate, if raw exhaust gas analysis is used;
— | start recording the feedback data of speed and torque of the dynamometer.

If rqw.-exhaust measurement is used, the emission concentrations (HC, CO and NO,) and the ¢xhaust gas
masgs flow rate shall be measured continuously and stored with at least 2 Hz on a computer systgm. All other

data may be recorded with a sample rate of at least 1 Hz. For analogue analysers, the response shall be
recorded, and the calibration data may be applied online or offline during the data evaluation.

If a full flow dilution system is used, HC and NO, shall be measured continuously in the dilution tunnel with a
frequency of at least 2 Hz. The average concentrations shall be determined by integrating the analyser signals
over the test cycle. The system response time shall be no greater than 20 s, and shall be coordinated with
CVS flow fluctuations and sampling time/test cycle offsets, if necessary. CO, CO,, and NMHC shall be
determined by integration or by analysing the concentrations in the sample bag, collected over the cycle. The
concentrations of the gaseous pollutants in the dilution air shall be determined by integration or by collecting
into the background bag. All other parameters that need to be measured shall be recorded with a minimum of
one measurement per second (1 Hz).
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7.9.3 Particulate sampling

At the start of the engine or test sequence, if the cycle is started directly from the preconditioning, the
particulate sampling system shall be switched from by-pass to collecting particulates.

If a partial flow dilution system is used, the sample pump(s) shall be adjusted so that the flow rate through the
particulate sample probe or transfer tube is maintained proportional to the exhaust mass flow rate.

If a full flow dilution system is used, the sample pump(s) shall be adjusted so that the flow rate through the
particulate sample probe or transfer tube is maintained at a value within £5 % of the set flow rate. If flow
compensation (i.e. proportional control of sample flow) is used, it must be demonstrated that the ratio of main

tunnel flow fo particulate sample flow does not change by more than + 5 % of its set value (except for the
10 seconds|of sampling). The average temperature and pressure at the gas meter or flow instrumentation

shall be re

high particdlate loading on the filter, the test shall be voided. The test shall be rerun using a lower flow
and/or a larger diameter filter.

7.9.4 Engine stalling

If the engin
test repeats
be voided.

7.9.5 Opdrations after test

At the com

volume, thg¢ gas flow into the collecting bags and the particulate sample pump shall be stopped. Fo

rded. If the set flow rate cannot be maintained over the complete cycle (within + 5 %)becaug

e stalls anywhere during the test cycle, the engine shall be preconditioned and restarted, and
d. If a malfunction occurs in any of the required test equipment during'the test cycle, the test s

pletion of the test, the measurement of the exhaust gas 'mass flow rate, the diluted exhaust

first
nlet
e of
rate

the
hall

gas
an

integrating @analyser system, sampling shall continue until system response times have elapsed.

The concerjtrations of the collecting bags, if used, shall-be analysed as soon as possible and in any casg not
later than 2P min after the end of the test cycle.

After the erpission test, a zero gas and the same-Span gas shall be used for re-checking the analysers. [The
test will be fonsidered acceptable if the difference between the pre-test and post-test results is less than 2 %
of the span|gas value.

The particulate filters shall be returned.to the weighing chamber no later than one hour after completion of the
test. They s$hall be conditioned in-a Petri dish, which is protected against dust contamination and allows$ air
exchange for at least one hour, @adthen weighed. The gross weight of the filters shall be recorded.

8 Princjples of emissions measurement

8.1 Gengral

In this International Standard _two measurement principles are described that are functionally equivalent] but
can lead to slight differences in emissions results:

are det

system

ermined using a partial flow dilution system; and

)-

the gaseous components are measured in the raw exhaust gas on a real time basis, and the particulates

the gaseous components and the particulates are determined using a full flow dilution system (CVS

Any combination of the two principles (e.g. raw gaseous measurement and full flow particulate measurement)

is permitted

18
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8.2 Equivalence

The emission of gaseous and particulate components by the engine submitted for testing shall be measured
by the methods described in Clauses 11 and 12. These clauses describe the recommended analytical
systems for the gaseous emissions (Clause 11) and the recommended particulate dilution and sampling
systems (Clause 12).

Other systems or analysers may be accepted if they yield equivalent results. The determination of system
equivalency shall be based on a seven-sample pair (or larger) correlation study between the system under
consideration and one of the accepted systems of this International Standard. Results refer to the specific
cycle weighted emissions value. The correlation testing is to be performed at the same laboratory, test cell,
and| on the same engine, and is preferred to be run concurrently. The test cycle to be used. ghall be the
applopriate cycle the engine will be run on. The equivalency of the sample pair averages shall be|determined
by ftest statistics as described in Annex B obtained under these laboratory, test cell andrenging| conditions.
Outliers shall be determined in accordance with ISO 5725-2 and excluded from the database. The systems to
be used for correlation testing shall be declared prior to the test and shall be agreed upon by|the parties
invglved.

For|introduction of a new system into the International Standard, the determination of equivalency shall be
basgd upon the calculation of repeatability and reproducibility, as described-indSO 5725-2.

8.3| Accuracy

The| equipment described in this document shall be used for emissions tests of engines. This dociment does
not |contain details of flow, pressure and temperature measuring equipment. Instead, only the accuracy
reqlirements of such equipment necessary for conducting.an emissions test are given in this ¢lause. The
insttuments shall be calibrated as required by internal audit’procedures or by the instrument manufacturer.

The| calibration of all measuring instruments shall-be traceable to national (or international) standards and
coniply with the requirements given in Table 5.

Table 5 — Calibration accuracy of instruments

No. Measurement instrument Accuracy

1 Engine speed + 2 % of reading or + 1 % of engine’s max. value, whichever is|larger
2 Torque + 2 % of reading or £+ 1 % of engine’s max. value, whichever is|larger
3 Fuel consumption + 2 % of engine’s max. value

4 Air consumption + 2 % of reading or + 1 % of engine’s max. value, whichever is|larger
5 Exhadst-gas flow + 2,5 % of reading or £ 1,5 % of engine’s max. value, whichevgr is larger
6 Temperatures < 600 K + 2 K absolute

7 Temperatures > 600 K + 1 % of reading

8 Exhaust gas pressure + 0,2 kPa absolute

9 Intake air depression + 0,05 kPa absolute

10 Atmospheric pressure + 0,1 kPa absolute

11 Other pressures + 0,1 kPa absolute

12 Absolute humidity + 5 % of reading

13 Dilution air flow + 2 % of reading

14 Diluted exhaust gas flow + 2 % of reading
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9 Determination of gaseous components in the raw exhaust gas and of the
particulates with a partial flow dilution system

9.1 General

The instantaneous concentration signals of the gaseous components are used for the calculation of the mass
emissions by multiplication with the instantaneous exhaust mass flow rate. The exhaust mass flow rate may
be measured directly, or calculated using the methods described in 9.2.4 (intake air and fuel flow
measurement), 9.2.5 (tracer method) or 9.2.6 (intake air and air/fuel ratio measurement). Special attention
shall be paid to the response times of the different instruments. These differences shall be accounted for by

time alignin
For particul
take a sam
a regressio

The complg

g the sigmatsas describedim 973737

ble proportional to the exhaust mass flow rate. The quality of proportionality is checked by appl
N analysis between sample and exhaust flow as described in 9.4.3.

te test set up is schematically shown in Figure 2.

1

@t

btes, the exhaust mass flow rate signals are used for controlling the partial flow dilution 'system to

ying

|
— |
1 5 }
T |
— 6 . — — 8
A
|
g g |
| 9 1 | I
L\ I____g___J
Key
L exhaust sample
[ flow measurement
------- - - signalfor system control and computation
1 exhaust flow
2 flow valyes
3 dilution gir
4 flow control
5 partial flow dilution system
6 exhaust gas analyser
7 computation
8 control unit
9 fuel flow
10 engine
11 intake air flow
Figure 2 — Schematic of the raw/partial flow measurement system
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Determination of exhaust gas mass flow

1 General

For calculation of the emissions in the raw exhaust gas and for controlling of a partial flow dilution system, it is
necessary to know the exhaust gas mass flow rate. For the determination of the exhaust mass flow rate, either
of the methods described in 9.2.3 to 9.2.6 may be used.

9.2

For
too

For
dilu

2 Response time

thepurposeof enissions catcutatiorn, the Tesponsetime of either method described betow sh
r less than the requirement for the analyser response time, as defined in 11.3.2.

the purpose of controlling of a partial flow dilution system, a faster response is required. For|

all be equal

partial flow

ion systems with online control, a response time of < 0,3 seconds is required. For partial flow dilution
systems with look ahead control based on a pre-recorded test run, a response ¢ime of the e

Xhaust flow

measurement system of < 5 seconds with a rise time of < 1 second is required., The system regponse time
shall be specified by the instrument manufacturer. The combined response timé/requirements for ¢xhaust gas
flol and partial flow dilution system are indicated in 9.4.3.

9.2.

Dirg

B Direct measurement method

ct measurement of the instantaneous exhaust flow may be dene’by systems, such as:
pressure differential devices, like flow nozzle (details see 1ISO 5167),

ultrasonic flowmeter, and

vortex flowmeter.

Pregautions shall be taken to avoid measurement errors which will impact emission value errors. Such
pre¢autions include the careful installation of the device in the engine exhaust system accornding to the
insttument manufacturers’ recommeéndations and to good engineering practice. Especiglly, engine
performance and emissions must not be affected by the installation of the device.
Thel| flowmeters shall meet the.accuracy specifications of 8.3.
9.2.4 Air and fuel measurement method
Thig involves measurément of the air flow and the fuel flow with suitable flowmeters. The calculation of the
instantaneous exhaust gas flow is as follows:

b ewi =T aw,i + 91 (for wet exhaust mass) (6)
Thel| flowmeters shall meet the accuracy specifications of 8.3, but shall be accurate enough to also meet the

accuracy specifications for the exhaust gas flow.

9.2.5 Tracer measurement method

This involves measurement of the concentration of a tracer gas in the exhaust.

A known amount of an inert gas (e.g. pure helium) shall be injected into the exhaust gas flow as a tracer. The
gas is mixed and diluted by the exhaust gas, but shall not react in the exhaust pipe. The concentration of the
gas shall then be measured in the exhaust gas sample.

In order to ensure complete mixing of the tracer gas, the exhaust gas sampling probe shall be located at least
1 m or 30 times the diameter of the exhaust pipe, whichever is larger, downstream of the tracer gas injection
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point. The sampling probe may be located closer to the injection point if complete mixing is verified by
comparing the tracer gas concentration with the reference concentration when the tracer gas is injected
upstream of the engine.

The tracer gas flow rate shall be set so that the tracer gas concentration at engine idle speed after mixing

becomes lower than the full scale of the trace gas analyser.

The calculation of the exhaust gas flow is as follows:

qut X Pe

Dmew,i =

an

where

q

mew,i
dt
Cmix.i
Pe

Ca

The backg
concentrati

When the b

at maximunn exhaust flow, the background concentration may be neglected.

The total s
according t

9.2.6 Air

This involv
instantaneo

9 mew,i

with

i (”mlx,l va)

is the instantaneous exhaust mass flow, kg/s;

is the tracer gas flow, cm3/min;

is the instantaneous concentration of the tracer gas after mixing, ppm;
is the density of the exhaust gas, kg/m? (cf. Table 1); and

is the background concentration of the tracer gas in the intakée\air, ppm.

ound concentration of the tracer gas (c;) may be determined by averaging the backgrg
bn measured immediately before and after the test run:

ackground concentration is less than 1 % of the_gancentration of the tracer gas after mixing (c

ystem shall meet the accuracy specifications for the exhaust gas flow, and shall be calibr
p 11.3.4.

low and air to fuel ratio measurement method

bs exhaust mass calculation’ from the air flow and the air to fuel ratio. The calculation of
us exhaust gas mass flow-is as follows:

= 9 maw,i X[1 J

._a
A/Fst X ﬂ'l

7)

und

nix.i)

hted

the

(8)

AlF,

st

B

A =

a &

- 12,011x £ +1,007 94 x o +15,999 4 x £ + 14,006 7 x 6 + 32,065 x y

1_2><cCO><10_4

a

&

2

3,5)(6002

-4
«|100-c0>107 1074 |+ 2 9 X(CCO2+CCO><1O_4)
2 1+Cco><107 2

3.5xccop

22

4,764><([)’+Z—;+yj><(c002 +cco x107 +CHe ><10_4)

©)

(10)
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where

AlFg  is the stoichiometric air to fuel ratio, kg/kg;

A is the excess air ratio;

ccoz is the dry CO, concentration, %;

cco is the dry CO concentration, ppm; and

cuc is the HC concentration, ppm.
NOTE S can be 1 for fuels containing carbon and 0 for hydrogen fuel.
The| air flowmeter shall meet the accuracy specifications of 8.3, the CO, analyser used shgll meet the
spetifications of 11.1, and the total system shall meet the accuracy specifications for the‘exhaust gas flow.
Optlonally, air to fuel ratio measurement equipment such as a zirconia type-sensor may be ysed for the
measurement of the excess air ratio which meets the specifications of 11.2.9,
9.3| Determination of the gaseous components
9.3/1 General
The| gaseous components emitted by the engine submittedfor testing shall be measured by the methods
desgribed in Clause 11. They shall be determined in the,raw exhaust gas. Data evaluation and calculation
progedures are described in 9.3.3 and 9.3.4.
9.3.2 Sampling for gaseous emissions
The| gaseous emissions sampling probes shall-be fitted at least 0,5 m or 3 times the diameter of the exhaust
pipg, whichever is larger, upstream of the eXit of the exhaust gas system but sufficiently close to the engine as
to ephsure an exhaust gas temperature-ofiat least 343 K (70 °C) at the probe.
In the case of a multi-cylinder engine with a branched exhaust manifold, the inlet of the probe shall be located
sufflciently far downstream s@ as to ensure that the sample is representative of the average exhaust
emigsions from all cylinders.\In’ multi-cylinder engines having distinct groups of manifolds, such ag in a “Vee”
engjne configuration, it is(recommended to combine the manifolds upstream of the sampling probe. If this is
not [practical, it is permissible to acquire a sample from the group with the highest CO, emigsion. Other
methods which havebeen shown to correlate with the above methods may be used. For exhaust emission
calqulation, the totahexhaust mass flow shall be used.
If the engingé_jis equipped with an exhaust aftertreatment system, the exhaust sample shall be taken

do

nstream. of the exhaust aftertreatment system.

For the evaluation of the gaseous emissions, the raw emission concentrations (HC, CO and NO,) and the
exhaust gas mass flow rate shall be recorded and stored with at least 2 Hz on a computer system. All other
data may be recorded with a sample rate of at least 1 Hz. For analogue analysers, the response shall be
recorded, and the calibration data may be applied online or offline during the data evaluation.

For calculation of the mass emission of the gaseous components the traces of the recorded concentrations
and the trace of the exhaust gas mass flow rate shall be time aligned by the transformation time as defined in
Clause 3. Therefore, the response time of each gaseous emissions analyser and of the exhaust gas mass
flow system shall be determined according to 11.3.2 and 9.2.2, respectively, and recorded.
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9.3.4 Calculation of mass emission

9.3.4.1

General

The mass of the pollutants (g/test) shall be preferably determined by calculating the instantaneous mass
emissions from the raw concentrations of the pollutants, the u values from Table 6 and the exhaust mass flow,
aligned for the transformation time as determined in accordance with 9.3.3, and integrating the instantaneous
values over the cycle in accordance with 9.3.4.2. Preferably, the concentrations should be measured on a wet
basis. If measured on a dry basis, the dry/wet correction according to 9.3.5 shall be applied to the
instantaneous concentration values before any further calculation is done.

Optionally,
agreement
specified in
An examplg

9.34.2 (

The followin

gas

where

gas
Cgas,i
Dmew,i
S

n

For the calq
shall be usq

The instanfaneously measured concentration shall be converted to a wet basis according to 9.3.5, if

already me

Values for 4

=n
= Z”gas X Cgas,i X dmew,i

the mass emissions may be calculated using the exact equations of 9.3.4.3 with the
of the parties involved. The exact equations must be used if the fuel used for the tesbis
Table 6, under multi-fuel operation or in case of dispute.

of the calculation procedures is given in Annex E.

Lalculation method based on tabulated values
g equation shall be applied:

><l (in g/test)
- f

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

is the instantaneous concentration of the respective component in the raw exhaust gas, ppm;
is the instantaneous exhaust mass flow,-kg/s;

is the data sampling rate, Hz; and

is the number of measurements.

l;lation of NO,, the humidity correction factor &, , as applicable, as determined according to 9
hsured on a.wet basis.

are given'in Table 6 for selected components based on ideal gas properties and a range of fug

brior
not

11)
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Table 6 — Values of « in the raw exhaust gas and density for various exhaust components

Gas NO, co HC Cco, 0, CH, HCHO

CH50H

Pgas [kg/ m3]

a

2,053 1,250 1,963 6 1,427 7 0,716 1,340

1,430

FUEL

De Coefficient ug, P

Diesel

1,294 3 | 0,001 586 | 0,000 966 | 0,000 479 | 0,001 517 | 0,001 103 | 0,000 553

0,001 035

0,001 104

RME

1,2950 [ 0,001 585 | 0,000 965 | 0,000 536 | 0,001 516 | 0,001 102 | 0,000 553

0,001 035

0,001 104

Methanol

1,261 0 | 0,001 628 | 0,000 991 | 0,001 133 | 0,001 557 | 0,001 132 | 0,000 568

0,001 062

0,001 134

Eth

nol 12757 |10,00160910,0009801] 0,000805 [0,001539]0,001119{0,000561 10,001 05

0,001 121

Nat

bral gas © | 1,266 1 | 0,001 621 | 0,000 987 {0,000 558 4| 0,001 551 | 0,001 128 | 0,000 565 | 0,00405¢

0,001 129

Pro|

pane 1,280 5 [ 0,001 603 | 0,000 976 | 0,000 512 | 0,001 533 | 0,001 115 | 0,000 559 | 0;001 04¢

0,001 116

But]

bne 1,283 2 | 0,001 600 | 0,000 974 | 0,000 505 | 0,001 530 | 0,001 113 | 0,000 558 | ©,001 044

} 10,001 114

Gas

oline 1,297 7 | 0,001 582 | 0,000 963 | 0,000 481 | 0,001 513 | 0,001 100 | 0,000'652

0,001 032

0,001 102

a
b
c

d

Depending on fuel.

At 1 =2, wet air, 273 K, 101,3 kPa.

u accurate within 0,2 % for mass composition of: C =66 - 76 %; H =22 - 25 %; N = 0 -\12.%.
NMHC on the basis of CHj g3 (for total HC the ug,s coefficient of CHy is used).

9.3.

The]
follg
con

#.3

Calculation method based on exact equations

mass emission shall be calculated using Equation,(11). Instead of using the tabulated
wing equations shall be applied for the calculation of. Ugas: It is assumed in the following equati
Centration Cgas in Equation (11) is measured in or.¢onverted to ppm.

values, the
bns that the

Ugas,i = GAS/(M,  ; x 1 000) (12)
or

Ugas,i = Pgas I (pg,p< 1 000) (13)

where Pgas = GAS / 22,41 is optionally taken from Table 6. (14)
The| densities, p,,¢, are given for a number of exhaust gas components in Table 6. The molecular mass of the
exhaust, M, ,, shall be derived for a general fuel composition C;H,0 NS, under the assumption pf complete
conbustion, as follows:

Df
1+ —
M K . 9 maw,i (15)
re,in _3
a ¢ & H,x10 |
Aot YRR , 2x1007 94+15,9994 | M i
iy :
Toaw) 120 TTX B+ 1007 9 X+ 15,9994 % + 14,006 7 X0 + 32,065 X 7 T+ H,x10 °
The exhaust density p, shall be derived, as follows:
_ 1000 +Ha + 1000 x (me,i/qmad,i) (16)

Pei ™ 7734+ 1,243 4x H, + k; x 1000 (Gt il madi)
where

kf: 0,055 584 X WALF - 0,000 108 3 X WBET - 0,000 156 2 x WGAM + 0,007 993 6 X WDEL

+0,006 997 8 X wgpg (17)
© I1SO 2006 — All rights reserved 25


https://standardsiso.com/api/?name=3df2ecd362903b86571b9080a7cd97d7

ISO 8178-11:2006(E)

9.3.4.4 Calculation of NMHC and CH4 with the non-methane cutter
The concentration of NMHC and CH, shall be calculated as follows:
cHcwioCutter) X (1= EM) — CHo(wiCutter)
CNMHC = (18)
EE—EM
CHC(w/Cutter) — CHC(wi/oCutter) * (1— EE)
CCH4 = (19)
EE—EM
where
cHowidutter) 1S the HC concentration with the sample gas flowing through the NMC;
cHewidcutter) 1S the HC concentration with the sample gas bypassing the NMC;
Eng is the methane efficiency as determined per ISO 8178-1, 8.8.4.2;
Eg is the ethane efficiency as determined per ISO 8178-1, 8.8.4.3.
NOTE If a non-methane cutter is used, the system response time may exceed 10 s.
9.3.5 Dryjwet correction
If the instantaneously measured concentration is measured on a dry-basis, it shall be converted to a wet basis
according t¢ the following equations.
Cwet = fw * Cdry 20)
9 nafi
1,243 4x H, +111,12x wp f ¥
kw =|[1- Twadi 1,008 21)
773,441,243 4x H, + 178 sk x1000
9 piad)i
or
9 mfi
1,243 4 x Hg 41,12 x wp F X
kW _ _ qmad,l [1 _ l)rJ 22)
773,471,943 4x H, + 178 k. x1000 Po
9 mad,i
or
P L _k (23)
w 1+C¥><0,005X(CCOZ +Cco) w2
with
1,608 x H
Jonro = ’ a 24
W2 71000+ (1,608"H,, ) (4)
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where

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

a is the molar hydrogen ratio of the fuel;

ccoz is the dry CO, concentration, %;

c~n s the dry CO concentration, %:;

H, s the intake air humidity, g water per kg dry air;
ke is the 0,055 584 x wp g — 0,000 108 3 x wggt — 0,000 156 2 x wgay +,0,007 993 b x wpg| +
0,006 997 8 x wgpg.
NOTE Equations (21) and (22) are principally identical with the factor 1,008 in Equation (21) being an gpproximation
for the more accurate denominator in Equation (22).
9.3.6 NO, correction for humidity and temperature
As the NO, emission depends on ambient air conditions, theNO, concentration shall be coprrected for
hunjidity and ambient air temperature with the factors given in either of the following equations.
a) |for compression ignition engines:
by o= L (25)
"D71.0,018 2 (H, —10,71)+ 0,004 5x (7, —298)
where
T, is the temperature of the intake air, K;
H, is the humidity of the intake air, g water per kg dry air.
H, |may be derived from\ relative humidity measurement, dewpoint measurement, vapdr pressure
measurement or dry/wet bulb ‘measurement using the generally accepted equations.
b) |For compressionignition engines with intermediate air cooler the following alternative equation may be
used:
1
knp = (26)
1-0,012x(H, -10,71)-0,002 75x (T, —298) + 0,002 85x (T5c — TscRef )
where
Tsc is the temperature of the intercooled air;
Tscref 18 the intercooled air reference temperature, to be specified by the manufacturer.
NOTE For an explanation of the other variables, see under a).

H, may be derived from relative humidity measurement, dewpoint measurement, vapor pressure
measurement or dry/wet bulb measurement using the generally accepted equations.
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9.3.7 Calculation of the specific emissions

The emissions (g/kWh) shall be calculated for each individual component in the following way:

M,

gas —

where W,

9.4 Parti

mgas/ Wact

is the actual cycle work as determined according to 6.6.2, kWh.

culate determination

(27)
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air to this sample to achieve a temperature between 315 K (42 °C) and 325)K (52 °C) at the test filter. For
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microgram
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methods w
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eral

ination of the particulates requires a dilution system. In this clause, dilution shall be accomplis
flow dilution system. The flow capacity of the dilution system shall be large enough to comple
ater condensation in the dilution and sampling systems, and maintain the temperature of
bust gas between 315K (42 °C) and 325 K (52 °C) immediately upstream of ‘the filter hold
ng the dilution air before entering the dilution system is permitted, and especially useful if dilu
is high. The temperature of the dilution air shall be higher than 288 K (15.°C) in close proximi
e into the dilution tunnel.

flow dilution system shall be designed to extract a proportional raw exhaust sample from
hust stream, thus responding to excursions in the exhaust streatn flow rate, and introduce dilu

| that the dilution ratio or the sampling ratio y; or rg be determined such that the accuracy limi
filled. Different extraction methods can be applied, whereby the type of extraction used dictate
degree the sampling hardware and procedures to be used.

balance and a temperature and humidity contralled weighing chamber are required. The detai
are described in Clause 12.

iculate sampling

the particulate sampling probe-shall be installed in close proximity to the gaseous emiss
obe, but sufficiently distant as\to not cause interference. Therefore, the installation provision
bpply to particulate sampling. The sampling line shall conform to the requirements of 16.

of a multi-cylinder.engine with a branched exhaust manifold, the inlet of the probe shall be loc
far downstream~so as to ensure that the sample is representative of the average exh
rom all cylindérsy'In multi-cylinder engines having distinct groups of manifolds, such as in a “
iguration, it\is'recommended to combine the manifolds upstream of the sampling probe. If th
l, it is permissible to acquire a sample from the group with the highest particulate emission. O
nich have been shown to correlate with the above methods may be used. For exhaust emis
the“total exhaust mass flow shall be used.

ne the mass of the particulates, a particulate sampling system, particulate sampling filters
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9.4.3 System response time

For the control of a partial flow dilution system, a fast system response is required. The transformation time for
the system shall be determined by the procedure in 12.3.3. If the combined transformation time of the exhaust
flow measurement (see 9.2.2) and the partial flow system is less than 0,3 sec, online control may be used. If
the transformation time exceeds 0,3 sec, look ahead control based on a pre-recorded test run shall be used.
In this case, the rise time shall be < 1 sec and the delay time of the combination < 10 sec.
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The total system response shall be designed so as to ensure a representative sample of the particulates, D, v

proportional to the exhaust mass flow. To determine the proportionality, a regression analysis of Gp,i VErsus

Dmew,i

shall be conducted on a minimum 5 Hz data acquisition rate, and the following criteria shall be met:

— The correlation coefficient 2 of the linear regression between Imp,i @Nd g,,6,; Shall not be less than 0,95.

The standard error of estimate of g,,, ; on g,,¢,; shall not exceed 5 % of g,,, maximum.

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

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

sanj
tran
sign
of th

For
with
tim¢

9.4.

The
filter,
the
recq

With the prior approval of the parties involved, the particulate mass may be corrected for the part

p Data evaluation

ple flow into the particulate system (“look-ahead control”). Such a procedure is requ
sformation time of the particulate system 75, p or/and the transformation time of the exhaus
al 150 are > 0,3 sec. A correct control of the partial dilution system is obtained, if the time-trac
e pretest, which controls g,,,, is shifted by a “look-ahead” time of 54 p + 750 F-

establishing the correlation between g,,,; and ¢,,¢,, ; the data taken during the, actual test sh
dmew,i time aligned by 5 ¢ relative to g, ; (no contribution from t50 p to the time alignment).
shift between g¢,,0,, and dmp IS the difference in their transformation times.that'were determineq

tare weight of the filter, as determined according to 7.2, shall-bé subtracted from the gross w

as determined according to 7.9.5, which results in the particulate sample mass m;. For the ¢
partlculate concentration, the total sample mass (msep) through the filters over the test cy¢
rded.

ired if the
mass flow

¢ of 9mew,pre

all be used,
That is, the
in 12.3.3.

eight of the
valuation of
tle shall be

culate level

of the dilution air, as determined in 7.5, in line with gaod engineering practice and the specific desjgn features
of the particulate measurement system used.
9.4.6 Calculation of mass emission
Thel mass of particulates shall be calculated by either of the following methods. An example of thg calculation
pro¢edures is given in Annex E.
a)
mg Medf
op 1000
whdre
mg is the particulate mass sampled over the cycle, mg;
m is the mass of diluted exhaust aas nassina the narticulate collection filters _ka:
Sep J Lad J Lo L) )
megs 1S the mass of equivalent diluted exhaust gas over the cycle, kg.

The total mass of equivalent diluted exhaust gas mass over the cycle shall be determined as follows:

i=n

1

Mgt = D _ A medf,i % 7 (29)
i1
Dmedf,i = Imew,i % "dil,i (30)
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9 mdew,i

Tdil i 2(

where

medf,i
Tmew,i

Tdil i

9 mdew,,i — qmdw,,i)

is the instantaneous equivalent diluted exhaust mass flow rate, kg/s;
is the instantaneous exhaust mass flow rate, kg/s;

is the instantaneous dilution ratio;

(31)

Imdew,i
Dmdw,i
S

n
b)

mpy =
where

mg

Msep

Mged

is the instantaneous diluted exhaust mass flow rate through dilution tunnel, kg/s;
is the instantaneous dilution air mass flow rate, kg/s;
is the data sampling rate, Hz; and

is the number of measurements.

me | (rg x 1 .000)

is the particulate mass sampled over the cycle, mg;

is the average sample ratio over the test cycle.

m
se
_“e_X—p

W Msed

is the sample mass-over the cycle, kg;
is the total exhaust mass flow over the cycle, kg;
is the massrof diluted exhaust gas passing the particulate collection filters, kg;

is the,mass of diluted exhaust gas passing the dilution tunnel, kg.

NOTE |

h case of the total sampling type system, mq., and meoq are identical.

32)

33)

9.4.6 Particulate correction factor for humidity

As the particulate emission of diesel engines depends on ambient air conditions, the particulate concentration

shall be cor

rected for ambient air humidity with the factor Kp given in the following equations.

Reference values for humidity other than 10,71 g/kg may be used and shall be reported with the results by
agreement of the parties involved.

Other correction equations may be used if they can be justified or validated.

30
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1

o = [1+0,0133x(H, ~10,71)] 54
where H, is the humidity of the intake air in g water per kg dry air.
9.4.7 Calculation of the specific emissions
The particulate emission (g/kWh) shall be calculated in the following way:

Mppg = mppy ™ kg [ Wy (35)

whegre W, is the actual cycle work as determined according to 6.6.2, kWh.

10 |Determination of gaseous and particulate components with a full flow dilution
system

10.1 General
The| concentration signals, either by integration over the cycle or by bag.sampling, of the gaseous ¢gomponents
are |used for the calculation of the mass emissions by multiplicatien<with the diluted exhaust mags flow rate.
Thel exhaust mass flow rate shall be measured with a constant velume sampling (CVS) system,| which may
usela positive displacement pump (PDP), a critical flow venturi{CFV) or a subsonic venturi (SSV).
For|particulates, a proportional sample is taken from the diluted exhaust gas of the CVS system.

The|l complete test set up is schematically shown in Eigure 3.

54 5 PDPH

6 10 []
i P =T
12 N
Key
1 Afilter 7 exhaust pipe
2 dilution tunnel 8 particulate filter
3 heat exchanger 9 sample pump
4 dilution air 10 flowmeter
5 exhaust 11 or
6 engine 12 vent

Figure 3 — Schematic of the CVS full flow dilution system
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10.2 Determination of the diluted exhaust gas flow

10.2.1 General

For calculation of the emissions in the diluted exhaust gas, it is necessary to know the diluted exhaust gas
mass flow rate. The total diluted exhaust gas flow over the cycle (kg/test) shall be calculated from the
measurement values over the cycle and the corresponding calibration data of the flow measurement device
(Vo for PDP, K,, for CFV, C4,Y for SSV) by either of the methods described in 10.2.2 to 10.2.4 may be used. If
the total sample mass of particulates (msep) and gaseous pollutants exceeds 0,5 % of the total CVS flow (mgq),
the CVS flow shall be corrected for Mgep, OF the particulate sample flow shall be returned to the CVS prior to

the flow me,

Sl lring device

10.2.2 PDR

The calculgtion of the mass flow over the cycle is as follows, if the temperature of the diluted exhaust is

within + 6 K

Mgy = 1
where

Vo is
Np is
PR is
pq is
T is

If a system
shall be cal
gas shall be

Meg i =

where Np ; i

10.2.3 CFV\

The calculgtion of the~mass flow over the cycle is as follows, if the temperature of the diluted exhaust is

within £ 11

med=1

-CVS system

over the cycle by using a heat exchanger.

293* Vy* Np * (pg —pq) * 273/ (101,3* T)

he volume of gas pumped per revolution under test conditions, m3/rev;

he total revolutions of pump per test;

he atmospheric pressure in the test cell, kPa;

he pressure depression below atmospheric at pump inlet, kPa;

he average temperature of the diluted exhaust gas at pump inlet over the cycle, K.
with flow compensation is used (i.e. without heat exchanger), the instantaneous mass emiss
culated and integrated over the cycle: In this case, the instantaneous mass of the diluted exh
calculated as follows:

1,293 * VO*NP,i* (pB—p1)*273/(101,3 T)

5 the total revolutions ef pump per time interval.

-CVS system

K over the'Cycle by using a heat exchanger.

293 t* Ky * pp | T 05

where

t s
Ky is
pp i

is

32

the cycle time, in s;
the calibration coefficient of the critical flow venturi for standard conditions;
the absolute pressure at venturi inlet, kPa;

the absolute temperature at venturi inlet, K.

Kept

36)

ons

aust

37)

Kept

38)
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If a system with flow compensation is used (i.e. without heat exchanger), the instantaneous mass emissions
shall be calculated and integrated over the cycle. In this case, the instantaneous mass of the diluted exhaust

gas

shall be calculated as follows:

med‘i = 1,293 * Atl * KV *pA/ T0’5

where Ay is the time interval, in s.

10.2.4 SSV-CVS system

Th

(39)

with

whe

whsg

=N
Il

~
Il

If a

in + 11 K over the cycle by using a heat exchanger.

med = 1,293 * QSSV

re

_ 2 1( 14286 17143 1
QSSV —Aod CdPA\/[F(V —-r )[W]}

re

Ay s the collection of constants and units conversions

1

3 2
:0,006111in8|unitsof(m, j K [ 12)
min )| kPa |\ mm

d is the diameter of the SSV throat, in"m;

Cq is the discharge coefficient ofthe SSV;

P, is the absolute pressure.atwenturi inlet, kPa;
T is the temperature at the venturi inlet, K.

ratio of the SSV throat to inlet absolute, static pressure = 1—A—P .

A

ratio of the/’SSV throat diameter, d, to the inlet pipe inner diameter = % .

system with flow compensation is used (i.e. without heat exchanger), the instantaneous mas

(40)

(41)

5 emissions

sha
gas

I'b€ calculated and integrated over the cycle. In this case, the nstantaneous mass of the ailu
shall be calculated as follows:

med = 1,293 * QSSV * Atl

where

3 2 « || 1( 14286 17143 1
Ossy = 4pd“Cy4P, \/[?(r -r )[1_ﬂ4r1,4286j]

At

i isthe time interval, in s.
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The real time calculation shall be initialized with either a reasonable value for Cy, such as 0,98, or a
reasonable value of Oggy,. If the calculation is initialized with Oggy, the initial value of Ogg\, shall be used to
evaluate Re.

During all emissions tests, the Reynolds number at the SSV throat must be in the range of Reynolds numbers

used to derive the calibration curve developed in this clause.

10.3 Dete

rmination of the gaseous components

10.3.1 General

The gaseonlls components emitted by the engine submitted for testing shall be measured by the megth

described i
procedures

10.3.2 Sampling for gaseous emissions

The exhaus
ISO 8178-1
the dilution

Sampling ¢
— the pol
for HQ
temper

the pol
and N(

The background concentrations shall be sampled upstream of the dilution tunnel into a sampling bag,

shall be sulj

10.3.3 Data evaluation

For the eva
exhaust ga

n 10.3.2. They shall be determined in the diluted exhaust gas. Data evaluation and_¢alculz
are described in 10.3.3 and 10.3.4.

t pipe between the engine and the full flow dilution system shall conform to the requirement
The gaseous emissions sample probe(s) shall be installed in the dilutiontunnel at a point w
air and exhaust gas are well mixed, and in close proximity to the particulates sampling probe.

hn generally be done in two ways:

utants are sampled into a sampling bag over the cycle and measured after completion of the
, the sample bag must be heated to 464 £+ 11K (191 + 11 °C), for NO,, the sample
ature must be above the dew point temperature;

utants are sampled continuously and integrated-over the cycle; this method shall be used for

.., unless the above conditions are fulfilled.

tracted from the emissions concentration according to 10.3.4.2.

luation of the gaseous emissions, the emission concentrations (HC, CO and NOx) and the dil
5 mass flow rate shall be‘recorded and stored with at least 1 Hz on a computer system. All g

ods
tion

s of
here

est;

bag

HC

and

ited
ther

data may he recorded with a sample rate of at least 1 Hz. For analogue analysers the response will be
recorded, apd the calibration data’may be applied online or offline during the data evaluation.
10.3.4 Cal¢ulation of mass emission
10.3.4.1 Systems with constant mass flow
For systems with heat exchanger, the mass of the pollutants shall be determined from the following equatipn:
Mgas = Ugas * Cgas * Med (44)
where
Ugas is the ratio between density of exhaust component and density of air;
Cgas is the average background corrected concentration of the respective component, ppm;
meqy is the total diluted exhaust mass over the cycle, kg.
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For the calculation of NO,, the humidity correction factor &y, p, or &, g, as applicable, as determined according
to 10.3.6, shall be used.

The measured concentration shall be converted to a wet basis according to 10.3.5, if not already measured on

a wet basis.

Values for u are given in Table 7 below for selected components.

Table 7 — Values of « in the diluted exhaust gas

Gas NOy co. HC cOo, a CH,, HCHO CH3OH
Pga [kg/m3] 2,053 1,250 a 1,963 6 1,427 7 0,716 1,840 1,430
FUEL Pair = 1,293 kg/m3 Coefficient ug,g P
Diegel 0,001 588 | 0,000 967 | 0,000 480 | 0,001 519 | 0,001 104 | 0,000 553+ 0,001 03¢ 0,001 106
RME 0,001 588 | 0,000 967 | 0,000 537 | 0,001 519 | 0,001 104 | 0,000,553 | 0,001 03¢ 0,001 106
Methanol 0,001 588 | 0,000 967 | 0,001 105 | 0,001 519 | 0,001 104 _| 05000 553 | 0,001 03¢ [0,001 106
Ethanol 0,001 588 | 0,000 967 | 0,000 795 | 0,001 519 | 0,001 104 0,000 553 | 0,001 03¢ 0,001 106
Natpral gas © 0,001 588 | 0,000 967 | 0,000 584 9| 0,001 519 | 0,009~104 | 0,000 553 | 0,001 036 | 0,001 106
Propane 0,001 588 | 0,000 967 | 0,000 507 | 0,001 519-0,001 104 | 0,000 553 | 0,001 03¢ |0,001 106
Butpne 0,001 588 | 0,000 967 | 0,000 501 | 0,001.519 | 0,001 104 | 0,000 553 | 0,001 03¢ |0,001 106
Gagoline 0,001 588 | 0,000 967 | 0,000 483 | 0,004'519 | 0,001 104 | 0,000 553 | 0,001 03¢ |0,001 106
@ | Depending on fuel.
b |ata=2, dry air, 273 K, 101,3 kPa.
€ |u accurate within 0,2 % for mass composition of: C = 6676 %; H=22-25%; N=0-12 %.
d INMHC on the basis of CHy g3 (for total HC the ugag.coefficient of CHy shall be used).
NOTE For calculating the ug,s values, the density of the diluted exhaust gas has been assumed to bg equal to air
dengity. Therefore, the ug,s values arelidentical for single gas components, but different for HC. It is not recgmmended to

applly the exact calculation, as for(the raw exhaust gas measurement, since dilution ratio and therefore the gensity of the
diluted exhaust gas vary during the cycle.

10.3.4.2 Determination/of the background corrected concentrations

Thel average background concentration of the gaseous pollutants in the dilution air shall be subfracted from

measured concentrations to get the net concentrations of the pollutants. The average va
background-concentrations can be determined by the sample bag method or by continuous measu

integration.-The following equation shall be used.

ues of the
rement with

(45)

where

Ce

c=lcg = cy x (1= (1/DF))

is the concentration of the respective pollutant measured in the diluted exhaust gas, ppm;

cq is the concentration of the respective pollutant measured in the dilution air, ppm; and

DF is the dilution factor.
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The dilution factor shall be calculated as follows:

a) for diesel and LPG fuelled gas engines

DF =

Fg

C

b) for NG

DF =

)
O2conce + (HCconce +CO¢once ) *10

fuelled gas engines

Fs

Q

where
CO2,co
HCCOHC
NMHC
COCOHC
Fs

Concentrati

The stoichiq

FS:1O

where x, y i
Alternativel
— Fg (die
— Fg(LP
— Fg (NG

10.3.4.3 §

4
OZconce + (NMHCCOHCG + Coconce ) * 1 0

Lce IS the concentration of CO, in the diluted exhaust gas, % vol,

A is the concentration of HC in the diluted exhaust gas, ppm C1;
Lonce 1S the concentration of NMHC in the diluted exhaust gas, ppm C4;
o is the concentration of CO in the diluted exhaust gas, ppmyand

is the stoichiometric factor.

metric factor shall be calculated as follows:

X

0 x
x+2 +3,76x| x+ 2
2 4

5 the fuel composition CXHy_

, if the fuel composition is'net known, the following stoichiometric factors may be used:
sel) = 13,4
5) = 11,86;

) = ~95.

ystems with flow compensation

pns measured on dry basis shall be converted to a wet basis in accordance with 10.3.5.

(46)

47)

48)

For systems without heat exchanger, the mass of the pollutants (g/test) shall be defermined by calculaiing the
instantaneous mass emissions and integrating the instantaneous values over the cycle. Also, the background
correction shall be applied directly to the instantaneous concentration value. The following equations shall be

applied:

mgas -

36

n

= Z[(’”ed,i X Cq X lgas )J - [(med x cg x(1-1DF)x Ugas )}

i=1

(49)
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re

cq is the concentration of the respective pollutant measured in the dilution air, ppm;
meq; IS the instantaneous mass of the diluted exhaust gas, kg;
meqy is the total mass of diluted exhaust gas over the cycle, kg;

Ugas is the tabulated value from Table 7;

10.3

The

whe

10.3

If th
equ

DF s the dilution factor.
4.4 Calculation of NMHC and CH, with the non-methane cutter

concentration of NMHC and CH, shall be calculated as follows:

cHewioCutter) X (1= EM) — CHe(wiCutter)
EFeE—Em

CNMHC =

CHC(w/Cutter) — CHC(wloCutter) X (1— EE)
EE—Em

CCH4 =

re
cHowicutter) 1S the HC concentration with the sample gas flowing through the NMC;
cHcwiocutter) 1S the HC concentration with the sample gas bypassing the NMC;

Ep is the methane efficiencylas determined per ISO 8178-1, 8.8.4.2;

Eg is the ethane efficieney as determined per ISO 8178-1, 8.8.4.3.

.5 Dryl/wet correction

e concentration is measured on a dry basis, it shall be converted to a wet basis according to t
ption.

Cwet = kw * ey

a x % conccny (wet)
kg =PM—- -k
w [ 200 w1

is the concentration of the respective pollutant measured in the diluted exhaust gas, ppm;

(50)

(51)

he following

(21)

(52)

where

1,608 x H,
kw,1 =
1000 +(1,608 X Ha)
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10.3.6 NO, correction for humidity and temperature

As the NO, emission depends on ambient air conditions, the NO, concentration shall be corrected for
humidity and ambient air temperature with the factors given in the following equations.

a) for compression-ignition engines:

1

khp= 54
MD™1.0,0182x(H4 ~10,71)+0,0045 x (7, — 298) (54
where
T, is the temperature of the intake air, K;

H

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

H, may Qe derived from relative humidity measurement, dewpoint measurement, vapor presgure
measurement or dry/wet bulb measurement using the generally accepted equations.

b) For compression ignition engines with intermediate air cooler, the following alternative equation may be
used:

1
k -
D = 120,012% (H, —10,71)—= 0,002 75 x (T, — 298)+ 0,002 85 x(Tsc — TscRef )

55)

where
Tgc |is the temperature of the intercooled air;
TscRref|is the intercooled air reference temperature, to be specified by the manufacturer.
NOTE For an explanation of the other variables,\see under a).
H, is the hpmidity of the intake air, g water per kg dry air, where H, may be derived from relative humidity

measuremgnt, dewpoint measurement; vapor pressure measurement or dry/wet bulb measurement using the
generally ag¢cepted equations.

10.3.7 Calg¢ulation of the specific emissions

The emissi¢ns (g/kWh) shallbe calculated for all components, except NO,, in the following way:

Myas =|Mgas Wt 56)
for NO,
Myas = mgas * ke IWact (37)

where W, is the actual cycle work as determined according to 6.6.2, kWh.
10.4 Particulate determination

10.4.1 General

The determination of the particulates requires a dilution system. In this clause, dilution shall be accomplished
by a full flow dilution system. The flow capacity of the dilution system shall be large enough to completely
eliminate water condensation in the dilution and sampling systems, and maintain the temperature of the
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diluted exhaust gas between 315 K (42 °C) and 325 K (52 °C) immediately upstream of the filter holders.
Dehumidifying the dilution air before entering the dilution system is permitted, and especially useful if dilution
air humidity is high. The temperature of the dilution air shall be higher than 288 K (15 °C) in close proximity to

the

entrance into the dilution tunnel.

To determine the mass of the particulates, a particulate sampling system, particulate sampling filters, a
microgram balance and a temperature and humidity controlled weighing chamber, are required. The details of

the

system are described in Clause 12.

10.4.2 Particulate sampling

The| particulate sampling probe shall be installed in close proximity to the gaseous emissions sam

but
of 9

10.4

The

whe

If a
mag

whe

If th
may

sufficiently distant as to not cause interference, in the dilution tunnel. Therefore, the installatio
3.2 also apply to particulate sampling. The sampling line shall conform to the requireménts of |

.3 Calculation of mass emission
particulate mass (g/test) shall be calculated as follows:

mg¢ « Med
1000

Mmpy =
Msep

re

mg is the particulate mass sampled over the cycle, mg;

Msep is the mass of diluted exhaust gas passing the particulate collection filters, kg;
meq is the mass of diluted exhaust gas over'the cycle, kg.

double dilution system is used, the mass~of the secondary dilution air shall be subtracted fr
s of the double diluted exhaust gas sampled through the particulate filters.

Mgep = Mget — Mgsd

re

mget is the mass of-double diluted exhaust gas through particulate filter, kg;
mgsq 1S the mass of secondary dilution air, kg.

e particulate'background level of the dilution air is determined in accordance with 7.5, the parti
be baekground corrected. In this case, the particulate mass (g/test) shall be calculated as follg

[ mg_[my (4 1 )], _meg

pling probe,
N provisions
SO 8178-1.

(58)

bm the total

(59)

culate mass
WS:

where

mr il (60)
"M msep \msa " DFJJ]" 1000
Mpp\1, Mgep, My (S€E above);
Mgy is the mass of primary dilution air sampled by background particulate sampler, kg;
my, is the mass of the collected background particulates of the primary dilution air, mg;
DF is the dilution factor as determined in 10.3.4.2.
© IS0 2006 — Al rights reserved 39


https://standardsiso.com/api/?name=3df2ecd362903b86571b9080a7cd97d7

ISO 8178-11:2006(E)

10.4.4 Part

iculate correction factor for humidity

As the particulate emission of diesel engines depends on ambient air conditions, the particulate concentration
shall be corrected for ambient air humidity with the factor K, given in the following equation.

Reference values for humidity other than 10,71 g/kg may be used and shall be reported with the results by
agreement of the parties involved.

Other correction equations may be used if they can be justified or validated.

1

where H is

10.4.5 Calq(
The particu
Mpy =

where W,

11 Meas

11.1 Geng¢ral analyser specifications

11.1.1 Gen

The analys
measure th
shall be se
100 % of fy
concentrati

If read-out
full scale, m
least four n
curves accq

The electro

11.1.2 Acd

1+0,0133x(H, -10,71)]

the humidity of the intake air in g water per kg dry air.

tulation of the specific emissions
ate emission (g/kWh) shall be calculated in the following way:
pm * kp Wact

is the actual cycle work as determined according to 6.6.2, in kWWh:

Lrement equipment for the gaseous components

eral

ers shall have a measuring rangesand response time appropriate for the accuracy require
e concentrations of the exhaust gas components under transient conditions. The analyser rg
ected such that the average concentration measured over the test cycle falls between 15 %
Il scale, except the accuracy of the analyser does not exceed + 2 % of reading for the ave
DN.

systems (computers;-data loggers) can provide sufficient accuracy and resolution below 15 ¢
easurements below 15 % of full scale are also acceptable. In this case, additional calibrations
bn-zero nominally equally spaced points are to be made to ensure the accuracy of the calibra
rding to 8.5.50f ISO 8178-1.

magnetic:compatibility (EMC) of the equipment shall be on a level as to minimize additional err:

uracy

(61)

62)

d to
nge
and
age

o of
pf at
tion

prs.

The analyser shall not deviate from the nominal calibration point by more than + 2 % of the reading or + 0,3 %
of full scale, whichever is larger. The accuracy shall be determined according to the calibration requirements
in ISO 8178-1, 8.5.

NOTE

from the nominal calibration values using a calibration gas (true value).

40

For the purpose of this International Standard, accuracy is defined as the deviation of the analyser reading
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.3 Precision

The precision, defined as 2,5 times the standard deviation of 10 repetitive responses to a given calibration or
span gas, shall be not greater than 1 % of full scale concentration for each range used above 155 ppm (or
ppmC) or 2 % of each range used below 155 ppm (or ppmC).

1.1

.4 Noise

The analyser peak-to-peak response to zero and calibration or span gases over any 10-second period shall
not exceed 2 % of full scale on all ranges used.

11.1

Zer
inte

lowgst range used.

11.1

Spa
inte

lowest range used.

11.1

The

NOT
for ¢
time

defined as analyser response time, like the convétter or water traps inside of a NO, analysers. The determ

total

11.1
Exh

com
the

11.

.2.1 General

.2.2 10 171.2.9 describe the measurement principles to be used. A detailed description of the m

.5 Zero drift

b response is defined as the mean response, including noise, to a zero gas during a 30-9
val. The drift of the zero response during a one-hour period shall be less than 2:%"of full s

.6 Span drift

n response is defined as the mean response, including noise, to a“span gas during a 30-S
val. The drift of the span response during a one-hour period shall~be less than 2 % of full s

.7 Rise time
rise time of the analyser installed in the measurement’system shall not exceed 2,5 s.

E Only evaluating the response time of the analyser alone will not clearly define the suitability of the
ransient testing. Volumes, and especially dead volumes, throughout the system will not only affect the {
from the probe to the analyser, but also affect the rise time. Also, transport times inside of an analy

system response time is described in 11.3.2:

.8 Gas drying
aust gases may be measufed wet or dry. A gas drying device, if used, shall have a minimal ¢

position of the measured.gases. Chemical dryers are not an acceptable method of removing
sample.

p Analysers

econd time
cale on the

econd time
cale on the

total system
ransportation
ser would be
nation of the

ffect on the
water from

pasurement
he following

ms is given in ISO 8178-1, Clause 15. The gases to be measured shall be analysed with t

11.2.2 Carbon monoxide (CO) analysis

The

carbon monoxide analyser shall be of the non-dispersive infrared (NDIR) absorption type.

11.2.3 Carbon dioxide (CO,) analysis

The

carbon dioxide analyser shall be of the NDIR absorption type.

© I1SO 2006 — All rights reserved

41


https://standardsiso.com/api/?name=3df2ecd362903b86571b9080a7cd97d7

ISO 8178-

11:2006(E)

11.2.4 Hydrocarbon (HC) analysis

The hydrocarbon analyser shall be of the heated flame ionization detector (HFID) type with detector, valves,
pipework, etc. heated so as to maintain a gas temperature of 463 K+ 10 K (190 + 10 °C).

11.2.5 Non-methane hydrocarbon (NMHC) analysis

The determination of the non-methane hydrocarbon fraction shall be performed with a heated non-methane
cutter (NMC) operated in line with an FID as per 16.4.2 of ISO 8178-1, by subtraction of the methane from the
hydrocarbons.

11.2.6 Oxi

If measureq
heated che
HCLD with
ISO 8178-1

les of nitrogen (NO,) analysis

on a dry basis, the oxides of nitrogen analyser shall be of the chemiluminescent detector (CL
miluminescent detector (HCLD) type with an NO,/NO converter. If measured onra wet bas
converter maintained above 328 K (55 °C) shall be used, provided the water qoehch check
8.9.3.2) is satisfied. For both CLD and HCLD, the sampling path shall be ymaintained at a

temperaturg of 328 K to 473 K (55 °C to 200 °C) up to the converter for dry measurement, and up to

analyser fo

wet measurement.

11.2.7 Formaldehyde (HCHO) analysis

For continu
ionization m

The FTIR

ous measurement in the raw exhaust gas, an FTIR (Fouriet\transform infrared) or a SIMS
ass spectrometric) analyser shall be used in accordance with.the instrument suppliers’ instruct

alyser shall be equipped with an algorithm to generate interference-free concentration va

n
from an ian.‘
each instrument, in order to avoid interference caused by differences of the spectra between the instrumer

The SIMS analyser shall be equipped with a control library to generate interference decoupled values of

formaldehy
internal ene
the help of
shall be p¢g
acceptable
(measurem

If measureq
passing the
(ACN) solu
shall be an
see 16.6 of
met by the

le concentration. The internal energy of the ionizing ion shall be above 11,6 eV (e.g. Xe™* wit
rgy of 12,2 eV). If measured on mass'30, the interference from NO, shall be compensated
the known ionization efficiency ratio.6f NO, for masses 46 and 30. The interference decouy
rformed with a cycle time of at most 300 msec. Measurement of formaldehyde on mass 2
if the additional signal due_to, higher aldehydes is either desired, accepted or compens
ent on mass 29 gives an upper limit for the formaldehyde concentration).

in the dilute exhaust(gas of a partial flow dilution system, formaldehyde shall be determine
diluted exhaust sample with a constant flow rate through an impinger containing an aceton
ion of DNPH reagent or through a silica cartridge coated with 2,4-DNPH. The sample colle
blysed by a high, pressure liquid chromatograph (HPLC) using UV detection at 365 nm (for de|
ISO 8178-1),.The provisions for the accuracy of the flow measurement outlined in 12.1.4. mus
procedure’given in 12.1.4.3, if the dilute gas is sampled from a total sampling type partial

dilution sys{em.
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hanol (CH,OH) analysis

For continuous measurement in the raw exhaust gas, an FTIR (Fourier transform infrared) or a SIMS (soft
ionization mass spectrometric) analyser shall be used in accordance with the instrument suppliers’ instructions.

The FTIR analyser shall be equipped with an algorithm to generate interference-free concentration values
from an infrared spectrum. The FTIR analyser shall also be equipped with a dedicated spectral data base for
each instrument, in order to avoid interference caused by differences of the spectra between the instruments.

The SIMS analyser shall be equipped with a control library to generate interference decoupled values of the
methanol concentration. The internal energy of the ionizing ion shall be above 11,2 eV (e.g. Xe* with an
internal energy of 12,2 eV). This enables measurement of methanol on mass 31. The only substances
interfering on this mass could be fragments of ethanol and propanol, substances which usually do not occur in
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exhaust gases. For an accurate measurement of methanol, the interference decoupling shall nevertheless be
performed with the help of the known ionization efficiency ratios of these substances on their unfragmented
masses and mass 31.

Optionally, methanol may be determined with an HFID. In this case, the HFID calibrated on propane shall be
operated at 385 K+ 10 K (112 °C + 10 °C). The methanol response factor shall be determined at several
concentrations in the range of concentrations in the sample, according to 8.8.5 of ISO 8178-1.

If measured in the dilute exhaust gas of partial flow dilution system, methanol shall be determined by passing
the diluted exhaust sample with a constant flow rate through an impinger containing deionized water. The
sample shall be analysed by a gas chromatograph (GC) with FID (for details see 16.5 of ISO 8178-1). The
proyisions for the accuracy of the flow measurement outlined in 12.1.4. must be met by the procedure given in
12.1.4.3, if the dilute gas is sampled from a total sampling type partial flow dilution system.

11.2.9 Air to fuel measurement

Thel air to fuel measurement equipment used to determine the exhaust gas flow as\specified in 9.2.6 shall be
a wide range air to fuel ratio sensor or lambda sensor of Zirconia type.

The] sensor shall be mounted directly on the exhaust pipe where the exhaudstgas temperature is igh enough
to eliminate water condensation.

Thelaccuracy of the sensor with incorporated electronics shall be within:
— |+ 3 % of reading A < 2;

— |£5 % ofreading 2 <A<5;

— |£10 % of reading 5 < A

To [fulfill the accuracy specified above, the~sensor shall be calibrated as specified by the| instrument
manufacturer.

11.8 Calibration

11.3.1 General

Each analyser shall be(calibrated as often as necessary to fulfill the accuracy requiremgnts of this
Intefnational Standard: The calibration method that shall be used is described in detail in ISO 8178-1,
Cladise 8. Only calibration procedures specific to transient testing are described in this part of ISO $178.

11.3.2 Response time check of the analytical system

The| system-settings for the response time evaluation shall be exactly the same as during measurgment of the
test|run (. e. pressure, row rates, filter settings on the analysers and all other response time influgnces). The
resp probe. The
gas switching shall be done in less than 0,1 second. The gases used for the test shall cause a concentration
change of at least 60 % FS.

The concentration trace of each single gas component shall be recorded. The response time is defined to be
the difference in time between the gas switching and the appropriate change of the recorded concentration.
The system response time (7gq) consists of the delay time to the measuring detector and the rise time of the
detector. The delay time is defined as the time from the change () until the response is 10 % of the final
reading (#40). The rise time is defined as the time between 10 % and 90 % response of the final reading

(tg0 — t10)-
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For time alignment of the analyser and exhaust flow signals in the case of raw measurement, the
transformation time is defined as the time from the change (#) until the response is 50 % of the final reading

(t50)-

The system response time shall be < 10 seconds with a rise time < 2,5 seconds in accordance with 11.1.7 for

all limited components (CO, NO,, HC or NMHC) and all ranges used.

11.3.3 Veri

fication of the calibration curve

Each normally used operating range shall be checked prior to each engine test in accordance with the

following pr

acedure

The calibra
of full scale

If, for the t

declared re
gas shall be

11.3.4 Cali

The analys
gas.

The calibra
half of the
between 20

The calibra

calibration point, in the range from 20 % to 100 % of the-full scale. It also shall not differ by more than + 2

reading fror

The analys
nominal val

11.3.5 Cali

The analys

system repair or change is made’that could influence calibration.

11.4 Anal

The analyti

jbration of tracer gas analyser for exhaust flow measurement

bration intervals

ion shall be checked by using a zero gas and a span gas whose nominal value is more than 8
of the measuring range.

vo points considered, the value found does not differ by more than + 4 % of full-scale from

ference value, the adjustment parameters may be modified. Should this not be'the case, the g
verified or a new calibration curve shall be established in accordance with 8;5%f ISO 8178-1.

br for measurement of the tracer gas concentration, if used, shall,be’ calibrated using the stan

ion curve shall be established by at least 10 calibration_points (excluding zero) spaced so th
calibration points are placed between 4 % to 20 % of\analyser’s full scale and the rest ar
tion curve shall not differ by more than + 1.%>0f the full scale from the nominal value of €
h the nominal value in the range from 4 % t0 20 % of the full scale.

br shall be set at zero and spanned-prior to the test run using a zero gas and a span gas wh
Lie is more than 80 % of the analyser full scale.

ers shall be calibrated according to 8.5 of ISO 8178-1 at least every 3 months or whenev

ytical system

bal systenis described in detail in ISO 8178-1, Clause 16.

% to 100 % of the full scale. The calibration curve is-calculated by the method of least squareyq.
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12.1 General specifications

12.1.1 General

To determine the mass of the particulates, a particulate sampling system, particulate sampling filters, a
microgram balance, and a temperature and humidity controlled weighing chamber are required. The
particulate sampling system shall be designed to ensure a representative sample of the particulates
proportional to the raw or diluted exhaust flow, whatever is applicable, under transient engine operating
conditions in accordance with 9.4.2.
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12.1.2 Particulate sampling filters

The diluted exhaust shall be sampled by a filter that meets the requirements of 12.1.2.1 and 12.1.2.2 during
the test sequence.

12.1.2.1 Filter specification

Fluorocarbon coated glass fiber filters or fluorocarbon membrane filters are required. All filter types shall have
a 0,3 um DOP (di-octylphthalate) collection efficiency of at least 99 % at a gas face velocity between 35
and 100 cm/s.

12.1.2.2 Filter size

Parficulate filters with a diameter of 47 mm are recommended. Larger diameter filters, are’ accgptable (see
12.1.2.4), but smaller diameter filters are not permitted.

12.1.2.3 Filter face velocity

A gas face velocity through the filter of 35 to 100 cm/s shall be achieved. The.pressure drop incregse between
the peginning and the end of the test shall be no more than 25 kPa.

12.1.2.4 Filter loading

Thel| required minimum filter loadings for the most common filter*sizes are shown in Table 8. For larger filter
sizds, the minimum filter loading shall be 0,065 mg/1 000 mim2filter area.

Table 8 — Minimum filter loadings

Filter diameter (mm) Minimum loading (mg)
47 0,11
70 0,25
90 0,41
110 0,62

If, bpsed on previous testing, the required minimum filter loading is unlikely to be reached on a tesft cycle after
optimization of flow ratés and dilution ratio, a lower filter loading may be acceptable, with the agregment of the
parties involved, ifitean be shown to meet the accuracy requirements of 12.1.3.2, e.g. with a 0,1 pg balance.

12.1.3 Weighing chamber and analytical balance specifications

12.1.3:1 * Weighing chamber conditions

The temperature of the chamber (or room) in which the particulate filters are conditioned and weighed shall be
maintained to within 295 K+ 3 K (22 °C + 3 °C) during all filter conditioning and weighing. The humidity shall
be maintained to a dewpoint of 282,5 K+ 3 K (9,5 °C £ 3 °C) and a relative humidity of 45 % + 8 %.

12.1.3.2 Reference filter weighing

The chamber (or room) environment shall be free of any ambient contaminants (such as dust) that would
settle on the particulate filters during their stabilization. Disturbances to weighing room specifications as
outlined in 12.1.3.1 will be allowed if the duration of the disturbances does not exceed 30 min. The weighing
room should meet the required specifications prior to personal entrance into the weighing room. At least two
unused reference filters shall be weighed within 4 h of, but preferably at the same time as the sample filter
weighings. They shall be the same size and material as the sample filters.
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If the average weight of the reference filters changes between sample filter weighings by more than 10 ug,
then all sample filters shall be discarded and the emissions test repeated.

If the weighing room stability criteria outlined in 12.1.3.1 is not met, but the reference filter weighings meet the

above criteria, the engine manufacturer has the option of accepting the sample filter weights or voiding the
tests, fixing the weighing room control system and rerunning the test.

12.1.3.3 Analytical balance

The analytical balance used to determine the filter weight shall have a precision (standard deviation) of at
least 2 ug and a resolution of at least 1 pg (1 digit = 1 yg) specified by the balance manufacturer

12.1.3.4 Elimination of static electricity effects

If unstable or irreproducible filter weighings are observed due to the effects of static electricity,xthe filters ghall
be neutralized prior to weighing, e.g. by a Polonium neutralizer or a device of similar effect.

12.1.4 Spegifications for flow measurement

12.1.4.1 General requirements

Absolute adcuracies of flow meter or flow measurement instrumentation shall’be as specified in 8.3.

12.1.4.2 $§pecial provisions for partial flow dilution systems

For partial flow dilution systems, the accuracy of the sample flow Dmp is of special concern, if not measured
directly, bufl determined by differential flow measurement:

9mp = Yndew ~ Imdw 63)

In this casq an accuracy of =2 % for ¢,,40w @nd ¢k, i Not sufficient to guarantee acceptable accuracigs of
Dmp- If the das flow is determined by differentiahflow measurement, the maximum error of the difference sghall
be such thgt the accuracy of ¢,,, is within + 5%/when the dilution ratio is less than 15. It can be calculatefl by
taking root-nean-square of the errors of eachrinstrument.

Acceptablejaccuracies of ¢,,, can be(obtained by any of the following methods:

a) The absolute accuracies of-g,4e and g,,qy are + 0,2 % which guarantees an accuracy of g,,, of <5 % at
a dilutipn ratio of 15. Howeyver, greater errors will occur at higher dilution ratios.

b) ~Calibrgtion of g,,qy relative to g,,qe, is carried out such that the same accuracies for g,,, as in a)lare
obtaingd. For the details of such a calibration see 12.3.2.

c) The adcurdcy of Dmp is determined indirectly from the accuracy of the dilution ratio as determined by a
tracer gas,e.g. CO,. Again, accuracies equivalent to method a) for I mp are required.

d) The absolute accuracy of g,,4e,, @nd g,,q, is within + 2 % of full scale, the maximum error of the difference
between ¢,,4ew @nd g,,qy is Within 0,2 %, and the linearity error is within + 0,2 % of the highest g, qow
observed during the test.

12.1.4.3 Correction for sample flow (partial flow dilution system only)

If measurement of methanol or formaldehyde is done with a total sampling type partial flow dilution system, it
is necessary to extract a sample flow ¢,,., from the tunnel, i.e. before the flow measuring device for g,,qe-
9mex Shall be determined with the flow measurement device and will usually be much smaller than g, 4,y but
not negligible (g,,ex > 0,01 x g,,4ew)-
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In order to guarantee an accuracy of ¢,,, as requested in 12.1.4.2 and 12.3.2.1, any of the methods outlined in
these clauses may be used, but with g,,4c,, replaced by g,,4ew + @mex-

For the calculation of the PM mass emission (see 9.4.5), the mass of ¢,,, extracted from the tunnel shall be
taken into account by correcting the particulate mass mi;, as follows:

9 mdew

=mg X ———————
(qmdew ~ 9 mex )

£ corrected

12.1.5 Additional specifications
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arts of the dilution system and the sampling system from the exhaust pipe up to the filter holdel
ntact with raw and diluted exhaust gas, shall be designed to minimize deposition pr.alter
culates. All parts shall be made of electrically conductive materials that do not react*with ¢
ponents, and shall be electrically grounded to prevent electrostatic effects.

P Dilution and sampling system

dilution and sampling system is described in detail in ISO 8178-1, Clause17.

.1 General

calibration of the particulate measurement is limited te>the flow meters used to determine sam
ion ratio. Each flow meter shall be calibrated as oftén as necessary to fulfill the accuracy reqy
part of ISO 8178. The calibration method that shall be used is described in 12.3.2.

.2 Flow measurement

.2.1 Periodical calibration

fulfill the absolute accuracy of, the flow measurements as specified in 8.3, the flow meter
surement instrumentation shall*be calibrated with an accurate flow meter traceable to internat
bnal standards.

e sample gas flow isdetermined by differential flow measurement the flow meter or the flow m
umentation shall¢be calibrated in one of the following procedures, such that the probe flow
el shall fulfill theé accuracy requirements of 12.1.4:

The flowmeter for ¢, 4, is connected in series to the flow meter for ¢, 4., the difference betw
flow meters is calibrated for at least five set points with flow values equally spaced betweer
9,qdiv \WValue used during the test and the value of g,,4,, used during the test The dilution tun
bypassed.

r, which are
ation of the
xhaust gas

ble flow and
irements of

or the flow
onal and/or

casurement
gmp iNto the
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nel may be

b)

c)

A calibrated mass flow device is connected in series to the flowmeter for ¢, 4., and the

accuracy is

checked for the value used for the test. Then the calibrated mass flow device is connected in series to the
flow meter for ¢,,q4,,» and the accuracy is checked for at least five settings corresponding to dilution ratio

between 3 and 50, relative to g,,4e,, Used during the test.

The transfer tube TT is disconnected from the exhaust, and a calibrated flow measuring device with a

suitable range to measure ¢,,, is connected to the transfer tube. Then ¢, 4., is set to the
during the test, and ¢,,4,, is sequentially set to at least five values corresponding to dilut

value used
ion ratios ¢

between 3 and 50. Alternatively, a special calibration flow path, may be provided, in which the tunnel is
bypassed, but the total and dilution air flow through the corresponding meters as in the actual test.
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A tracer gas is fed into the transfer tube TT. This tracer gas may be a component of the exhaust gas, like

CO, or NO,. After dilution in the tunnel the tracer gas component is measured. This shall be carried out
for five dilution ratios between 3 and 50. The accuracy of the sample flow is determined from the dilution

ration rg;:

Dmp = Dmdew " dil (65)
The accuracies of the gas analysers shall be taken into account to guarantee the accuracy of g,,,,,.
12.3.2.2 Carbon flow check
A carbon flow check using actual exhaust is strongly recommended for detecting measurement and.coptrol
problems apd verifying the proper operation of the partial flow dilution system. The carbon flow check-shpuld
be run at least each time a new engine is installed, or something significant is changed in the test|cell

configuratio

The engine

5 % or mor¢ of CO,. The partial flow sampling system shall be operated with a dilution factor of about 15 t

If a carbon
shall be cal

12.3.2.3 K

A pre-test ¢

The accura
for at least
G mdew Value
If it can be
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12.3.3 Detg¢rmination of the transformation time (partial flow dilution system only)
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n.
shall be operated at peak torque load and speed or any other steady state,mode that prody

flow check is conducted, the procedure given in Annex D shall be applied. The carbon flow r
culated according to equations D-1, D-2 and D-3. All carbon flow rates should agree to within 6

re-test check
heck shall be performed within 2 h before the test run in the-following way:

cy of the flow meters shall be checked by the same(method as used for calibration (see 12.3
wo points, including flow values of ¢, 4,, that corrgspond to dilution ratios between 5 and 15 fo
used during the test.

Hemonstrated by records of the calibration procedure under 12.3.2.1 that the flow meter calibrg
br a longer period of time, the pre-test check may be omitted.

settings for the transformation time evaluation shall be exactly the same as during measuren
in. The transformation time’shall be determined by the following method.

dent reference flowmeter with a measurement range appropriate for the probe flow shall be p
and closely coupled to the probe. This flowmeter shall have a transformation time of less
the flow step¢Size used in the response time measurement, with flow restriction sufficiently loy
the dynamic-performance of the partial flow dilution system, and consistent with good enginesg

nge“shall be introduced to the exhaust flow (or air flow if exhaust flow is calculated) input of
dilltion system, from a low flow to at least 90 % of full scale. The trigger for the step chz

ces
b 1.

ates
%.

2.1)
the

tion

hent

Ut in
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ring

the
nge

should be t

he same one used to start the look-ahead control in actual testing. The exhaust flow step stim

and the flowmeter response shall be recorded at a sample rate of at least 10 Hz.

ulus

From this data, the transformation time shall be determined for the partial flow dilution system, which is the
time from the initiation of the step stimulus to the 50 % point of the flowmeter response. In a similar manner,
the transformation times of the ¢,,, signal of the partial flow dilution system and of the g,,,, ; signal of the
exhaust flow meter shall be determined. These signals are used in the regression checks performed after
each test (see 9.4.3).

The calculation shall be repeated for at least five rise and fall stimuli, and the results shall be averaged. The
internal transformation time (<100 msec) of the reference flowmeter shall be subtracted from this value. This is
the “look-ahead” value of the partial flow dilution system, which shall be applied in accordance with 9.4.3., if
the transformation time is greater than 0,3 s.
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12.3.4 Calibration of the CVS system (full flow dilution system only)

12.3.41

General

The CVS system shall be calibrated by using an accurate flowmeter and a restricting device. The flow through
the system shall be measured at different restriction settings, and the control parameters of the system shall
be measured and related to the flow.

Various type of flowmeters may be used, e.g. calibrated venturi, calibrated laminar flowmeter, calibrated

turb
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CVS calibration is described in detail in ISO 8178-1, Clause 9.
4.2 Total system verification

.4.2.1 General

total accuracy of the CVS sampling system and analytical system shall_be-determined by in
vn mass of a pollutant gas into the system while it is being operated ip.the normal manner. T
halysed, and the mass calculated according to 10.3.4.1 except in the\case of propane, wherg
0472 is used in place of 0,000 479 for HC. Either of the following two-techniques shall be used

.4.2.2 Metering with a critical flow orifice

hown quantity of pure gas (carbon monoxide or propane) shall be fed into the CVS systen
brated critical orifice. If the inlet pressure is high enough, the flow rate, which is adjusted by m
cal flow orifice, is independent of the orifice outlet pressure (critical flow). The CVS systq
rated as in a normal exhaust emission test for about 5 to 10 min. A gas sample shall be analy:

rmined shall be within + 3 % of the known mass of the gas injected.

.4.2.3 Metering by means of a gravimetric technique

weight of a small cylinder filled with carbon monoxide or propane shall be determined with a
D1 gram. For about 5 to 10.mjin, the CVS system shall be operated as in a normal exhaust en
e carbon monoxide or propane is injected into the system. The quantity of pure gas discharg
rmined by means of differential weighing. A gas sample shall be analysed with the usua
hpling bag or integrating method), and the mass of the gas calculated. The mass so determin
in + 3 % of the known"mass of the gas injected.

.5 Calibratiohintervals

instruments shall be calibrated as required by internal audit procedures or by the instrument n

troducing a
he pollutant

a factor of
.

h through a
eans of the
m shall be
sed with the

bl equipment (sampling bag or integrating method), and the mass of the gas calculated. The mass so

precision of
hission test,
ed shall be
equipment
ed shall be

anufacturer.
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Annex A
(normative)

NRTC engine dynamometer schedule

Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % s % % ] % %

1 ( 0 34 7 18 67 1 4

2 ( 0 35 9 21 68 9 21
3 ( 0 36 17 20 69 25 56
4 ( 0 37 33 42 70 64 26
5 ( 0 38 57 46 71 60 31
6 ( 0 39 44 33 72 63 20
7 ( 0 40 31 0 73 62 24
8 ( 0 41 22 27 74 64 8

9 ( 0 42 33 43 75 58 44
10 ( 0 43 80 49 76 65 10
11 ( 0 44 105 47 77 65 12
12 ( 0 45 98 70 78 68 23
13 ( 0 46 104 36 79 69 30
14 ( 0 47 104 65 80 71 30
15 ( 0 48 96 71 81 74 15
16 ( 0 49 101 62 82 71 23
17 ( 0 50 102 51 83 73 20
18 ( 0 51 102 50 84 73 21
19 ( 0 52 102 46 85 73 19
20 ( 0 53 102 41 86 70 33
21 ( 0 54 102 31 87 70 34
22 ( 0 55 89 2 88 65 47
23 ( 0 56 82 0 89 66 47
24 3 57 47 1 90 64 53
25 1 3 58 23 1 91 65 45
26 1 3 59 1 3 92 66 38
27 1 3 60 1 8 93 67 49
28 1 3 61 1 3 94 69 39
29 1 3 62 1 5 95 69 39
30 1 6 63 1 6 96 66 42
31 1 6 64 1 4 97 71 29
32 1 65 1 4 98 75 29
33 4 13 66 0 6 99 72 23
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Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % ] % % s % %
100 74 22 139 102 36 178 1 18
101 75 24 140 104 44 179 0 16
102 73 30 141 103 44 180 1 3
103 74 24 142 104 33 181 1 4
104 77 6 143 102 27 182 1 5
105 76 12 144 103 26 183 1 6
106 74 39 145 79 53 184 1 5
107 72 30 146 51 37 185 1 3
108 75 22 147 24 23 186 1 4
109 78 64 148 13 33 187 1 4
110 102 34 149 19 55 188 1 6
111 103 28 150 45 30 189 8 18
112 103 28 151 34 190 20 51
113 103 19 152 14 4 191 49 19
114 103 32 153 8 16 192 41 13
115 104 25 154 15 6 193 31 16
116 103 38 155 39 47 194 28 21
117 103 39 156 39 4 195 21 17
118 103 34 157 35 26 196 31 21
119 102 44 158 27 38 197 21 8
120 103 38 169 43 40 198 0 14
121 102 43 160 14 23 199 0 12
122 103 34 161 10 10 200 3 8
123 102 41 162 15 33 201 3 22
124 103 44 163 35 72 202 12 20
125 103 37 164 60 39 203 14 20
126 103 27 165 55 31 204 16 17
127 104 13 166 47 30 205 20 18
128 104 30 167 16 7 206 27 34
129 104 19 168 0 6 207 32 33
130 103 28 169 0 8 208 41 31
131 104 40 170 0 8 209 43 31
132 104 32 171 0 2 210 37 33
133 101 63 172 2 17 211 26 18
134 102 54 173 10 28 212 18 29
135 102 52 174 28 31 213 14 51
136 102 51 175 33 30 214 13 11
137 103 40 176 36 0 215 12 9
138 104 34 177 19 10 216 15 33
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Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % s % % ] % %

217 20 25 256 102 84 295 39 48
218 25 17 257 58 66 296 39 54
219 31 29 258 64 97 297 63 58
220 36 66 259 56 80 298 53 31
221 66 40 260 51 67 299 51 24
222 50 13 261 52 96 300 48 40
223 16 24 262 63 62 301 39 0

224 26 50 263 71 6 302 35 18
225 64 23 264 33 16 303 36 16
226 81 20 265 47 45 304 29 17
227 83 11 266 43 56 305 28 21
228 19 23 267 42 27 306 31 15
229 16 31 268 42 64 307 31 10
230 68 24 269 75 74 308 43 19
231 89 33 270 68 96 309 49 63
232 89 3 271 86 61 310 78 61
233 25 7 272 66 0 311 78 46
234 21 10 273 37 0 312 66 65
235 20 19 274 45 37 313 78 97
236 4 10 275 68 96 314 84 63
237 5 7 276 80 97 315 57 26
238 4 5 277 92 96 316 36 22
239 4 6 278 90 97 317 20 34
240 4 6 279 82 96 318 19 8

241 4 5 280 94 81 319 9 10
242 1 5 281 90 85 320 5 5

243 16 28 282 96 65 321 7 11
244 28 25 283 70 96 322 15 15
245 82 53 284 55 95 323 12 9

246 50 8 285 70 96 324 13 27
247 26 40 286 79 96 325 15 28
248 48 29 287 81 71 326 16 28
249 54 39 288 71 60 327 16 31
250 60 42 289 92 65 328 15 20
251 48 18 290 82 63 329 17 0

252 54 51 291 61 47 330 20 34
253 88 90 292 52 37 331 21 25
254 103 84 293 24 0 332 20 0

255 103 85 294 20 7 333 23 25
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Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % ] % % s % %

334 30 58 373 17 7 412 62 0

335 63 96 374 16 13 413 41 39
336 83 60 375 11 6 414 71 86
337 61 0 376 9 5 415 91 52
338 26 0 377 9 12 416 89 55
339 29 44 378 12 46 417 89 56
340 68 97 379 15 30 418 88 58
341 80 97 380 26 28 419 78 69
342 88 97 381 13 9 420 98 39
343 99 88 382 16 21 421 64 61
344 102 86 383 24 4 422 90 34
345 100 82 384 36 43 423 88 38
344 74 79 385 65 85 424 97 62
347 57 79 386 78 66 425 100 53
348 76 97 387 63 39 426 81 58
349 84 97 388 32 34 427 74 51
350 86 97 389 46 55 428 76 57
351 81 98 390 47 42 429 76 72
352 83 83 391 42 39 430 85 72
353 65 96 392 27 0 431 84 60
354 93 72 393 14 5 432 83 72
355 63 60 394 14 14 433 83 72
356 72 49 395 24 54 434 86 72
357 56 27 396 60 90 435 89 72
358 29 0 397 53 66 436 86 72
359 18 18 398 70 48 437 87 72
360 25 11 399 77 93 438 88 72
361 28 24 400 79 67 439 88 71
362 34 53 401 46 65 440 87 72
363 65 83 402 69 98 441 85 71
364 80 44 403 80 97 442 88 72
365 77 46 404 74 97 443 88 72
366 76 50 405 75 98 444 84 72
367 45 52 406 56 61 445 83 73
368 61 98 407 42 0 446 77 73
369 61 69 408 36 32 447 74 73
370 63 49 409 34 43 448 76 72
371 32 0 410 68 83 449 46 77
372 10 8 411 102 48 450 78 62
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Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % s % % ] % %

451 79 35 490 81 56 529 64 10
452 82 38 491 75 53 530 63 14
453 81 41 492 60 45 531 70 37
454 79 37 493 50 37 532 76 45
455 78 35 494 66 41 533 78 18
456 18 38 495 51 61 534 76 51
457 18 46 496 68 47 535 75 33
458 15 49 497 29 42 536 81 17
459 13 50 498 24 73 537 76 45
460 19 58 499 64 71 538 76 30
461 19 71 500 90 71 539 80 14
462 83 44 501 100 61 540 71 18
463 83 48 502 94 73 541 71 14
464 40 48 503 84 73 542 71 11
465 81 75 504 79 73 543 65 2
466 15 72 505 75 72 544 31 26
467 89 67 506 78 73 545 24 72
468 93 60 507 80 73 546 64 70
469 89 73 508 81 73 547 77 62
470 86 73 509 81 73 548 80 68
471 81 73 510 83 73 549 83 53
472 18 73 511 85 73 550 83 50
473 18 73 512 84 73 551 83 50
474 16 73 513 85 73 552 85 43
475 19 73 514 86 73 553 86 45
476 82 73 515 85 73 554 89 35
477 86 73 516 85 73 555 82 61
478 88 72 517 85 72 556 87 50
479 92 71 518 85 73 557 85 55
480 97. 54 519 83 73 558 89 49
481 73 43 520 79 73 559 87 70
482 36 64 521 78 73 560 91 39
483 63 31 522 81 73 561 72 3
484 78 1 523 82 72 562 43 25
485 69 27 524 94 56 563 30 60
486 67 28 525 66 48 564 40 45
487 72 9 526 35 71 565 37 32
488 71 9 527 51 44 566 37 32
489 78 36 528 60 23 567 43 70
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Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % ] % % s % %
568 70 54 607 68 37 646 80 70
569 77 47 608 67 42 647 82 71
570 79 66 609 68 50 648 84 71
571 85 53 610 77 43 649 83 71
572 83 57 611 58 4 650 83 73
573 86 52 612 22 37 651 81 70
574 85 51 613 57 69 652 80 71
575 70 39 614 68 38 653 78 71
576 50 5 615 73 2 654 76 70
577 38 36 616 40 14 655 76 70
578 30 71 617 42 38 656 76 71
579 75 53 618 64 69 657 79 71
580 84 40 619 64 74 658 78 71
581 85 42 620 67 73 659 81 70
582 86 49 621 65 73 660 83 72
583 86 57 622 68 73 661 84 71
584 89 68 623 65 49 662 86 71
585 99 61 624 81 0 663 87 71
586 77 29 625 37 25 664 92 72
587 81 72 626 24 69 665 91 72
588 89 69 627 68 71 666 90 71
589 49 56 628 70 71 667 90 71
590 79 70 629 76 70 668 91 71
591 104 59 630 71 72 669 90 70
592 103 54 631 73 69 670 90 72
593 102 56 632 76 70 671 91 71
594 102 56 633 77 72 672 90 71
595 103 61 634 77 72 673 90 71
596 102 64 635 77 72 674 92 72
597 103 60 636 77 70 675 93 69
598 93 72 637 76 71 676 90 70
599 86 73 638 76 71 677 93 72
600 76 73 639 77 71 678 91 70
601 59 49 640 77 71 679 89 71
602 46 22 641 78 70 680 91 71
603 40 65 642 77 70 681 90 71
604 72 31 643 77 71 682 90 71
605 72 27 644 79 72 683 92 71
606 67 44 645 78 70 684 91 71
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Time Norm. Norm. Time Norm. Norm. Time Norm. Norm.
speed torque speed torque speed torque
s % % s % % ] % %
685 93 71 724 104 15 763 102 61
686 93 68 725 102 24 764 102 58
687 98 68 726 102 45 765 103 58
688 98 67 727 102 47 766 102 59
689 100 69 728 104 40 767 102 54
690 99 68 729 101 52 768 102 63
691 100 71 730 103 32 769 102 641
692 99 68 731 102 50 770 103 55
693 100 69 732 103 30 771 102 60
694 102 72 733 103 44 772 102 72
695 101 69 734 102 40 773 103 56
696 100 69 735 103 43 774 102 55
697 102 71 736 103 41 775 102 67
698 102 71 737 102 46 776 103 56
699 102 69 738 103 39 777 84 42
700 102 71 739 102 41 778 48 7
701 102 68 740 103 41 779 48 6
702 100 69 741 102 38 780 48 6
703 102 70 742 103 39 781 48 7
704 102 68 743 102 46 782 48 6
705 102 70 744 104 46 783 48 7
706 102 72 745 103 49 784 67 21
707 102 68 746 102 45 785 105 59
708 102 69 747 103 42 786 105 96
709 100 68 748 103 46 787 105 74
710 102 71 749 103 38 788 105 66
711 101 64 750 102 48 789 105 62
712 102 69 751 103 35 790 105 66
713 102 69 752 102 48 791 89 41
714 104 69 753 103 49 792 52 5
715 102 64 754 102 48 793 48 5
716 102 69 755 102 46 794 48 7
717 102 68 756 103 47 795 48 5
718 102 70 757 102 49 796 48 6
719 102 69 758 102 42 797 48 4
720 102 70 759 102 52 798 52 6
721 102 70 760 102 57 799 51 5
722 102 62 761 102 55 800 51 6
723 104 38 762 102 61 801 51 6
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