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A. Statement of technical rationale and justification

1. Technical and economic feasibility

1. The objective of this proposal is to extend the gldbahnical regulationgtr) No. 4
to the typeapproval for exhaust emissions from heay engines in hybrid vehicle
applications, and to further harmonize this gtr with gtr No.11.

2. Regulations governing the exhaust emissions from hdaty engines habeen in
existence for many years, but the introduction of hybrid powertrain technology requires
adaptation of the testing procedures to better reflect the hybrid engine load conditions. To
be able to correctly determine the impact of a hedwty hybrid vehicle on the
environment in terms of its exhaust pollutant emissions, a test procedure, and consequently
the gtr, needs to be adequately representative efiuwadd (hybrid) vehicle operation.

3. The proposed regulation is based on the Japdteshvareln the Loop Simulation
(HILS) method for heawguty hybrid vehicle certification and on the US procedure of
powertrain testing.The HILS procedure is documented the technical guideline
Kokujikan No.281. After thorough research and discussion, it vedected as basis for

the development ohnnex9 to this gtr. Annex 9 reflects thenhancement of the method to
allow the HILS procedure for hybrid engine emission certification and implementation in
UNECE legislation.The United States of America (USfjocedure is documented WS
Rule40 CFR § 1037.550, and was selected basis for the development 8fnnex 10 to

this gtr.

4, The test procedures reflect engine operation in heary hybrid vehicle operation

as closely as possible, and provide methods for measuring the emission performance of
hybrid engines. The HILS procedure for the first time introduces the concept of tibmula

into an emissions regulation. In summary, the procedures were developed so that they
would be:

(@) Representative of engine operation in a hedmty hybrid vehicle
application

(b) Corresponding to statsf-the-art testing, sampling and measurement
technology

(c)  Applicable in practice to existing and foreseeable future hybrid technologies
and

(d) Capable of providing a reliable ranking of exhaust emission levels from
different (hybrid) engine types

5. At this stage, the gtr is being presenteithout limit values.In this way, the test
procedure can be given a legal status, based on which the Contracting Parties are required
to start the process of implementing it into their national lake limit values shall be
developed by the Contractingiesin accordance wittheir own rules of procedure.

6. When implementing the test procedure contained in this gtr as part of their national
legislation or regulation, Contracting Parties are invited to use limit values which represent
at least the sanlevel of severity as their existing regulations, pending the development of
harmonized limit values by the Executive Committee (AC.3) under the 1998 Agreement
administered by the World Forum for Harmonization of Vehicle Regulations (WH.28).
performane levels (emissions test results) to be achieved in the gtr will, therefore, be
discussed on the basis of the most recently agreed legislation in the Contracting Parties, as
required by the 1998 Agreement.
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Anticipated benefits

7. To enable manufactureto develop new hybrid vehicle models more effectively and
within a shorter time, it is desirable that tto. 4 should be amended to cover the special
requirements for hybrid vehicles. These savings will accrue not only to the manufacturer,
but more impaantly, to the consumer as well.

8. However, amending a test procedure just to address the economic question does not
address the mandate given when work on this amendment was first started. The test
procedureshall also better reflect how heaxduty engnes are actually operated in hybrid
vehicles. Compared to the measurement methods defined in this gtr, the new testing
methods for hybrid vehicles are more representative-abadriving behaviour of heavy

duty hybrid vehicles.

Potential cost effectveness

9. Specific cost effectiveness values for this gtr have not been calculéiedlecision

by AC.3 move forward with this gtr without limit values is the key reason why this analysis
has not been completetihis common agreement has been made knothiaigspecific cost
effectiveness values are not immediately availalawever, it is fully expected that this
information will be developed, generally, in response to the adoption of this regulation in
national requirements and also in support of dewetpmarmonized limit values for the

next step in this g development-or example, each Contracting Party adopting this gtr
into its national law will be expected to determine the appropriate level of stringency
associated with using these new test pdures, with these new values being at least as
stringent as comparable existing requiremeilso, experience will be gained by the
heavyduty engine industry as to any costs and cost savings associated with using this test
procedureThe cost and emissis performance data can then be analyzed as part of the
next step in this gtr development to determine the cost effectiveness values of the test
procedures being adopted today along with the application of harmonized limit values in
the future.While thee are no values on calculated costs per ton, the belief of the GRPE
experts is that there are clear benefits associated with this regulation.
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B. Text of Regulation

1.

2.1

2.2,

3.1

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

Purpose

This regulation aims at providing a wonldde harmonized method for the
determination of the levels of pollutant emissions from engines used in heavy
vehiclesand heavy hybrid vehiclein a manner which is representative of
real world vehicle operatio.he results can be the basis for the regulation of
pollutant emissions with regional typeapproval and certification
procedures.

Scope

This regulation applies to the measurement of the emission of gaseous and
particulate pollutants from compressimmition engines and positivignition
engines fuelled with naturglas (NG) or liquefied petroleum gas (LPG), used

for propelling motor vehicles of categorieland 2, having a design speed
exceeding 25 km/h and having a maximum mass exceeding 3.5 tonnes.

This regulation also applies to the measurement of the iemie$ gaseous

and patrticulate pollutants from powertrains, used for propelling hybrid motor
vehicles of categories-2 and 2, having a design speed exceeding 25 km/h
and having a maximum mass exceeding 3.5 tonnes, being equipped with
compressiofignition engines or positivégnition engines fuelled with NG or
LPG. It does not apply to pleig hybrids.

Definitions, symbols and abbreviations

Definitions
For the purpose of this regulation,

"Cell* means a single encased electrochemical unit containing one positive
and one negative electrode which exhibits a voltage differential across its two
terminals.

"Continuous regeneratidnmeans the regeneration process of an exhaust
aftertreatment gstem that occurs either permanently or at least once per
WHTC hot start testSuch a regeneration process will not require a special
test procedure.

"Controller-in-the-loop simulatiofi means a HILS where the hardware is the
controller.

"C rate" or"n C' means the constant current of the tested device, which takes
1/n hours to charge or discharge the tested device between 0 per cent of the
state of charge and 100 per cent of the state of charge.

"Delay timé' means the difference in time between the change of the
component to be measured at the reference point and a system resddhse of
per cent of the final reading, ¢ with the sampling probe being defined as the
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3.1.6.

3.1.7.

3.1.8.

3.1.9.

3.1.10.

3.1.11.

3.1.12.

3.1.13.

3.1.14.

3.1.15.

3.1.16.

3.1.17.

3.1.18.

3.1.19.

3.1.20.

reference point-or the gaseous componeritsis is the transport time of the
measured component from the sampling probe to the detector.

"DeNQ, systeri means an exhaust afteeatment system designed to reduce
emissions of oxides of nitrogen (NO(e.g. passive and active lean NO
catalyss, NQ, adsorbers and selective catalytic reduction (SCR) systems).

"Depth of discharge means the discharge condition of a tested device as
opposite of SOC and is expressed as a percentage of its rated capacity.

"Dieselenginé means an engé which works on the compressimmition
principle.

"Drift" means the difference between the zero or span responses of the
measurement instrument after and before an emissions test.

"Drivetrain” means the connected elements of the powertrain downstream of
the final energy converter.

"Electric machin& means an energy converter transferring electric energy
into mechanical energy or vice versa for the purpose of vehicle propulsion.

"Electric RESSmeans an RESS storing electrical energy.

"Enclosuré means the part enclosing the internal units and providing
protection against direct contact from any direction of access.

"Energyconvertet means the part of the poweitraconverting one form of
energyinto a different ondor the primary purpose of vehicle propulsion

"Enginefamily' means a manufacturers grouping of engines which, through
their design as defined in paragrdpB. of this gtr, have similar exhaust
emission characteristics; all members of the family shall comply with the
applicable emission limit values.

"Energy storage systemmeans the part of the powertrain that can store
chemical, electrical or mechanical energgd that may also be able to
internally convert those energies without being directly used for vehicle
propulsion and which can be refilled or remtged externally and/or
internally.

"Engine systef means the engine, the emission control system and the
communication interface (hardware and messages) between the engine
system electronic control unit(s) (ECU) and any other powertrain or vehicle
control unit.

"Enginetype' means a category of engines which do not differ in essential
engine characteristics.

"Exhaust after-treatment systeinmeans a catalyst (oxidation orwAy),
particulate filter, deNOx system, combined deNOx patrticulate filter or any
other emissiofreducing device that is installed downstream of the engine.
This definition excludes exhaust gas recirculation (EGR), which is
considered an integral part of the engine.

"Full flow dilution methoti means the process of mixing the total exhaust
flow with diluent prior to separating a fraction of the diluted exhaust stream
for analysis.
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3.1.21. "Gaseous pollutantsmeans cdbon monoxide, hydrocarbons and/or non
methane hydrocarbons (assuming a ratio of CH1.85 for diesel, CH2.525 for
LPG and CH2.93 for NG, and an assumed molecule CH300.5 for ethanol
fuelled diesel engines), methane (assuming a ratio of CH4 for NG) and
oxidesof nitrogen (expressed in nitrogen dioxide (N@quivalent).

3.1.22. "Generatol' means an energy converter transferring mechanical energy into
electric energy.

3.1.23. "Hardwarein-thelloop simulation (HILS) means real time hybridehicle
simulation running on a computer where a hardware component interacts
with the simulation through an interface.

3.1.24. "High speed (p)" means the highest engine speed where 70 per cent of the
declared maximum power occurs.
3.1.25. "High voltagé means the classifation of an electric component or circuit, if .
its wor king vol tage i s > 60 V and O 150

O 1000 V AC root mean square (rms).

3.1.26. "High voltage busmeans the electrical circuit, including the coupling system
for charging the REES that operates on high voltage.

3.1.27. "Hybrid vehiclé means a vehicle with a powertrain containing at least two
different types of energy converters and two different types of energy storage
systems.

3.1.28. "Hybrid electric vehicle means a hybrid veHe with a powertrain

containing electric machine(s) as energy converter(s).
3.1.29. "Hydraulic RESSmeans an RESS storing hydraulic energy.

3.1.30. "Internal combustion engine (ICE)means an energy converter with
intermittent or continuous oxidation odmbustible fuel.

3.1.31. "Low speed(n,)" means the lowest engine speed where 55 per cent of the
declared maximum power occurs.

3.1.32. "Maximumpower (R,.0)" means the maximum power in kW as specified by
the manufacturer.

3.1.33. "Maximumtorque speetdmeans the engine speed at which the maximum
torque is obtained from the engine, as specified by the manufacturer.

3.1.34. "Mechanical RESSmeans an RESS storing mechanical energy.

3.1.35. "Normalizedtorque' means engine torque in per cent normalizedh®

maximum available torque at an engine speed.

3.1.36. "Operator deman! means an engine operadsolinput to control engine
output. The operator may be a person (i.e., manual), or a governor (i.e.,
automatic) that mechanically or electronically signadsrgut that demands
engine outputlnput may be from an accelerator pedal or signal, a throttle
control lever or signal, a fuel lever or signal, a speed lever or signal, or a
governorset pointor signal.

3.1.37 "Parallel hybrid' means a hybrid vehicle hich is not a series hybrid; it
includes powesplit and serieparallel hybrids.
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3.1.38

3.1.39

3.1.40

3.141

3.1.42

3.1.43

3.1.44

3.1.45

3.1.46

3.1.47

3.1.48

3.1.49

3.1.50

"Parentenginé means an engine selected from an engine family in such a
way that its emissions characteristics are representative for that engine
family.

"Particulateafter-treatment devicemeans an exhaust afteeatment system
designed to reduce emissions of particulate pollutants (PM) through a
mechanical, aerodynamic, diffusional or inertial separation.

"Partial flow dilution methoti means theprocess of separating a part from
the total exhaust flow, then mixing it with an appropriate amount of diluent
prior to the particulate sampling filter.

"Particulate matter (PM) means any material collected on a specified filter
medium after diluhg exhaust with a clean filtered diluent to a temperature
betweerB15K (42°C) and325K (52°C); this is primarily carbon,
condensed hydrocarbons, and sulphates with associated water.

"Periodic regeneratioil means the regeneration process okeahaust after
treatment system that occurs periodically in typically less than 10& ledu
normal engine operatioluring cycles where regeneration occurs, emission
standards may be exceeded.

"Pneumatic RESSneans an RESS storing pneumatic energ

"Powertrain’ means the combination of energy storage system(s), energy
converter(s) and drivetrain(§for the purpose of vehicle propulsigrand the
communication interface (hardware and messages) among the powertrain or
vehicle control units.

"Powertrairrin-the-loop simulatiofi means a HILS where the hardware is the
powertrain.

"Ramped steady state test cyaeeans a test cycle with a sequence of steady
state engine test modes with defined speed and torque criteria at each mod
and defined ramps between these modes (WHSC).

"Rated capacity means the electric charge capacity of a battery expressed in
Cn (Ah) specified by the manufacturer.

"Rated speedmeans the maximum full load speed allowed by the governor
asspecified by the manufacturer in his sales and service literature, or, if such
a governor is not present, the speed at which the maximum power is obtained
from the engine, as specifidty the manufacturer in his sales and service
literature.

"Rechageable energy storage system (RESB82ans a system that provides
energy (other than from fuel) for propulsion in its primary use. The RESS
may include subsystem(s) together with the necessary ancillary systems for
physical support, thermal managemenrgcabnic control and enclosures.

"Response timemeans the difference in time between the change of the
component to be measured at the reference point and a system response of 90
per cent of the final reading g} with the sampling probe beirtgfined as the
reference point, whereby the change of the measured component is at least 60
per cent full scale (FS) and takes placeesslthan 0.1 secon@ihe system
response time consists of the delay time to the system and of the rise time of
the sysem.
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3.1.51

3.1.52.

3.1.53

3.1.54
3.1.55

3.1.56

3.1.57

3.1.58

3.1.59

3.1.60

3.1.61

3.1.62

3.1.63

3.1.64

"Risetimé' means the difference in time between the 10 per cent and 90 per
cent response of the final reading (t t10).

"Series hybriti means a hybrid vehicle where the power delivered to the
driven wheels is provided solely by eggrconverters other than the internal
combustion engine

"Spanresponsé means the mean response to a span gas duBAg dme
interval.

"Specificemission’s means the mass emissions expressed in g/kwh.

"Sate of charge (SOC)means the available electrical charge in a tested
device expressed as a percentage of its rated capacity.

"Stop/start systethmeans automatic stop and start of the internal combustion
engine to reduce the amount of idling.

"Subsystethmears any functional assembly of RESS components.

"Test cyclé means a sequence of test points each with a defined speed and
torque to be followed by the engine under steady state (WHSC) or transient
operating conditions (WHTC).

"Tested devicemeans either the complete RESS or the subsystem of an
RESS that is subject to the test.

"Transformationtime' means the difference in time between the change of
the component to be measured at the reference point and a system response of
50 per cat of the final readingt50) with the sampling probe beingfthed

as the reference poinfThe transformation time is used for the signal
alignment of different measurement instruments.

"Transienttest cyclé means a test cycle with a sequence of normalized speed
and torque values that vary relatively quickly with time (WHTC).

"Usefullife" means the relevant period of distance and/or time over which
compliance with the relevant gaseous and partic@atission limits has to
be assured.

"Working voltagé means the highest value of an electrical circuit voltage
rootmeansquare (rms), specified by the manufacturer, which may occur
between any conductive part in open circuit conditions or undemaio
operating condition. If the electrical circuit is divided by galvanic isolation,
the working voltage is defined for each divided circuit, respectively.

"Zero responsé means the mean response to a zero gas dufdfg dime
interval.
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Figure 1
Definitions of system response
too
stelp input _ /:/f
e response time =i
z 54 transformation time o i
o :
§< delay time =;< rilse time =i Time
3.2. General symbols
Symbol Unit Term
a - Slope of the regression
N - y intercept of the regression
AlFg - Stoichiometric air to fuel ratio
Cgas ppm/Vol per cent  Concentration of the gaseous components
Cq ppm/Vol per cent Concentration on dry basis
Cw ppm/Vol per cent  Concentration on wet basis
Ch ppm/Vol per cent  Background concentration
Cyq - Discharge coefficient of SSV
CVvT - Continously Variable Transmission
d m Diameter
dy m Throat diameter of venturi
Do m/s PDP calibration intercept
D - Dilution factor
o S Time interval
€gas g/kWh Specific emission of gaseous components
€pm g/kWh Specific emission of particulates
e g/kWh Specific emission during regeneration
ew g/kWh Weighted specific emission
Eco> per cent CO, quench of NQanalyzer
Ee per cent Ethane efficiency
Ei20 per cent Water quench of NQanalyzer
Em per cent Methane efficiency
Enox per cent Efficiency of NQ, converter
f Hz Data sampling rate
fa - Laboratory atmospheric factor
F - Stoichiometric factor
H, o/kg Absolute humidity of the intake air
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Symbol Unit Term
Hg o/kg Absolute humidity of the diluent
i - Subscript denoting an instantaneous measurement.(dz).
IEC - Internal Combustion Engine
K. - Carbon specific factor
K o m*/kg fuel Combustion additional volume of dry exhaust
Ke w m/kg fuel Combustion additional volume of wet exhaust
knp - Humidity correction factor for NOfor Cl engines
knc - Humidity correction factor for NOfor Pl engines
K u - Upward regeneratioadjustment factor
K q - Downward regeneration adjustment factor
Kw.a - Dry to wet correction factor for the intake air
Kuv.d - Dry to wet correction factor for the diluent
Kue - Dry to wet correction factor for the diluted exhaust gas
Ko r - Dry to wet correction factor for the raw exhaust gas
Ky - CFV calibration function
& - Excess air ratio
m, mg Particulate sample mass of the diluent collected
my kg Mass of the diluent sample passed through the particulate
sampling filters
Meg kg Total diluted exhaust mass over the cycle
Megt kg Mass of equivalent diluted exhaust gas over the test cycle
Mey kg Total exhaust mass over the cycle
my mg Particulate sampling filter mass
Myas g Mass of gaseous emissions over the test cycle
m, mg Particulate sample mass collected
Mep g Mass of particulate emissions over the test cycle
Mee kg Exhaust sample mass over the test cycle
Mseq kg Mass of diluted exhaust gas passing the dilution tunnel
Msep kg Mass of diluted exhaust gas passingpheiculate collection
filters
Mssqg kg Mass of secondary diluent
Mg, g/mol Molar mass of the intake air
My g/mol Molar mass of the diluent
Me g/mol Molar mass of the exhaust
Mgas g/mol Molar mass of gaseous components
M Nm Torque
M¢ Nm Torqueabsorbed by auxiliaries/equipment to be fitted
M, Nm Torque absorbed by auxiliaries/equipment to be removed
n - Number of measurements
n, - Number of measurements with regeneration
n min™* Engine rotational speed
Ny min* High engine speed

10
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Symbol Unit Term
No min ™ Low engine speed
Npret min’t Preferred engine speed
Np r/'s PDP pump speed
Pa kPa Saturation vapour pressure of engine intake air
Po kPa Total atmospheric pressure
o kPa Saturation vapour pressure of the diluent
Po kPa Absolute pressure
pr kPa Water vapour pressure after cooling bath
Ps kPa Dry atmospheric pressure
P kw Power
P kw Power absorbed by auxiliaries/equipment to be fitted
P, kw Power absorbed by auxiliaries/equipment to be removed
Orad kals Intake air mass flow rate on dry basis
Omaw kg/s Intake air mass flow rate on wet basis
Omce kals Carbon mass flow rate in the raw exhaust gas
Ot ka/s Carbon mass flow rate into the engine
Omep kals Carbon mass flow rate in the partial flow dilution system
Ormdew kg/s Diluted exhaust gamass flow rate on wet basis
Omdw kals Diluent mass flow rate on wet basis
Omeaf kals Equivalent diluted exhaust gas mass flow rate on wet basis
Omew kals Exhaust gas mass flow rate on wet basis
Omex kg/s Sample mass flow rate extracted from dilutiannel
Ot kals Fuel mass flow rate
Omp kg/s Sample flow of exhaust gas into partial flow dilution system
Ovevs m3/s CVS volume rate
Ovs dm3/min System flow rate of exhaust analyzer system
Ot cm3/min Tracer gas flow rate
rq - Dilution ratio
o - Diameter ratio of SSV
rn - Hydrocarbon response factor of the FID
M - Methanol response factor of the FID
Mo - Pressure ratio of SSV
rs - Average sample ratio
r? - Coefficient of determination
r kg/m3 Density
e kg/m3 Exhaust gas density
S - Standard deviation
T K Absolute temperature
Ta K Absolute temperature of the intake air
t S Time
tio s Time between step input and 10 per cent of final reading
tso S Time between step input and 50 per cent of final reading

11
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Symbol Unit Term
too s Time between steimput and 90 per cent of final reading
u - Ratio between densities of gas component and exhaust gas
Vo m’/r PDP gas volume pumped per revolution
Vs dm3 System volume of exhaust analyzer bench
Wact kWh Actual cycle work of the test cycle
Wiet kWh Reference cycle work of the test cycle
Xo m3/r PDP calibration function
3.2.1 Symbols of Annexes 9 and 10
Symbol Unit Term
A B, C - chassis dynamometer polynomial coefficients
Atront m? vehicle frontal area
ASGy - automatic start gear detection flag
c - tuning constant for hyperbolic function
C F capacitance
CAP Ah battery coulomb capacity
Ceap F rated capacitance of capacitor
Crag - vehicle air drag coefficient
Dpm m? hydraulic pump/motor displacement
Dtsyncinagi S clutch synchronization indication
DyNGneasur - chassis dynamometer A, B, C measured parameters
Dyn%jsemng - chassis dynamometer A, B, C parameter setting
Dynaarget - chassis dynamometer A, B, C target parameters
e Vv battery opertircuit voltage
Efywheel J flywheel kinetic energy
famp - torque converter mapped torque amplification
foump Nm torque converter mapped pump torque
Froadioad N chassis dynamometer road load
fron - tyre rolling resistance coefficient
g m/s gravitational coefficient
i aux A electric auxiliary current
fem A electric machine current
J kgnt rotating inertia
Jaux kgm2 mechanical auxiliary load inertia
Joa! Juiz kgn? clutch rotationalnertias
Jem kgnt electric machine rotational inertia
Jig kgn? final gear rotational inertia
Jnywheel kgnt flywheel inertia
Jgear kgn? transmission gear rotational inertia
B! kgnt torque converter pump / turbine rotational inertia

12
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Symbol Unit Term
Jom kgnt hydraulic pump/motor rotational inertia
Jpowertrain kgnt total powertrain rotational inertia
Jretarder kgm? retarder rotational inertia
Jspur kgnt spur gear rotational inertia
Jiot kgrn2 total vehicle powertrain inertia
Juheel kgnt wheel rotationainertia
Kk - ProportionallntegralDerivative(PID) antrwindup parameter
Kp, K|, Kp - PID controller parameters
Maero Nm aerodynamic drag torque
Mg Nm clutch torque
M1 maxtorqu Nm maximum clutch torque
Mzw Nm CVT torque
Marive Nm drivetorque
Mem Nm electric machine torque
Miywheel los w flywheel torque loss
M:ra\, Nm gravitational torque
Mice Nm engine torque
Mmech.aux Nm mechanical auxiliary load torque
Mmech_brake Nm mechanical friction brake torque
Mp / My Nm torqueconverter pump / turbine torque
Mopm Nm hydraulic pump/motor torque
Metarder Nm retarder torque
Mol Nm rolling resistance torque
Mstart Nm ICE starter motor torque
Mic,oss Nm torque converter torque loss during legi
Myehicle kg vehicle testmass
Myehicle,0 kg vehicle curb mass
Nact min™ actual engine speed
Ninal min’t final speed at end of test
Ninit min™ initial speed at start of test
ns/ N, - number of series / parallel cells
P kw (hybrid system) rated power
Pacc Pa hydraulic accumulator pressure
pedalcceler - accelerator pedal position
ator
pedaaxe - brake pedal position
pedalycn - clutch pedal position
pedajmi - clutch pedal threshold
Pelaux kW electric auxiliary power
Petem kwW electric machinelectrical power
Pem kW electric machine mechanical power

13
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Symbol Unit Term
Pgas Pa accumulator gas pressure
Pice,loss w ICE power loss
Ploss,bat W battery power loss
Ploss,em kw electric machine power loss
Prmech aux kw mechanical auxiliary load power
Prated kw (hybrid system) rated power
Pres Pa hydraulic accumulator sump pressure
Qpm m/s hydraulic pump/motor volumetric flow
Roat th K/W battery thermal resistance
revT - CVT ratio
Rem.th K/W thermal resistance for electric machine
lg - final gearratio
I gear - transmission gear ratio
R q capacitor internal resistance
Ro, R q battery internal resistance
I'spur - spur gear ratio
lwheel m wheel radius
SGyg - skip gear flag
SliPimit rad/s clutch speed threshold
SOC - stateof-charge
TacNac) Nm actual engine torque at actual engine speed
That K battery temperature
That,cool K battery coolant temperature
Teapacitor K capacitor temperature
Teluten s clutch time
Tem K electric machine temperature
Tem,cool K electric machineoolant temperature
Tice,oi K ICE oil temperature
Tmax(Nac) Nm maximum engine torque at actual engine speed
Thorm - normalized duty cycle torque value
Tstartgear s gear shift time prior to driveaway
u \% voltage
Uc V capacitor voltage
U - clutch pedal actuation
Usinal \ final voltage at end of test
Uin / Uoyt V input / output voltage
Uinit \% initial voltage at start of test
Ureq \% requested voltage
Ve min/max \Y, capacitor minimum / maximum voltage
Vgas m° accumulator gas volume
Vinax km/h maximum vehicle speed

14
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Symbol Unit Term
Vrominal \ rated nominal voltage for REESS
Vyehicle m/s vehicle speed
Wit kWh actual engine work
Wice HiLs kWh engine work in the HILS simulated run
Wice test kWh engine work in chassis dynamometer test
Ways kWh hybrid system work
Wsys_HiLs kWh hybrid system work in the HILS simulated run
Ways test kWh hybrid system work in powertrain test
X - control signal
Xocbe - DC/DC converter control signal
Uoad rad road gradient
b - adiabatic index
A h Ah net change of REESS coulombic charge
mpE kWh net energy change of RESS
P RuLs kWh net energy change of RESS in HILS simulated running
P Rest kWh net energy change of RESS in test
devr - CVT efficiency
docoe - DC/DC converter efficiency
Oem - electric machine efficiency
dyg - final gear efficiency
Jgear - transmission gear efficiency
Uom - hydraulic pump/motor mechanical efficiency
Ospur - spur gear efficiency
Gypm - hydraulic pump/motor volumetric efficiency
Ja kg/m® air density
g - first order time response constant
Watheat JIK battery thermal capacity
Wiose S clutch closing time constant
l;]ri\,eaway S clutch closing time constant for driveaway
W heat J/IK thermal capacity for electric machine mass
Qpen S clutch opening time constant
¥ rad/s shaft rotational speed
Yol ¥y rad/s torque converter pump / turbine speed
@ rad/$ rotational acceleration
3.3. Symbols and abbreviations for the fuel composition
Wap hydrogen content of fuel, per cent mass
WgeT carbon content of fuel, per cent mass
WGAM sulphur content of fuel, per cent mass
WpEL nitrogen content of fuel, per cent mass
Weps oxygen content of fuel, per cent mass

15



ECE/TRANS/WP.29/2014/84

a molar hydrogen ratio (H/C)
o} molar sulphur ratio (S/C)
d molar nitrogerratio (N/C)
e molar oxygen ratio (O/C)

referring to a fuel CHON,S,

3.4. Symbols and abbreviations for the chemical components
C1 Carbon 1 equivalent hydrocarbon
CH, Methane
C,He Ethane
CsHs Propane
Cco Carbon monoxide
CO, Carbon dioxide
DOP Di-octylphtalate
HC Hydrocarbons
H,O Water
NMHC Non-methane hydrocarbons
NOy Oxides of nitrogen
NO Nitric oxide
NO, Nitrogen dioxide
PM Particulate matter

3.5. Abbreviations
CRV Critical Flow Venturi
CLD Chemiluminescent Detector
CvVs Constantvolume Sampling
deNQ, NO, aftertreatment system
EGR Exhaust gas recirculation
FID Flame lonization Detector
GC Gas Chromatograph
HCLD Heated Chemiluminescent Detector
HEC Hybrid engine cycle
HFID Heated Flame lonization Detector
HILS Hardwarein-the-loop simulation
HPC Hybrid powertrain cycle
LPG Liquefied Petroleum Gas
NDIR Non-Dispersive Infrared (Analyzer)
NG Natural Gas
NMC Non-Methane Cutter
PDP Positive Displacement Pump
Per cent FS Per cent of full scale
PFS PartialFlow System

16
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RESS
REESS
RHESS
RMESS
RPESS
SSV
VGT
WHSC
WHTC
WHVC

5.1.
51.1.

5.1.2.

5.1.2.1.

Rechargeable Energy Storage System
Electrical RESS

Hydraulic RESS

Mechanical RESS

Pneumatic RESS

Subsonic Venturi

Variable Geometry Turbine

World harmonized steady state cycle
World harmonized transient cycle
World harmonized vehicle cycle

General requirements

The engine system shall be so designed, constructed and assembled as to
enable the engine in normal use to comply with the provisions of this gtr
during its usefullife, as defined by the Contracting Party, including when
installed in the vehicle.

Performance requirements

When implementing the test procedure contained in this gtr as part of their
national legislation, Contracting Parties to the 1998 Agreensst
encouraged to use limit values which represent at least the same level of
severity as their existing regulations; pending the development of harmonized
limit values, by the Executive Committee (AC.3) of 1898 Agreement, for
inclusion in the gtr a& later date.

Emission of gaseous and particulate pollutants
Internal combustion engine

The emissions of gaseous and particulate pollutants by the engine shall be
determined on the WHTC and WHSC test cycles, as described in
paragrapty. This paragraph also applies to vehicles with integrated
starter/generator systems where the generator is not used for propelling the
vehicle, for example stop/start systems.

Hybrid powertrain

The emissions of gaseous and particulate pollutants by thalhowertrain
shall be determined on the duty cycles derived in accordance with Annex 9
for the HEC or Annex 10 for the HPC.

Hybrid powertrains may be tested in accordance with paragraph 5.1.1., if the
ratio between the propelling power of the electmotor, as measured in
accordance with paragraph A.9.8.4. at speeds above idle speed, and the rated
power of the engine is less than or equal to 5 per cent.

The Contracting Parties may decide to not make paragraph 5.1.2. and the
related provisionsfor hybrid vehicles, specifically Annexes 9 and 10,
compulsory in their regional transposition of this gtr and may choose to
transpose HILS and/or Powertrain testing.

17
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5.1.3.

514

5.2

5.2.1.

5.2.2.

In such case, the internal combustion engine used in the hybrid powertrain
shall meet th applicable requirements of paragraph 5.1.1.

Measurement system

The measurement systems shall meet the linearity requirements in
paragrapt®.2. and the specifications in paragraph 9.3. (gaseous emissions
measurement), paragrapht. (particulate masurement) and in Annéx

Other systems or analyzers may be approved by the type approval or
certification authority, if it is found that they yield equivalent results in
accordance with pagaaph5.1.4

Equivalency

The determination of systeequivalency shall be based on a sesample
pair (or larger) correlation study between the system under consideration and
one of the systems of this gtr.

"Result§ refer to the specific cycle weighted emissions value. The
correlation testing is to be germed at the same laboratory, test cell, and on
the same engine, and is preferred to be run concurrdiitéyequivalency of

the sample pair averages shall be determined-tegtFand test statistics as
described in AnneA, paragrapih\.4.3., obtained mder the laboratory test

cell and the engine conditions described ab@utliers shall be determined

in accordance with ISG725 and excluded from the databalRee systems to

be used for correlation testing shall be subject to the approval by the type
approval or certification authority.

Engine family
General

An engine family is characterized by design parameténgse shall be
common to all engines within the familjflhe engine manufacturer may
decide which engines belong to an engine family, as long as the membership
criteria listed in paragraph.2.3. are respected@he engine family shall be
approved by the type approval or certification authoritie manufacturer

shall provide to the type approval or certification authority the appropriate
information relating to the emission levels of the members of the engine
family.

Special cases

In some cases there may be interaction between paranietéssshall be
taken into consideration to ensure that only engines with similar exhaust
emission characteristics are included within the same engine farhigse
cases shall be identified by the manufacturer and notified to the type approval
or certification authoritylt shall then be taken into account as a criterion for
creating a new engine family.

In case of devices or features, which are not listed in paragtagh and
which have a strong influence on the level of emissions, this equipment shall
be identified bythe manufacturer on the basis of good engineering practice,
and shall be notified to the type approval or certification authdtitghall

then be taken into account as a criterion for creating a new engine family.

In addition to the parameters listadparagraptb.2.3., the manufacturer may
introduce additional criteria allowing the definition of families of more
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restricted sizeThese parameters are not necessarily parameters that have an
influence on the level of emissions.

5.2.3. Parameters defininidpe engine family
5.2.3.1. Combustion cycle

(@) 2-stroke cycle

(b)  4-stroke cycle

(c) Rotary engine

(d) Others
5.2.3.2. Configuration of the cylinders
5.2.3.2.1.  Position of the cylinders in the block
@ Vv
(b) Inline
(¢) Radial

(d)  Others (F, Wetc.)
5.2.3.2.2. Relative position of the cylinders

Engines with the same block may belong to the same family as long as their
bore centeto-center dimensions are the same.

5.2.3.3. Main cooling medium
(a) Air
(b) Water
(¢ Ol
5.2.3.4. Individual cylinder displacement

5.2.3.4.1.  Engine with aunit cylinder displacemer@® 0.75dms3

In order for engines with anit cylinder displacement dd 0.75dm? to be
considered to belong to the same engine family, the spread of their individual
cylinder dispacements shall not exceed 15 per cent of the largest individual
cylinder displacement within the family.

5.2.3.4.2. Engine with a unit cylinder displacement < 0.75 dm3

In order for engines with anit cylinder displacement of 0.75dm3 to be
consideredd belong to the same engine family, the spread of their individual
cylinder displacements shall not exceed 30 per cent of the largest individual
cylinder displacement within the family.

5.2.3.4.3.  Engine with other unit cylinder displacement limits

Engines with an individual cylinder displacement that exceeds the limits
defined in paragrapis2.3.4.1. an®.2.3.4.2. may be considered to belong to
the same family with the approval of the type appfoor certification
authority. The approval shall be based technical elements (calculations,
simulations, experimental results etc.) showing that exceeding the limits does
not have a significant influence on the exhaust emissions.
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5.2.3.5.

5.2.3.6.

5.2.3.7.

5.2.3.8.

5.2.3.9.

5.2.3.10.

5.2.3.11.

Method of air aspiration

(@) Naturallyaspirated

(b)  Pressureharged

(c) Pressureharged with charge cooler

Fuel type

(@) Diesel

(b)  Natural gas (NG)

(c) Liquefied petroleum gas (LPG)

(d)  Ethanol

Combustion chamber type

(@) Open chamber

(b)  Divided chamber

(c)  Other types

Ignition Type

(a) Positive ignition

(b)  Compression ignition

Valves and porting

(@) Configuration

(b)  Number of valves per cylinder

Fuel supply type

(@)  Liquid fuel supply type
0] Pump and (high pressure) line and injector
(i) In-line ordistributor pump
(iii)  Unit pump or unit injector
(iv)  Common rail
(v)  Carburettor(s)
(vi)  Others

(b)  Gas fuel supply type

0] Gaseous

(i)  Liquid
(i) Mixing units
(iv)  Others

(c)  Other types
Miscellaneous devices
(a) Exhaust gas recirculation (EGR)

(b)  Water injection
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5.2.3.12.

5.2.3.13.

(c)  Airinjection
(d) Others
Electronic control strategy

The presence or absence of an electronic control unit (ECU) on the engine is
regarded as a basic parameter of the family.

In the case of electronically controlled engines, the manufacturer shall
present the technical elements explaining the grouping of these engines in the
same family, i.e. the reasons why these engines can be expected to satisfy the
same emission requirements.

These elements can be calculations, simulations, estimations, description of
injection parameters, experimental results, etc.

Examples of controlled features are:
(@) Timing

(b)  Injection pressure

(c)  Multiple injections

(d) Boost pressure

(e) VGT

() EGR

Exhaust aftetreatment systems

The function and combination of the following devices are regarded as
membership criteria for an engine family:

(a) Oxidation catalyst
(b)  Threeway catalyst

(c) DeNQ, system with selective reduction of NCaddition of reducing
agent)

(d)  Other DeNQ systems

(e) Particulate trap with passive regeneration
)] Particulate trap with active regeneration
(g)  Other particulate traps

(h)  Other devices

When an engine has been certified without afteatmen system, whether as
parent engine or as member of the family, then this engine, when equipped
with an oxidation catalyst, may be included in the same engine family, if it
does not require different fuel characteristics.

If it requires specific fuel chacteristics (e.g. particulate traps requiring
special additives in the fuel to ensure the regeneration process), the decision
to include it in the same family shall be based on technical elepentisied

by the manufacturefhese elements shall indicatet the expected emission
level of the equipped engine complies with the same limit value as the non
equipped engine.
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5.2.4.

5.24.1.

5.24.2.

5.24.3.

5.3.
5.3.1.

When an engine has been certified with afteatment system, whether as
parent engine or as member of a family, whose parent engieguipped
with the same aftetreatment system, then this engine, when equipped
without aftertreatment system, shall not be added to the same engine family.

Choice of the parent engine
Compression ignition engines

Once the engine family has been agreed by the type approval or certification
authority, the parent engine of the family shall be selected using the primary
criterion of the highest fuel delivery per stroke at ttexlared maximum
torque speedin the eventthat two or more engines share this primary
criterion, the parent engine shall be selected using the secondary criterion of
highest fuel delivery per stroke at rated speed.

Positive ignition engines

Once the engine family has been agreed byiythe approval or certification
authority, the parent engine of the family shall be selected using the primary
criterion of thelargest displacemenin the event that two or more engines
share this primary criterion, the parent engine shall be selected tis
secondary criterion in the following order of priority:

(@) The highest fuel delivery per stroke at the speed of declared rated
power;

(b)  The most advanced spark timing;
(c) Thelowest EGR rate.
Remarks on the choice of the parent eagin

The type approval or certification authority may conclude that the wass
emission of the family can best be characteriisd testing additional
engines.In this case, the engine manufacturer shall submit the appropriate
information to determine thengines within the family likely to have the
highest emissions level.

If engines within the family incorporate other features which may be
considered to affect exhaust emissions, these features shall also be identified
and taken into account in the selen of the parent engine.

If engines within the family meet the same emission values over different
useful life periods, this shall be taken into account in the selection of the
parent engine.

Hybrid powertrain family

The general hybrid powain family is characterized by design parameters and
by the interactions between the desigrapaeters. The design parametshsl|

be common to all hybrid powertrains within the family. The manufacturer may
decide, which hybrid powertrain belongs to the family, as long as the
membership criteria listed irparagraph5.3.3. are respected. The hybrid
powertrain family shall be appved by the type approval or certification
authority. The manufacturer shall provide to the type approval or certification
authority all appropriate information relating to the emission levels of the
members of the hybrid powertrain family.
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5.3.2.

5.3.21.

5.3.3.

5.3.3.1.

5.3.32.

5.3.3.3.

Specialrequirements

For a hybrid powertrain, interaction between design parameters shall be
identified by the manufacturer in order to ensure that only hybrid powertrains
with similar exhaust emission characteristics are included within the same
hybrid powertran family. These interactions shall be notified to the type
approval or certification authority, and shall be taken into account as an
additional criterion beyond the parameters listed in paragraph 5.3.3. for
creating the hybrid powertrain family.

The indvidual test cycles HEC and HPC depend on the configuration of the
hybrid powertrain. In order to determine if a hybrid powertrain belongs to the
same family, or if a new hybrid powertrain configuration is to be added to an
existing family, the manufactureshall simulate a HILS test or run a
powertrain test with this powertrain configuration and record the resulting
duty cycle.

The duty cycle torque values shall be normalized as follows:

~ o )
Where:

Thorm are the normalized duty cycle torque values

Nact is the actual engine speed, fhin

Tact(nact) is the actual engine torque at actual engine speed, Nm
Trmax(nact) is the maximum engine torque at actual engine speed, Nm

The normalized duty cycle ah be evaluated against the normalized duty
cycle of the parent hybrid powertrain by means of a linear regression
analysis. This analysis shall be performed at 1 Hz or greater. A hybrid
powertrain shall be deemed to twed to the same family, if theriteria of
Table 2 in paragraph 7.8.8. are met.

In addition to the parameters listed in paragraph 5.3.3., the manufacturer may
introduce additional criteria allowing the definition of families of more
restricted size. These parameters are not nedggsarameters that have an
influence on the level of emissions.

Parameters defining the hybrid powertrain family
Hybrid topology (architecture)

(@) Parallel

(b)  Series

Internal combustion engine

The engine family criteria ofgragraph 5.2 shall be met when selecting the
engine for the hybrid powertrain family.

Energy converter
(@) Electric

(b)  Hydraulic
(c) Other
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5.3.3.4.

5.3.3.5.

5.3.3.6.

5.3.4.

6.1.

RESS

(@) Electric

(b)  Hydraulic
(c) Flywheel
(c) Other
Transmission

(@ Manual

(b)  Automatic
(c) Dual clutch
(d)  Other
Hybrid control strategy

The hybrid control strategy is a key parameter of the hybrid powertrain
family. The manufacturer shall present the technical elements of the hybrid
control strategy explaining thgrouping of hybrid powertrains in the same
family, i.e. the reasons why these powertrains can be expected to satisfy the
same emission requirements.

These elements can be calculations, simulations, estimations, description of
the hybrid ECU, experimentadsults, etc.

Examples of controlled features are:
(@) Engine emission strategy

(b) Power management

(c) Energy management

Choice of the parent hybrid powertrain

Once the powertrain family has been agreed by the type approval or
certification authority, the parent hybrid powertrain of the family shall be
selected using the internal combustion engine with the highest power.

In case the engine with the highest power is used in multiple hybrid
powertrains, the parent hybrid powertrain shall kehfbrid powertrain with

the highest ratio of internal combustion engine to hybrid system work
determined by HILS simulation or powertrain test.

Test conditions

The general test conditions laid down in this paragraph shall apply to testing
of the irternal combustion engine (WHTC, WHSC, HEC) and of the
powertrain (HPC) as specified in Annex 10.

Laboratory test conditions

The absolute temperature JTof the engine intake air expressed in Kelvin,
and the dry atmospheric pressurg),(expressed in kPa shall be measured
and the parameter fa shall be determiire@ccordance wittthe following
provisions. In multi-cylinder engines having distinct groups of intake
manifolds, such as in‘&/e€' engine configuration, the average tempeaetu
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6.2.

6.3.

6.3.1.

of the distinct groups shall be takérhe parameter fa shall lweported with
the test resultdror better repeatability and reproducibility of the test results,
it is recommended that the parameter fa be suchGteg: ¢ fa ¢ 1.07.
Contracting Rrties can make the parameter fa compulsory.

(@) Compressiofignition engines:

Naturally aspirated and mechanically supercharged engines:

2 X o 0.7
4990 aT, 0
f :£03 a 8
a 0 %
éaps+ ¢ 98~ (2)
Turbocharged engines with or without cooling of the intake air:
° 0.7 1.5
fa = %8 3 aTa 8
0 C
éap5+ ¢ 98 (3
(b)  Positive ignition engines:
) 961'2 AT 0.6
fa = aeg_g 3 alad 4
éaps* G 98+

Engines with charge atooling

The charge air temperature shall be recorded and shall be, at the rated speed
and full load, within°5 K of the maximum charge air temperatsgecified

by the manufacturerThe temperature of the cooling mediwhall be at
least293K (20 °C).

If a test laboratory system or external blower is used, the coolant flow rate
shall be set to achieve a charge air temperature withia of the maximum
charge air temperature specified by the manufacturtheatated geed and

full load. Coolant temperature and coolant flow rate of the charge air cooler
at the above set point shall not be changed for the whole test cycle, unless
this results in unrepresentatiegercooling of the charge aifhe charge air
cooler volumeshall be based upon good engineering practice and shall be
representative of the production engingruse installationThe laboratory
system shall be designed to minbmi accumulation of condensat&ny
accumulated condensate shall be drained andraithgishall be completely
closed before emission testing.

If the engine manufacturer specifies pressin@p limits across the chargér
cooling system, it shall be ensured that the pressure drop across theatharge
cooling system at engine conditioggecified by the manufacturer is within

the manufacturé& specified limit(s)The pressure drop shall be measured at
the manufacturées specified locations.

Engine power

The basis of specific emissions measurement is engine power and cycle work
as cetermined in accordance with paragraphs 6.3.1. to 6.3.5.

For a hybrid powertrain, the basis of specific emissions measurement is
system power and cycle work as determineddooedance with paragraph
A.9.2.62. or paragraph A.10.7., respectively.

General engine installation

The engine shall be tested with the auxiliaries/equipment listed in Ahinex
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6.3.2.

6.3.3.

6.3.4.

6.3.5.

6.4.

If auxiliaries/equipment are not installed as required, their power shall be
taken into account in accordance with paragraphs 6.3.2. to 6.3.5.

Auxiliaries/equipment to be fitted for the emissions test

If it is inappropriate to install the auxiliaries/equipment required
accordance witlAnnex7 on the test bench, the power absorbed by them shall
be determined and subtracted from the measurgiuhe power (reference and
actual) over the whole engine speed range of the WHTC and over the test
speeds of the WHSC.

Auxiliaries/equipment to be removed for the test

Where the auxiliaries/equipment not requiiadaccordance wittAnnex 7
cannot l# removed, the power absorbed by them may be determined and
added to the measured engine power (reference and actual) over the whole
engine speed range of the WHTC and over the test speeds of the WHSC.
this value is greater than 3 per cent of the marinpower at the test speed it
shall be demonstrated to the type approval or certification authority.

Determination of auxiliary power

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

if:

(a) Auxiliaries/equipment requireth accordance witthnnex 7, are not
fitted to the engine; and/or

(b)  Auxiliaries/equipment not requireid accordance wittAnnex 7, are
fitted to the engine.

The values of auxiliary power and the measurement/calculation method for
determining auxiliary peer shall be submitted by the engine manufacturer
for the whole operating area of the test cycles, and approved by the
certification or type approval authority.

Engine cycle work

The calculation of reference and actual cycle work (see paragrafids 7.
and7.8.6.) shall be based upon engine poimeaccordance witlparagraph
6.3.1.In this caseP; andP, of equation Zare zero, an® equalsP,.

If auxiliaries/equipment are installeéd accordance witlparagraphs 6.3.2.
and/or6.3.3., the power absbed by them shall be used to correct each
instantaneous cycle power valdg;, as follows:

R=R,- R *+hR, (5)
Where

Pm; is the measured engine power, kW

Pri  is the power absorbed by auxiliaries/equipment to be fitted, kW
P.;  is the power absorbed lyxiliaries/equipment to be removed, kW

Engine air intake system

An engine air intake system or a test laboratory system shall be used
presenting an air intake restriction witfiB0O0Pa of the maximum value
specified by the manufacturer for a clegn cleaner at the rated speed and
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6.5.

6.6.

6.6.1.

full load. The static differential pressure of the restriction shall be measured
at the location specified by the manufacturer.

Engine exhaust system

An engine exhaust system or a test laboratory system shall th@nesenting
an exhaust backpressure witid to 100 per cent of the maximum value
specified by the manufacturer at the rated speed and full lbathe
maximum restriction i kPa or less, the set point shall be no liss 1.0
kPa from the maximum.The exhaust system shall conform to the
requirements for exhaust gas sampling, as set out in para@&phs.
and9.3.11.

Engine with exhaust aftéareatment system

If the engine is equipped with an exhaust afteatment system, the exhaust
pipe $all have the same diameter as founeuse, or as specified by the
manufacturer, for at least four pipe diameters upstream of the expansion section
containng the afteitreatment deviceThe distance from the exhaust manifold
flange or turbocharger outled the exhaust aftdreatment system shall be the
same as in the vehicle configuration or within the distancefgagitins of the
manufacturerThe exhaust backpressure or restriction shall follow the same
criteria as abox, and may be set with a valvEor variablerestriction
aftertreatment devices, the maximum exhaust restriction is defined at the
aftertreatment condition (degreening/aging and regeneration/loading level)
specified by the manufacturdf.the maximum restriction iS kPa or less, the

set point shall be no letisan1.0kPa from the maximunilhe aftertreatment
container may be removed during dummy tests and during engine mapping,
and replaced with an equivalent container having an inactive catalyst support.

The emissions measured omettest cycle shall be representativie the
emissions in the fieldn the case of an engine equipped with a exhaust after
treatment system that requires the consumption of a reagent, the reagent used
for all tests shall be declared by the manufacturer.

For engines equipped with exhaust afteatment systems that are
regenerated on a periodic basis, as described in para@@@h emission
results shall be adjusted tocmunt for regeneration events. this case, the
average emission depends on ttegjfiency of the regeneration event in terms
of fraction of tests during which the regeneration occurs.

After-treatment systems with continuous regeneratioraccordance with
paragrapt6.6.1. do not require a special test procedure.

Continuous regeeration

For an exhaust aftdreatment system based on a continuous regeneration
process the emissions shall be measured on artEement system that has
been stabilized so as to result in repeatable emissions behaviour.

The regeneration process shall occur at least once dhenglevant hot start
duty cycle (WHTC for conventional engines, HEC or HPC for hybrid
powertrains)and the manufacturer shall declare the normal conditions under
which regeneration occurs (sootath temperature, exhaust bgmessure,
etc.).

In order to demonstrate that the regeneration process is continuous, at least
three hot art tests shall be conductdebr the purpose of this demonstration,
the engine shall be warmed up in accordance wdhagraptv.4.1., the
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6.6.2.

engine be soakemh accordance witlparagrapty.6.3. and th first hot start
test be runThe subsequent hot start tests shall be started after saaking
accordance witlparagrapty.6.3.During the tests, exhaust temperatures and
pressures shall be recorded (temperature before and after thresdterent
system, exhaust back pressure, etc.).

The aftertreatment system is considered to be of the continuous regeneration
type if the conditions declared by the manufacturer occur giute test
during a sufficient time and the emission resulb not scatter by more than
+25 per cenfor the gaseous components and by not more than +25 per cent
or 0.005 g/kWh, whichever is greater, for PM

If the exhaust aftetreatment system has acséty mode that shifts to a
periodic regeneration mode, it shall be checked accordance with
paragraplt6.6.2.For that specific case, the applicable emission limits may be
exceeded and would not be weighted.

Periodic regeneration

For an exhaustftertreatment based on a periodic regeneration process, the
emissions shall be measured on at least three hot start tests, one with and two
without a regeneration event on a stabilized dfiestment system, and the
results be weigled in accordance witequation 6

The regeneration process shall occur at least once during the hot start test.
The engine may be equipped with a switch capable of preventing or
permitting the regeneration process provided this operation has no effect on
the original enginealibration.

The manufacturer shall declare the normal parameter conditions under which
the regeneration process occurs (soot load, temperature, exhaust back
pressure, etc.) and its duratiomfhe manufacturer shall also provide the
frequency of the regeration event in terms of number of tests during which
the regeneration occurs compared to number of tests without regeneration.
The exact procedure to determine this frequency shall be based upon in use
data using good engineering judgement, and shallgoeed by the type
approval or certification authority.

The manufacturer shall provide an afteratment system that has been
loaded in order to achieve regeneration duanigot start testRegeneration
shall not occur during this engho®nditioning phae.

For the purpose of this testing, the engine shall be warmed up in accordance
with paragrapt¥.4.1., the engine be soaketh accordance with
paragrapty.6.3. and the hot start test be started.

Average brake specific emissions between regenerationephsiwall be
determined from the arithmetic mean of several approximately equidistant
hot start test results (g/kWhAs a minimum, at least one hot start test as
close as possible prior to a regeneration test and one hot start test
immediately after a regeration test shall be conductes an alternative,

the manufacturer may provide data to show that the emissions remain
constant {25 per cenfor the gaseous components and 25 per cent or 0.005
g/kWh, whichever is greater, for PMvetween regeneratiorhgses.In this

case, the emissions of only one hot start test may be used.
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During the regeneration test, all the data needed to detect regeneration shall
be recorded (CO or NCemissions, temperature before and after the -after
treatment system, exhaust back pressure, etc.).

During the regeneration test, the applicable emission limits may be exceeded.
The test procedure is schematically showhRigure 2.

Figure 2
Scheme ofperiodic regeneration
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The hot start emissions shall be weighted as follows:

n3e+n 3
S S ®)
Where
n is the number of hot start tests without regeneration,
n is the number of hot start tests with regeneration (minimum one test),
é is the average specifemission without regeneration, g/kwh,

€ is the average specific emission with regeneration, g/kwWh.

For the determination ogr the following provisions apply:

(@) If regeneration takes more than one hot start test, consecutive full hot
starttests shalbe conducted and emissions continued to be measured
without soaking and without shutting the engine off, until regeneration
is completed, and the average of the hot start tests be calculated.

(b)  If regeneration is completed during any hot start testtelst shall be
continued over its entire length.
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In agreement with the type approval or certification authority, the
regeneration adjustment factors may be applied either multiplicative
(c) or additive (d) based upon good engineering analysis.

(c) Themultiplicative adjustment factors shall be calculated as follows:
_&
u —z (upward) (7)

r,

Kg= % (downward) (8)

(d)  The additive adjustment factors shall be calculated as follows:
kiu= €&y - € (upward) 9)

k.4 = ey - & (downward) (10

With reference to th specific emission calculations in
paragraplt8.6.3., the regeneration adjustment factors shall be applied,
as follows:

(e) For a test without regeneratiof, shall be multiplied with or be
added to, respectively, the gific emissione in equation 73 or 74

® For a test with regeneratiok,q shall be multiplied with or be subtracted
from, respectively, the spiic emissiorein equation 73 or 74

At the request of the manufacturer, the regeneration adjustment,factors
(g) May be extended to other members of the same engine family,

(h) May be extended to other engine families using the same- after
treatment system with the prior approval of the type approval or
certification authority based on technical evidence to be supplied by
the manufacturer, that the emissions are similar.

6.7. Cooling system

An engine cooling system with sufficient capacity to maintain the engine at
normal operating temperatures prescribed by the manufacturer shall be used.

6.8. Lubricating oil

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

6.9. Specification of the reference fuel

The use of one standardized refece fuel has always been considered as an
ideal condition for ensuring the reproducibility of regulatory emission testing,
and Contracting Parties are encouraged to use such fuel in theirianozapl
testing. However, until performance requirements (ilienit values) have
been introduced into this gtr, Contracting Parties to the 1998 Agreement are
allowed to define their own reference fuel for their national legislation, to
address the actual situation of market fuel for vehicles in use.
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6.10.

7.1.

The appropriatadiesel reference fuels of the European Union, the United
States of America and Japan listedAinnex 2are reconmended to be used
for testing. Since fuel characteristics influence the engine exhaust gas
emission, the characteristics of the fuel used fertést shall be determined,
recorded and declared with the results of the test.

The fuel temperature shall be in accordance with the manufatturer
recommendations.

Crankcase emissions

No crankcase emissions shall be discharged directly into thigieat
atmosphere, with the following exception: engines equipped with
turbochargers, pumps, blowers, or superchardersair induction may
discharge crankcase emissions to the ambient atmosphere if the emissions are
added to the exhaust emissions (eithleysically or mathematicaf) during

all emission testingManufacturers taking advantage of this exception shall
install the engines so that all crankcase emission can be routed into the
emissions sampling system.

For the purpose of this paragraph, &@ase emissions that are routed into
the exhaust upstream of exhaust aftertreatment during all operation are not
considered to be discharged directly into the ambient atmosphere.

Open crankcasemissionsshall be routed into the exhaust system for
emissian measurement, as follows:

(@) The tubing materials shall be smoathlled, electrically conductive,
and not reative with crankcase emissionube lengths shall be
minimized as far as possible.

(b) The number of bends in the laboratory crankcase tubhlmjl be
minimized, and the radius of any unavoidable bend shall be
maximized.

(c) The laboratory crankcase exhaust tubing shall be heateeyvalied
or insulated and shall meet the engine manufacsusgrecifications
for crankcase back pressure.

(d) The crankcase exhaust tubing shall connect into the raw exhaust
downstream of any aftertreatment system, downstream of any
installed exhaust restriction, and sufficiently upstream of any sample
probes to ensure complete mixing with the engirexhaust ere
sampling.The crankcase exhaust tube shall extend into the free stream
of exhaust to avoid boundatstyer effects and to promote mixing.
The crankcase exhaust tubeoutlet may orient in any direction
relative to the raw exhaust flow.

Test procalures

Principles of emissions measurement
To measure the bralgpecific emissions,

(@ The engine shall be operated over the test cycles defined in
paragraph§.2.1. and 7.2.2. for conventional engines, or
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7.1.1.

7.1.2.

7.1.3.

7.2.

7.2.1.

(b)  Theengine shall be operated over the test cycle defined in paragraph
7.2.3.1. for hybrid powertrains, or

(c) The powertrain shall be operated over the test cycle defined in
paragraph 7.2.3.2. for hybrid powertrains.

The measurement of brakpecific emis®ns requires the determination of

the mass of components in the exhaust and the corresponding engine or
system (for hybrid powerins) cycle workThe components are determined

by the sampling methods described in paragraphd. andr.1.2.

For hybridvehicles, the derivation of the individual engine or powertrain test
cycles is described iAnnex9 or Annex10, respectively.

Continuous sampling

In continuous sampling, the comporentconcentration is measured
continuougy from raw or dilute &haust.This concentration is multiplied by
the continuous (raw or dilute) exhaust flow rate at the emission sampling
location to determine the componsninass flow rateThe componefd
emission is continuously summed over the test cycle. This sum isttie
mass of the emitted component.

Batch sampling

In batch sampling, a sample of raw or dilute exhaust is continuously
extracted and stored for later measurement. The extracted sample shall be
proportional to the n& or dilute exhaust flow rateExamples of batch
sampling are collecting diluted gaseous components in a bag and collecting
particulate matter (PM) on altér. The batch sampled concentrations are
multiplied by the total exhaust mass or mass flow (raw or dilute) from which

it was exracted during the test cycl&éhis product is the total mass or mass
flow of the emitted component.o calculate the PM concentration, the PM
deposited onto a filter from proportionally extracted exhaust shall be divided
by the amount of filtered exhaust.

Measurement procedures

This gtr applies two measurement procedures that are functionally equivalent.
Both procedures may be used for the WHTC, WHSC, HEC and HPC test
cycles:

(@) Thegaseous components are sampled continuously in the raw exhaust
gas and the particulates are determined using a partial flow dilution
system,

(b) The gaseous components and the particulates are determined using a
full flow dilution system (CVS system).

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

Test cycles
Transient test cycle WHTC

The transient test cycle WHTC is listed in Anrfiexas a secoruoly-second
sequence of norrntiaed speed and torque valuésorder to perform the tesn
an engine test cell, the normalized values shall be converted to the actual values
for the individual engine under test bdsen the enginenapping curveThe
conversion is referred to as denormalization, and the test cycle so developed as
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the referenceycle of the engine to be testéllith those reference speed and
torque values, the cycle shall be run on the test cell, and the actual speed,
torque and pwer values shall be recorddd.order to validate the test run, a
regression analysis betweeaference and actual speed, torque and power
values shall be conducted upon completion of the test.

For calculation of the brake specific emissions, the actual cycle work shall be
calculated by integrating actuangine power over the cycld-or cycle
validation, the actual cycle work shall be within prescribed limits of the
reference cycle work.

For the gaseous pollutants, continuous sampling (raw or dilute exhaust gas)
or batch sampling (dilute exhaust gas) may be ufbd.particulate sample
shall be duted with a conditioned diluent (such as ambient air), and
collectad on a single suitable filteMhe WHTC is shown schematically in

Figure3.

Figure 3
WHTC test cycle
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7.2.2. Ramped steady state test cycle WHSC

The ramped steady state test cycle WHB@sists of a number of normalized
speed and load modes which shall be converted to the reference values for the
individual engine under test basen the enginenapping curveThe engine

shall be operated for the prescribed time in each mode, wherelneepgied

and load shall be changed linearly witlid° 1 secondsln order to validate

the test run, a regression analysis between reference and actual speed, torque
and power values shall be conducted upon completion of the test.

The concentration of eh gaseous pollutant, exhaust flow and power output
shall be determined over the test cycl&éhe gaseous pollutants may be
recorded continuoushor sampled into a sampling badhe particulate
sample shall be diluted with a conditiongitlent (such as andnt air). One
sample over the complete test procedure shall be taken, and collected on a
single suitable filter.
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For calculation of the brake specific emissions, the actual cycle work shall be
calculated by integrating actual engine power over the cycle.

The WHSC is shown iffable 1. Except for mode 1, the start of each mode is
defined as the beginning of the ramp from the previous mode.

Table 1
WHSC test cycle
Normalized
Normalized Spee Torque Mode length (s)
Mode (per cent) (per cent) incl. 20s ramp
1 0 0 210
2 55 100 50
3 55 25 250
4 55 70 75
5 35 100 50
6 25 25 200
7 45 70 75
8 45 25 150
9 55 50 125
10 75 100 50
11 35 50 200
12 35 25 250
13 0 0 210
Sum 1,895
7.2.3. Transient test cycle WHVC (hybrid powertrains only)
The transient test cycle WHVC is listed in Appendix 1b as a sebpnd
second sequence of vehicle speed and road gradients. In order to perform the
test on an engine or powertrain test cell, the cycle values need to be converted
to the reference values footational speed and torque for the individual
engine or powertrain under test in accordance with either method in sections
7.2.3.1.0r7.2.3.2.
It should be noted that the test cycles referred to as HEC and HPC in this gtr
are not standardized cyclekdi the WHTC and WHSC, but test cycles
developed individually from the WHVC for the hybrid powertrain under test.
7.2.31. HILS method
The conversion is carried oirt accordance witlhnnex 9, and the test cycle
so developed is the reference cycle of ¢éingine to be tested (HEC). With
those referensespeed and torque values, the cycle shall be run on the test
cell, and the actual speed, torque and power values shall be recorded. In order
to validate the test run, a regression analysis between reference and actual
speed, torque and power values shalldonducted upon completion of the
test.
7.2.3.2. Powertrain method

The conversion is carried ot accordance witlnnex10, and the test cycle

so developed is the reference cycle of the powertrain to be tested (HPC). The
HPC is operated by using theega set points calculated from the WHVC
and on line control of the load.
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7.3.

General test sequence

The following flow chart outlines the general guidance thatukhde
followed during testingThe details of each step are descrilethe relevant
paragaphs.Deviations from the guidance are permitted where appropriate,
but the specific requirements of the relevant paragraphs are mandatory.

For the WHTCHEC and HPCthe test procedure consists of a cold start test
following either natural or forcedooldown of the engine, a hot doperiod
and a hot start test.

For the WHSC, the test procedure consists of a hot start test following engine
preconditioning at WHSC mode 9.
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Engine preparation, pitest measurements, performance checks and calibrations

Generate engine map (maximum torque curve)

Generate reference test cycle

paragraph 7.4.3.
paragraph 7.4.6

Run one or more practice cycles as necessary to check engiocelttesnissions

systems

l WHTC

Natural or forced engine codown

paragraph 7.6.1.

v

WHSC

v

Ready all systems for sampling and
data collection

paragraph 7.5.2.

Preconditioning of engine and particulate systen
including dilution tunnel

paragraph 7.7.1.

v

v

Cold start exhaust emissionste

paragraph 7.6.2.

v

Hot soak period

paragraph 7.6.3.

v

Change dummy PM filter to weighed sampling filt
in system bypass mode
paragraph 7.7.1.

Ready all systems for sampling and dataezdibn

paragraph 7.5.2.

v

Hot start exhaust emissions test

paragraph 7.6.4.

Exhaust emissions test within 5 minutes after eng
shut down

paragraph 7.7.3.

v

Test cycle validation
Data collection and evaluation

Emissions calculation

paragraph 7.8.6./7.
paragraplv.6.677.7.4
paragraph 8.
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7.4.

7.4.1.

7.4.2.

7.4.3.

7.4.4,

Engine mapping and reference cycle

Pretestengine measurements, gest engine performance checks and pre
test system calibrations shall be made prior to the engine mapping procedure
in line with the general test sequence shown in paragta&ph

As basis for WHTC and WHSC reference cycle gemamathe engine shall

be mapped under full load operation for determining the speed vs. maximum
torqueand geed vs. maximum power curveBhe mapping curve shall be
used for denormalizing engine speed (paragraph 7.4.6.) and engine torque
(paragraplv.4.7).

For hybrid vehicle powertrains, therocedures in paragraphs A.9.6(8.
A.10.4., respectively, shall be used. Paragraphs 7.4.1. to 7.4.8. do not apply.

Engine warmup

The engine shall be warmed up between 75 per cent and 100 per cent of its
maximum power orin accordance withthe recommendation of the
manufactureand good engineering judgmeifiiowards the end of the warm

up it shall be operated in order to stabilize #ngine coolant and lube oil
temperatures to withih2 per cent of its mean values for at least 2 minutes or
until the engine thermostat controls engine temperature.

Determination of the mapping speed range

The minimum and maximum mapping speedsdefined 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.
Engine mapping curve

When the engine is stabilizél accordance witlparagraptv.4.1., the engine
mapping shall be performed accordance witkthe following procedure.

(@) The engine shall be unloaded and operated at idle speed.

(b) The engine shall be operated with maximum operator demand at
minimum mapping speed.

(c) The enginespeed shall be increased at an average rate: dfmin™/s
from minimum to maximum mapping speed, or at a constant rate such
that it takegt to 6 min to sweep from mmimum to maximum mapping
speed.Engine speed and torque points shall be recorded atnple
rate of at least one point per second.

When selecting option (b) in paragrap#.7. for determining negative
reference torque, the mapping curve may directly continue with minimum
operator demand from maximum to minimum mapping speed.

Alternate mapping

If a manufacturer believes that the above mapping techniques are unsafe or
unrepresentative for any given engine, alternaa@ping techniques may be
used. These alternate techniques shall satisfy the intent of the specified
mapping procedurges determine the maximum available torque at all engine
speeds ddeved during the test cycleDeviations from the mapping
techniques specified in this paragraph for reasons of safety or
representativeness shall be approved by the type approval orcataoif
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7.4.5.

7.4.6.

authority along with the justification for their ude. no case, however, the
torque curve shall be run by descending engine speeds for governed or
turbocharged engines.

Replicate tests

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

(@ Anunreasonable amount of time has transpired since the last map, as
determined by engineering judgement, or

(b)  Physical changes or recalibrations have been made to the engine
which poentially affect engine performance.

Denormalization of engine speed

For generating the reference cycles, the normalized speeds of Aanex
(WHTC) andTable 1 (WHSC) shall be denormalized using the following
equation:

MNet = NnormX (0.45 Xnyg + 0.45 XNprer + 0.1 XNy T Nigie) X 2.0327 g (12)

For determination ofn,.; the integral of the maximum torque shall be
calculated frommg,e to ngsy, from the engine mapping curve, as determined in
accordance with paragragtv.3.

The engine peeds irFigures 4 and 5 are defined, as follows:
ne is the lowest speed where the power is 55 per cent of maximum power

Nt IS the engine speed where the integral of maximum mapped torque
is 51 per cent of the whole integral betweg#. andngsy,

n, is the highest speed where the power is 70 per cent of maximum power
Nge is the idle speed
Ngs, is the highest speed where the power is 95 per cent of maximum power

For engines (mainly positive ignition engines) with a steep governor droop
curve where fuel cut off does not permit to operate the engine g tr
Nesr, the following provisions apply:

N, in equaton 11is replaced withnpyaxx 1.02

Ngsp IS replaced withnpy,ax 1.02
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Figure 4
Definition of test speeds
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7.4.7. Denormalization of engine torque

The torque values in the engine dynamometer schedule of Aar{g¥HTC)
and in Table 1 (WHSC) are normalized to the maximutwrque at the
respective speed-or generating the reference cyclés torque valuefor
each individual reference speed value as determined in parag#aflshall
be denormalized, using the mapping curve determineaccordance with

paragrapty.4.3., as follows:

M

— norm,i 3 M
max,

T M - M
100 '

ref,i

Where

Mnom,i IS the normalized torqueger cent

ri

12
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7.4.8.

7.5.
7.5.1.

7.5.2.

Mmaxi IS the maximum torque from the mapping curve, Nm
M¢;  is the torque absorbed by auxiliaries/equipment to be fitted, Nm
M;; is the torque absorbed by auxiliaries/equipment to be removed, Nm

If auxiliaries/equipment are fitted in accordance with paragraph 6.3.1. and
Annex7, M; andM, are zero.

The negative torque values of the motoring points (m in AnaexsHall take
on, for purposes of reference cycle generation, reference values detkimi
either of the following ways:

(@) Negatived0 per cent of the positive torque available at the associated
speed point,

(b)  Mapping of the negative torque required to motor the engine from
maximum to minimum mapping speed,

(c) Determinationof the negative torque required to motor the engine at
idle and an,,; and linear interpolation between these two points.

Calculation of reference cycle work

Reference cycle work shall be determined over the test cycle by
synchronously calculating inst@meous values for engine power from
reference speed and reference torque, as determined in paragdapharvi

7.4.7. Instantaneous engine power values shall be integrated over the test
cycle to calculate the reference cycle wivl (kWh). If auxiliaries are not

fitted in accordance with paragrafl8.l., the instantaneous power values
shal be corrected using equatiérin paragraph 6.3.5.

The same methodology shall be used for integrating botherede and actual
engine powerlf values are to beatermined between adjacent reference or
adjacent measured values, linear interpolation shall be isidegrating the
actual cycle work, any negative torque values shalldbeegual to zero and
included.If integration is performed at a frequency of less thatz, and if,
during a given time segment, the torque value changes from positive to
negative or negative to positive, the negative portion shatiobgputed and

set equal to zeroThe positive portio shall be included in the integrated
value.

Pretest procedures
Installation of the measurement equipment

The instrumentation and sample probes shall be installed as redtired.
tailpipe shall be connected to the full flow dilution systémsed.

Preparation of measurement equipment for sampling
The following steps shall be taken before emission sampling begins:

(@) Leak checks shall be performed within 8 hours prior to emission
samplingin accordance witparagraph 9.3.4.

(b)  For batch sampling, clean storage media shall be connected, such as
evacuated bags.

(c)  All measurement instruments shall be staite@ccordance witlthe
instrument manufacturer instructions and good engineering
judgment.
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7.5.3

7.5.4.

7.5.5.

7.5.6.

(d)  Dilution systems, sampleumps, cooling fans, and the datallection
system shall be started.

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

4] Heat exchangers in the sampling system shall béhgaited or pre
cooled to within theioperating temperature ranges for a test.

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

(h)  Exhaust dilution system flow shall be switched on at leashibites
before a test sequence.

0] Any electronic integrating devices shall be zeroed aereed, before
the start of any test interval.

Checking the gas analyzers

Gas analzer ranges shall be selectdtinission analyzers with automatic or
manual range switching are permitteBuring the test cycle, the range of the
emission aalyzers shall not be switchedt the same time the gains of an
analyzes analogue operational amplifier(s) may not be switched during the test
cycle.

Zero and span reepse shall be determined for all analyzers using
internationallytraceable gases that meet the #jwedions of paragraph@.3.3.
FID analyzers shall be spanned on a carbon number basis of one (C1).

Preparation of the particulate sampling filter

At least one hour before the test, the filter shall be placed in a petri dish,
which is protected against dust contamination and allows air exchange, and
placed in a weiging chamber for stabilizatiort the end of the stabilization
period, the filter shalbe weighed and thiare weight shall be recordetihe

filter shall then be stored in a closed petri dish or sealed filter holder until
needd for testing.The filter shall be used within eight hours of its removal
from the weighing chamber.

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
tenperature betweedl5K (42 °C) and325K (52 °C).

Starting the particulate sampling system

The particulate sampling system shall be started and operated-masdy

The particulate background level of the diluent may be determined by
sampling the duent prior to the entrance of the exhaust gas into the dilution
tunnel. The measurement may be done prior to or after the Itetste
measurement is done both at the beginning and at the end of tke tbycl
values may be averagedf a different samphg system is used for
background measurement, the measurement shall be done in parallel to the
test run.
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7.6.

7.6.1.

7.6.2.

7.6.3.

7.6.4.

7.6.5.

WHTC cycle run

This paragraph also applies to the HEC and HPC duty cycles of hybrid
vehicles. Different cycles for the cold start and hot stegtpermitted, if it is
the result of the conversion proceduréiinnex 9 orAnnex 10.

Engine cooldown

A natural or forced coetlown procedure may be applidéor forced cocl

down, good engineering judgment shall be used to set up systems to send
cooling air across the engine, to send cool oil through the engine lubrication
system, to remove heat from the coolant through the engine cooling system,
and to removdeat from arexhaust aftetreatment systenin the case of a
forced aftertreatment system cool down, cooling air shall not be applied until
the aftertreatment system has cooled below its catalytic activation
temperature. Any cooling procedure that tesuin unrepresentative
emissions is not permitted.

Cold start test

The coldstart test shall be started when the temperatures of the ®ngine
lubricant, coolant, and afteéreatment systems are all betw&£8 and303K

(20 and 3CC). The engineshall be started using one of the following
methods:

(@) The engine shall be started as recommended irowreefs manual
using a production starter motor and adequately charged battery or a
suitable power supply; or

(b)  The engine shall be started byimg the dynamometefThe engine
shall be motored withifi25 per cent of itdypical inuse cranking
speed.Cranking shall be stopped withinsecond after the engine is
running. If the engine does not start aftér seconds of cranking,
cranking shall be tepped and the reason for the failure to start
determined, unless the owfeemanual or the servigepair manual
describes the longer cranking time as normal.

Hot soak period

Immediately upon completion of the cold start test, the engine shall be
conditioned for the hot start test using a 10 + 1 minutes hot soak period.

Hot start test

The engine shall be started at the end of the hot soak period as defined in
paragrapty.6.3. using the starting methods given in paragraph 7.6.2.

Testsequence

The test sequence of both cold start and hot start test shall commiethe
start of the enginéAfter the engine is running, cycle control shall be initiated
so that engine operation matches the first set point of the cycle.

The WHTC shall bgerformedin accordance witlthe reference cycle as set
out in paragraph§.4.6. and 7.4.7Engine speed and torque command set
points shall be issued atHz (10 Hz recommended) or great@he set points
shall be calculated by linear interpolation betwehel Hz setpoints of the
reference cycleActual engine speed and torque shall be recorded at least
once every second during the test cycleHf), and the signals may be
electronically filtered.
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7.6.5.1.

7.6.6.

7.6.7.

The HEC and HPC shall be performad accordance withthe reference
cyclesin paragraphs A.9.2.4. or A.10.5., respectively.

Stop/start system

If a stop/start system is used or if the hybrid cycle requires an engine stop, the
engine may be turned off at idle and/or motoring points, as commanded by
the engine ECU. Emissions measurement and data collection shall continue
until the end of test cycle.

Collection of emission relevant data

At the start of the test sequence, the measuring equipment shall be started,
simultaneously:

(@) Startcollecing or analyzing diluent, if a full flow dilution system is
used;

(b)  Startcollecting or analyzing raw or diluted exhaust gas, depending on
the method used;

(c) Start measuring the amount of diluted exhaust gas and the required
temperatures and presssire

(d) Startrecording the exhaust gas mass flow rate, if raw exhaust gas
analysis is used;

(e) Start recording the feedback data of speed and torque of the
dynamometer.

If raw exhaust measurement is used, the emission concentrations ((NM)HC,
CO and NQ) and the exhaust gas mass flow rate shall be measured
continuously and stored with atalgt2 Hz on a computer systerll other

data may be recorded with sample rate of at lea%t Hz. For analogue
analyzers the response shall be recorded, and theat@mlib data may be
applied online or offline during the data evaluation.

If a full flow dilution system is used, HC and NGQhall be measured
continuously in the dilution tunnel with a frequency of at I@astz. The
average concentrations shall be detesd by integrating the analge
signals over the test cycl€he system response time shall be no greater than
20s, and shall be coordinated with CVS flow fluctuations and sampling
time/test cycle offsets, if messaryCO, CGQ, and NMHC may be determide

by integration of continuous measurement signals or by analyzing the
concentrations in the sampldag, collected over the cycleThe
concentrations of the gaseous pollutants in the diluent shall be determined
prior to the point where the exhaust entemtoithe dilution tunnel by
integration or by coé#licting into the background bagll other parameters
that need to be measured shall be recorded with a minimum of one
measurement per secondHt).

Particulate sampling

At the start of the test seeuoce, the particulate sampling system shall be
switched from bypass to collecting particulates.

If a partial flow dilution system is used, the sample pump(s) shall be
controlled, so that the flow rate through the particulate sample probe or
transfer tubeis maintained proportional to the exhaust mass flow rate as
determined in accordance with paragr&ph6.1.
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7.6.8.

7.7.

7.7.1.

7.7.2.

7.7.3.

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 tangbe is
maintained at a value withiR2.5 per cent of the set flow ratéf flow
compensation (i.e., proportional control of sample flow) is used, it shall be
demonstrated that the ratio of main tunnel flow to particulate sample flow
does not change byore thant2.5 per cent of its set value (except for the
first 10 seconds of samplingfhe average temperature and pressure at the
gas meter(s) or flow instrumexiton inlet shall be recordedf. the set flow

rate cannot be maintained over the completelecyithin£2.5 per cent
because of high particulate loading on thiefilthe test shall be voidedhe

test shall be rerun using a lower sample flow rate.

Engine stalling and equipment malfunction

If the engine stalls anywhere during the cetdrt test except in case of an
engine stop commanded by the ECU in accordance with paragraph 7.6.5.1.,
the test shall be voidedhe engine shall be preconditioned and restarted
accordance witthe requirements of paragrapl6.2., and the test repeated.

If the engine stalls anywhere during the hot start tstept in case of an
engine stop commanded by the ECU in accordance with paragraph 7.6.5.1.,
the ot start test shall be voide@he engne shall be soakemh accordance

with paragraptvy.6.3., and the hot start test repeatedthis case, the cold
start test need not be repeated.

If a malfunction occurs in any of the required test equipment during the test
cycle, the test shall be voidedid repeated in line with the above provisions.

WHSC cycle run
This paragraph does not apply to hybrid vehicles.
Preconditioning the dilution system and the engine

The dilution system and the engine shall be started and warmed up in
accordace wih paragraph 7.4.1After warmup, the engine and sampling
system shall be preconditioned by operating the engine at @nddee
paragraph 7.2.2T.ablel) for a minimum ofL0 minutes while simultaneously
operating the dilution systerBummy particuhte emis®ns samples may be
collected.Those sample filters need not be stabilizeweighed, and may be
discarded Flow rates shall be set at the approximatevfrates selected for
testing.The engine shall be shut off after preconditioning.

Engne starting

5 ° 1 minutes after completion of preconditioning at m8des described in
paragrapty.7.1., the engine shall be startéd accordance withthe
manufacturés recommended starting procedure in the otrmaanual, using
either a production atter motor or the dynamometer in accordance with
paragrapty.6.2.

Test sequence

The test sequence shall commence after the engine is running and within one
minute after engine operation is controlled to match the first mode of the
cycle (idle).

The WHSC shall be performead accordance witlthe order of test modes
listed inTablel of paragrapfi.2.2.
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7.7.4.

7.7.5.

Collection of emission relevant data

At the start of the test sequence, the measuring equipment shall be started,
simultaneously:

(a) Startcollecting or analyzing diluent, if a full flow dilution system is
used,;

(b)  Startcollecting or analyzing raw or diluted exhaust gas, depending on
the method used;

(c) Startmeasuring the amount of diluted exhaust gas and the required
temperatures angressures;

(d) Startrecording the exhaust gas mass flow rate, if raw exhaust gas
analysis is used;

(e) Start recording the feedback data of speed and torque of the
dynamometer.

If raw exhaust measurement is used, the emission concentrations ((NM)HC,
CO and NQ) and the exhaust gas mass flow rate shall be measured
continuously and stored with atalgt2 Hz on a computer systerAll other

data may be recorded with sample rate of at leakHz. For analogue
analyzers the response shall be recorded, hadcalibration data may be
applied online or offline during the data evaluation.

If a full flow dilution system is used, HC and NGhall be measured
continuously in the dilution tunnel with a frequency of at I@astz. The
average concentrations shalk lletermined by integrating the analyze
signals over the test cycl&€he 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,,Cahd NMHC may bee@termined

by integration of continuous measurement signals or by analyzing the
concentrations in the sampldag, collected over the cycleThe
concentrations of the gaseous pollutants in the diluent shall be determined by
integration or by collecting to the background badAll other parameters
that need to be measured shall be recorded with a minimum of one
measurement per secondHz).

Particulate sampling

At the start of the test sequence, the particulate sampling system shall be
switched fromby-pass to collecting particulate$f a partial flow dilution
system is used, the sample pump(s) shall be controlled, so that the flow rate
through the particulate sample probe or transfer tube is maintained
proportional to the exhaust mass flow rate etexnined in accordance with
paragrapt9.4.6.1.

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 withi2.5 per cent ofthe ®t flow rate. If flow
compensation (i.e., proportional control of sample flow) is used, it shall be
demonstrated that the ratio of main tunnel flow to particulate sample flow
does not change by more theR5 per cent of its set value (except for the
first 10seconds of sampling)he average temperature and pressure at the
gas meter(s) or flow instrumtation inlet shall be recordedf. the set flow

rate cannot be maintained over the complete cycle withis per cent
because of high particulate loading the filter, the test shall be voide@ihe

test shall be rerun using a lower sample flow rate.
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7.7.6.

7.8.

7.8.1.

7.8.2.

7.8.3.

7.8.4.

Engine stalling and equipment malfunction

If the engine stalls anywhere during the cycle, the test shall be vdited.
engine shall be preconditioned accordance witlparagraph 7.7.1. and
restartedn accordance witparagraply.7.2., and the test repeated.

If a malfunction occurs in any of the required test equipment during the test
cycle, the test shall be voided and repeated in line with the givovisions.

Posttest procedures
Operations after test

At the completion of the test, the measurement of the exhaust gas mass flow
rate, the diluted exhaust gas volume, the gas flow into the collecting bags and
the particulate samplpump shalbe stoppedFor an integrating analyzer
system, sampling shall continue until system response times have elapsed.

Verification of proportional sampling

For any proportional batch sample, such as a bag sample or PM sample, it
shall be verified that proportional sampling was maintaimedccordance

with paragraph3.6.7. and7.7.5. Any sample that does not fulfil the
requirements shall be voided.

PM conditioning and weighing

The particulate filter shall be placed into covered or sealed containers or the
filter holders shall be closed, in order to protect the sample fitgasnst
ambient contaminationThus protected, the filter shall be uated b the
weighing chamberThe filter shall be conditioned for at least one hour, and
then weighedn accordance witlparagrap®.4.5. The gross weight of the
filter shall be recorded.

Drift verification

As soon as practical but no later than 30 rn@suafter the test cycle is
complete or during the soak period, the zero and span responses of the
gaseous analyzermges used shall be determinéar the purpose of this
paragraph, test cycle is defined as follows:

(@) Forthe WHTC,HEC, HPC the complete sequence celgoaki hot

(b) For the WHTC, HEC, HPC hot start test (paragrapf.6.): the
sequence sodkhot,

(c) For the multiple regeneration WHTCHEC, HPC hot start test
(paragraph 6.6.): thetal number of hot start tests

(d)  Forthe WHSC: the test cycle
The following provisions apply for analyzer drift:

(e) The pretest zero and span and ptestt zero and span responses may
be directly diectly inserted into equation 68f paragrapt8.6.1.
without determining drift

4] If the drift difference between the piest and postest results is less
than 1 per cent of full scale, the measured concentrations may be used
uncorrected or may be corrected for drifi accordance with
paragrapt8.6.1;
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(g) If the drift difference beteen the praest and postest results is equal
to or greater than 1 per cent of full scale, the test shall be voided or the
measured concentrations shall be corrected for grifaccordance
with paragrapl8.6.1.

7.8.5. Analysis of gaseous bag sampling
As soon as practical, the following shall be performed:

(@) Gaseous bag samples shall be analyzed no later than 30 minutes after
the hot start test is complete or during the soak period for the cold start
test.

(b)  Background samples shall be analyzedater than 60 minutes after
the hot start test is complete.

7.8.6. Calculation of cycle work

Before calculating actual cycle work, any points recorded duringneng
starting shall be omittedctual cycle work shall be determined over the test
cycle by synchronously using actual speed and actual torque values to
calculate instantaneous vakifor engine poweinstantaneous engine power
values shall be integrated over the test cycle to calculate the actual cycle
work W, (kWh). If auxiliaries/equipmentare not fitted in accordance with
paragrapt6.3.1., the instantaneous power valueslisha corrected using
equatiorb in paragrapl6.3.5.

The same methodology as described in paragraph 7.4.8. shall be used for
integrating actual engine power.

7.8.7. Validation of cycle work

The actual cycle workV,.is used for comparison to the reference cycle work
W,s and for calculating the brake specific emissions (see paragréyh).

W,tshall be between 85 per cent and 105 per cent,gf W

This section does not apply to engines used in hybrid vehicles or to hybrid
powertrains.

7.8.8. Validation statistics of the test cycle

Linear regressions of the actual valueg,(Ma.c, Pac) ON the reference values
(Nrety Mier, Pre) shall be performetbr the WHTC, WHSC and HEC

To minimize the biasing effect of the time lag between the actual and
reference cycle values, the entire engine speed and torque actual signal
sequence may be advanced or delayed in time with respect tefé¢heace

speed and torque sequentfethe actual signals are shifted, both speed and
torque shall be shifted the same amount in the same direction.

The method of least squares shall be used, with thefibesfuation having
the form:

y = aX+ap 13
Where
y = actual value of speed (mith) torque (Nm), or power (kW)

a; = slope of the regression line
x = reference value of speed (ijntorque (Nm), or power (kW)
a, = Y intercept of the regression line
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The standard error of estimatSEB of y on x and the coefficient of
determination i) shall be calculated for each regression line.

This analysis shall é performed at Hz or greater.For a test to be
considered valid, the criteria dfable2 (WHTC, HEC) or Table3 (WHSC)
shall be met.

Table 2

Regression line tolerances for the WHTC and HEC

Speed

Torque

Power

Standard error of
estimate $EB of y on x

maximum 5 per cent
of maximum test
speed

maximum 10 per cent of
maximum engine torque

maximum 10 per cent @
maximum engine powe

Slope of the regression
line, a;

0.9510 1.03

0.83-1.03

0.89-1.03

Coefficient of
determinationr?

minimum 0.970

minimum 0.850

minimum 0.910

y intercept of the
regression lineg,

maximum 10 per cent
of idle speed

+20 Nm or° 2 per cent of
maximumtorque
whichever is greater

+4 KW or° 2 per cent of
maximum power
whichever is greater

Table 3

Regression line tolerances for the WHSC

Speed

Torque

Power

Standard error of
estimate $EB of y on x

maximum 1 per cent
of maximum test
speed

maximum 2 pecent of
maximum engine torque

maximum 2 per cent of
maximum engine power

Slope of the regression
line, a;

0.991t01.01

0.98-1.02

0.98-1.02

Coefficient of
determinationr?

minimum 0.990

minimum 0.950

minimum 0.950

y intercept of the
regression linegg

maximum 1 per cent
of maximum test
speed

+20 Nm or° 2 per cent of
maximum torque
whichever is greater

+4 KW or° 2 per cent of
maximum power
whichever is greater

For regression purposes only, point omissions are permitted where noted in
Table4 before doing the regression calculatiblowever, those points shall

not be omitted for the calculation of cycle work and emissions. Point
omission may be applied to the wb®r to any part of the cycle.
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Table 4
Permitted point omissions from regression analysis
Event Conditions Permitted point omissions
Minimum operator N = O per cent speed and power
demand (idle point) and
Mt = O per cent
and
Mact> (Mref -0.02 Mmax. mappedbrqu!g
and
Mact< (Mref + O-OZMmax. mapped torql)e
Minimum operator M < O per cent power and torque
demand (motoring
point)
Minimum operator NactO 1 NreURIM,or > Mgt power and either torqy
demand and or speed
nact> nref and MactOMref
and
Nact> 1-02nref aneref < MactO Ml(ef +
0.02 Mmax. mapped torql)e
Maximum operator Nact < Nret ANAMct OM et power and either torqy
demand and or speed
nactO 0 I'-]refEB-I&j Mact< Mref
and
Nact < 0-98nref aneref > Macto Mn@f -
0.02 Mmax. mapped torql)e
8. Emission calculation

The final test result shall be rounded in one step to the number of places to
the right of the decimal point indicated by the applicable emission standard
plus one additional significant figure, accordance with ASTM E 206B.

No rounding of intermediatevalues leading to the final breabecific
emission result is permitted.

Examples of the calculation procedures are given in ABnex

Emissions calculation on a molar basis in accordance with Anrafxgtr
No. 11 (Non-RoadMobile Machinery, is permited with the prior agreement
of the type approval or certification authority.

8.1. Dry/wet correction

If the emissions are measured on a dry basis, the measured concentration
shall be converted to a wet basisaccordance witthe following equation:

c, =k, Oc, (14)
Where
Cq is the dry concentration in ppm or per cent volume

Ky is the dry/wet correction factor
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8.1.1. Raw exhaust gas
Koa = S‘e 1.2442 H, +111.19 w, 3 q”‘: § 15
' q- G 3""0'0 & 1.008
ég 773.4+1.2442 H, +qmd. k31 03
Or
& 124421 +111.19 w, 3
Kwa = ﬁ' : ALF mad. i P g (16)
& 773.4+1.2442 H +q"f'3kf3100 P =
({‘ mad.,i g
Or
1 Q
Q= %4_& 3 0.005 (CCO2 n Cco) - le§3 1.00¢ 17)
With
Kew = 0.055594x wp g + 0.008002% wpg + 0.007004& Weps  (18)
And
Ky = 1.608 H, (19
1,000+ (1.608 H,)
Where:
H,  is the intake air humidity, g water per kg dry air
Wwu r is the hydrogen content of the fuel, per cent mass
Omti IS the instantaneous fuel mass flow rate, kg/s
Omag, IS the instantaneous dry intake air mass flow taiés
o8 is the water vapour pressure after cooling bath, kPa

Po is the total atmospheric pressure, kPa

WpeL is the nitrogen content of the fuel, per cent mass
Weps IS the oxygen content of the fuel, per cent mass
a is the molar hydrogen ratio of tifeel

Cco» Is the dry CQconcentration, per cent

Cco isthe dry CO concentration, per cent

Equations 15 and 16 are principally identical with e factor 1.008 in
equationdl5 andl7 being an approximation for the more ate
denominator in equatiob6.

8.1.2. Diluted exhaust gas

% a’ CC°2W° sz 1.008 20)
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8.1.3.

8.2.

8.2.1.

Or

&8 i

Kye =gae(l_3—k‘”2)%3 1.008

é%_'_ a C002d8;|

ec 200 | 1)
With

3 é, 3 : R 3 é'l &
o 1.6:8 ng\ ?0D0+ H, 375% A
1000+ {1608° §H,7 - =8 + H, %%
I e ¢ D= Dy (29

Where
a is the molar hydrogen ratio of the fuel
Ccoow IS the wet CQconcentration, per cent
Ccoxq IS the dry CQ concentration, per cent
Hg is the diluent humidity, g wategrer kg dry air
H,  is the intake air humidity, g water per kg dry air
D is the dilution factor (see paragrap!.2.3.2.)
Diluent
Koq = (L- k)3 1.008 (23
With
K, = 1.6083% H, (24)

1,000+ (1.608% H,)

Where
Hyq  is the diluent humidity, g water per kg dry air
NO, correction for humidity

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for humidity with the factors giwven
paragrapt8.2.1. or 8.2.2The intake air humidityH, may be derived from
relative humidity mesurement, dew point measurement, vapour pressure
measurement or dry/wet bulb measurement using generally accepted
equations.

Compressiofignition engines
15698 H
k., =——=2+0.832 2
hD 1000 (29

Where
H, s the intake air humidity, g water per kg dry air
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8.2.2.

8.3.

Positiveignition engines

kng =0.6272 +44.03010°x Hai 0.862x 10°x H2  (26)
Where:

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

Particulate filter buoyancy correction

The sampling filter mass shall be wsted for its buoyancy imir. The
buoyancy correction depends on sampling filter density, air density and the
density of the balance calibration weight, and does not accounthéor
buoyancy of the PM itselfThe buoyancy correction shall be applied to both
tare filter mass andrgss filter mass.

If the density of the filter material is not known, the following densities shall
be used:

(@) Tefloncoated glass fiber filter: 2,300 kgim
(b)  Teflonmembrane filter: 2,144 kgfin
(c)  Teflonmembrane filter with polymethylpentene popt ring: 920 kg/m

For stainless steel calibration weights, a density of 8,000°lgilall be used. If
the material of the calibration weight is different, its density shall be known.

The following equation shall be used:

m = m,, e
a&l-—* 6
¢ Tr+ (27)
With
;o= p, 3 28836
* 8.3144 T, 29
Where:
Muncor is the uncorrected particulate filter mass, mg
} a is the density of the air, kg/n
}w is the density of balance calibration weight, k&j/m
y f is the density of the particulate sampling filter, k§j/m
pb is the total atmospheric pressukBa
Ta is the air temperature in the balance environment, K

28.836 is the molar mass of the air at reference humidity (282.5 K), g/mol
8.3144 is the molar gas constant

The particulate sample masg used in paragraphs 8.4.3. and 8.5.3. shall be
calculaed as follows:

m,=Mg- My (29)
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Where:

Mg is the buoyancy corrected gross particulate filter mass, mg

my IS the buoyancy corrected tare particulate filter mass, mg
8.4. Partial flow dilution (PFS) and raw gaseous measurement

The instantaneousoncentration signals of the gaseous components are used
for the calculation of the mass emissions by multiplication with the
instananeous exhaust mass flow ralthe exhaust mass flow rate may be
measured directly, or calculated using the methods dfeérai and fuel flow
measurement, tracer method or intake air and air/fuel ratio measurement.
Special attention shall be paid to the response tiofeghe different
instruments.These differences shall be accounted g time aligning the
signals. For paticulates, the exhaust mass flow rate signals are used for
controlling the partial flow dilution system to take a sample proportitmal

the exhaust mass flow rafEhe quality of proportionality shall be checked by
applying a regression analysis betweeample and exhaust flow in
accordance with paragrapt4.6.1. The complete test set up is schematically
shown inFigure 6.

Figure 6
Scheme of raw/partial flow measurement system
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8.4.1. Determination of exhaust gas mass flow
8.4.1.1. Introduction

For calalation of the emissions in the raw exhaust gas and for controlling of
a partial flow dilution system, it is necessary to knitn@ exhaust gas mass
flow rate. For the determination of the exhaust mass flow rate, either of the
methods described in paragrai@¥4.1.3 to 8.4.1.7 may be used.
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8.4.1.2.

8.4.1.3.

8.4.1.4.

8.4.1.5.

Response time

For the purpose of emissions calculation, the response time of either method
described in paragrapBs4.1.3. to 8.4.1.7. shall be equal to or less than th
analyzer response time @0 s, as reqted in paragraph 9.3.5.

For the purpose of controlling of a partial flow dilution systeanfaster
response is requirefor partial flow dilution systems with online control, the
response time shabeO 0 s. For partial flow dilution systems with look
ahead control based on a peeorded test run, the response time of the
exhaust flowmeasurement system shall ®&s with a rise time 0® Is. The
system response time shall be specifiedhgyihstrument manufacturérhe
combined response time requirents for the exhaust gas flow and partial
flow dilution system are indicated in paragra&pi.6.1.

Direct measurement method

Direct measurement of the instantaneous exhaust flow shall be done by
systems, such as:

(8) Pressurdlifferential devices, like flow nozzle, (details see ISO 5167)
(b)  Ultrasonicflowmeter
(c)  Vortexflowmeter

Precautions shall be taken to avoid measurement errors which will impact
emission value error§uch precautions include the careful instatlatof the
device in the engine exhaust systémaccordance withthe instrument
manufacturers recommendations and to good engineering practice.
Especially, engine performance and emissions shall not be affected by the
installation of the device.

The flowmeters shall meet the linearity requirements of paragraph 9.2.
Air and fuel measurement method

This involves measurement of the airflow and the filml with suitable
flowmeters.The calculation of the instantaneous exhaust gas flow shall be as
follows:

Omew,i = Omaw,i 4+ O, (30)
Where

Omew,i is the instantaneous exhaust mass flow rate, kg/s

Omaw,i is the instantaneous intake air mass flow rate, kg/s

Qi is the instantaneous fuel mass flow rate, kg/s

The flowmeters shall meet tHimearity requirements of paragrapt®., but
shall be accurate enough to also meet the linearity requirements for the
exhaust gas flow.

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 trac&he gas is mixed and diluted by the exhaust gas,
but shallnot react in the exhaust pipehe concentration of the gas shall then
be measured in the lkeaust gas sample.



ECE/TRANS/WP.29/2014/84

8.4.1.6.

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 bkttracer gas injection poirfthe samphg

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 that the tracer gas concentration at
engine idle speed after mixing becomes lower than the full scale of the trace
gas analyzer.

The calculation of the exhaust gas flow shall be as follows:

_ 9%,
qmewj B 603 (Cmix,i - Cb)

Where

(39)

Omew,i s the instantaneous exhaust miew rate, kg/s

Ot is tracer gas flow ratem3/min

Cmixi IS the instantaneous concentration of the tracer gas after mixing, ppm
e is the density of the exhaust gas, kg/m3 {elble 4)

Co is the background concentration of the tracer gas in thkerdir, ppm

The background concentration of the tracer gas (cb) may be determined by
averaging the background concentration measured immediately before the
test run and after the test run.

When the background concentration is less than 1 per cent of the
concentration of the tracer gas after mixing,() at maximum exhaust flow,
the background concentration may be neglected.

The total system shall meet the linearity requirements for the exhaust gas
flow of paragrapl®.2.

Airflow and air to fiel ratio measurement method

This involves exhaust mass calculation from theflaiv and the air to fuel
ratio. The calculation of the instantaneous exhaust gas mass flow is as
follows:

o}

B 58, 1 Q -
Orrewj = Clrrewj ? Wﬁ 32
With
138.0° 4+ Y- Y8
A/F C 4 2 - 33)

" 12.011+1.00794 U+15.9994 (+14.0067 ii+32.065 2
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ge 1 23 Ceoq® 10 8
é‘ CCOd3 10-4 3 -46 ajg ] 3 53 CCOZd 0 ljog ( 3 4)
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(34)
Where
Omaw,i js theinstantaneous intake air mass flow rate, kg/s
AlF; is the stoichiometric air to fuel ratio, kg/kg
/i is the instantaneous excess air ratio
Ccoxq IS the dry CQ concentration, per cent
Ccoq IS the dry CO concentration, ppm
Chcw IS the wet HGconcentration, ppm
Airflow meter and analyzers shall meet the linearity requirements of
paragrapt®.2., and the total system shall meet the linearity requirements for
the exhaust gas flow of paragral2.
If an air to fuel ratio measurement equipmerdsas a zirconia type sensor is
used for the measurement of the excess air ratio, it shall meet the
specifications of paragrah3.2.7.
8.4.1.7. Carbon balance method

This involves exhaust mass calculation from the fuel flow and the gaseous
exhausttomponents that include carbdrhe calculation of the instantaneous
exhaust gas mass flow is as follows:

Yo = O %1.0828‘ \\:\\EZ 111;13 k. )? k. %+ 1280&15 9
With

K. = (Ceona Coopa)? 0.5441+ 12350;; 1(;1%5 (36)
And

k, =-0.055594 w, . +0.008002% W, +0.0070048 W, (37
Where

Omi IS the instantaneous fuel mass flow rate, kg/s

H, s the intake air humidity, g water per kg iy

Wwger is the carbon content of the fuel, per cent mass
wa r is the hydrogen content of the fuel, per cent mass
WpeL is the nitrogen content of the fuel, per cent mass
Weps IS the oxygen content of the fuel, per cent mass

Ccozq IS the dry CQ concentration, per cent
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8.4.2.
8.4.2.1.

8.4.2.2.

8.4.2.3.

Ccozd,a IS the dry CQ concentration of the intake air, per cent
Cco isthe dry CO concentration, ppm

Chcw IS the wet HC concentration, ppm

Determination of the gaseous components

Introduction

The gaseous components in the raw exhaust gas emitted by the engine
submitted for testing shall be measured with the measurement and sampling
systems describeth paragrapt®.3. and Annex 3The data evaluation is
described in paragragh4.2.2.

Two calcuation procedures are described in paragraphs 8.4.2.3. and 8.4.2.4.,
which are equivalent forhe reference fuels of Anné&x The procedure in
paragrapt8.4.2.3. is more straightforward, since it uses tabulated u values for
the ratio between component aesthaust gas densitythe procedure in
paragrapt8.4.2.4. is more accurate for fuel qualities that deviate from the
specifications in Anne&, but requires elementary analysis of the fuel
composition.

Data evaluation

For the evaluation of the games emissions, the raw emission concentrations
(HC, CO and NOx) and the exhaust gas mass flow rate shall be recorded and
stored with at last2 Hz on a computer systenAll other data shall be
recorded with asample rate of at leastHz. For analogue angters, 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 thawsttgas mass flow rate

shall be time aligned by the transformation time aefined in
paragrapt8.1.30. Therefore, the response time of each gaseous emissions
analyzer and of the exhaust gas mass flow system shall be deteimined
accordance witlpparagraps8.4.1.2. and 9.3.5., respectively, and recorded.

Calculation of mass emission based on tabulated values

The mass of the pollutants (g/test) shall be determined by calculating the
instantaneous mass emissions from the raw concentrations pblitheants

and the exhaust gas mass flow, aligned for the transformation time as
determined in accordance with paragr8ph2.2., integrating the
instantaneous values over the cycle, and multiplying the integrated values
with the u values fronTable 5. If measured on a dry basis, the dry/wet
correction in accordance withparagraph 8.1. shall bapplied to the
instantaneous concentration values before any further calculation is done.

For the calculation of NQ the mass emission shall be multiplied, where
applicable, with the humidity correction factyp, or k, g, as determineth
accordance witiparagrapl8.2.

The following equation shall be applied:

i=n

Mgs=  Ugas® @ Cyas,® Omew; % (in gltest) (39)
i=1
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Where:

Ugs IS the ratio between density of exhaust component dersity of
exhaust gas

Cgas; IS the instantaneous concentration of the component in the exhaust
gas, ppm

Omew,i IS the instantaneous exhaust mass flow, kg/s

f is the data sampling rate, Hz
n is the number of measurements
Table 5
Raw exhaust gasi values and component densities
Gas
no, | co | we | co | o | ch
Fuel re  gas [kg/n]
2053 | 1250 | a | 19636 | 14277 | o716
Ugas
Diesel 1.2943 | 0.001586 | 0.000966 0.000479 0.001517 | 0.001103 0.000553
Ethanol 1.2757 | 0.001609 | 0.000980 0.000805 0.001539 | 0.001119 0.000561
CNGY 1.2661 | 0.001621| 0.000987 | 0.000558 0.001551 | 0.001128 0.000565
Propane 1.2805 | 0.001603 | 0.000976 0.000512 0.001533 | 0.001115 0.000559
Butane 1.2832 | 0.001600| 0.000974| 0.000505 0.001530 | 0.001113 0.000558
LPG? 1.2811 | 0.001602 | 0.000976 0.000510 0.001533 | 0.001115 0.000559
a) depending on fuel

b) at/ =2, dry air, 273 K, 101.3 kPa

C) u accurate within 0.per cenfor mass composition of: C = 666 %; H = 22-25%; N=0-12 %
d) NMHC on the basis of C3 (for total HC theugascoefficient of CH shall be used)

e) u accurate within 0.per cenfor mass composition of: C3 = 7®0 %; C4 = 10 30 %

8.4.2.4. Calculation of mass emission based on exact equations

The mass of the pollutants (g/test) shall be determined by calculating the
instantaneous mass emissions from the raw concentrations of the pollutants,
the u values and the exhaust gas mass flow, aligned for the transformation
time as determined in accordanwith paragraph 8.4.2.2. and integrating the
instananeous values over the cyclemeasured on a dry basis, the dry/wet
correction in accordance withparagrapt8.1. shall be applied to the
instantaneous concentration values before any further catnulatdone.

For the calculation of NE the mass emission shall be multiplied with the
humidity correction factok,p, or k,, as determinedn accordance with
paragrapl8.2.

The following equation shall be applied:

i=n 1

Mgas = a ugas,i3 C’ga:;,i3 qmew,i3 ? (in gltest) (39
=

Where

Ugsi IS the instantaneous density ratio of exhaust component and exhaust
gas

58



ECE/TRANS/WP.29/2014/84

ej

Cgsi IS the instantaneous concentration of the component in the exhaust
gas, ppm

Omew,i IS the instantaneous exhaust mass flow, kg/s

f is the data sampling rate, Hz

n is the number of measurements

The instantaneousvalues shall be calculated as follows:

Ugasj = Mgas/ (Mej X 1,000) (40)
Or

Ugasi=/gas/ (7% 1,000) (41)
With

I gas= Mgas/ 22.414 (42
Where

Mgas is the molar mass of the gas compongfihol (cf. Annex 6)

Mg is the instantaneous molar mass of the exhaust gas, g/mol

rqas 18 the density of the gas component, ky/m
rei Iisthe instantaneous density of the exhaust gas,*kg/m

The molar mass of the exhaust,, shall be derived for general fuel
composition CHON S, under the assumption of complete combustion, as
follows:

1+ qrrf,i
qmawj
i+£+g Ha310-3 + 1
Onii 4 2 2 + 231.00794+159994 M,
Oawi 12011+1.00794 a +159994° e+14.00673 d+32065% g 1+H,3 103
(43
Where

Omaw,i s the instantaneous intake air mass flow rate on wet basis, kg/s

Onii  is the instantaneous fuel mass flow rate, kg/s

H, s the intakeair humidity, g water per kg dry air

M, is the molar mass of the dry intake air = 28.965 g/mol
The exhaust densits, shall be derived, as follows:

1,000+ H, +1,00C (0, /Ouq;)

_ (44)
773.4+1.243% H_ +k,, 2 1,000 (qu'i/qm,i)

Jej

Where
Omedi  is the instantaneous intake air mass flow rate on dry basis, kg/s

Onfi  is theinstantaneous fuel mass flow rate, kg/s

H, s the intake air humidity, g water per kg dry air
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8.4.3.
8.4.3.1.

8.4.3.2.

8.4.3.2.1.

8.4.3.2.2.

kw is the fuel specific factor of wet eabst (equation 18 in
paragrapt8.1.1.

Particulate determination
Data evaluation

The particulatesampe mass shall be caltatedin accordance witlequation

29 of paragrapt8.3. For the evaluation of the particulate concentration, the
total sample massni.) through the filter over the test cycle shall be
recorded.

With the prior approval of the type pmval or certification authority, the
particulate mass may be corrected for the particulate level of the diluent, as
determined in paragraph5.6., in line with good engineering practice and the
specific design features of the particulate measuremeteinsyssed.

Calculation of mass emission

Depending on system design, the mass of particulates (g/test) shall be
calculated by either of the methods in paragraph 8.4.3.2.1. or 8.4.3.2.2. after
buoyancy correction of the particulate sample filier accordance with
paragrapt8.3.

Calculation based on sample ratio

Moy = My / (1 X 1,000) (45)

Where

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

rs is the average sample ratio over the test cycle

With

rg = ey Tsen (46)
Moy Mseqg

Where

ms is the sample mass over the cycle, kg
me,, is the total exhaust mass flow over the cycle, kg

My, IS the mass of diluted exhaust gas passing the particulate collection
filters, kg

Mg IS the mass of diluted exhaust gas passing the dilutiomet, kg
In case of the total sampling type systemy,andmsqare identical
Calculation based on dilution ratio

m, | My
m 1,000

sep

Mem = 47

Where
m, is the particulate mass sampled over the cycle, mg

My, IS the mass of diluted exhaust gessing the particulate collection
filters, kg

Mgy IS the mass of equivalent diluted exhaust gas over the cycle, kg
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8.5.

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

i=n 1
Mt = @ Oeati > 5 (49
- f
Omedf,l = Omew,i X Fd,i (49
fa = Ormgewi (50

& g
Brgew,i = Gt

Where

Omeari IS the instantaneous equivalent diluted exhaust mass flow rate, kg/s
Omew,i IS the instantaneous exhaust mass flow rate, kg/s

Fa,i is the instantaneous dilution ratio

Omdew,i 1S the instantaneous dilutesthaust mass flow rate, kg/s

Omaw,i IS the instantaneous diluent mass flow rate, kg/s

f is the data sampling rate, Hz

n is the number of measurements

Full flow dilution measurement (CVS)

The concentration signals, either by integration over thgecgr by bag
sampling, of the gaseous components shall be used for the calculation of the
mass emissions by multiplication with thduted exhaust mass flow rate.
The exhaust mass flow rate shall be measured with a constant volume
sampling (CVS) systemwhich may use a positive displacement pump
(PDP), a critical flow venturi (CFV) or a subsonic venturi (SSV) with or
without flow compensation.

For bag sampling and particulate sampling, a proportional sample shall be
taken from the diluted exhaust gastloé CVS systemf-or a system without

flow compensation, the ratio of sample flow to CVSaflshall not vary by
more thant2.5 per centrbm the set point of the te$tor a system with flow
compensation, each individual flovate shall be constant within25 per

cent of its respective target flow rate.

The complete test set up is schematically showkigare 7.
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Figure 7

Scheme of full flow measurement system

8.5.1.
8.5.1.1.

8.5.1.2.
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Determination of the diluted exhaust gas flow
Introduction

For calculationof the emissions in the diluted exhaust gas, it is necessary to
know the diluted exhaust gas massifloate. The total diluted exhaust gas
flow over the cycle (kg/test) shall be calculated from the measurement values
over the cycle and the correspondinglitzation data of the flow
measurement devic&/( for PDP,Ky, for CFV, C4 for SSV) by either of the
methods described in paragraphs 8.5.1.8.5%dl.4.If the total sample flow

of particulates rfk) exceeds 0.5 per cent of the total CVS flawd, the

CVS flow shall be corrected fans,or the particulate sample flow shall be
returned to the CVS prior to the flow measuring device.

PDRCVS system

The calculation of the mass flow over the cycle is as follows, if the
temperature of theildted exhaust is kept within&K over the cycle by using
a heat exchanger:

Mg = 1.293x VoX npX ppx 273/ (101.%X T) (51

Where:

Vo is the volume of gas pumped per revolution under test conditions,
m3/rev

np is the total revolutions of pump per test
Pe is the absolute pressure at pump inlet, kPa

T is the average temperature of the diluted exhaust gas at pump inlet, K



ECE/TRANS/WP.29/2014/84

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

Megi = 1.293x VoXnpiX p, X273/ (101.% T) (52
Where
np; is the total revolutions of pump per time interval

8.5.1.3. CFV-CVS system

The calculation of the mass flow over the cycle is as follows, if the
temperature of theildted exhaust is kept within1d K over the cycle by
using a heat exchanger:

Mg =1.293xtx Ky xp,/T%® (53
P

Where

t is the cycle time, s

Ky is the calibration coefficient of the critical flow venturi for retiard
conditions

po  isthe absolute pressure at venturi inlet, kPa
T is the absolute temperature at venturi inlet, K

If a system with flow compensation is used (i.e. without heataxger), the
instantaneous mass emissions shall be calculabed integrated over the
cycle.In this case, the instantaneous mass of the diluted exhaust gas shall be
calculated as follows:

Meg; =1.293x Dt x Ky x p,/ T®® (54)
Where
Dt  is thetime interval, s

8.5.1.4. SSV-CVS system

The calculation of the mass flow over the cycle shall be as follows, if the
temperature of the diluted exhaust is kept within Klaver the cycle by
using a heat exchanger:

Meg = 1.293X Qssy (59
With
‘1( ).5 1 04
_ 2 14286 . 17143 e
stv - Abdv Cd pp e-F I’p rp @_ r 4I’ 14286Ou (56)
&
Where
1 50
K 2 Oa 0

A, s 0.006111 in Sl units %n
m@ mm2 =

dv is the diameter of the SSV throat, m
Cyq is the discharge coefficient of the SSV

Pp  isthe absolute pressure at venturi inlet, kPa
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8.5.2.
8.5.2.1.

8.5.2.2.

8.5.2.3.
8.5.2.3.1.

64

T is the temperature at the venturi inlet, K

Dp

Io is the ratio of the SSV that to inlet absolute static pressute, —
a
o is the ratio of the SSV throat diametdrto the inlet pipe inner
diameterD

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

Meg = 1.293x stvx Dt (57)
Where
Dt is the time interval, s

The real time calculation shall be initialized with either a reasonable valQg for
such a$.98, or a reasonable value @, If the calculation is initialized with
Qssv the initial value ofss,shall be used to evaluate the Reynolds number.

During all emissions tests, the Reynolds number at the SSV throat shall be in
the range of Reynolds numbers used to derive the calibration curve developed
in paragrapi®.5.4.

Determination of the gaseous components
Introduction

The gaseousomponents in the diluted exhaust gas emitted by the engine
submitted for testing shall be measured by the methods described in Zinnex
Dilution of the exhaust shall be done with filtered ambiéntsynthetic air or
nitrogen.The flow capacity of the fuflow system shall be large enough to
completely eliminate water condensation in tHgution and sampling
systems. Data evaluation and calculation procedures are described in
paragraphs 8.5.2.2. and 8.5.2.3.

Data evaluation

For continuous santipg, the emission concentrations (HC, CO and,NO
shall be recorded and stored with at ldalsiz on a computer system, for bag
sampling one mean value per testaguired.The diluted exhaust gas mass
flow rate and all other data shall be recorded védtisample rate of at
leastl Hz. For analogue analyzers the response will be recorded, and the
calibration data may be applied online or offline during the data evaluation.

Calculation of mass emission
Systems with constant mass flow

For systems with heat exchanger, the mass of the pollutants shall be
determined from the following equation:

Myas = UgasX CyasX Meqy (in g/test) (59)
Where
Ugs IS the ratio between density of exhaust component and density of air

Cqs IS the averagbackground corrected concentration of the component,
ppm
mey IS the total diluted exhaust mass over the cycle, kg
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If measured on a dry basis, the dry/wet correctionaccordance with
paragraplt8.1. shall be applied.

For the calculation of N the massemission shall be multiplied, if
applicable, with the humidity correction factiyp, or k, g, as determineéh
accordance witiparagrapt8.2.

Theu values are given iffable 6.For calculating theig,svalues, the density

of the diluted exhaust gas hhgen assumed to be equal to air density.
Therefore, theug,s values are identical for single gas components, but
different for HC.

Table 6
Diluted exhaust gasu values and component densities
Gas
no, | co | He | co | o | cH
Fuel Ide I'gas [kg/n]
2053 | 1250 | ) | 19636 | 14277 [ 0716
Ugas
Diesel 1.293 | 0.001588 | 0.000967 | 0.000480 | 0.001519 | 0.001104 0.000553
Ethanol 1.293 | 0.001588 | 0.000967 | 0.000795 | 0.001519 | 0.001104 0.000553
CNGY 1.293 | 0.001588| 0.000967 | 0.000584 0.001519 | 0.001104 0.000553
Propane 1.293 | 0.001588| 0.000967 | 0.000507 | 0.001519 | 0.001104 0.000553
Butane 1.293 | 0.001588| 0.000967| 0.000501 | 0.001519 | 0.001104 0.000553
LPG? 1.293 | 0.001588 | 0.000967 | 0.000505 | 0.001519 | 0.001104 0.000553
a) depending on fuel

b) at/ =2, dry air, 273 K, 101.3 kPa

C) u accurate within 0.per cenfor mass composition of: C = 666 %; H = 22-25%; N=0-12 %
d) NMHC on the basis of C3 (for total HC theug.scoefficient of CH shall be used)

e) u accurate within 0.per cenfor mass composition of: C3 = 7®0 %; C4 = 10 30 %

8.5.2.3.2.

Alternatively, theu values may be calculated using the exact calculation
method generally described in paragraph 8.4.2.4., as follows:
J Mgas (59)
gas o
3 al

M 3%- 7o+|v|
D

|- OO

Where

Mgas is the molar mass of the gas compongrhnol (cf. Annex 6)
M. is the molar mass of the exhaust gas, g/mol

My  is the molar mass of the diluent = 28.965 g/mol

D is the dilution factor (see paragraph 8.5.2.3.2.)
Determination of the background corrected concentrations

The averagebackground concentration of the gaseous pollutants in the
diluent shall be subtracted from the measured concentrations to get the net
corcentrations of the pollutantsThe average values of the background
concentrations can be determined by the samplertatigod or by continuous
measurement with integratiofhe following equation shall be used:
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Cgas = Cgas,e' Cq X (1 - (1/D)) (60)
Where

Cgase IS the concentration of the component measured in the diluted exhaust
gas, ppm

Cq is the concentration dhe component measured in the diluent, ppm
D is the dilution factor
The dilution factor shall be calculated as follows:

(@) Fordiesel and LPG fuelled gas engines
FS

D = (62)
- 4
CCOZe + (CHC,e + CCO;B)3 10
(b)  ForNG fuelled gas engines
FS
D = e (62)
Ccoze t (CNMHC,e + Cco;a) 10
Where
Ccoze IS the wettoncentration of C@in the diluted exhaust gas, per
cent vol
Cuce IS the wet concentration of HC in the diluted exhaust gas,
ppm C1
Cnvece 1S the wet concentration of NMHC in the diluted exhaust gas,
ppm C1
Ccoe IS the wet concentration of CO ihe diluted exhaust gas,
ppm
Fs is the stoichiometric factor

The stoichiometric factor shall be calculated as follows:

Fs = 1008 r (63
1+2 +376° 3+28
2 ¢ 4=
Where
a is the molar hydrogen ratio of the fuel (H/C)

Alternatively, if the fuel composition is not known, tfadlowing
stoichiometric factors may be used:

Fs(diesel) = 13.4
Fs(LPG) 11.6
Fs(NG) 9.5
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8.5.2.3.3.

8.5.3.
8.5.3.1.

Systems with flow compensation

For systems without heat exchanger, the mass of the pollutants (g/test) shall
be determined by calculating thastantaneous mass emissions and
integrating the insttaneous values over the cyckliso, the background
correction shall be applied directly to the instantaneous concentration value.
The following equation shall be applied:

mgas = a:l[(rnem 3 Cgas,e 3 ugas )]- [(med 3 Cd 3 (1- 1/D)3 ugas )] (64)

Where:

Cgase IS the concentration of the component measured in the diluted exhaust
gas, ppm

Cq is the concentration of the component measured in the diluent, ppm
Meqi IS the instantaneous mass of the diluted exhaust gas, kg

mey IS the total mass of diluted leaust gas over the cycle, kg

Ugs IS the tabulated value froifable6

D is the dilution factor

Particulate determination

Calculation of mass emission

The particulate mass (g/test) shall be calculated after buoyancy correction of
the particulate sample filtém accordance witparagraph 8.3., as follows:

Mpy= P 5 Ma (65
m 1,000

sep
Where
m, is the particulate mass sampled over the cycle, mg

M, IS the mass otliluted exhaust gas passing the particulate collection
filters, kg

mey IS the mass of diluted exhaust gas over the cycle, kg

With:

Meep = Meer~ Mesg (66)
Where

Mse: IS the mass of double diluted exhaust gas through particulate filter, kg
Mssg IS the mass of secondary diluent, kg

If the particulate background level of the diluent is determined in accordance
with paragraply.5.6., the particulate rea may be background correctéal.
this case, the particulate mass (g/test) shall be calculatetioagsfo

em aaenL 8, 1308 my
, 3 3
ernsep (!‘n'gd % DOQJ 1000

Mpy = (67)
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8.6.
8.6.1.

Where

My, IS the mass of diluted exhaust gas passing the particulate collection
filters, kg

My IS the mass of diluted exhaust gas over the cycle, kg

myy IS the mass of diluent sampled by background particulate sampler, kg
m, isthe mass of the collected background particulates of the diluent, mg
D is the dilution factor as determined in paragraph 8.5.2.3.2.

General calculations

Drift correction

With respect to drift verification in paragraph 7.8.4., the corrected
concentration value shall be calculated as follows:

2®gas_ (Cprez + Cposlz)

pre,s+ Cpost,J_ (Cprez + Cposlz) :

OO0

(68)

a
Ceor = Cref,z + (Cref,s - Cref,z )% c

Where

Cefz IS the reference concentration of the zero gas (usually zero), ppm
Cets IS the reference concentration of the span gas, ppm

Coez IS the pretest analyzer concentration of thero gas, ppm

Cores IS the pretest analyzer concentration of the span gas, ppm

Coostz IS the postest analyzer concentration of the zero gas, ppm

Coosts IS the postest analyzer concentration of the span gas, ppm

Cqas IS the sample gas conceriwa, ppm

Two sets of brakspecific emission results shall be calculated for each
component in accordance with paragraphs 8.3. and/or 8.4., after any other
corrections have been appligdne set shall be calculated using uncorrected
concentrations and another set shall be calculated using the concentrations
corrected fodrift in accordance witkquation68.

Depending on the measurement system and calculation method used, the
uncorrectedemissions results shable calculated with equations 38, 39, 58,

59 or 64, respectively.For calculation of the corrected emissiogg,s in
equations38, 39, 58, 59 084, respectively, shall be replaced witk, of
equation68. If instantaneous conceation valuescy,; are used in the
respective equation, the corrected value shall also be applied as instantaneous
value c.o;. In equaibn 64, the correction shall be applied to both the
measured and the background concentration.

The comparison shdtle made as a percegéaof the uncorrected resulhe

difference between the uncorrected and the corrected-bpaaific enssion

values shall be within4 per cent of the uncorrected bradecfic emission

values or within # per cent of the respee#i limit value, whichever is
greaterlf the drift is greater than 4 per cent, the test shall be voided.

If drift correction is applied, only the driftorrected emission results shall be
used when reporting emissions.
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8.6.2. Calculation of NMHC and Clwith the noamethane cutter

The calculation of NMHC and CHlepends on the calibration method used.
The FID for the measurement without NMC (lower path of Annex 3,
Figure11), shall be calibrated with propan€or the calibration of the FID in
series wih NMC (upper path of Annex Figure 11), the following methods
are permitted.

(@) Calibrationgasi propane; propane bypasses NMC,

(b) Calibrationgasi methane; methane passes through NMC

The concentration of NMHC and Gldhall be calculated as follows for (a):

c _ CHC(w/oNMC)3 (1' EM ) - CHC(W/NMC) (69)
NMHC EE _ EM

CHC(W/NMC) - CHC(W/ONMC) 3 (1' EE)
M (Ee - Ey)

Cena =

(70)

The concentration of NMHC and Gldhall be calculated as follows for (b):

CHc(w/oNMc)3 (1' EM ) - CHc(w/NMC)3 M 3 (1' EM)

o= (71)
NMHC EE _ EM
C _ CHC(W/NMC)3 M 3 (1' EM ) - CHC(W/ONMC)3 (1' EE)
CH4 = 3 (72
My (EE - EM)
Where
CHCW/NMC) is the HC concentration with sample gas flowing through the
NMC, ppm
Chcwionmey 1S the HC concentration with sample gas bypassing the NMC,
ppm
rn is the methane response factor as determined per paragraph
9.3.7.2.
Em is the methane efficiency as determined per paragraph 9.3.8.1.
Ee is the ethane efficiency as determinmt paragraph 9.3.8.2.
If rh, < 1.05, t may be omitted in equations,70l and 72
8.6.3. Calculation of the specific emissions
8.6.3.1. Conventional engines

The specific emissiongy,s or ey (9/kWh) shall be calculated for each
individual component in the following ways depending on the type of test

cycle.

For the WHSC, hot WHTC, or cold WHTC, the followirguationshall be

applied:

e= i (73)
W

act
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8.6.3.2.

8.6.3.3.

Where
m is the mass emission of the componegftest

W, is the actual cycle work as determindd accordance with
paragrapty.8.6., kWh

For the WHTC, the final test result shall be a weighted average from cold
start test and hot start test in accordance with the following equation:

(0.14° m,,,)+(086* m,,) 7

(0143 wW,,.0)+(0.863 W, )

Where

Meoiq IS the mass emission of the component on the cold start test, g/test
Myt IS the mass emission of the component on the hot start test, g/test
Wit colaiS the actual cycle work on the cold start test, kwh

Wit notiS the actual cycle wor&n the hot start test, kWh

Hybrid vehicles

The specific emissiongy,s or ey (9/kWh) shall be calculated for each
individual component in aordance with paragraphs A.9.2.a@r A.107.,
respectively.

Regeneration adjustment factors

If periodic regeneration in accordance with paragraph 6.6.2 applies, the
regeneration adjustment factdeg or k; 4 shall be multiplied with or be added

to, respectively, the specific emissions reswds determined in equations 73
and 74 or equationd12and113in paragraph A.9.2.7or equation248and
249in paragraph A.10.7.

Equipment specification and verification

This paragraph describes the required calibrations, verifications and
interference checks of the measurement systems. Calibratimesifications
shall be generally performed over the complete measurement chain.

Internationally recognizettaceable standards shall be used to meet the
tolerances specified for calibrations and verifications.

Instruments shall meet the specificadn Table 7 for allranges to be used
for testing. Furthermore, any documentation received from instrument
manufacturers showing that instruments meet the specificatiomable 7
shall be kept.

Table 8 summarizes the calibrations and verifications rieest in
paragrapt® and indicates when these have to be performed.

Overall systems for measuring pressure, temperature, and dew point shall
meet the requirements fable 8 andlable 9. Pressure transducers shall be
located in a temperatwentrolled @vironment, or they shall compensate for
temperature changes over their expected operating range. Transducer
materials shall be compatible with the fluid being measured.
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Table 7

Recommended performance specifications for measurement instruments

Measuremeninstrument

Complete Systen
Rise time

Recording
frequency

Accuracy

Repeatability

Engine speed transducer

Engine torque transducer

Fuel flow meter

CVS flow
(CVS with heat exchange

Dilution air, inletair,
exhaust, and sample flow
meters

Continuous gas analyzer
raw

Continuous gas analyzer
dilute

Batch gas analyzer

Analytical balance

1s

1s
5s

1ls
(55s)

1s

25s

5s

N/A
N/A

1 Hz means

1 Hz means
1Hz

1 Hz means
(1 H2)

1 Hz means of
5 Hz samples

2 Hz

1Hz

N/A
N/A

2.0 % of pt. or
0.5 % of max

2.0 % of pt. or
1.0 % of max

2.0 % of pt. or
1.5 % of max

2.0 % of pt. or
1.5 % of max

2.5 % of pt. or
1.5 % of max

2.0 % of pt. or
2.0 % of meas

2.0 % of pt. or
2.0 % of meas

2.0 % of pt. or
2.0 % of meas

1.0 yg

1.0 % of pt. or
0.25 % of max

1.0 %of pt. or
0.5 % of max

1.0 % of pt. or
0.75 % of max

1.0 % of pt. or
0.75 % of max

1.25 % of pt. or
0.75 % of max

1.0 % of pt. or
1.0 % of meas.

1.0 % of pt. or
1.0 % of meas.

1.0 % of pt. or
1.0 % of meas.

0.5 ug

Note:

Accuracy and repeatability are based on absolute vdlpes.refers to the

overall mean value expected at the respective emission llmiax!" refers

to the peak value expected at the respective emission limit over the duty
cycle, not the maximum of ¢hinstrumeris range,'meas: refers to the actual
mean measured over the duty cycle.
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Table 8

Summary of Calibration and Verifications

Type of calibration or
verification

Minimum frequenc${’

9.2.: linearity

9.3.1.2.:accuracy,
repeatability and
noise

9.3.4.: vacuunrside

Speed: Upon initial installation, within 37d&ys before testing and after
major maintenance.

Torque: Upon initial installation, within 370 days before testing and aft
major maintenance.

Clean air and diluted exhaust flows: Upon initial installation, within 370
days before testing and after majaaintenance, unless flow is verified by
propane checkr by carbon oxygebalance.

Raw exhaust flow: Upon initial installation, within 185 days before testi
and after major maintenance.

Gas analyzers: Upon initial installation, within 35 days beforéngesind
after major maintenance.

PM balance: Upon initial installation, within 370 days before testing an
after major maintenance.

Pressure and temperature: Upon initial installation, within 370 days be
testing and after major maintenance.

Accuracy: Not required, but recommended for initial installation.
Repeatability: Not required, but recommended for initial installation.
Noise: Not required, but recommended for initial installation.

Before each laboratory testaccordance witparagraph 7.

leak check

9.3.6.: NQ Upon initial installation, within 35 days before testing, and after major
converter efficiency maintenance.

9.3.7.1.: Upon initial installation and after major maintenance

Optimization of
FID detector

response
9.3.7.2.: Upon initial installation, within 185 days before testing, and after major
Hydrocarbon maintenance.

response factors

9.3.7.3.: Oxygen
interference check

Upon initial installation, and after major maintea and after FID
optimizationin accordance witB.3.7.1.

9.3.8.: Efficiency of
the nonmethane
cutter (NMC)

Upon initial installation, within 185 days before testing, and after major
maintenance.

9.3.9.1: CO
analyzer
interference check

Upon initialinstallation and after major maintenance.

9.3.9.2.: NOx
analyzemuench
check for CLD

Upon initial installation and after major maintenance.
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Type of calibration or

Minimum frequenc§{?

verification
9.3.9.3.: NOx Upon initial installation and after major maintenance.
analyzeruench
check for NDUV
9.3.9.4.: @ampler | Upon initial installation and after major maintenance.
dryer
9.4.5.6.: flow Upon initial installation and after major maintenance.
instrument
calibration
9.5.: CVS Upon initial installation and after major maintenance.
calibration
9.5.5: CVS Upon initial installation, within 35 days before testing, and after major

verification®

maintenancegpropane check)

@  perform calibrations and verifications more frequernitlyaccordance witmeasurement system
manufacturer instructions and good engineering judgment.

®  The CVS verification is not required for systems that agree withiper 2ent based on a chemical
balance of carbon or oxygen of the intake air, fuel, and diluted exhaust.

9.1. Dynamometer specification
9.1.1. Shaft work

An engine dynamometer shall be used that has adequate characteristics to

perform the applicable duty cycle including the ability to meke¢

approprate cycle validation criteriaThe following dynamometers may be

used:

(@)
(b)
(©

Eddy-current or watebrake dynamometers;
Alternatingcurrent or directurrent motoring dynamometers;

One or more dynamometers.

9.1.2. Torque measurement

Load cell or inline torque meter may be e for torque measurements.

When using a load cell, the torque signal shall be transferred to the engine

axis and the inertia of the dgmometer shall be considerethe actual

engine torque is the torque read on the load cell plus the moment of afertia
the brake multiplid by the angular acceleratiohhe control system has to

perform such a calculation in real time.

9.2. Linearity requirements

The calibration of all measuring instruments and systems shall be traceable to
national (international) standards. The measuring instruments and systems
shall comply with the linearity requirements givenTiable 9. The linearity
verification in accordancewith paragrapt®.2.1. shall be performed for the
gas analyzersvithin 35 days before testingr whenever a system repair or
change is made &l could influence calibratiofor the other instruments and
systems, the linearity verification shall be dowé&hin 370 days before
testing
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Table 9
Linearity requirements of instruments and measurement systems
Coefficient of
: Slope Standard error L
Measurement system |Xmin CQG1 - 1)+ dg | alp SEE deterr:ynatwn
Engine speed 0 0.05 % max 0.98-1.02 | O 2% max 0 0.990
Engine torque 0 1 % max 0.98-1.02 | O 2 % max 0 0.990
Fuel flow O 1 % max 0.98-1.02 | O 2 % max 0 0.990
Airflow O 1 % max 0.98-1.02 | O 2% max 0 0.990
Exhaust gas flow 0 1 % max 0.98-1.02 | O 2% max 0 0.990
Diluent flow O 1 % max 0.98-1.02 | O 2 %max 0 0.990
Diluted exhaust gas | O 1 % max 0.98-1.02 | O 2% max 0 0.990
flow
Sample flow 0 1 % max 0.98-1.02 | O 2 % max 0 0.990
Gas analyzers 0 0.5 % max 0.99-1.01 | O 1% max 0 0.998
Gas dividers 0 0.5 % max 0.98-1.02 |0 2% max 0 0.990
Temperatures 0 1 % max 0.99-1.01 | O 1% max 0 0.998
Pressures O 1 % max 0.99-1.01 |01 % max 0 0.998
PM balance O 1 % max 0.99-1.01 | O 1% max 0 0.998
9.2.1. Linearity verification
9.2.1.1. Introduction
A linearity verification shall be performed for each measurement system
listed inTable7. At least 10 reference values, or as specified otherwise, shall
be introduced to the measurement system, and the measured values shall be
compared to the reference values byhgsa least squares linear regression in
accordance with equatior81The maximum limits inTable 9 refer to the
maximum values expected during testing.
9.2.1.2. General requirements
The measurement systems shall be warmedinugccordance withthe
recommadations 6the instrument manufacturéFhe measurement systems
shall be operated at their specified temperatures, pressures and flows.
9.2.1.3. Procedure
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The linearity verification shall be run for each normally used operating range
with the following $eps.

(@) The instrument shall be set at adyy introducing a zero signdtor
gas analyzers, purified synthetic air (or nitrogen) shall be introduced
directly to the analyzer port.

(b)  The instrument shall be spamhby introducing a span sign&or gas
analyzers, an appropriate span gas shall be introduced directly to the
analyzer port.

(c)  The zero procedure of (a) shall be repeated.
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9.3.
9.3.1.

9.3.1.1.

9.3.1.2.

9.3.1.3

9.3.14

(d) The verification shall be established by introducing at least 10
reference values (including zero) that are withi& tange from zero to
the highest values prcted during emission testirfgor gas analyzers,
known gas concentrations shall be introduced directly to the analyzer
port.

(e) Atarecording frequency of at least 1 Hz, the reference values shall be
measureand the measured values recorded for 30 s.

4] The arithmetic mean values over the 30 s period shall be used to
calculate the least squares linear regressioanpatersn accordance
with equationl3 in paragrapfi.8.8

() The linear regression parameteshall meet the requirements of
paragraplt®.2., Table9.

(h) The zero setting shall be rechecked and the verification procedure
repeated, if necessary.

Gaseous emissions measurement and sampling system
Analyzer specifications
General

The analyzers shall have a measuring range and response time appropriate for
the accuracy required to measure the concentrations of the exhaust gas
components under transient and steady state conditions.

The electromagnetic compatibility (EMC) of the guuient shall be on a
level as to minimize additional errors.

Analyzers may be used, that have compensation algorithms that are functions
of other measured gaseous components, and of the fuel pregertithe
specific engine testAny compensation algohitn shall only provide offset
compensation without affecting any gain (that is no bias).

Verifications for accuracy, repeatability, and noise

The performance values for individual instruments specified in table 7 are the
basis for the determinatioof the accuracy, repeatability, and noise of an
instrument.

It is not required to verify instrument accuracy, repeatability, or noise.
However, it may be useful to consider these verifications to define a
specification for a new instrument, to verifyettperformance of a new
instrument upon delivery, or to troubleshoot an existing instrument

Rise time

The rise time of the analyzer installed in the measurement system shall not
exceed.5s.
Gas drying

Exhaust gaes may be measured wat dry. A gasdrying device, if used,
shall have a minimal effect on the composition of the measured dfasiesl]
meet the requirements of paragraph 9.3.9.4.

The following gasdrying devices are permitted:

(@ An osmotiemembrane dryer shall meet tteanperature specifications
in paragraph 9.3.2.2. The dew point temperatiisg, and absolute
pressure P, downstream of an osmotinembrane dryer shall be
monitored.
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9.3.2.
9.3.2.1.

9.3.2.2.

9.3.2.3.

9.3.2.4.

9.3.2.5.

9.3.2.6.

9.3.2.6.1.

9.3.2.6.2.

(b) A thermal chiller shall meet the N@ssperformance check specified
in paragaph 9.3.9.4.

Chemical dryers are npermitted foremoving water from the sample.
Gas analyzers
Introduction

Paragraphs 9.3.2.20 9.2.3.7 describe the measurement principles to be
used.A detailed description of the measurermngystems is given in Annex
The gases to be measured shall be analyzédtie following instruments.
For nonlinear analyzers, the use of linearizing circuits is permitted.

Carbon monoxide (CO) analysis

The carbon monoxide analyzer shall be tbé nondispersive infrared
(NDIR) absorption type.

Carbon dioxide (C¢) analysis

The carbon dioxide analyzer shall be of the -d@persive infrared (NDIR)
absorption type.

Hydrocarbon (HC) analysis

The hydrocarbon analyzer shall bétbe heated flame ionization detector
(HFID) type with detector, valves, pipework, etc. heated so as to maintain a
gas temperature d@63K +10K (190°C + 10°C). Optionally, for NG
fuelled and PI engines, the hydrocarbon analyzer may be of thaezta

flame ionization detector (FID) type depending upon the method used (see
Annex3, paragrapiA.3.1.3.).

Non-methane hydrocarbon (NMHC) analysis

The determination of the nemethane hydrocarbon fraction shall be
performed with a heated nanethame cutter (NMC) operated in line with an
FID as per Annex 3, paragraph3.1.4. by subtraction of thmethane from
the hydrocarbonsk-or determination of NMHC and GHthe FID may be
calibrated and spanned with ¢ehlibration gas.

Oxides of nitrogn (NQ,) analysis

Two measurement instruments are specified fog M@asurement and either
instrument may be used provided it meets the criteria specified in
paragrapt9.3.2.6.1 0r9.3.2.6.2., respectivelyFor the determination of
system equivalency oén alternate measurement procedure in accordance
with paragrapltb.1.1., only the CLD is permitted.

Chemiluminescent detector (CLD)

If measured on a dry basis, the oxides of nitrogen analyzer shall be of the
chemiluminescent detector (CLD) dmeated chemiluminescent detector
(HCLD) type with a NQ/NO converterlf measured on a wet basis, a HCLD
with converter maintained above 328 K (%5 shall be used, provided the
water quench check (see pgraph9.3.9.2.2.) is satisfied=or both CLD and
HCLD, the sampling path shall be maintained at a wall temperature of 328 K
to 473 K (55°C to 200°C) up to the converter for dry measurement, and up
to the analyzer for wet measurement.

Nondispersive ultraviolet detector (NDUV)

A non-dispersve ultraviolet (NDUV) analyzer shall be used to measurg NO
concentration.If the NDUV analyzer measures only NO, a MNX@O
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9.3.2.7.

9.3.3.

9.3.3.1.

converter shall be placedpstream of the NDUV analyzehe NDUV
temperature shall be maintained to prevent aqueous condensali&sy an
sample dryer is installed upstream of the -NN® converter, if used, or
upstream of the analyzer.

Air to fuel measurement

The air to fuel measurement equipment used to determine the exhaust gas
flow as specified in paragraph 8.4.1.6. slwdla wide range air to fuel ratio
sensor or dmbda sensor of Zirconia typ&he sensor shall be mounted
directly on the exhaust pipe where the exhaust gas temperature is high
enough to eliminate water condensation.

The accuracy of the sensor with incorpied electronics shall be within:
°3 percentofreading for | <2

°5 percentofreading for 2¢I <5

°10 percentofreading for 5¢I

To fulfill the accuracy specified abovéietsensor shall be calibrated as
specified by the instrument manufaeu

Gases
The shelf life of all gases shall be respected.
Pure gases

The required purity of the gases is defined by the contamination limits given
below. The following gases shall be available for operation:

(a) For raw exhaust gas
Purified nitrogen

(Contaminatiort 1 ppm C1,¢ 1 ppm CO, ¢ 400 ppm C@ ¢ 0.1 ppm
NO)

Purified oxygen

(Purity>99.5 per cent vol
Hydrogenhelium mixture (FID burner fuel)
(40 % 1 per cent hydrogen, balance helium)
(Contaminatiort 1 ppm C1¢ 400 ppm CQ)
Purified synthetic air

(Contamination¢ 1 ppm C1,¢ 1 ppm CO,¢ 400 ppm CQ, ¢ 0.1 ppm
NO)

(Oxygen content between 1A per cent vol.)
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9.3.3.2.

9.3.3.8.

(b)  For dilute exhaust gas (optionally for raw exhaust gas)
Purified nitrogen

(Contaminatior¢ 0.05 ppm C1,¢ 1 ppm CO, ¢ 10 ppm CQ, ¢ 0.02
ppm NO)

Purified oxygen

(Purity>99.5 per cent vol §
Hydrogenrhelium mixture (FID burner fuel)
(40 = 1 per cent hydrogen, balance helium)
(Contaminatiort 0.05 ppm C1¢ 10 ppm CQ)
Purified synthat air

(Contaminatior¢ 0.05 ppm C1,¢ 1 ppm CO, ¢ 10 ppm CQ, ¢ 0.02
ppm NO)

(Oxygen content between 20.21.5 per cent vol.)

If gas bottles are not available, a gas purifier may be used, if contamination
levels can be demonstrated.

Calibration and span gases

Mixtures of gases having the following chemical compositions| dbel
available, if applicableOther gas combinations are allowed provided the
gases do not react with oneodtmer. The expiration date of the calibration
gases statedylthe manufacturer shall be recorded.

CsHg and purified synthetic air (see paragraph 9.3.3.1.);
CO and purified nitrogen;

NO and purified nitrogen;

NO, and purified synthetic air;

CO; and purified nitrogen;

CH, and purified synthetic air;

C,Hg and purified synthetic air

The true concentration of a calibratiand span gas shall be withid per

cent of the nominal value, and shall be traceable to national or international
standards. All concentrations of calibration gas shall be given onuago
basis (volume percent or volume ppm).

Gas dividers

The gases used for calibration and span may also be obtained by means of
gas dividers (precision blending devices), diluting with purifiedoN with
purified synthetic airCritical-flow gas dividers, capillaryube gas dividers,

or thermalmassmeter gas dividers may be us&fiscosity corrections shall

be applied as necessary (if not done by gas divider internal software) to
appropriately ensure correct gas divisidie accuracy of theag divider

shall be such that the concentration of the blended calibragases is
accurate to within 2 per centThis accuracy implies that primary gases used

for blending shall be known to an accuracy of at |@agter cent, traceable

to national o international gas standards.
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The gas divider system shall meet the linearity veaiiam in paragraph 9.2.,
Table 9 Optionally, the blending device may be checked with an instrument
which by nature is lineage.g. using NO gas with a CLThe span valuef

the instrument shall be adjusted with the span gas direotinected to the
instrument.The gas divider shall be checked at the settings used and the
nominal value shall be compared to the measured concentration of the
instrument.

9.3.3.4. Oxygen inerference check gases
Oxygen interference check gases are a blehdropane, oxygen and
nitrogen. They shall contain propane with 350 ppm °C75 ppm C
hydrocarbonThe concentration value shall be determined to calibration gas
tolerances by chromatograptanalysis of total hydrocarbons plus ionjies
or by dynamic blendingThe oxygen concentrations required for positive
ignition and compression ignition engine testing are liste@ahle 10 with
the remainder being purified nitrogen.

Table 10

Oxygeninterference check gases

Type of engine O, concentration (per cent)

Compression ignition 21 (20 to 22)

Compression and positive ignition 10 (9 to 11)

Compression and positive ignition 5 (4 to 6)

Positive ignition 0(0to1l)

9.3.4. Vacuumsideleakcheck

9.3.4.1.

9.3.4.2.

Upon initial sampling system installation, after major maintenance such as
prefilter changes, and within 8 hours prior to each test sequence, it shall be
verified that there are no significant vacuside leaks using one of the leak
tests describeih this paragraph. This verification does not apply to any full
flow portion of a CVS dilution system.

A leak may be detected either by measuring a small amount of flow when
there shall be zero flow, by measuring the pressure increase of an evacuated
sydem, or by detecting the dilution of a known concentration of span gas
when it flows through the vacuum side of a sampling system.

Low-flow leak test

The probe shall be disconnected from the eghaystem and the end
plugged. The analyzer pumpshall be switched on. After an initial
stabilization period all flowmeters will read approximatetgro in the
absence of a leakf not, the sampling lines shall be checked and the fault
corrected.

The maximum allowable leakage rate on the vacuum sidd be 0.5 per
cent of the iruse flow rate for the portion of the system being checked.
analyzer flows and bypass flows may be used to estimate thseiflow
rates.

Vacuumdecay leak test

The sytem shallbe evacuated to a pressure of at least 20 kPa vacuum
(80kPa absoluteand the leak rate of the system shall be observed as a decay
in the applied vacuunTo perform this test the vacuuside volume of the
sampling system shall be known to within £10 pent of its true volume.
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9.3.4.8.

9.3.5.

9.3.6.

After an initial stabilization period the pressure incregsékPa/min) in the
system shall not exceed:

Dp=p/ Vs X 0.005X Oys (75)
Where

Vs is the system volume, |

Ows Is the system flow rate, I/min

Dilution-of-spangas leak test

A gas analyzer shall be prepared as it would be for emission testing. Span gas
shall be supplied to the analyzer port and it shall be verified that the span gas
concentration is measured within its expected measurement accuracy and
repeatability. Overflow span gas shall be routed to either the end of the
sample probe, the open end of the transfer line with the sample probe
disconnected, or a thraeay valve installed idine betwea a probe and its
transfer line

It shall be verifiedthat the measured overflow span gas concentration is
within £0.5 per cenof the span gas concentratioh.measured value lower

than expected indicates a leak, but a value higher than expected may indicate
a problem with the sm gas or the analyzer itsef. measured value higher

than expected does not indicate a leak.

Response time check of the analytical system

The system settings for the response time evaluation shall be exactly the
same as during measurement of test run (i.e. pressure, flow rates, filter
settings on the analyzers and alhat response time influencesyhe
response time determination shall be done with gas switching diredty at
inlet of the sample prob&he gas switching shde done in les tharD.1 s.

The gases used for the test shall cause a concentration change of@ least
per cent full scale (FS).

The concentration trace of each single gamponent shall be recordddhe
response time is defined to be the difference in time betvbe gas
switching and the appropriate changk the recorded concentratioithe
system response timdgd) consists of the delay time to the measuring
detector andhe rise time of the detectofhe delay time is defined as the
time from the changég) until the response is 10 per cent of the final reading
(t1g). The rise time is defined as the time between 10 per ceripdr cent
response of the final reading(i t;o).

For time alignment of the analyzer and exhaust flow signals, the
transformaton time is defined as the time from the changg ¢ntil the
response is 50 per cent of the final readisg.(

The system response time shall ®el0 s with a rise time of 2.5 s in
accordance with paragrapiB.1.7. for all limited components (CO, N®IC

or NMHC) and all ranges useWhen using a NMC for the measurement of
NMHC, the system response time may exck@d.

Efficiency test of NQ converter

The efficiency of the converter used for the conversion of M@ NO is
tested as givemiparagraphs 9.3.6.1 to 9.3.6.8 (Fepure8).
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Figure 8

Scheme of NQ converter efficiency device

9.3.6.1.

9.3.6.2.

9.3.6.3.

9.3.6.4.

solenoid valve

VR

02

R

AC H I<—% I H‘t Ozonator
Variac L
E to analyser
NO/N2
Test setup

Using the test setup as schematically showRigure 8 and the procedure
below, the efficiency of the converter shall be testedniyans of an
ozonator.

Calibration

The CLD and the HCLD shall be calibrated in the most common operating
range following the manufactuterspecifications using zero and span gas
(the NO content of which shall amount to about 80 per cent of tertipg
range and the N{roncentration of the gas mixture to less than 5ceet of

the NO concentration)-he NQ, analyzer shall be in the NO mode so that the
span gas doesohpass through the convertgéhe indicated concentration has

to be recorded.

Calculation

The per cent efficiency of the converter shall be calculated as follows:

Evox = 8 42085 100 (76)
¢ c-d=+

Where

a is the NQ concentratiorin accordance witparagraph 9.3.6.6.

b is the NQ concentratiorin accordance witparagraph 9.3.6.7.

c is the NOconcentratiorin accordance witparagraph 9.3.6.4.

d is the NO concentratioim accordance witparagraph 9.3.6.5.

Adding of oxygen

Via a T-fitting, oxygen or zero air shall be added continuously to the gas flow
until the concentration indicadeis about 20 per cent less than the indicated
calibration concentration given in paragr&pB.6.2. (the analyzer is in the
NO mode).

The indicated concentratiorc)(shall be recordedThe ozonator is kept
deactivated throughout the process.
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9.3.6.5.

9.3.6.6.

9.3.6.7.

9.3.6.8.

9.3.6.9.

9.3.6.10.

9.3.7.
9.3.7.1.

Activation of the ozonator

The ozonator shall be activated to generate enough ozone to bring the NO
concentration down to about 20 per cent (minimum 10 per cent) of the
calibration concentraih given in paragrap®.3.6.2. The indicated
concentrationd) shall be recorded (the analyzer is in the NO mode).

NO, mode

The NO analyzer shall be switched to the ,Nfibde so that the gas mixture
(consisting of NO, N@ O, and N) now passes through the convert€he
indicated concentratiofa) shall be ecorded (the analyzer is in the NO
mode).

Deactivation of the ozonator

The ozonator is now deactivatedhe mixture of gases described in
paragrapt9.3.6.6. passes througthet converter into the detectoithe
indicated concentrationb) shall berecorded (the analyzer is in the NO
mode).

NO mode

Switched to NO mode with the ozonator deactivated, the flow of oxygen or
synthetic air shall be shut offThe NQ, reading of the analyzer shall not
deviate by more tha#i5 per cent from the value measutiadiccordance with
paragrapt9.3.6.2. (the analyzer is in the NO mode).

Test interval

The efficiency of the converter shall be tested at least once pghmo
Efficiency requirement

The efficiency of the convertétyo, shall not be less than 95 per cent.

If, with the analyzer in the most common range, the ozonator cannot give a
reduction from 80 per cent to 20 per cenin accordance with
paragrph9.3.6.5., the highest range which will give the reduction shall be
used.

Adjustment of the FID
Optimization of the detector response

The FID shall be adjusted as specified by the instrument manufacturer. A
propane in air span gas shb# used to optimize the response on the most
common operating range.

With the fuel and airflow rates set at the manufactsirercommendations,
a350+ 75 ppmC span gas shaltle introduced to the analyzdme response

at a given fuel flow shall be detained from the difference between the span
gas respose and the zero gas resporiee fuel flow shall be incrementally
adjusted above and below the manufactsigpecificationThe span and zero
response at thedeel flows shall be recorded:he difference between the
span and zero response shall be plotted and the fuel flow adjastes rich
side of the curveThis is the initial flow rate setting which may need further
optimization depending on the results of the hydrocarbon responsesfact
and the oxygen interference cheickaccordance wittparagraphs 9.3.7.2.
and9.3.7.3.If the oxygen interference or the hydrocarbon response factors do
not meet the following specifications, the airflow shall be incrementally
adjusted above and belovhet manufacturés specifications, repeating
paragraphs 9.3.7.2. a8d3.7.3. for each flow.
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The optimization may optionally be conducted using the procedures outlined
in SAE paper No770141.

9.3.7.2. Hydrocarbon response factors

A linearity verificationof the analyzer shall be performed using propane in
air and purified synthetic ain accordance witparagraph 9.2.1.3.

Response factors shall be determined when introducing an analyzer into
service andafter major service intervalsThe response factofr;) for a
particular hydrocarbon species is the ratio of the FID C1 reading to the gas
concentration in the cylinder expressed by gpn

The concentration of the test gas shall be at a level to give a response of
approximaely 80 per cent of full scaleThe concentration shde known to

an accuracy of2 per cent in reference to a gravimetstandard expressed in
volume.In addition, the gas cylinder shall be preconditioned for 24 hours at a
temperature 0298K + 5K (25°C £ 5 °C).

The test gaseto be used and the relative response factor ranges are as
follows:

(@) Methaneand purified synthetic air 1.00¢r,¢ 1.15

(b)  Propyleneand purified synthetic air 0.90¢r,¢c1.1

(c)  Tolueneand purified synthetic air 0.90¢r,¢c1.1

These values are relative toyaf 1 for propane and purified synthetic air.
9.3.7.3. Oxygen interference check

For raw exhaust gas analyzers only, the oxygen interference check shall be
performed when introducing an analyzer into service and after reejuice
intervals.

A measuring range shall be chosen where the oxygen interference check
gases willfall in the uppeb0 per centThe test shall be conducted with the
oven temperature set as required. Oxygen interference check gas
specifications are fand in paragrapB.3.3.4.

(@) Theanalyzer shall be set at zero,

(b)  The analyzer shall be spanned with the O per cent oxygen Iitend
positive ignition enginesCompression ignition engine instruments
shall be spanned with tf# per cent oxygen blend.

(c) Thezeo response shall be recheck#dt has changed by more than
0.5 per cent of full scale, steps (a) and (b) of this paragraph shall be
repeated.

(d) The5 per cent and 10 per cent oxygen interference check gases shall
be introduced.

(e) Thezem response shall be recheck#dt has changed by more than
°1 per cent of full scale, the test shall be repeated.

) The oxygen interferencé&,, shall be calculated for each mixture in
step (d) as follows:

Eo: = (Cref,d - C) x 100 /Cref,d (77)
With the analyzer response being
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9.3.8.1.
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C..3C C
c - ref,b FSbh 3 m,d (78)

Cm,b CFSd

Where

Crefp IS the reference HC concentration in step (b), gpm
Cret a 1S the reference HC concentration in step (d), gpm
Crspis the full scale HC concentration in step (b), ppm

Crs,qiS the full scale HC concentration in step (d), pBm

CmpiS the measured HC concentration in step (b), fpm
CmaliS the measured HC concentration in step (d), Gpm

()  The oxygen interferendgy, shall be less thahl.5 per cent for all
required oxygelinterference check gases prior to testing.

(h) If the oxygen interferenc&q, is greater thari 1.5 per cent, corrective
action may be taken by incrementally adjusting the airflow above and
below the manufacturer specifications, the fuel flow and tlsample
flow.

0] The oxygen interference shall be repeated for each new setting.
Efficiency of the noamethane cutter (NMC)

The NMC is used for the removal of the rmrethane hydrocarbons from the
sample gas by oxidizing lahydrocarbons except riene. Ideally, the
conversion for methane @sper cent, and for the other hydrocarbons
represeted by ethane i$00per cent.For the accurate measurement of
NMHC, the two efficiencies shall be determined and used for the calculation
of the NMHC emissiomass flow rate (see paragrafl6.2.).

It is recommended that a nomethane cutter is optimized by adjusting its
temperature to achievenay, < 0.15 and a Eg > 0.98 as determéd by
paragraphs 9.3.8.1. and 82., as applicabléf adjusting NMCtemperature
does not result in achieving these specifications, it is recommended that the
catalyst material is replaced.

Methane Efficiency

Methane calibration gas shall be flown through the FID with and without
bypassing the NMC andh¢ two conentrations recordedhe efficiency shall
be determined as follows:

CHC(W/NMC)
Emw=1-—"7-—"" (79
CHCWw/oNMC)

Where

Chicwinvey 1S the HC concentration with GHlowing through the NMC,
ppmC

Chcwio nme)y 1S the HC concentration with GHyypassing the NMC, ppi@
EthaneEfficiency

Ethane calibration gas shall be flown through the FID with and without
bypassing the NMC andhé¢ two concentrations recorddche efficiency shall
be determined as follows:
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CHCW/NMC)

Eg = 1- ———— (80)
CHCw/oNMC)
Where
Chcowinmey 1S the HC concentration with ;86 flowing through the NMC,
ppmC

Chcwio nme) 1S the HC concentration with,8g bypassing the NMC, ppi@
Interference effects

Other gases than the one being analyzed can interfere with the reading in
several ways. Positive interference occurs in NIMBtruments where the
interfering gas gives the same effect as the gas being redabut to a lesser
degree Negative interference occurs in NDIR instruments by the interfering
gas broadening the absorption band of the measured gas, and in CLD
instrumens by the interféng gas quenching the reactiofhe interference
checks in paragraphs 9.3.9.1. and 9.3.9.3. shall be performed prior to an
analyzels initial use and after major service intervals.

CO analyzer interference check

Water and C@can interfere with the CO analyzer performandeerefore, a

CO, span gas having a concentration of 80 to 100 per cent of full scale of the
maximum operating range used during testing shall be bubbled through water
at room temperature ande analyzer rgmnse recordedThe analyzer
response shall not be more than 2 per cent of the mean CO concentration
expected during testing.

Interference procedures for G@nd HO may also be run separatelf/the

CO, and HO levels used are higher than the maximuwele expected
during testing, each observed interference value shall be scaled down by
multiplying the observed interference by the ratio of the maximum expected
concentration value to the actual value used during this procesieperate
interference proedures concentrations of ,® that are lower than the
maximum levels expected during testing may be run, but the obsepz2d H
interference shall be scaled up by multiplying the observed interference by
the ratio of the maximum expected concentration vak to the actual
value used during this procedurEhe sum of the two scaled interference
values shall meet the tolerance specified in this paragraph.

NO, analyzer quench checks faZhemiLuminescence DetectorC(D)
analyzer

The two gases afoncern for CLD (and HCLD) analyzers are £d water
vapour. Quench responses to these gases are proportional to their
concentrations, and therefore require test techniques to determine the quench
at the highest expected concentrasi@xperienced duringsting.If the CLD
analyzer uses quench compensation algorithms that utili@eddd/or CQ
measurement instruments, quench shall be evaluated with these instruments
active and with the compensation algorithms applied.

CGO, quench check

A CO; span gas having a concentratiorB6fto100per cent of full scale of

the maximum operating range shall be passed through the NDIR analyzer and
the CQ value recorded aé. It shall then be diluted approximately pér

cent with NO span gas and passeatigh the NDIR and CLD, with the GO

and NO values recorded BsandC, respectivel. The CQ shall then be shut
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off and only the NO span gas be passed through the (H)CLD and the NO
value recorded &B.

The per cent quench shall be calculated as follows:

3 3
s (oA &, (89

Ecor = %—' )

& &D* A)- (D*B)
Where
A is the undiluted C@concentration measured with NDIR, per cent
B is the diluted C@concentration measured with NDIR, per cent
C is the diluted NO concentration measured with (H)CLD, ppm
D is the undiluted NO concentration measunéth (H)CLD, ppm

Alternative methods of diluting and quantifying of €@d NO span gas
values such as dynamic mixing/blending are permitted with the approval of
the type approval or certification authority.

Water quench check

This checkapplies to wet gas cgentration measurements onGalculation

of water quench shall consider dilution of the NO span gas with water vapour
and scaling of water vapour concentration of the mixture to that expected
during testing.

A NO span gas having agcentration of 8@er cent to 10@er cent of full

scale of the normal operating range shall be passed through the (H) CLD and
the NO value recorded & The NO span gas shall then be bubbled through
water at room temperature and passed through thel(B)aBd the NO value
recorded a€. The water temperature shall be determined and recorded as
The mixtureés saturation vapour pressure that corresponds to the bubbler
water temperaturd=j shall be determined and recordedzas

The water vapourconcentration (in per cent) of the mixture shall be
calculated as follows:

H = 100x (G/ py) (82

and recorded adH. The expected diluted NO span gas (in water vapour)
concentration shall be calculated as follows:

De=Dx (1-H/100) (83)

and recaded asD.. For diesel exhaust, the maximum exhaust water vapour
concentration (in per cent) expected during testing shall be estimated, under
the assumption of a fuel/C ratio of 1.8/1, from the maximum GO
concentration in the exhaust gaas follows:

Hn=0.9x A (84)
And recorded asl,,

The per cent water quench shall be calculated as follows:

Er20=100x ( (De- C) /Dg) X (Hi / H) (85
Where

D, is the expected diluted NO concentration, ppm

C is the measured diluted NO concentration, ppm
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Hn  is the maximum water vapour concentration, per cent
H is the actual water vapour concentration, per cent
Maximum allowable quench

The combined C@and water quench shall not exceed 2 per oétthie NQ
concentration expected during testing

NO, analyzer quench check fllon-Dispersive UltraViolet (NDUV) analyzer

Hydrocarbons and @ can positively interfere with a NDUV analyzer by
causing a response similar to N@ the NDUV analyzer uses compensation
algorithms that utilize measurements of other gases to meet this interference
verification, simultaneously such measurements shall be conducted to test the
algorithms during the analyzer interference verification.

Procedure

The NDUV analyzer shall be started, operated, zeroed, and spamned
accordance with the instrument manufacturer instructions. It is
recommended to extract engine exhaust to perform this verification. A CLD
shall be used to quantify®j in the exhausfThe CLD response shall be used

as the reference value. Also HC shall be measuredeiexhaust with a FID
analyzer.The FID response shall be used as the reference hydrocarbon value.

Upstream of any sample dryer, if used during testimg engine exhaust shall
be intoduced into the NDUV analyzeflime shall be allowed for the
analyzer response to stabilizétabilization time may include time to purge
the transfer line and to account for analyeresponseWhile all analyzers
measuraghe sampls concentration, 30 s of sampled data shall be recorded,
and the arithmetic means for the three analyzers calculated.

The CLD mean value shall be sulatied from the NDUV mean valu@his
difference shall be multiplied by the ratio of the expdcmean HC
concentration to the HC concentration measured during the verification, as
follows:

_ , 86, 0

Eiicimoo = (CNOX,CLD - CNOX,NDUV) a%ee 8 (86)
Q HCm =+

Where
CNOX,CLD is the measured N@oncentration with CLD, ppm
CNOX,NDUV is the measured N@oncentration with NDUV, ppm
CHCe is the expectethax. HC concentration, ppm
CHCe is the measured HC concentration, ppm

Maximum allowable quench

The combined HC and water quench shall not exceed 2 per cent of the NO
concentration expected during testing.

Sample dryer

A sample drgr removes water, which can otherwise interfere with g NO
measurement.
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Sample dryer efficiency

For dry CLD analyzers, it shall be demonstrated that for the highest expected
water vapour concentratidd,, (see paragraph 9.3.9.2.2.), the sampiged

mai nt ai ns CL B g tvatenidg diry tiry(or about @008 per cent
H,0), which is100per cent relative humidity at 3.9 °C and 101.3 KPas
humidity specification is also equivalent to about 25 per cent relative
humidity at 25 °C and.01.3kPa. This may be demonstrated by measuring
the temperature at the outlet of a thermal dehumidifier, or by measuring
humidity at apoint just upstream of the CLBHumidity of the CLD exhaust
might also be measured as long as the only flow into the CLD iflaWwe

from the dehumidifier.

Sample dryer N@penetration

Liquid water remaining in an improperly designed sample dryer can remove
NO, from the samplelf a sample dryer is used without an MRO converter
upstream, it could therefore remove N®om the sample prioto NO,
measurement.

The sample dryer shall allow for measuring at least 95 per cent of the total
NO, at the maximum expected concentration of,NO

The following procedure shall be used to verify sample dryer performance:

NO, calibration gas that has an M€oncentration that is near the maximum
expected during testing shall be overflowed at the gas sampling &/stem
probe or overflow fitting.Time shall be allowed for stabilization of the total
NOx response, accounting onlyrftransport delays and instrument response.
The mean of 30 s of recorded total Ndata shall be calculated and this value
recorded asyoxer and the NQ@ calibration gas be stopped

The sampling system shall be saturated by overflowing a dew point
gener#or's output, set at a dew point of 50 °C, to the gas sampling sgstem
probe or overflow fitting.The dew point generatsroutput shall be sampled
through the sampling system and sample dryer for at least 10 minutes until
the sample dryer is expectedie removing a constant rate of water.

The sampling system shall be immediately switched back to overflowing the
NO, calibration gas used to establighoxer It shall be allowed for
stabilization of the total NOx response, accounting only for transdetysl

and instrument responséhe mean of 30 s of recorded total Ndata shall

be calculated and this value recorde@\@smeas

CnoxmeasShall be corrected toyoxary based upon the residual water vapour that
passed through the sample dryer at thapda dryels outlet temperature and
pressure.

If Cnoxary IS less than 95 per cent Qfoxer, the sample dryer shall be repaired
or replaced .

Sampling for raw gaseous emissions, if applicable

The gaseous emissions sampling probes shall be fttdelast 0.5 m or 3
times the diameter of the exhaust pipghichever is the largerupstream of

the exit of the exhaust gas system but sufficiently close to the engine as to
ensure an exhaust gas temperature of at least 343 ¥C{&Q the probe.

In the case of a multylinder engine with a branched exhaust manifold, the
inlet of the probe shall be located sufficiently far downstream so as to ensure
that the sample is representative of the average exhaussiensi from all
cylinders.In multi-cylinder engines having distinct groups of manifolds, such
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as in a"Ve€' engine configuration, it is recommended to combine the
manifolds upstream of the sampling probH. this is not practical, it is
permissible to acquire a sample from the group with the esiglCQ
emission.For exhaust emission calculation the total exhaust mass flow shall
be used.

If the engine is equipped with an exhaust afteatment system, the exhaust
sample shall be taken downstream of the exhausttad@ment system.

Sampling for dilute gaseous emissions, if applicable

The exhaust pipe between the engine and the full flow dilution system shall
conform to the regrements laid down in Annex Ihe gaseous emissions
sample probe(s) shall be installed in the dilutionnel at a point where the
diluent and exhaust gas are well mixed, and in close proximity to the
particulates sampling probe.

Sampling can generally be done in two ways:

(@) The emissions are sampled into a sampling bag over the cycle and
measured aftezompletion of the test; for HC, the sample bag shall be
heated tai64 K ° 11K (191°C° 11°C), for NQ, the sample bag
temperature shall be above the dew point temperature;

(b) Theemissions are sampled continuously and integrated over the cycle.

The bakground concentrations shall be sampled upstream of the dilution
tunnel into a sampling bag, and shall be subtracted from the emissions
concentratiornn accordance witparagrapt8.5.2.3.2.

Particulate measurement and sampling system
General pecifications

To determine the mass of the particulates, a particulate dilution and sampling
system, garticulate sampling filter, a microgram balance, and a temperature
and humidity controlled weighing chamber, arguieed. The particulate
sampling syeem shall be designed to ensure a representative sample of the
particulates proportional to the exhaust flow.

General requirements of the dilution system

The determination of the particulates requires dilution of the sample with
filtered ambient ai syntheticair or nitrogen (the diluent)The dilution
system shall be set as follows:

(@) Completelyeliminate water condensation in the dilution and sampling
systems,

(b)  Maintain the temperature of the diluted exhaust gas between 315 K
(42°C) and 25 K (52 °C) within 20 cm upstream or downstream of
the filter holder(s),

(c)  The diluent temperature shall be between 293 K and 325 K (20 °C to
42 °C) in close proximity to the entrance into the dilution tunnel;
within the specified range, Contractingrifées may require tighter
specifications for engines to be type approved or certified in their
territory,

(d)  The minimum dilution ratio shall be within the range of 5:1 to 7:1 and
at least 2:1 for the primary dilution stage based on the maximum
engine ekaust flow rate,
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(e) For a partial flow dilution system, the residence time in the system
from the point of diluent introduction to the filter holder(s) shall be
betweer0.5 and 5 seconds,

4] For a full flow dilution system, the overall residence time the
system from the point of diluent introduction to the filter holder(s)
shall be betweeh and 5 seconds, and the residence time in the
secondary dilution system, if used, from the point of secondary diluent
introduction to the filter holder(s) shalélat least 0.5 seconds.

Dehumidifying the diluent before entering the dilution system is permitted,
and especially useful if diluent humidity is high.

Particulate sampling
Partial flow dilution system

The particulate sampling probe shb# installed in close proximity to the
gaseous emissions sampling probe, but sufficiently distartio not cause
interference.Therefore, the installation provisions of paragraph 9.3.10. also
apply to particulate ampling. The sampling line shall conforno the
requirements laid down in AnneXx

In the case of a multtylinder engine with a branched exhaust manifold, the
inlet of the probe shall be located sufficiently far downstream so as to ensure
that the sample is representative of the average exbaissions from all
cylinders.In multi-cylinder engines having distinct groups of manifolds, such
as in a"Ve€' engine configuration, it is recommended to combine the
manifolds ystream of the sampling prob#. this is not practical, it is
permissible toacquire a sample from the group withethighest particulate
emissionFor exhaust emission calculation the total exhaust mass flow of the
manifold shall be used.

Full flow dilution system

The particulate sampling probe shall be installed iselproximity to the
gaseous emissions sampling probe, but sufficiently distant as to not cause
interference, in the dilution tunnelherefore, the installation provisions of
paragrapt®.3.11. also apply to pEculate samplingThe sampling line shall
corform to the requirements laid down in Anngx

Particulate sampling filters

The diluted exhaust shall be sampled by a filter that meets the requirements
of paragraph8.4.4.1. to 9.4.4.3. during the test sequence.

Filter specification

All filter types shall have a 0.3 um DOP atitylphthalate) collection
efficiency of at least 99 per cefthe filter material shall be either:

(@)  Fluorocarbor(PTFE) coated glass fiber, or
(b)  Fluorocarbor(PTFE) membrane.
Filter size

The filter shall be circular with a nominal diameter of 47 mm (tolerance
of 46.50° 0.6mm) and an exposed diameter (filter stain diameter) of at
least38 mm.
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Filter face velocity

The face velocity through the filter shall be between 0.90 and 1.00 nin's wit
less tharb per cent of the recordedil values exceeding this randéthe

total PM mass on the filter exceeds 400 ug, the filter face \glocay be
reduced t®.50m/s. The face velocity shall be calculated as the volumetric
flow rate of the samplat the pressure upstream of the filter and temperature
of the filter face, divided by the filtsrexposed area.

Weighing chamber and analytical balance specifications

The chamber (or room) environment shall be free of any ambient
contaminants(such as dust, aerosol, or sevoiatile material) that could
contaminate the particulate filter§he weighing room shall meet the required
specifications for at least G@in before weighing filters.

Weighing chamber conditions

The temperaturefahe chamber (or room) in which the particulate filters are
conditioned and weighed shall be maintained to within 295 K + 1 K
(22°C % 1°C) during all fiker conditioning and weighin@.he humidity shall

be maintained to a dew point282.5K £ 1 K (9.5°C + 1°C).

If the stabilization and weighing environments are separate, the temperature
of the stabilization environment shall be maintained at a tolerance of 295 K *
3 K (22 °C % 3°C), but the dew point requirement remains at 28251 K
(9.5°C+1°C).

Humidity and ambient temperature shall be recorded.
Reference filter weighing

At least two unused reference filters shall be weighed wa8ihours of, but
preferably at the same time #ghe sample filter weighing'hey shall be the
same material as the sample filterBuoyancy correction shall be applied to
the weighings.

If the weight of any of the reference filters changes between sample filter
weighings by more thahO pg or £10 per cent of the expected total PM mass,
whichever § higher all sample filters shall be discarded and the emissions
test repeated.

The reference filters shall be periodically replaced based on good engineering
judgement, but at least once per year.

Analytical balance

The analytical balance usdd determine the filter weight shall meet the
linearity verification criterion of paragraph 9.2Table 9. This implies a
precisionof at least 0.5ug and a resolution of at least 1 ug (1 digit = 1 pg).

In order to ensure accurate filter weighing, théabee shall be installed as
follows:

(@) Installed on a vibraticisolation platform to isolate it from external
noise and vibration,

(b)  Shieldedfrom convective airflow with a statidissipating draft shield
that is electrically grounded.

Elimination of static electricity effects

The filter shall be neutralized prior to weighing, e.g. by a Polonium
neutralizeror a device of similar effectf a PTFE membrane filter is used,
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9.4.6.1.

the static electricity shall be measured and is recommended toHie Wi.0
V of neutral.

Static electric charge shall be minimized in the balance environment. Possible
methods are as follows:

(@) Thebalance shall be electrically grounded,

(b)  Stainlesssteel tweezers shall be used if PM samples are handled
manually,

(c) Tweezersshall be grounded with a grounding strap, or a grounding
strap shall be provided for the operator such that the grounding strap
shares a @ammon ground with the balanc&rounding straps shall
have an appropriate resistor to protect operafoos accidental
shock.

Additional specifications

All parts of the dilution system and the sampling system from the exhaust

pipe up to the filter holder, which are in contact with raw and diluted exhaust

gas, shall be designed to minimize deposibr dteration of the particulates.

All parts shall be made of electrically conductive materials that do not react

with exhaust gas components, and shall be electrically grounded to prevent
electrostatic effects.

Calibration of the flow measument instrumentation

Each flowmeter used in particulate sampling and partial flow dilution
system shall be subjected to the linearity verification, as described in
paragrapt9.2.1., as often as necessary to fulfil the sacy requirements of
this gtr. For the flow reference values, an accurate flowmeter traceable to
international and/or rimnal standards shall be usdebr differential flow
measurement calibration see paragrayh6.2.

Special requirements for the partial flow dilution system

The partial flow dilution system has to be designed to extract a proportional
raw exhaust sample from the engine exhaust stream, thus responding to
excursions  the exhaust stream flow rateor this it is essential that the
dilution ratio or the samplingatio rq or rs be determined such that the
accuracy requirements of paragraph 9.4.6.2. are fulfilled.

System response time

For the control of a partial flow dilution system, a fast systesponse is
required.The transformation time for th&ystem shall be determined by the
procedure in paragrah4.6.6.If the combined transformation time of the
exhaust flow measurement (see paragraph 8.4.1.2)tlen partial flow
system is00.3s, online control shall be usedf the transformation time
exceed®.3s, look ahead control based on a-preorded test run shall be
used.In this case, the combined rise time shallthes and the combined
delay time¢ 10s.

The total system response shall be designed as to ensure a representative
sample ofthe particulatesgl,,;, proportonal to the exhaust mass flowo
determine the proportionality, a regression analysigef versustmey, shall

be conducted on a minimufiHz data acquisition rate, and the following
criteria shall be met:

(@) The codficient of determinatiorr? of the linear regression between
Omp,i @NA0mew,i Shall not be less than 0.95,



ECE/TRANS/WP.29/2014/84

9.4.6.2.

9.4.6.3.

(b)  Thestandard error of estimate gfyi 0N gmew,i Shall not exceed 5 per
cent ofgm, maximum,

() amp intercept of the regression line shall not excé2der cent of,,
maximum.

Look-ahead control is required if the combined transformation times of the
particulate systentsopand of the exhaust mass flow sigrigd,-are > 0.3s.
In this case, ang-test shall be run, and the exhaust mass flow signal of the
pre-test be used for controlling the sample flow into the particulate system. A
correct control of the partial dilution system is obtained, if the time trace of
Omew,pre Of the pretest, which ontrolsgny, is shifted by &look-ahead time of

tsopt+ tsom

For establishing the correlation betwegg; and gmew,i the data taken during
the actual test shall be used, wifh,,; time aligned by & r relative toQmy,;

(no contribution fromsyp to the time alignment)That is, the time shift
betweengme anddy, is the difference in their transformation times that were
determined in paragraph 9.4.6.6.

Specifications for differential flow measurement

For partial flow dilution systemshé accuracy of the sample flogy, is of
special concern, if not measured directly, but determined by differential flow
measurement:

qmp = Omdew T Omdw (87)

In this case, the maximum error of the difference shall be such that the
accuracy ofy.y, is within °5 per cent when theildtion ratio is less than 15t

can be calculated by taking rewmkansquare of the errors of each
instrument.

Acceptable accuracies af,, can be obtained by either of the following
methods:

(@) The absolute accuracies Oygew and gmaw are °0.2 per cent which
guarantees an accuracydpf, of ¢ 5 per @nt at a dilution ratio of 15.
However, greater errors will occur at higher dilution ratios.

(b)  Calibration ofgmw relative togmgew is carried out such that the same
accuracies for, as in (a) are obtainedcor details see paragraph
9.4.6.2.

(c)  The accuracy ofjy, is determined indirectly from the accuracy of the
dilution ratio as determined by a tracer gas, e.g,. X@curacies
equivalent to method (a) fay,, arerequired.

(d)  The absolute accuracy Qfgew and maw iS Within °2 per cent of full
scale, the maximum error of the difference betwagg, and gnqw is
within 0.2 per cent, and the linearity error is withi@.2 per cent of
the highestgew Observed during the test.

Calibration of differential flow measurement

The flowmeter or the flow measurement instrumentation shall be calibrated
in one of the following procedures, such that the probe figyvinto the
tunnel shall fulfil the accuracy requirements of paragraph 9.4.6.2.:

(@)  The flowmeter forg.aw shall be connected in series to the flowmeter
for Omgew the difference between the two flowmeters shall be
calibrated for at lea®t set points withflow values equally spaced
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between the lowedt,q, Value used during the test and the value of
Omdew USed during the testhe dilution tunnel may be bypassed.

(b) A calibrated flow device shall be connected in series to the flowmeter
for gngew @and the acuracy shall be checkedrfthe value used for the
test. The calibrated flow device shall be connected in series to the
flowmeter forq.aw, and the accuracy shall be checked for at least 5
settings corresponding to dilution ratio betw@and50, relatie to
Omdew USed during the test.

(c)  The transfer tube (TT) shall be disconnected from the exhaust, and a
calibrated flowmeasuring device with a suitable range to meagye
shall be onnected to the transfer tulmpgew Shall be set to the value
used dring the test, and, Shall be sequentially set to at least 5
values corresponding to dilon ratios betweeB and50.
Alternatively, a special calibration flow path may be provided, in
which the tunnel is bypassed, but the total ditdent flow through
the corresponding meters as in the actual test.

(d) A tracer gas shall be fed into the exhaust transfer tubd ii§.tracer
gas may be a component of the exhaust gas, likedC®IQ,. After
dilution in the tunnel the tracer ggomponent shalldomeasuredrlhis
shall be carried out for 5 dilion ratios between 3 and 5The
accuracy of the sample flow shall be determined from the dilution
ratiorg:

Ormp = Omdew /T (89)

The accuracies of the gas analyzers shall be taken into account to ggiarant
the accuracy ofjp.

9.4.6.4. Carbon flow check

A carbon flow check using actual exhaust is strongly recommended for

detecting measurement and control problems and verifying the proper
operaton of the partial flow systenf.he carbon flow check shoultk run at

least each time a new engine is installed, or something significant is changed
in the test cell configuration.

The engine shall be operated at peak torque load and speed or any other
steady state mode that produces 5 per cent or more ofT@®partial flow
sampling system shall be operated with a dilution factor of about 15 to 1.

If a carbon flow check is conducted, the procedure given in Annex 5 shall be
applied. The carbon flow rates shall be calculatedaccordance with
equations106 to 1@ in Annex5. All carbon flow rates should agree to
within 3 per cent.

9.4.6.5. Pretest check

A pre-test check shall be performed within 2 hours before the test run in the
following way.

The accuracy of the flowmeters shall be checked by the same nastheed

for calibration (see paragraph 9.4.6.2.) for at least two points, including flow
values ofg.gy that correspond to dilution ratios between 5 and 15 for the
Omgew Value used during the test.

If it can be demonstrated by records of the calibrafioocedure under
paragrapt9.4.6.2. that the flowmeter calibration is stable over a longer period
of time, the preest check may be omitted.
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9.4.6.6.

9.5.
9.5.1.

9.5.2.

Determination of the transformation time

The system settings for the transformation time evaluation bhadixactly
the same as dugnmeasurement of the test rufhe transformation time
shall be determined by the following method.

An independent reference flowmeter with a measurement range appropriate
for the probe flow shall be put in series with andselg coupled to thprobe.

This flowmeter shall have a transformation time of less than 100 ms for the
flow step size used in the response time measurement, with flow restriction
sufficiently low as to not affect the dynamic performance of the partial flow
dilution system, and consistent with good engineering practice.

A step change shall be introduced to the exhaust flow (or airflow if exhaust
flow is calculated) input of the partial flow dilution system, from a low flow
to at leasB0 percent of maximumexhaust flow.The trigger for the step
change shall be the same one used to start theala@d control in actual
testing.The exhaust flow step stimulus and the flowmeter response shall be
recorded at a sample rate of at |e&Hz.

From this data, # 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 per cent prt of the flowmeter responsé a similar manner, the
transformation times of the,, signal d the partial flow dilution system and

of the gmew, Signal of the exhausiowmeter shall be determinedhese
signals are used in the regression checks performed after each test (see
paragraph 9.4.6.1.)

The calculation shall be repeated for at leass® and fall stimuli, andhe
results shall be averagethe internal transformation time (00 ms) of the
reference flowmeter shalle subtracted from this valu&his is the"look-
ahead value of the partial flow dilution system, which shall be appied
accordance with paragraptv.6.1.

Calibration of the CVS system
General

The CVS system shall be calibrated by using an accuratenéitev and a
restricting deviceThe flow through the system shall be measured at different
restriction sdings, and the control parameters of the system shall be
measured and related to the flow.

Various types of flowmeters may be used, e.g. calibrated venturi, calibrated
laminar flowmeter, calibrated turbine meter.

Calibration of the positive displament pump (PDP)

All the parameters related to the pump shall be simultaneously measured
along with the parameters related to a calibration venturi which isecteuh

in series with the pumprhe calculated flow rate (in #s at pump inlet,
absolute presse and temperature) shall be plotted versus a correlation
function which is the value of a specifiorabination of pump parameters.
The linear equation which relates the pump flow and the corneltitction

shall be determinedf a CVS has a multiplepged drive, the calibration shall

be performed for each range used.

Temperature stability shall be maintained during calibration.

Leaks in all the connections and ducting between the calibration venturi and
the CVS pump shall be maintained lower thanp®Bcent of the lowest flow
point (highest restriction and lowest PDP speed point).
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9.5.2.1.

9.5.3.

Data analysis

The airflow rate @,cys) at each restriction setting (minimum 6 settings) shall
be calculated in standard ’ts from the flowmeter data using the
manufactureis prescribed metho@he airflow rate shall then be converted to
pump flow {/p) in m*/rev at absolute pump inlet temperature and pressure as
follows:

Vv _Ocvss T 51013
° n 273 p

(89

Where

Quevs is the airflow rate at standard conditions (101.3 kPa, 273 &3, m
T is the temperature at pump inlet, K

Pp is the absolute pressure at pump inlet, kPa

n is the pump speed, rev/s

To account for the interaction of pressure variations at the pump and the
pump slip rate, the correlation functioky) between pump speegdressure
differential from pump inlet to pump outlet and absolute pump outlet
pressure shall be calculated as follows:

X0:13 %
n pp

(90)

Where
[p, is the pressure differential from pump inlet to pump outlet, kPa
Pp is the absolute outlet pressure at pump oukRes,

A linear leastsquare fit shall be performed to generate the calibration
equation as follows:

V, =D, - mé X, (91)

Do, andm are the intercept and slope, respectively, describing the regression
lines.

For a CVS system with multiple speeds, the calibration cuyeesrated for
the different pump flow ranges shall be approximately parallel, and the
intercept valuesliy) shall increase as the pump flow range decreases.

The calculated values frothe equation shall be within0i5 per cent of the
measured value o¥,. Values ofm will vary from one pump to another.
Particulate influx over time will cause the pump slip to decreaseflastes

by lower values fom. Therefore, calibration shall be performed at pump
startup, after major maintenance, and if the totgktem verification
indicates a change of the slip rate.

Calibration of the critical flow venturi (CFV)

Calibration of the CFV is based upon the flow equation for a critical venturi.
Gas flow is a function of venturi inlet pressure and temperature.

To determine the range of critical flow, shall be plotted as a furich of
venturi inlet pressuref-or critical (choked) flowK, will have a relatively
constant value.As pressure decreases (vacuum increases), the venturi
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becomes unchoked ank, deceases, which indicates that the CFV is
operated outside the permissible range.

9.5.3.1. Data analysis

The airflow rate @.cvs) at each restriction setting (minimum 8 settings) shall
be calculated in standard ’ts from the flowmeter data using the

manufactirers prescribed methodThe calibration coefficient shall be

calculated from the calibration data for each setting as follows:

3
L= Ovcvs VT 92)

Py

K

Where

Owevs IS the airflow rate at standard conditions (101.3 kPa, 273 ?& m
T is the temperature at the ventinfet, K

po  isthe absolute pressure at venturi inlet, kPa

The averag&y and the standard deviation shall be calculatdr: standal
deviation shall not exceed3 per cent of the averal®.

9.5.4. Calibration of the subsonic venturi (SSV)

Calibration of the SSV is based upon the flow equation for a subsonic
venturi. Gas flow is a function of inlet pressure and temperature, pressure
drop between the SSV inlet arttiroat, as shown in equation H8ee
paragraph 8.5.1.4.).

9.5.4.1. Data analys

The gasflow rate Qssy) at each restriction setting (minimum 16 settings)
shall be calculated in standard®s from the flowmeter data using the
manufacturés prescribed methodThe discharge coefficient shall be
calculated from the calibration datar feach setting as follows:

Qssv (93
1

r 43y 14286
D P

C, =

Qo
-

2 z1 1.4286 , 1.714
d,"2p,° (';?3 (rp Ty %3

&

i

&

<

B

Where

Qssv is the airflow rate at standard conditions (101.3 kPa, 273 &, m
T is the temperature at the venturi inlet, K

dv is the diameter of the SSV throat, m

o is the ratio of the SSV throat to inlet abgelstatic pressure =1- o,
P
o is the ratio of the SSV throat diametek;, to the inlet pipe inner
diameterD

To determine the range of subsonic flady,shall be plotted as a function of
Reynolds numbeRe at the SSV throafThe Re at the SSV throat shall be
calculated with the following equation:

Re= A3 Qssv (94)

d, 3 m
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9.5.5.

9.5.5.1.

9.5.5.2.

With
bs T®
CS+T
Where

(99

A, is 2555152 in Sl units g1 §amin @mmo
cmlic s ¢ m=
Qssv is the airflow rate at standard conditions (101.3 kPa, 273 &3, m
dy is the diameter of the SSV throat, m
€ is theabsolute or dynamic viscosity of the gas, kg/ms
b is 1.458 x 18 (empirical constant), kg/m&®°
S is 110.4 (empirical constant), K

Becaus&Qssy is an input to thdRe equation, the calculations shall be started
with an initial guess foQssy or C4 of the calibration venturi, and repeated
until Qssy convergesThe convergence method shall be accurate to 0.1 per
cent of point or better.

For a minimum of sixteen points in the region of subsonic flow, the
calculated values dEy from the resulting calibran curvefit equation shall
be within 4.5 per cent of the measur€gfor each calibration point.

Total system verification

The total accuracy of the CVS sampling system and analytical system shall
be determined by introducing a known mass of a pollutant gas into the
system while it is beingperated in the normal manndrhe pollutant is
analyzed, and the mass calculaiedacordance withparagraph 8.5.2.3.
except in the case of propane wherefactor 0of0.000507 is used in placé o
0.000480 for HCEither of the following two techniques shall be used.

Metering with a critical flow orifice

A known quantity of purgas (carbon monoxide or propane) shall be fed into
the CVS system through calibrated critical orificelf the inlet pressure is

high enough, the flow rate, which is adjusted by means of the critical flow
orifice, is independent of the orifice outlet e (critical flow).The CVS
system shall be operated as in a normal exhaust emission test for about 5 to
10 minutes.A gas sample shall be analyzed with the usual equipment
(sampling bag or integrating method), and the mass of the gas calculated.

The masso determined shall be withir8iper cent of the known mass of the
gas injected.

Metering by means of a gravimetric technique

The mass of a small cylinder filled with carbon monoxide or propane shall be
determined with a precision of0£01 g.For about 5 to 10 minutes, the CVS
system shall be operated as in a normal exhaust emission test, while carbon
monoxide or prop@e is injected into the systermhe quantity of pure gas
discharged shall be determined by means of differential weiglingas
sample shall be analyzed with the usual equipment (sampling bag or
integrating method), and the mass of the gas calculated.

The mass so determined shall be within £3 per cent of the known mass of the
gas injected.
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Annex 1

(a8 WHTC engine dynamometer schedule

Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s per cent per cent s per cent per cent s per cent  per cent
1 0.0 0.0 47 0.0 0.0 93 32.8 32.7
2 0.0 0.0 48 0.0 0.0 94 33.7 325
3 0.0 0.0 49 0.0 0.0 95 34.4 29.5
4 0.0 0.0 50 0.0 13.1 96 34.3 26.5
5 0.0 0.0 51 13.1 30.1 97 34.4 24.7
6 0.0 0.0 52 26.3 255 98 35.0 24.9
7 15 8.9 53 35.0 32.2 99 35.6 25.2
8 15.8 30.9 54 41.7 14.3 100 36.1 24.8
9 27.4 1.3 55 42.2 0.0 101 36.3 24.0
10 32.6 0.7 56 42.8 11.6 102 36.2 23.6
11 34.8 1.2 57 51.0 20.9 103 36.2 23.5
12 36.2 7.4 58 60.0 9.6 104 36.8 22.7
13 37.1 6.2 59 49.4 0.0 105 37.2 20.9
14 37.9 10.2 60 38.9 16.6 106 37.0 19.2
15 39.6 12.3 61 43.4 30.8 107 36.3 18.4
16 42.3 125 62 49.4 14.2 108 354 17.6
17 45.3 12.6 63 40.5 0.0 109 35.2 14.9
18 48.6 6.0 64 31.5 43.5 110 354 9.9
19 40.8 0.0 65 36.6 78.2 111 35.5 4.3
20 33.0 16.3 66 40.8 67.6 112 35.2 6.6
21 42.5 27.4 67 44.7 59.1 113 34.9 10.0
22 49.3 26.7 68 48.3 52.0 114 34.7 25.1
23 54.0 18.0 69 51.9 63.8 115 344 29.3
24 57.1 12.9 70 54.7 27.9 116 34.5 20.7
25 58.9 8.6 71 55.3 18.3 117 35.2 16.6
26 59.3 6.0 72 55.1 16.3 118 35.8 16.2
27 59.0 4.9 73 54.8 11.1 119 35.6 20.3
28 57.9 m 74 547 115 120 35.3 22.5
29 55.7 m 75 54.8 175 121 35.3 23.4
30 52.1 m 76 55.6 18.0 122 34.7 11.9
31 46.4 m 77 57.0 14.1 123 45.5 0.0
32 38.6 m 78 58.1 7.0 124 56.3 m
33 29.0 m 79 43.3 0.0 125 46.2 m
34 20.8 m 80 28.5 25.0 126 50.1 0.0
35 16.9 m 81 30.4 47.8 127 54.0 m
36 16.9 42.5 82 321 39.2 128 40.5 m
37 18.8 38.4 83 32.7 39.3 129 27.0 m
38 20.7 329 84 324 17.3 130 135 m
39 21.0 0.0 85 31.6 11.4 131 0.0 0.0
40 19.1 0.0 86 31.1 10.2 132 0.0 0.0
41 13.7 0.0 87 31.1 19.5 133 0.0 0.0
42 2.2 0.0 88 31.4 225 134 0.0 0.0
43 0.0 0.0 89 31.6 22.9 135 0.0 0.0
44 0.0 0.0 90 31.6 24.3 136 0.0 0.0
45 0.0 0.0 91 31.9 26.9 137 0.0 0.0
46 0.0 0.0 92 32.4 30.6 138 0.0 0.0
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s per cent per cent S per cent per cent s per cent per cent

139 0.0 0.0 189 0.0 5.9 239 0.0 0.0
140 0.0 0.0 190 0.0 0.0 240 0.0 0.0
141 0.0 0.0 191 0.0 0.0 241 0.0 0.0
142 0.0 4.9 192 0.0 0.0 242 0.0 0.0
143 0.0 7.3 193 0.0 0.0 243 0.0 0.0
144 4.4 28.7 194 0.0 0.0 244 0.0 0.0
145 111 26.4 195 0.0 0.0 245 0.0 0.0
146 15.0 9.4 196 0.0 0.0 246 0.0 0.0
147 15.9 0.0 197 0.0 0.0 247 0.0 0.0
148 15.3 0.0 198 0.0 0.0 248 0.0 0.0
149 14.2 0.0 199 0.0 0.0 249 0.0 0.0
150 13.2 0.0 200 0.0 0.0 250 0.0 0.0
151 11.6 0.0 201 0.0 0.0 251 0.0 0.0
152 84 0.0 202 0.0 0.0 252 0.0 0.0
153 54 0.0 203 0.0 0.0 253 0.0 31.6
154 4.3 5.6 204 0.0 0.0 254 9.4 13.6
155 5.8 24.4 205 0.0 0.0 255 22.2 16.9
156 9.7 20.7 206 0.0 0.0 256 33.0 53.5
157 13.6 21.1 207 0.0 0.0 257 43.7 22.1
158 15.6 21.5 208 0.0 0.0 258 39.8 0.0
159 16.5 21.9 209 0.0 0.0 259 36.0 457
160 18.0 22.3 210 0.0 0.0 260 47.6 75.9
161 21.1 46.9 211 0.0 0.0 261 61.2 70.4
162 25.2 33.6 212 0.0 0.0 262 72.3 70.4
163 28.1 16.6 213 0.0 0.0 263 76.0 m

164 28.8 7.0 214 0.0 0.0 264 74.3 m

165 27.5 5.0 215 0.0 0.0 265 68.5 m

166 23.1 3.0 216 0.0 0.0 266 61.0 m

167 16.9 1.9 217 0.0 0.0 267 56.0 m

168 12.2 2.6 218 0.0 0.0 268 54.0 m

169 9.9 3.2 219 0.0 0.0 269 53.0 m

170 9.1 4.0 220 0.0 0.0 270 50.8 m

171 8.8 3.8 221 0.0 0.0 271 46.8 m

172 8.5 12.2 222 0.0 0.0 272 41.7 m

173 8.2 29.4 223 0.0 0.0 273 35.9 m

174 9.6 20.1 224 0.0 0.0 274  29.2 m

175 14.7 16.3 225 0.0 0.0 275 20.7 m

176 24.5 8.7 226 0.0 0.0 276 10.1 m

177 39.4 3.3 227 0.0 0.0 277 0.0 m

178 39.0 2.9 228 0.0 0.0 278 0.0 0.0
179 38.5 5.9 229 0.0 0.0 279 0.0 0.0
180 42.4 8.0 230 0.0 0.0 280 0.0 0.0
181 38.2 6.0 231 0.0 0.0 281 0.0 0.0
182 41.4 3.8 232 0.0 0.0 282 0.0 0.0
183 44.6 54 233 0.0 0.0 283 0.0 0.0
184 38.8 8.2 234 0.0 0.0 284 0.0 0.0
185 37.5 8.9 235 0.0 0.0 285 0.0 0.0
186 35.4 7.3 236 0.0 0.0 286 0.0 0.0
187 28.4 7.0 237 0.0 0.0 287 0.0 0.0
188 14.8 7.0 238 0.0 0.0 288 0.0 0.0
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s per cent per cent S per cent per cent s per cent per cent
289 0.0 0.0 339 0.0 0.0 389 25.2 14.7
290 0.0 0.0 340 0.0 0.0 390 28.6 28.4
291 0.0 0.0 341 0.0 0.0 391 355 65.0
292 0.0 0.0 342 0.0 0.0 392 438 75.3
293 0.0 0.0 343 0.0 0.0 393 51.2 34.2
294 0.0 0.0 344 0.0 0.0 394  40.7 0.0
295 0.0 0.0 345 0.0 0.0 395 303 454
296 0.0 0.0 346 0.0 0.0 396 34.2 83.1
297 0.0 0.0 347 0.0 0.0 397 37.6 85.3
298 0.0 0.0 348 0.0 0.0 398 40.8 87.5
299 0.0 0.0 349 0.0 0.0 399 4438 89.7
300 0.0 0.0 350 0.0 0.0 400 50.6 91.9
301 0.0 0.0 351 0.0 0.0 401 57.6 94.1
302 0.0 0.0 352 0.0 0.0 402 64.6 44.6
303 0.0 0.0 353 0.0 0.0 403 51.6 0.0
304 0.0 0.0 354 0.0 0.5 404  38.7 37.4
305 0.0 0.0 355 0.0 4.9 405 424 70.3
306 0.0 0.0 356 9.2 61.3 406 46.5 89.1
307 0.0 0.0 357 22.4 40.4 407 50.6 93.9
308 0.0 0.0 358 36.5 50.1 408 53.8 33.0
309 0.0 0.0 359 47.7 21.0 409 55.5 20.3
310 0.0 0.0 360 38.8 0.0 410 55.8 5.2
311 0.0 0.0 361 30.0 37.0 411 55.4 m
312 0.0 0.0 362 37.0 63.6 412 54.4 m
313 0.0 0.0 363 45.5 90.8 413 53.1 m
314 0.0 0.0 364 54.5 40.9 414 51.8 m
315 0.0 0.0 365 45.9 0.0 415 50.3 m
316 0.0 0.0 366 37.2 47.5 416 484 m
317 0.0 0.0 367 44.5 84.4 417 45.9 m
318 0.0 0.0 368 51.7 32.4 418 43.1 m
319 0.0 0.0 369 58.1 15.2 419 40.1 m
320 0.0 0.0 370 45.9 0.0 420 37.4 m
321 0.0 0.0 371 33.6 35.8 421 35.1 m
322 0.0 0.0 372 36.9 67.0 422 32.8 m
323 0.0 0.0 373 40.2 84.7 423 453 0.0
324 4.5 41.0 374 43.4 84.3 424  57.8 m
325 17.2 38.9 375 45.7 84.3 425 50.6 m
326 30.1 36.8 376 46.5 m 426 41.6 m
327 41.0 34.7 377 46.1 m 427 47.9 0.0
328 50.0 32.6 378 43.9 m 428 54.2 m
329 514 0.1 379 39.3 m 429 48.1 m
330 47.8 m 380 47.0 m 430 47.0 31.3
331 40.2 m 381 54.6 m 431 49.0 38.3
332 32.0 m 382 62.0 m 432 52.0 40.1
333 24.4 m 383 52.0 m 433 53.3 145
334 16.8 m 384 43.0 m 434 52.6 0.8
335 8.1 m 385 33.9 m 435 49.8 m
336 0.0 m 386 28.4 m 436 51.0 18.6
337 0.0 0.0 387 25.5 m 437 56.9 38.9
338 0.0 0.0 388 24.6 11.0 438 67.2 45.0
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s per cent per cent S per cent per cent s per cent per cent

439 78.6 21.5 489 45.5 m 539 56.7 m
440 65.5 0.0 490 40.4 m 540 46.9 m
441 52.4 31.3 491 49.7 0.0 541 375 m
442 56.4 60.1 492 59.0 m 542 30.3 m
443 59.7 29.2 493 48.9 m 543 27.3 32.3
444 45.1 0.0 494 40.0 m 544  30.8 60.3
445 30.6 4.2 495 335 m 545 412 62.3
446 30.9 8.4 496 30.0 m 546  36.0 0.0
447 30.5 4.3 497 29.1 12.0 547 30.8 32.3
448 44.6 0.0 498 29.3 40.4 548 33.9 60.3
449 58.8 m 499 30.4 29.3 549 346 38.4
450 55.1 m 500 32.2 154 550 37.0 16.6
451 50.6 m 501 33.9 15.8 551 42.7 62.3
452 45.3 m 502 35.3 14.9 552 50.4 28.1
453 39.3 m 503 36.4 15.1 553 40.1 0.0
454 49.1 0.0 504 38.0 15.3 554  29.9 8.0
455 58.8 m 505 40.3 50.9 555 325 15.0
456 50.7 m 506 43.0 39.7 556 34.6 63.1
457 42.4 m 507 45.5 20.6 557 36.7 58.0
458 44.1 0.0 508 47.3 20.6 558 394 52.9
459 457 m 509 48.8 22.1 559 42.8 47.8
460 325 m 510 50.1 22.1 560 46.8 42.7
461 20.7 m 511 51.4 42.4 561 50.7 27.5
462 10.0 m 512 52.5 319 562 53.4 20.7
463 0.0 0.0 513 53.7 21.6 563 54.2 13.1
464 0.0 15 514 55.1 11.6 564 54.2 0.4
465 0.9 41.1 515 56.8 5.7 565 534 0.0
466 7.0 46.3 516 42.4 0.0 566 51.4 m
467 12.8 48.5 517 27.9 8.2 567 48.7 m
468 17.0 50.7 518 29.0 15.9 568 45.6 m
469 20.9 52.9 519 30.4 25.1 569 424 m
470 26.7 55.0 520 32.6 60.5 570 404 m
471 355 57.2 521 35.4 72.7 571 39.8 5.8
472 46.9 23.8 522 38.4 88.2 572 40.7 39.7
473 445 0.0 523 41.0 65.1 573 43.8 37.1
474 42.1 45.7 524 42.9 25.6 574 48.1 39.1
475 55.6 7.4 525 44.2 15.8 575 52.0 22.0
476 68.8 100.0 526 449 2.9 576 54.7 13.2
477 81.7 47.9 527 45.1 m 577 56.4 13.2
478 71.2 0.0 528 44.8 m 578 575 6.6
479 60.7 38.3 529 43.9 m 579 42.6 0.0
480 68.8 72.7 530 42.4 m 580 27.7 10.9
481 75.0 m 531 40.2 m 581 28.5 21.3
482 61.3 m 532 37.1 m 582 29.2 23.9
483 53.5 m 533 47.0 0.0 583 29.5 15.2
484 45.9 58.0 534 57.0 m 584 29.7 8.8
485 48.1 80.0 535 45.1 m 585 304 20.8
486 49.4 97.9 536 32.6 m 586 31.9 22.9
487 49.7 m 537 46.8 0.0 587 34.3 61.4
488 48.7 m 538 61.5 m 588 37.2 76.6
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s per cent per cent S per cent per cent s per cent per cent

589 40.1 27.5 639 39.8 m 689 46.6 0.0
590 42.3 25.4 640 36.0 m 690 32.3 34.6
591 43.5 32.0 641 29.7 m 691 32.7 68.6
592 43.8 6.0 642 21.5 m 692 32.6 67.0
593 43.5 m 643 14.1 m 693 31.3 m

594 42.8 m 644 0.0 0.0 694 28.1 m

595 41.7 m 645 0.0 0.0 695 43.0 0.0
596 40.4 m 646 0.0 0.0 696 58.0 m

597 39.3 m 647 0.0 0.0 697 58.9 m

598 38.9 12.9 648 0.0 0.0 698 494 m

599 39.0 18.4 649 0.0 0.0 699 415 m

600 39.7 39.2 650 0.0 0.0 700 484 0.0
601 41.4 60.0 651 0.0 0.0 701 55.3 m

602 43.7 54.5 652 0.0 0.0 702 41.8 m

603 46.2 64.2 653 0.0 0.0 703 31.6 m

604 48.8 73.3 654 0.0 0.0 704 24.6 m

605 51.0 82.3 655 0.0 0.0 705 15.2 m

606 52.1 0.0 656 0.0 3.4 706 7.0 m

607 52.0 m 657 14 22.0 707 0.0 0.0
608 50.9 m 658 10.1 45.3 708 0.0 0.0
609 49.4 m 659 21.5 10.0 709 0.0 0.0
610 47.8 m 660 32.2 0.0 710 0.0 0.0
611 46.6 m 661 42.3 46.0 711 0.0 0.0
612 47.3 35.3 662 57.1 74.1 712 0.0 0.0
613 49.2 74.1 663 72.1 34.2 713 0.0 0.0
614 51.1 95.2 664 66.9 0.0 714 0.0 0.0
615 51.7 m 665 60.4 41.8 715 0.0 0.0
616 50.8 m 666 69.1 79.0 716 0.0 0.0
617 47.3 m 667 7.1 38.3 717 0.0 0.0
618 41.8 m 668 63.1 0.0 718 0.0 0.0
619 36.4 m 669 49.1 47.9 719 0.0 0.0
620 30.9 m 670 53.4 91.3 720 0.0 0.0
621 25.5 37.1 671 57.5 85.7 721 0.0 0.0
622 33.8 38.4 672 61.5 89.2 722 0.0 0.0
623 42.1 m 673 65.5 85.9 723 0.0 0.0
624 34.1 m 674 69.5 89.5 724 0.0 0.0
625 33.0 37.1 675 73.1 75.5 725 0.0 0.0
626 36.4 38.4 676 76.2 73.6 726 0.0 0.0
627 43.3 17.1 677 79.1 75.6 727 0.0 0.0
628 35.7 0.0 678 81.8 78.2 728 0.0 0.0
629 28.1 11.6 679 84.1 39.0 729 0.0 0.0
630 36.5 19.2 680 69.6 0.0 730 0.0 0.0
631 45.2 8.3 681 55.0 25.2 731 0.0 0.0
632 36.5 0.0 682 55.8 49.9 732 0.0 0.0
633 27.9 32.6 683 56.7 46.4 733 0.0 0.0
634 31.5 59.6 684 57.6 76.3 734 0.0 0.0
635 34.4 65.2 685 58.4 92.7 735 0.0 0.0
636 37.0 59.6 686 59.3 99.9 736 0.0 0.0
637 39.0 49.0 687 60.1 95.0 737 0.0 0.0
638 40.2 m 688 61.0 46.7 738 0.0 0.0
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque
s per cent per cent S per cent per cent s per cent per cent
739 0.0 0.0 789 17.2 m 839 38.1 m
740 0.0 0.0 790 14.0 37.6 840 37.2 42.7
741 0.0 0.0 791 18.4 25.0 841 375 70.8
742 0.0 0.0 792 27.6 17.7 842 39.1 48.6
743 0.0 0.0 793 39.8 6.8 843 41.3 0.1
744 0.0 0.0 794 34.3 0.0 844  42.3 m
745 0.0 0.0 795 28.7 26.5 845 42.0 m
746 0.0 0.0 796 41.5 40.9 846 40.8 m
747 0.0 0.0 797 53.7 17.5 847 38.6 m
748 0.0 0.0 798 42.4 0.0 848 355 m
749 0.0 0.0 799 31.2 27.3 849 321 m
750 0.0 0.0 800 32.3 53.2 850 29.6 m
751 0.0 0.0 801 34.5 60.6 851 28.8 39.9
752 0.0 0.0 802 37.6 68.0 852 29.2 52.9
753 0.0 0.0 803 41.2 75.4 853 30.9 76.1
754 0.0 0.0 804 45.8 82.8 854 34.3 76.5
755 0.0 0.0 805 52.3 38.2 855 38.3 75.5
756 0.0 0.0 806 42.5 0.0 856 425 74.8
757 0.0 0.0 807 32.6 30.5 857 46.6 74.2
758 0.0 0.0 808 35.0 57.9 858 50.7 76.2
759 0.0 0.0 809 36.0 77.3 859 54.8 75.1
760 0.0 0.0 810 37.1 96.8 860 58.7 36.3
761 0.0 0.0 811 39.6 80.8 861 45.2 0.0
762 0.0 0.0 812 43.4 78.3 862 31.8 37.2
763 0.0 0.0 813 47.2 73.4 863 33.8 71.2
764 0.0 0.0 814 49.6 66.9 864 355 46.4
765 0.0 0.0 815 50.2 62.0 865 36.6 33.6
766 0.0 0.0 816 50.2 57.7 866 37.2 20.0
767 0.0 0.0 817 50.6 62.1 867 37.2 m
768 0.0 0.0 818 52.3 62.9 868 37.0 m
769 0.0 0.0 819 54.8 375 869 36.6 m
770 0.0 0.0 820 57.0 18.3 870 36.0 m
771 0.0 22.0 821 42.3 0.0 871 354 m
772 4.5 25.8 822 27.6 29.1 872 34.7 m
773 155 42.8 823 28.4 57.0 873 34.1 m
774 30.5 46.8 824 29.1 51.8 874 33.6 m
775 45.5 29.3 825 29.6 35.3 875 33.3 m
776 49.2 13.6 826 29.7 33.3 876 33.1 m
77 39.5 0.0 827 29.8 17.7 877 32.7 m
778 29.7 15.1 828 29.5 m 878 31.4 m
779 34.8 26.9 829 28.9 m 879 45.0 0.0
780 40.0 13.6 830 43.0 0.0 880 585 m
781 42.2 m 831 57.1 m 881 53.7 m
782 42.1 m 832 57.7 m 882 475 m
783 40.8 m 833 56.0 m 883 40.6 m
784 37.7 37.6 834 53.8 m 884 34.1 m
785 47.0 35.0 835 51.2 m 885 453 0.0
786 48.8 33.4 836 48.1 m 886 56.4 m
787 41.7 m 837 44.5 m 887 51.0 m
788 27.7 m 838 40.9 m 888 445 m
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889 36.4 m 939 32.7 56.5 989 32.6 m
890 26.6 m 940 334 62.8 990 30.9 m
891 20.0 m 941 34.6 68.2 991 29.9 m
892 13.3 m 942 35.8 68.6 992 29.2 m
893 6.7 m 943 38.6 65.0 993 441 0.0
894 0.0 0.0 944 42.3 61.9 994 59.1 m
895 0.0 0.0 945 44.1 65.3 995 56.8 m
896 0.0 0.0 946 45.3 63.2 996 535 m
897 0.0 0.0 947 46.5 30.6 997 47.8 m
898 0.0 0.0 948 46.7 11.1 998 41.9 m
899 0.0 0.0 949 45.9 16.1 999 35.9 m
900 0.0 0.0 950 45.6 21.8 1000 44.3 0.0
901 0.0 5.8 951 45.9 24.2 1001 52.6 m
902 2.5 27.9 952 46.5 24.7 1002 434 m
903 12.4 29.0 953 46.7 24.7 1003 50.6 0.0
904 194 30.1 954 46.8 28.2 1004 57.8 m
905 29.3 31.2 955 47.2 31.2 1005 51.6 m
906 37.1 10.4 956 47.6 29.6 1006 44.8 m
907 40.6 4.9 957 48.2 31.2 1007 48.6 0.0
908 35.8 0.0 958 48.6 33.5 1008 52.4 m
909 30.9 7.6 959 48.8 m 1009 454 m
910 35.4 13.8 960 47.6 m 1010 37.2 m
911 36.5 111 961 46.3 m 1011 26.3 m
912 40.8 48.5 962 45.2 m 1012 17.9 m
913 49.8 3.7 963 43.5 m 1013 16.2 1.9
914 41.2 0.0 964 41.4 m 1014 17.8 7.5
915 32.7 29.7 965 40.3 m 1015 25.2 18.0
916 39.4 52.1 966 39.4 m 1016 39.7 6.5
917 48.8 22.7 967 38.0 m 1017 38.6 0.0
918 41.6 0.0 968 36.3 m 1018 37.4 5.4
919 34.5 46.6 969 35.3 5.8 1019 434 9.7
920 39.7 84.4 970 35.4 30.2 1020 46.9 15.7
921 447 83.2 971 36.6 55.6 1021 525 131
922 49.5 78.9 972 38.6 48.5 1022 56.2 6.3
923 52.3 83.8 973 39.9 41.8 1023 44.0 0.0
924 53.4 7.7 974 40.3 38.2 1024 31.8 20.9
925 52.1 69.6 975 40.8 35.0 1025 38.7 36.3
926 47.9 63.6 976 41.9 32.4 1026 47.7 47.5
927 46.4 55.2 977 43.2 26.4 1027 54.5 22.0
928 46.5 53.6 978 43.5 m 1028 41.3 0.0
929 46.4 62.3 979 42.9 m 1029 28.1 26.8
930 46.1 58.2 980 41.5 m 1030 31.6 49.2
931 46.2 61.8 981 40.9 m 1031 345 39.5
932 47.3 62.3 982 40.5 m 1032 36.4 24.0
933 49.3 57.1 983 39.5 m 1033 36.7 m
934 52.6 58.1 984 38.3 m 1034 355 m
935 56.3 56.0 985 36.9 m 1035 33.8 m
936 59.9 27.2 986 35.4 m 1036 33.7 19.8
937 45.8 0.0 987 34.5 m 1037 35.3 35.1
938 31.8 28.8 988 33.9 m 1038 38.0 33.9
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1039 40.1 34.5 1,089 46.3 24.0 1139 51.7 0.0
1040 42.2 40.4 1,090 47.8 20.6 1140 59.2 m
1041 45.2 44.0 1,091 47.2 3.8 1141 47.2 m
1042 48.3 35.9 1,092 45.6 4.4 1142 35.1 0.0
1043 50.1 29.6 1,093 44.6 4.1 1143 23.1 m
1044 52.3 38.5 1,094 44.1 m 1144 13.1 m
1045 55.3 57.7 1,095 42.9 m 1145 5.0 m
1046 57.0 50.7 1,096 40.9 m 1146 0.0 0.0
1047 57.7 25.2 1,097 39.2 m 1147 0.0 0.0
1048 42.9 0.0 1,098 37.0 m 1148 0.0 0.0
1049 28.2 15.7 1,099 35.1 2.0 1149 0.0 0.0
1050 29.2 30.5 1,100 35.6 43.3 1150 0.0 0.0
1051 31.1 52.6 1,101 38.7 47.6 1151 0.0 0.0
1052 334 60.7 1,102 41.3 40.4 1152 0.0 0.0
1053 35.0 61.4 1,103 42.6 45.7 1153 0.0 0.0
1054 35.3 18.2 1,104 43.9 43.3 1154 0.0 0.0
1055 35.2 14.9 1,105 46.9 41.2 1155 0.0 0.0
1056 34.9 11.7 1,106 52.4 40.1 1156 0.0 0.0
1057 34.5 12.9 1,107 56.3 39.3 1157 0.0 0.0
1058 34.1 155 1108 57.4 255 1158 0.0 0.0
1059 335 m 1109 57.2 25.4 1159 0.0 0.0
1060 31.8 m 1110 57.0 25.4 1160 0.0 0.0
1061 30.1 m 1111 56.8 25.3 1161 0.0 0.0
1062 29.6 10.3 1112 56.3 25.3 1162 0.0 0.0
1063 30.0 26.5 1113 55.6 25.2 1163 0.0 0.0
1064 31.0 18.8 1114 56.2 25.2 1164 0.0 0.0
1065 315 26.5 1115 58.0 12.4 1165 0.0 0.0
1066 31.7 m 1116 43.4 0.0 1166 0.0 0.0
1067 31.5 m 1117 28.8 26.2 1167 0.0 0.0
1068 30.6 m 1118 30.9 49.9 1168 0.0 0.0
1069 30.0 m 1119 32.3 40.5 1169 0.0 0.0
1070 30.0 m 1120 325 12.4 1170 0.0 0.0
1071 29.4 m 1121 32.4 12.2 1171 0.0 0.0
1072 44.3 0.0 1122 32.1 6.4 1172 0.0 0.0
1073 59.2 m 1123 31.0 12.4 1173 0.0 0.0
1074 58.3 m 1124 30.1 18.5 1174 0.0 0.0
1075 57.1 m 1125 30.4 35.6 1175 0.0 0.0
1076 55.4 m 1126 31.2 30.1 1176 0.0 0.0
1077 53.5 m 1127 31.5 30.8 1177 0.0 0.0
1078 51.5 m 1128 31.5 26.9 1178 0.0 0.0
1079 49.7 m 1129 31.7 33.9 1179 0.0 0.0
1080 47.9 m 1130 32.0 29.9 1180 0.0 0.0
1081 46.4 m 1131 32.1 m 1181 0.0 0.0
1082 45.5 m 1132 31.4 m 1182 0.0 0.0
1083 45.2 m 1133 30.3 m 1183 0.0 0.0
1084 44.3 m 1134 29.8 m 1184 0.0 0.0
1085 43.6 m 1135 44.3 0.0 1185 0.0 0.0
1086 43.1 m 1136 58.9 m 1186 0.0 0.0
1087 42.5 25.6 1137 52.1 m 1187 0.0 0.0
1088 43.3 25.7 1138 44.1 m 1188 0.0 0.0
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1189 0.0 0.0 1239 58.5 85.4 1289 61.9 76.1
1190 0.0 0.0 1240 59.5 85.6 1290 65.6 73.7
1191 0.0 0.0 1241 61.0 86.6 1291 69.9 79.3
1192 0.0 0.0 1242 62.6 86.8 1292 74.1 81.3
1193 0.0 0.0 1243 64.1 87.6 1293 78.3 83.2
1194 0.0 0.0 1244 65.4 87.5 1294 82.6 86.0
1195 0.0 0.0 1245 66.7 87.8 1295 87.0 89.5
1196 0.0 20.4 1246 68.1 43.5 1296 91.2 90.8
1197 12.6 41.2 1247 55.2 0.0 1297 95.3 45.9
1198 27.3 20.4 1248 42.3 37.2 1298 81.0 0.0
1199 40.4 7.6 1249 43.0 73.6 1299 66.6 38.2
1200 46.1 m 1250 43.5 65.1 1300 67.9 75.5
1201 44.6 m 1251 43.8 53.1 1301 68.4 80.5
1202 42.7 14.7 1252 43.9 54.6 1302 69.0 85.5
1203 42.9 7.3 1253 43.9 41.2 1303 70.0 85.2
1204 36.1 0.0 1254 43.8 34.8 1304 71.6 85.9
1205 29.3 15.0 1255 43.6 30.3 1305 73.3 86.2
1206 43.8 22.6 1256 43.3 21.9 1306 74.8 86.5
1207 54.9 9.9 1257 42.8 19.9 1307 76.3 42.9
1208 44.9 0.0 1258 42.3 m 1308 63.3 0.0
1209 34.9 47.4 1259 41.4 m 1309 50.4 21.2
1210 42.7 82.7 1260 40.2 m 1310 50.6 42.3
1211 52.0 81.2 1261 38.7 m 1311 50.6 53.7
1212 61.8 82.7 1262 37.1 m 1312 50.4 90.1
1213 71.3 39.1 1263 35.6 m 1313 50.5 97.1
1214 58.1 0.0 1264 34.2 m 1314 51.0 100.0
1215 44.9 42.5 1265 32.9 m 1315 519 100.0
1216 46.3 83.3 1266 31.8 m 1316 52.6 100.0
1217 46.8 74.1 1267 30.7 m 1317 52.8 324
1218 48.1 75.7 1268 29.6 m 1318 47.7 0.0
1219 50.5 75.8 1269 40.4 0.0 1319 42.6 27.4
1220 53.6 76.7 1270 51.2 m 1320 42.1 53.5
1221 56.9 77.1 1271 49.6 m 1321 41.8 445
1222 60.2 78.7 1272 48.0 m 1322 41.4 41.1
1223 63.7 78.0 1273 46.4 m 1323 41.0 21.0
1224 67.2 79.6 1274 45.0 m 1324 40.3 0.0
1225 70.7 80.9 1275 43.6 m 1325 39.3 1.0
1226 74.1 81.1 1276 42.3 m 1326 38.3 15.2
1227 77.5 83.6 1277 41.0 m 1327 37.6 57.8
1228 80.8 85.6 1278 39.6 m 1328 37.3 73.2
1229 84.1 81.6 1279 38.3 m 1329 37.3 59.8
1230 87.4 88.3 1280 37.1 m 1330 37.4 52.2
1231 90.5 91.9 1281 35.9 m 1331 37.4 16.9
1232 93.5 94.1 1282 34.6 m 1332 37.1 34.3
1233 96.8 96.6 1283 33.0 m 1333 36.7 51.9
1234 100.0 m 1284 31.1 m 1334 36.2 25.3
1235 96.0 m 1285 29.2 m 1335 35.6 m
1236 81.9 m 1286 43.3 0.0 1336 34.6 m
1237 68.1 m 1287 57.4 32.8 1337 33.2 m
1238 58.1 84.7 1288 59.9 65.4 1338 31.6 m
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1339 30.1 m 1389 50.4 50.2 1439 36.3 98.8
1340 28.8 m 1390 53.0 26.1 1440 37.7 100.0
1341 28.0 29.5 1391 59.5 0.0 1441 39.2 100.0
1342 28.6 100.0 1392 66.2 38.4 1442 40.9 100.0
1343 28.8 97.3 1393 66.4 76.7 1443 42.4 99.5
1344 28.8 73.4 1394 67.6 100.0 1444 43.8 98.7
1345 29.6 56.9 1395 68.4 76.6 1445 454 97.3
1346 30.3 91.7 1396 68.2 47.2 1446 47.0 96.6
1347 31.0 90.5 1397 69.0 81.4 1447 47.8 96.2
1348 31.8 81.7 1398 69.7 40.6 1448 48.8 96.3
1349 32.6 79.5 1399 54.7 0.0 1449 505 95.1
1350 33.5 86.9 1400 39.8 19.9 1450 51.0 95.9
1351 34.6 100.0 1401 36.3 40.0 1451 52.0 94.3
1352 35.6 78.7 1402 36.7 59.4 1452 52.6 94.6
1353 36.4 50.5 1403 36.6 77.5 1453 53.0 65.5
1354 37.0 57.0 1404 36.8 94.3 1454 53.2 0.0
1355 37.3 69.1 1405 36.8 100.0 1455 53.2 m
1356 37.6 49.5 1406 36.4 100.0 1456 52.6 m
1357 37.8 44.4 1407 36.3 79.7 1457 52.1 m
1358 37.8 43.4 1408 36.7 49.5 1458 51.8 m
1359 37.8 34.8 1409 36.6 39.3 1459 51.3 m
1360 37.6 24.0 1410 37.3 62.8 1460 50.7 m
1361 37.2 m 1411 38.1 73.4 1461 50.7 m
1362 36.3 m 1412 39.0 72.9 1462 49.8 m
1363 35.1 m 1413 40.2 72.0 1463 49.4 m
1364 33.7 m 1414 41.5 71.2 1464 49.3 m
1365 32.4 m 1415 42.9 77.3 1465 49.1 m
1366 31.1 m 1416 44.4 76.6 1466 49.1 m
1367 29.9 m 1417 45.4 43.1 1467 49.1 8.3
1368 28.7 m 1418 45.3 53.9 1468 48.9 16.8
1369 29.0 58.6 1419 45.1 64.8 1469 48.8 21.3
1370 29.7 88.5 1420 46.5 74.2 1470 49.1 22.1
1371 31.0 86.3 1421 47.7 75.2 1471 49.4 26.3
1372 31.8 43.4 1422 48.1 75.5 1472 49.8 39.2
1373 31.7 m 1423 48.6 75.8 1473 50.4 83.4
1374 29.9 m 1424 48.9 76.3 1474 51.4 90.6
1375 40.2 0.0 1425 49.9 75.5 1475 52.3 93.8
1376 50.4 m 1426 50.4 75.2 1476 53.3 94.0
1377 47.9 m 1427 51.1 74.6 1477 54.2 94.1
1378 45.0 m 1428 51.9 75.0 1478 54.9 94.3
1379 43.0 m 1429 52.7 37.2 1479 55.7 94.6
1380 40.6 m 1430 41.6 0.0 1480 56.1 94.9
1381 55.5 0.0 1431 30.4 36.6 1481 56.3 86.2
1382 70.4 41.7 1432 30.5 73.2 1482 56.2 64.1
1383 73.4 83.2 1433 30.3 81.6 1483 56.0 46.1
1384 74.0 83.7 1434 30.4 89.3 1484 56.2 334
1385 74.9 41.7 1435 31.5 90.4 1485 56.5 23.6
1386 60.0 0.0 1436 32.7 88.5 1486 56.3 18.6
1387 45.1 41.6 1437 33.7 97.2 1487 55.7 16.2
1388 47.7 84.2 1438 35.2 99.7 1488 56.0 15.9
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1489 55.9 21.8 1539 57.0 59.5 1589 56.8 42.9
1490 55.8 20.9 1540 56.7 57.0 1590 56.5 42.8
1491 55.4 18.4 1541 56.7 69.8 1591 56.7 43.2
1492 55.7 251 1542 56.8 58.5 1592 56.5 42.8
1493 56.0 27.7 1543 56.8 47.2 1593 56.9 42.2
1494 55.8 22.4 1544 57.0 38.5 1594 56.5 43.1
1495 56.1 20.0 1545 57.0 32.8 1595 56.5 42.9
1496 55.7 17.4 1546 56.8 30.2 1596 56.7 42.7
1497 55.9 20.9 1547 57.0 27.0 1597 56.6 41.5
1498 56.0 22.9 1548 56.9 26.2 1598 56.9 41.8
1499 56.0 211 1549 56.7 26.2 1599 56.6 41.9
1500 55.1 19.2 1550 57.0 26.6 1600 56.7 42.6
1501 55.6 24.2 1551 56.7 27.8 1601 56.7 42.6
1502 55.4 25.6 1552 56.7 29.7 1602 56.7 41.5
1503 55.7 24.7 1553 56.8 32.1 1603 56.7 42.2
1504 55.9 24.0 1554 56.5 34.9 1604 56.5 42.2
1505 55.4 23.5 1555 56.6 34.9 1605 56.8 41.9
1506 55.7 30.9 1556 56.3 35.8 1606 56.5 42.0
1507 55.4 42.5 1557 56.6 36.6 1607 56.7 42.1
1508 55.3 25.8 1558 56.2 37.6 1608 56.4 41.9
1509 55.4 1.3 1559 56.6 38.2 1609 56.7 42.9
1510 55.0 m 1560 56.2 37.9 1610 56.7 41.8
1511 54.4 m 1561 56.6 37.5 1611 56.7 41.9
1512 54.2 m 1562 56.4 36.7 1612 56.8 42.0
1513 53.5 m 1563 56.5 34.8 1613 56.7 41.5
1514 52.4 m 1564 56.5 35.8 1614 56.6 41.9
1515 51.8 m 1565 56.5 36.2 1615 56.8 41.6
1516 50.7 m 1566 56.5 36.7 1616 56.6 41.6
1517 49.9 m 1567 56.7 37.8 1617 56.9 42.0
1518 49.1 m 1568 56.7 37.8 1618 56.7 40.7
1519 47.7 m 1569 56.6 36.6 1619 56.7 39.3
1520 47.3 m 1570 56.8 36.1 1620 56.5 41.4
1521 46.9 m 1571 56.5 36.8 1621 56.4 449
1522 46.9 m 1572 56.9 35.9 1622 56.8 45.2
1523 47.2 m 1573 56.7 35.0 1623 56.6 43.6
1524 47.8 m 1574 56.5 36.0 1624 56.8 42.2
1525 48.2 0.0 1575 56.4 36.5 1625 56.5 42.3
1526 48.8 23.0 1576 56.5 38.0 1626 56.5 44 4
1527 49.1 67.9 1577 56.5 39.9 1627 56.9 45.1
1528 49.4 73.7 1578 56.4 42.1 1628 56.4 45.0
1529 49.8 75.0 1579 56.5 47.0 1629 56.7 46.3
1530 50.4 75.8 1580 56.4 48.0 1630 56.7 45.5
1531 51.4 73.9 1581 56.1 49.1 1631 56.8 45.0
1532 52.3 72.2 1582 56.4 48.9 1632 56.7 449
1533 53.3 71.2 1583 56.4 48.2 1633 56.6 45.2
1534 54.6 71.2 1584 56.5 48.3 1634 56.8 46.0
1535 55.4 68.7 1585 56.5 47.9 1635 56.5 46.6
1536 56.7 67.0 1586 56.6 46.8 1636 56.6 48.3
1537 57.2 64.6 1587 56.6 46.2 1637 56.4 48.6
1538 57.3 61.9 1588 56.5 44.4 1638 56.6 50.3
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1639 56.3 51.9 1689 57.6 8.9 1739 56.1 46.8
1640 56.5 54.1 1690 57.5 8.0 1740 56.1 45.8
1641 56.3 54.9 1691 57.5 5.8 1741 56.2 46.0
1642 56.4 55.0 1692 57.3 5.8 1742 56.3 45.9
1643 56.4 56.2 1693 57.6 55 1743 56.3 45.9
1644 56.2 58.6 1694 57.3 4.5 1744 56.2 44.6
1645 56.2 59.1 1695 57.2 3.2 1745 56.2 46.0
1646 56.2 62.5 1696 57.2 3.1 1746 56.4 46.2
1647 56.4 62.8 1697 57.3 4.9 1747 55.8 m
1648 56.0 64.7 1698 57.3 4.2 1748 55.5 m
1649 56.4 65.6 1699 56.9 5.5 1749 55.0 m
1650 56.2 67.7 1700 57.1 5.1 1750 54.1 m
1651 55.9 68.9 1701 57.0 5.2 1751 54.0 m
1652 56.1 68.9 1702 56.9 5.5 1752 53.3 m
1653 55.8 69.5 1703 56.6 54 1753 52.6 m
1654 56.0 69.8 1704 57.1 6.1 1754 51.8 m
1655 56.2 69.3 1705 56.7 5.7 1755 50.7 m
1656 56.2 69.8 1706 56.8 5.8 1756 49.9 m
1657 56.4 69.2 1707 57.0 6.1 1757 49.1 m
1658 56.3 68.7 1708 56.7 5.9 1758 47.7 m
1659 56.2 69.4 1709 57.0 6.6 1759 46.8 m
1660 56.2 69.5 1710 56.9 6.4 1760 45.7 m
1661 56.2 70.0 1711 56.7 6.7 1761 44.8 m
1662 56.4 69.7 1712 56.9 6.9 1762 43.9 m
1663 56.2 70.2 1713 56.8 5.6 1763 429 m
1664 56.4 70.5 1714 56.6 51 1764 415 m
1665 56.1 70.5 1715 56.6 6.5 1765 39.5 m
1666 56.5 69.7 1716 56.5 10.0 1766 36.7 m
1667 56.2 69.3 1717 56.6 12.4 1767 33.8 m
1668 56.5 70.9 1718 56.5 145 1768 31.0 m
1669 56.4 70.8 1719 56.6 16.3 1769 40.0 0.0
1670 56.3 71.1 1720 56.3 18.1 1770 49.1 m
1671 56.4 71.0 1721 56.6 20.7 1771 46.2 m
1672 56.7 68.6 1722 56.1 22.6 1772 43.1 m
1673 56.8 68.6 1723 56.3 25.8 1773 39.9 m
1674 56.6 68.0 1724 56.4 27.7 1774 36.6 m
1675 56.8 65.1 1725 56.0 29.7 1775 33.6 m
1676 56.9 60.9 1726 56.1 32.6 1776 30.5 m
1677 57.1 57.4 1727 55.9 34.9 1777 42.8 0.0
1678 57.1 54.3 1728 55.9 36.4 1778 55.2 m
1679 57.0 48.6 1729 56.0 39.2 1779 499 m
1680 57.4 44.1 1730 55.9 41.4 1780 44.0 m
1681 57.4 40.2 1731 55.5 44.2 1781 37.6 m
1682 57.6 36.9 1732 55.9 46.4 1782 47.2 0.0
1683 57.5 34.2 1733 55.8 48.3 1783 56.8 m
1684 57.4 31.1 1734 55.6 49.1 1784 475 m
1685 57.5 25.9 1735 55.8 49.3 1785 429 m
1686 57.5 20.7 1736 55.9 47.7 1786 31.6 m
1687 57.6 16.4 1737 55.9 47.4 1787 25.8 m
1688 57.6 12.4 1738 55.8 46.9 1788 19.9 m
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Time Norm. Norm. Time Norm. Norm. Time  Norm. Norm.
Speed Torque Speed Torque Speed Torque

s per cent per cent s per cent per cent s percent percent

1789 14.0 m

1790 8.1 m

1791 2.2 m

1792 0.0 0.0

1793 0.0 0.0

1794 0.0 0.0

1795 0.0 0.0

1796 0.0 0.0

1797 0.0 0.0

1798 0.0 0.0

1799 0.0 0.0

1800 0.0 0.0

m = motoring
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(b)  WHVC vehicle schedule

P = rated power of hybrid system as specified in Annex 9 or Annex 10, respectively

Road gradient from the previous time step shall be
Time Vsigglg Road gradient Time \/S%P:glde Road gradient
S km/h per cent S km/h per cent
1 0 +5.02E06%xP2-6.80E03%P +0.77 44 2.2 é
2 0 é 45 0 é
3 0 é 46 0 é
4 0 é 47 0 -1.40E06xP2 +2.31E03xP-0.81
5 0 é 48 0 +2.22E06xP2-2.19E03%P -0.86
6 0 é 49 0 +5.84E06%xP2-6.68E03xP -0.91
7 2.35 é 50 1.87 é
8 5.57 é 51 4,97 é
9 8.18 é 52 8.4 é
10 9.37 é 53 9.9 é
11 9.86 é 54 11.42 é
12 10.18 é 55 15.11 é
13 10.38 é 56 18.46 é
14 10.57 é 57 20.21 é
15 10.95 é 58 22.13 é
16 11.56 é 59 24.17 é
17 12.22 é 60 25.56 é
18 12.97 é 61 26.97 é
19 14.33 é 62 28.83 é
20 16.38 é 63 31.05 é
21 18.4 é 64 33.72 é
22 19.86 é 65 36 é
23 20.85 é 66 37.91 é
24 21.52 é 67 39.65 é
25 21.89 é 68 41.23 é
26 21.98 é 69 42.85 é
27 21.91 +1.67E06xP2-2,27E03%P +0.26 70 441 é
28 21.68 -1.67E06xP2 +2.27E03xP -0.26 71 44.37 é
29 21.21 -5.02E06xP2 +6.80E03%xP -0.77 72 44.3 é
30 20.44 é 73 44.17 é
31 19.24 é 74 4413 é
32 17.57 é 75 44.17 é
33 15.53 e 76 4451 +3.10E06%xP2-3.89E03%xP-0.76
34 13.77 e 77 45.16 +3.54E07xP2-1.10E03xP -0.61
35 12.95 e 78 45.64 -2.39E06xP2 +1.69E03%xP -0.47
36 12.95 é 79 46.16 é
37 13.35 é 80 46.99 é
38 13.75 é 81 48.19 é
39 13.82 é 82 49.32 é
40 13.41 é 83 49.7 é
41 12.26 é 84 49.5 é
42 9.82 é 85 48.98 é
43 5.96 é 86 48.65 é
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Time VS%ZIZE Road gradient Time \/S%P:glde Road gradient
S km/h per cent S km/h per cent

87 48.65 é 134 0 é

88 48.87 é 135 0 é

89 48.97 é 136 0 é

90 48.96 é 137 0 é

91 49.15 é 138 0 +2.18E06%xP2-1.58E03%P +1.27
92 49.51 é 139 0 +5.31E06%xP2-5.52E03%P +1.80
93 49.74 é 140 0 +8.44E06%xP2-9.46E03xP +2.33
94 50.31 é 141 0 é

95 50.78 é 142 0.63 é

96 50.75 é 143 1.56 é

97 50.78 é 144 2.99 é

98 51.21 é 145 4.5 é

99 51.6 é 146 5.39 é

100 51.89 é 147 5.59 é

101 52.04 é 148 5.45 é

102 51.99 é 149 5.2 é

103 51.99 é 150 4.98 é

104 52.36 é 151 4.61 é

105 52.58 é 152 3.89 é

106 52.47 é 153 3.21 é

107 52.03 é 154 2.98 é

108 51.46 é 155 3.31 é

109 51.31 é 156 4.18 é

110 51.45 é 157 5.07 é

111 51.48 é 158 5.52 é

112 51.29 é 159 5.73 é

113 51.12 é 160 6.06 é

114 50.96 é 161 6.76 é

115 50.81 é 162 7.7 é

116 50.86 é 163 8.34 é

117 51.34 é 164 8.51 é

118 51.68 é 165 8.22 é

119 51.58 é 166 7.22 é

120 51.36 é 167 5.82 é

121 51.39 é 168 4.75 é

122 50.98 -1.91E06xP? +1.91E03%P -0.06 169 4.24 é

123 48.63 -1.43E06xP2 +2.13E03%P +0.34 170 4.05 é

124 44.83 -9.50E07xP2 +2.35E03%P +0.74 171 3.98 é

125 40.3 é 172 3.91 é

126 35.65 é 173 3.86 é

127 30.23 é 174 4.17 é

128 24.08 é 175 5.32 é

129 18.96 é 176 7.53 é

130 14.19 é 177 10.89 é

131 8.72 é 178 14.81 é

132 341 é 179 17.56 é

133 0.64 é 180 18.38 +2.81E06%xP2-3.15E03%P +0.78
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