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Addendum 2

I. Adopted technical reporton the development othe draft
Amendment 3 to global technical regulation (gtr) No 4

"l. Introduction

1. The application of gtr No. 4 on engines installed in conventional vehicles can be
characterized as a vehicle independent certification procedure. When developing the
Worldwide harmonized Hery-Duty Certification procedurgWHDC test procedure),
world-wide patterns of heavy duty vehicles were used for creating a representative vehicle
cycle (WHVC). The engine test cycl&8orld Harmonized Transient Cycl@HTC) and

World Harmonized StationarCycle (WHSC) derived from the WHVC are vehicle
independent and aim to and are proven to represent typical driving conditions in Europe,
the United States of America, Japan and Australia.

2. For engines installed in hybrid vehicles, the hybrid system offexider operation

range for the engine since the engine not necessarily delivers the power needed for
propelling the vehicle directly. Thus, no representative engine cycle can be derived from a
worldwide pattern of hybrid vehicles. Furthermore, the entiehicle needs to be
considered for the engine certification to meet the requirement of an engine test cycle
representative for reaborld engine operation in a hybrid vehicle.

3. Consequently, this results in a less vehicle independent certificatiom aadimes
installed in conventional heasduty vehicles. A vehicle dependent certification as
performed for passenger cars is not appropriate for hetatyyvehicle vehicles due to the
high number of vehicle configurations. Chassis dyno testing is therafuirconsidered a
desirable certification or typapproval procedure, and two alternative test procedures
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considering the entire hybrid vehicle setup have been developed. In order to lower test
burden and to avoid the introduction of vehicle classesdipained vehicle parameters have
been made a function of the rated power of the hybrid system assuming that there is a good
correlation between propulsion power, vehicle mass and other vehicle parameters. Data of
conventional vehicles was therefore usedstablish this approach.

4, Even though the WHTC engine dynamometer schedule is not considered
representative for engines installed in hybrid vehjclbe WHVC vehicle schedule was
modified to beclosely linked to the propulsion power demands of the WHTI@s was
enabled by introducing vehicle parameters as atiom of hybrid rated power. This will
result in comparable system loads between conventional and hybrid vehicles.

5. The test procedures developed are specified in Aes@xand 10 respectively. In
orderto reflect the engine behavior during realrldooperation both test procedures need
to consider the entire hybrid vehicle within the type approval or certification test.
Therefore both aim to reflect a vehicle chassis dyno test aher

(@) For the Hardware In the Loop SimulatiorH[LS) method the vehicle and its
components are simulated and the simulation model is connected to actual, B&H(s)

(b)  For the powertrain test all components are present in hardware and just missing
conponents downstreawnf the powetrain (e.g. final drive, tireand chassis) are simulated

by the test bed control to derive the operation pattern for the engine type approval or
certification.

Vehicle parameters

6. The engine operation for enginestaiked in hybrid vehicles depends on the entire
vehicle setup and therefore orthye complete vehiclesetupis reasonable to determine the
engine operation profile. As indicated previoysigavyduty vehicles can vary quite a lot
even though the power mag) of the powertrain stays the same. Testing and certification of
each vehicle derivative (different final drive ratio, tire radius, aerodyramiic.) is not
consideredeasible and thus representative vehicle parametersetttecbe established. It
was agreed athe fifteenth Heavy Duty Hybrids informal working groumeeting(HDH)
(seeHDH-15-06e.pdf) that these generic vehicle parametasld depend a the power
rating of the hybrid powertrain. This offers the key possibility to align the system deman
for conventional and hybrid engine testing as describetiapterV.

7. The equation describing the relation of power to vehicle mass is derived from the
Japanese standard vehicle specifications. Curb mass, frontal area, drag and rolling
resistance a&r calculated according tihe equations in Kokujikan No281. Beside these
parameters defining the road loadgeneric tire radius and final drive ratio as a function of
tire radius and engine full load weestablished to complete the generic vehicléniteins.

They may not be representative for each individual vehicle but due to different vehicle
categories in each regioBifropean UnionEU) / Japan United States of America (USA)

the harmonization of vehicle categories was considered very chaljeragid would
probably have led to different categories for each regiwmich would in fact have
increased the comgakity and certification effort.

8. Since thehybrid related/VHVC vehicle schedule was developed as a function of the
rated power of the hylat systemthe vehicle parameters do not primarily define the system
load and a deviation between generic and actual vehicle has no adverse effect for the
certification. For the proposed test procedures the interaction of vehicle parameters, WHVC
vehicle peed profile and road gradient defines the system load and they are designed to
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match up with the WHTC system load for an etyuplowered engine of a conventional
vehicle (seehapter V).

9. The benefits of introducing generic vehicle parameter can bematimed as
follows:

(@ The system load for hybrid vehicle testing can be aligned with conventional engine
testing with reasonable effort within this gtr. Deviations between actual and generic vehicle
parameter have no impact on the certification proadUinerefore pollutant emissions and
limits of engine and vehicle test schedule are considesatparableunder thepremises
described irchapterV.

(b) A vehicle independent certification similar to the WHTC test schedule and engines
in conventional veltles can be enabled for hybrid powertrains as well. This allows the
manufacturer to mount certified powertrains in any vehicle and reduces test effort.

Development of WHVC vehicle schedule

10. It had beenagreed within HDH that the pollutant emissitype approval and

certification procedure for engines installed in hybrid vehicles shall be, as far as reasonable,

aligned with the test procedure specified for engines installed in conventional vehicles. This

requires an alignment of the WHTC engine stthe and the WHVC vehicle schedule since

the engine schedule is neither directly applicable nor reasohable a hybrid vehicl
powertrain.

11. Therefore the vehicle schedule was developed with the premise that a conventional
vehicle could be tested eé@husing the engine or the vehicle schedule and both emission
results wouldoe comparable. Even though generic vehicle parametersestatgishedthe

power demand of WHTC and WHVC were still different and thus no comparable emission
results could be expeed. Directly aligning the power time curbad b be rejectedsince

the WHTC power pattern includes predefined sequences of gearshifts at specific times.
Demanding the same gearshift sequences from hybrid vehicles as used for conventional
vehicles at th WHTC generatiorwas not considered reasonable, sirtbe gearshifts
shouldbe executed according to the real world operafidre proposed test methods for
hybrids would be able to refletttose actual gearshift strategies.

12. Consequently this leads tan alignment of the work time curve of WHTC and
WHVC where different power demand on a short time scale is poskilil¢he integrated
power represented by the work matches up asdres a similar thermal behaxidn order

to align the work demand of MVC and WHTGC road gradients have been established in
the vehicle schedule. In combination with the generic vehicle paraytberoad gradients
adapt the system load for a system with a specific hybrid power rating during the WHVC
vehicle schedule in way that it is equal to an engine with the same power rating running
the WHTC. Additionally it is considered that a representative amount of negative work is
provided by the vehicle schedule, which is especially vital for hybrid vehicles.

13. In order toalign WHVC and WHTC worktime curvesof a normalized reference
WHTC needto be available which can easily be-mtmmalizedby using the rated power of

the respective system. Common WHTCraemalization considers the shape of the engine
full load and thezfore gives different results even though the rated power would be the
same. Since for hybrid vehicles no full load curve is easily available nor the WHTC de
normalization would be reasonable due to speeds below engine idle apesfdrence
WHTC neededd be establishednly depending on the rated power.

14. The most obvious assumption was to use the normalized power time curve of the
original WHVC vehicle schedule which was recorded during the wweidid inuse

e
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research of heavy commercial vehiglest additionalinvestigations demonstrated that this
was no longer representative for-d@rmalized WHTCs of typical engines. This is mostly
due to the drivetrain and gearshift model used and modifications needed during the WTHC
design process. However, to eopith the situation an average WHTC was generated by
de-normalizing WHTC cycles fofifteen different engines and normalizing them to their
rated power. The normalized power time curve so derived is representative for the power
pattern of an engine at itsankshaft and was confirmed by OEMs and agreed in the Heavy
Duty Hybrids (HDH) informal group of GRPE.

15. To calculate the power pattern at the wheel hub, which is the only general valid
point for comparing power demands of conventional and of hybiticles, the average
WTHC power pattern was lowered by considering twice a generic efficiency of 0.95 for a
gearbox and a final drive. This provides a reference power pattern at the wheel hub, which
can easilybe de-normalized by the rated power of any gystand gives a referencgcle

work and work time curve.

16. The road gradients are designed to adapt the power demand resulting from the
WHVC speed profile and the vehideroad load due to the generic vehicle parameters to
the work time curve of the akege WHTC. Their calculation is based on thditteng of

the actual vehicle running conditions to the conditions present during tosein
measurements for the WHTC generation including their corrections during the WHTC
design process. Road gradients ased to adapt the load in order to reproduce the vehicle
payload and the road profile for each sectibthe test cycle specifically.

17. Data fromtwelve different worldwide representative vehicles haden used when

the WHTC was generated where eaeltadset is represented in one specific subsection of
the cycle, calledmini-cycle and lasting from vehicle stand still to the stand etillthe
WHVC vehicle schedule. During measurements the recorded propulsion power demand for
each vehicle was normalizey its engine rated power and combined to the WHVC
normalized power time curve. Since all vehicles had different engine power to vehicle mass
(and other parameter defining the road load) ratios and this power time curve served as
basis for the WHTC, eachkngine tested on the engine dynamometer behaves as it would
propel a vehicle where the payload is chantyeelve times during the test cycle (at each
stand still). This is of course reasonable since the WHTC test cycle shall cover typical
engine operatiorepresentativéor a large number of vehicles.

18. Generic vehicle parametevegere definedwhich give one specific data set defining

the road load (vehicle mass, curb mats.)and this obviously does not include the change

of payloads within the defindn. Since adding payload and adding a positive road gradient
both increasesystem loadthe road gradients have been chosen to imitate the different
payloads as one of their tasks. Following the described correlations this would result in 12
different roa gradients, a specific one for eanimi-cycle but the first adaption has to be
made during vehicle deceleration in order to provide the correct amount of energy available
for recuperation of hybrid vehicles.

19. Considering that the road gradient reprds additional (or less) payload during
vehicle propulsion it needs to be adapted during deceleration. An ex@&rgiken as
follows:

20. A positive road gradient represents a heavier vehicle, which demands more
propulsion power during acceleration. g braking the heavier vehicle would also be

able to recuperate more energy but if the positive road gradient, which shall only represent
the additional payload, would still be applied the potential for energy recuperation during
braking would be loweredContrary to vehicle propulsion a heavier vehicle is represented

by a negative road gradient during deceleration and since the value applied is representative
for the payload the road gradient just needs to change its algebraic sign from plus to minus.
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Thesections where inversed road gradients need to be applied can be identified by negative
or zero propulsion power demand in the average WHTC and the WHVC (using vehicle
longitudinal dynamics, the WHVC speed profile and the generic vehicle parameters).
Sectons lasting or interrupted shorter than 3 seconds are not considered or aligned in order
to avoid a shaky road gradient pattern, which would just harm the drivability and has no
energetic impact.

21. Applying the road gradient as described alreladglsto a good alignment of WHTC

and WHVC cycle work but partial insufficient alignment remains. This is not because the
road gradient could not address the correction of payloads, which in fact works very well,
butbecause certain sections during the WHVC dpm®d power profile recordings have not
been driven on a flat road and in addition to the payload a real road gradient also needs to
be considered when MYC and WHTC should be aligned.

22. Sections where road gradients appeared during the measuremehés WHTC

design process, although there is no information available, can be determined through a
power mismatch between average WHTC and WHVC with applied road gradients
representative for the different payloads (using vehicle longitudinal dynamics, theCWHV
speed profile and the generic vehicle parameters). To beabéflect them some of the
twelve mini-cycles needd to be further divided in sub sections. This occurs in sections
where the average WHTC and WHVC poweofile clearly differs.

23. For derving the road gradient, which represents the different payloadwiige
mini-cycle cancept stays valid. For coping withe real road gradientthe different power
demand between the average WHTC and the WHVC with payload representing road
gradients isagain transferred io an additional road gradient for the respective sections.
This procedure gives a very good alignment of WHTC and WHVC but forces to adapt the
principle of the inversed slope for those specific sections in order to provide a
represerdtive amount of recuperation energy for hybrid vehicles. Since the road gradient
now reflectscombinedpayload and real road gradienis cannot be as easily inversed
directly as before for those specific sectiodaderthe assumption that the road cdrath
unlikely changes every time the vehicle starts to decelerate just theepassenting road
gradient is inversed. The results achieved by this method demodshrate representative
amount of recuperation energy is provided by the test cycleh@naidrk time curve could

be very well aligned with the WHTC.

24. The described method demands to calculate the road gradient pattern for each power
rating specifically to get a good alignment of the respective WHTC and WHVC.
Investigations regarding a figeslope calculated out of an average among different power
ratingshadto be rejected. In order to ease the calculation procedure, avoid the need of
additional software and to ensure a practical handling for thea gtrodified fixed slope
concept was nevtheless introduced. It is based on an average slope calculated from power
ratings between 60 and 5&WV, which represents 3.5 to 60 ton vehicles accordinipeo
generic vehicle parameters.

25. To compensatéor the error in power and work alignment offdrent WHTCs and
WHVCs when an average slope is usadpolynomial approach was developed. Since
WHTC, vehicle parameter and WHVC road gradients are all depending on rated power the
error caused by the fixed slope also does. Introducirgpa@ndorder poynomial to
compensate this error enables an easy handling in the gtr without the need of additional
software and without a significant loss of accuracy.
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V.

System work concept

26. Emission limits for engines used in conventional heduty vehicles areefined in
emissions per kilowathours work delivered. This is a conveniemetric for engines used

in heavy duty vehiclessinceonly one energy converter for propulsiof the vehicle is
installed, i.ethe internal combustion engine, and the work deditleby the engine over the

duty cycle can easily be calculated from speed and torque values directly measured on the
engine tesbed.

27. As explained abovehe basis for the development of thgbrid load cycle of the
vehicle as a combination of speedtley vehicle parameters and road gradients was that the
propulsion power demand of the resulting load cycle is very close to the demand of the
WHTC engine cycle. However, hybrid vehicles can provide the necessary propulsion power
by two separate energy cegrters. Hbrid vehicle can recuperate a fraction of this
propulsion energyy storing energy during decelerations of the vehicle. In order to be in
line with testing of engines used in conventional heavy duty vehicles where the engine
work equals the vebie propulsion work, also for heavy duty hybrid vehicles the work for
propelling the vehicle over the duty cycle and not dh/engine work has to be used.

28. It was agreed withitdDH that the propulsion work delivered by the hybrid system
over the dutycycle shall be used as basis for calculating the emission yalnes this
approach allows a fair comparison between conventional and hybrid powertrains. This
propulsion work delivered by the hybrid system over the duty cyckfésred to asystem

work.

29. Since there is no universal reference point for the determination of the propulsion
power similar to the crankshaft of a conventional engine that is valid for all different
layouts of hybrid systems, the wheel hub was defined as the common refpoémicvalid

for the hybrid systems. To be coherent with testing of engines used in conventional heavy
duty vehicles, where the propulsion power is measured at the engine crankshaft directly but
would need to be corrected for the efficiencies of the geaalnd the final drive to get the
propulsion power at the wheel hub, the concept of a virtuatbostion engine was
introduced.

30. This means that the basic reference values of power demand are defined at the
virtual engine crankshaft and two generic @éfncy values of 0.95 are used to get the
power demand at the wheel hub. Otherwise the comparison between engines used in
conventional heavy duty vehicles and hybrid powertrains would be unfair, since two
different reference points in the vehicle drivetraiould be used and the propulsion work

at the wheel hub would be lower than the propulsion work at the engine crankshaft for
conventional vehicles. This concept of the virtual engine crankshaft and the generic
efficiencies is used throughout the whole qadure from the definition of the road
gradients of the driving cycle, the determination of the hybrid system rated power and
similar calculations and thus ensures that testing of engines used in conventional heavy
duty vehicles is in line with testing ehgines used in heavy duty hybrid vehicles.

31. For the HILS method (Annex 9he propulsion power at the wheel hub is a standard
output of the simulation model that has to be converted to the virtual engine crankshaft
point by dividing it by the two gemie efficiencies. Furthermorehis value is corrected for
deviations between the reference engine work over the duty cycle from simulation output
and the actual engine work measured on the enginbedst

32.  For the powertrain method (Annex 1@e prgulsion power at the wheel hub is the
same standard output of the simulation model that has to be converted to the virtual engine
crankshaft point by dividing it by the two generic effictas. The propulsion power values

do not need any further correatitike for the HILS methogsince inthis case the engine is
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directly diven over the duty cycle witthe whole hybrid systenmstalledon the tesbed
and there is no additional step in between where a simulation output is used as a reference
input cyclefor the engine tedied.

33. The basiof the development of the concept from the test cycle at the beginning to
the system work used for calculating the emissions in the final step was that the propulsion
power demand of the test cycle is very close ® dhmand of the WHTC engine cycle.
Therefore existing emission limit values should also be considered as valid and should
allow a comparison of emissions between engines and hybrid powertrains of a similar
power rating used to propel the same vehicle.

34. The developed concept ensures comparability of different types of hybrid systems
and also delivers reasonable results for different types of hybrid systems. Nevertheless, the
underlying reérence vehicle speed cycle WHVC, which representavarage worldide

mission profile of heawguty vehiclesmay lead to disadvantages concerning emissions for
some hybridvehicles with primarily urban mission profiles

35. Pdential solutions for this problemvould lead to a higher complexity of the
emission type app@l process, since they would require a mission specific testing of the
hybrid powertrain or weighting of certain parts of the test ¢yae limit the application of

the hybrid powertrain to one specific type of vehicle instead of allowing vehicle
independent application. Additionallya set of vehicle clags with specific limitation®.g.

only inner city driving,maximumvehiclespeed, maximum vehicle mass, would need to be
defined for application in gtr No. 4.

36. Furthermore, if mission specific t@sg or weighting of certain parts of the test cycle
would be introduced for hybrid powertrains, the power demand of the driving cycle and the
whole procedure for hybrid powertrains would not be comparable to the one for engines
used in conventional heavyty vehicles any more. Consequently, mission specific testing
or weighting of certain parts of the test cyclasmot considered a viable solutiby HDH.

Rated power determination

37. The test procedures for engines installed in conventional vel{MlefC engine
schedule) and for hybrid systems (WHVC vehicle schedule) have been aligned in terms of
power and work demand. To be able to dow&hicle parameter and road gradients as a
function of rated power described in paragraphard Il have been stablished. This
ensures that hybrid systems and conventional engines with the same power rating are
loaded with the same load duritite respective test procedure.

38. While the rated power of a combustion engine is a-Wetlwn and determinable
parameterthe hybrid systems power can differ with test time depending on parameters like
RechargeablénergyStorageSystem(REESS size, peak power capabilitytede of Charge
(SOC) level, thermal restrictions of components and so on. Just summarizing component
power ratings to derive the hybrid system power rating is not considessonable for
multiple reasons and therefore the rated power test procedshall determine a
representative power rating for the respective hybrid systeshaltreflect its perfomance
during inuse vehicle operation. In additiothhe procedure needs to be applicable for both
hybrid system test methods as regulated in Aes@xand 10 and performing the test with a
conventional vehiclshouldgive the power rating ohe combustio engine installed.

39. An array of standard drive maneuvevaschosen to determine the capabilities of a
hybrid system. It consists of full load accelerations starting from different speeds and
applying different loads. This is representative fowéhicle operation scenarios and for
scenarios driven in the WHTC/WHVC. In line with the system work concept and the way
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VI.

the WHVC vehicle schedule was developttd@ common reference point to determine the
rated power for all vehicle concepts is the wheel l@dnsidering a conventional vehicle

the power recorded at the wheel hub would, due to efficiency losses in the drivetrain, be
lower than the combustion engine power and therefore standarcmdfes in line with
paragraph lllandIV have to be uskto carect this circumstance.

40. The recorded power at the wheel hub is thus divided by 0.952 to calculate the
characteristic hybrid rated power for any hybrid configuration. Even though 0.95 may not
be representative for each vehjdleis does not mattesince all alignments regarding test
schedule and system work are based on the reference point at the wheel. The generic
efficiencies have only been introduced to be able to transfer the WHTC power demands to
the wheel for a conventioheehicle as a referepdasis.

41. In order to determine the maximum performance of the hybrid systeras agreed

to be in warm initial condition and sufficient energy needs to be available (SOC level > 90
per centof used range) before the start of each test scenario. owerforming a test

where the maximum performance is considered as the characteristic rated power can result
in a power rating where the WHVC vehicle schedule so derived can demand more power
than the vehicle can deliver at a certain time in the cydies dan be due to limitations of

the hybrid system which take place depending on e.g. thermal restrictions or insufficient
SOC level during the cycle and cannot be covered by the rated power test procedure which
lasts shorter than the WHVC vehicle schedAlg a resultthe vehicle is probably no longer

be able to follow the desired vehicle speed in certain sections when the road gradient
pattern is calculated using theln power rating as described.

42. Consequentlyonly an iteration process where thehicle schedule and the vehicle
parameters are calculated with different power ratings would serve to identify the power
rating where the vehicle is able to follow the test schedule, its full load capacities are tested
and the frequency distribution of wer in relation to its full load capacities is similar to the
WHTC test schedule. However, depending on the design of a hybrid system limitations
may occur even when a different test scenario is used and the fulfilment of all three
demands may be not pdds. It was agreedy the HDH informal group that the rated
power test scenario is considered@msonable for this amendment.

43. Due to limited availability of hybrid energy and design properties of the hybrid
systems the determination of a represé@rgapower rating is more complex than for
conventional engines. Nevertheless a test mettesl developedvhere the hybrid system

can be rated in a way that the test cycle demands its full load capacities in any case. The
agreedmethod allows the alignmemwtf conventional engine and hybrid system testing in
terms of test cycle, system work for emission calculation and power determination and is
valid and applicable for the powertrain and the HILS method without any changes to be
made on a validated model.

HILS Method

44. The HILS method(Annex 9) developed for this gtr is based on the Japanese
regulation Kokujikan No281. In order to properly reflect the-use engine operation for
engines installed in hybrid vehicles for the certification or type agprine main goal of

the HILS procedure is to transfer a vehicle speed cycle into an engine test cycle, which is
representative for the application in a specific hybrid system. Insteachigh numbenf

actual vehicle test runs for different vehicle dgofations HILS enables the possibility to
simulate a hybrid vehicle driving a transient vehicle speed cycle. During this simulation,
engine operation is recorded, thus creating a hybrid system specific engine cycle. This
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engine cycle can then be usedtte s t the engi nerventiormlnengnei ons on
dynamometer.

45. The operation of the engine in a hybrid vehicle is highly dependent on the
manufacturer 6s prolat@mtegies. Traer siratepigs bait afthechgbrick
Electronic Contrd Unit(s) (hybrid ECUs). To be able to include these control strategies in
the simulation loop, the hybrid ECU(s) are kept as hardware and are connected to the
simulation, which is run in redime. This process is callethardware in the loop
simulation. By means of the simulation model (consisting of-sulidels for the driving
resistances, the different powertrain components and the driver) corresponding to the real
hybrid system and the real hybrid system control units as hardivareehicle speed cle

is transformed into a specific load cycle for the combustion engine. Operating the HILS
system clearly reduces the practical test effort when variations on the hybrid system are
made compared to actual testing of each system configuration. Annexi9dtr thcludes

figures and flowcharts illustrating thélLS test procedure in detail.

HILS model library

46. In order to provide a simulation environment, which allows a-defined selection

and combination of components, the structure and data flom the models used in
Kokujikan No. 281 was adapted. The structure now follows a bus system with defined
interactions of each module of the developed HILS model library. The dssigifies
adaptations of the HILS simulator to different hybrid systeim future type approval
applications.

47. Forthecomplete vehicle simulatigit is preferable when the component models can

be connected together in a straightforward manner to form a complete vehicle model. The
modeling philosophy that is suitable fBlLS / (Software In the Loop Simulatior§ILS
applications is called forwarding, which means that the powertrain is described by models
described by differential equations. In order to achieve this, the model interfaces between
the powertrain componentg@dto be determined.

48. Two types of interfaces are needed where a-lpased modeling paradigm was
used:

(@) The physical interface is related to how different components are connected together
physically and represents energy flows

(b) The signal intdface is related to control/sensor signals needed to control the
components for an ECU

49. For automotive powertrains, four (five) different physical interfaces are necessary.
Those interfaces are: electrical, mechanical (rotational and translationadnichl and

fluid. The following naming convention for the interface signsissed:

(@) Physical interface: phys_description_Unit

Where phys is fixed to indicate that it is a physical signal, description is a description of the
signal, e.g. torque, voltagand Unit is the unit of the signal in-&hits, e.g. Nm, V, A etc.

An example: phys_torque_Nm, which is the physical torque in a component model.

(b)  Signal interface: Component_description_Unit

Where Component is the component short name, e.g. CluingnglecMac etc.,
description is a description of the signal, e.g. actual torque tgAct, voltage u and Unit is the
unit of the signal in Sunits, e.g. Nm, V, A, rad/s et&s an example, ElecMac_nAct_radps
meanghe actual rotaticsl speed of an electribnachine withthe spee@xpressedh rad/s.
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50. The model structure itself is divided into two parts, the physical model and the local
controller. Every model includes a local controller, which converts the control signals from
the control system (if existg) into local control signals, the block also sends sensor signal
values to the control system, i.e. it handles the communication between the control system
(ECU) and the physical model. The physical model block incltide implementation of

the model eqgations. As forwarding is used, feedbacgnsils that go into a block come

from the block in front of the current component block. This means that from an energy
perspective the energy that goes into a component block is given as the product of the input
signal and the feedback output signal. Similarly, the energy that goes out from a component
block is given as the product of the output signal and the feedback input signal.

51. Providing the library in MATLAB® Simulink®, which is a we#stablished
software tool in the automotive area ensures the best usability for all participating parties.
Nevertheless, the model descriptions as part of Annex 9 also wlogany software other

than MATLAB® to set up &ILS simulator.

Component test procedures

52. To be able to properly set up and parameterize a HILS moa@iponent data and
parameters need to be determined from actual component tests. The described procedures in
Annex 9 were developed based on state of the art procedures and comply with generally
accepted industry guidelines to provide data for the energy converters and storage devices
present in the development process of this amendment to gir. Boe to the great variety

and the partial degree of novelty of components used in hybrid vehicesot considered

as reasonable to prescribe additional test procedures at this time. The rationality of data
used for model parameterization where no specific test procedure is prescribed needs to be
assessed by the respective type aygiror certificdion authority.

Predicted temperature method

53. As cold start is part of the certification and type approval procedure for engines
installed in conventional vehicles it was agreed that this scenario should also be applied on
hybrid powertrains. Sinceold start terperature is set to 25 °C for thaest procedures and

in orderto avoid an unjustifiable effort where component data would need to be derived
dependenbntemperature, it is assumed that°®5cold start temperature will not influence

the performance of the hybrid powertrain components. Neverthdlessemperature could
influence the operation strategy of the hybrid powertrain, which would lead to a different
combustion engine operation. be able to reflect this behaviaithout implemeting the
mandatory use of accurate thermodynamic temperature models in the HILS library, where
parameterization is considered as excessive effort, the hybrid control units shall be supplied
with temperature data following the predicted temperature method.

54.  For the cold start HILS ryntemperature signals of elements affecting the hybrid
control strategy need to be provided to the connected ECU(s). Regardless of their profile
and origin they are used for the HILS simulation to generate the HEC test Tyqgbeoof

the correctness of the predicted temperature profiles the respective actual measured
temperatures during emission measurements on the engine test bed (e.g. coolant
temperature, specific temperature of after treatment systevare recorded ancbmpared

to the predicted ones. Using linear regression analysis it shall be demonstrated that the
predicted profiles have been correct antertfactual temperature behavior.
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VII.

VIII.

55. A validation of this methodvas performed by NTSEL with available datd a
Japanese vehiclayhich was not part of the validation test program as described in
paragraptVIll .

Powertrain method

56. The powertrain test method proposed in Annexislintended todelivers results
relevant for certification or type approvalraparable to the results obtained by the HILS
procedure specified in Annex 9. Instead of using simulation models to derive the
combustion engi n,ehé powartimia method requiregad tomponents of
the hybrid powertrain to be present in dhvaare and emission measurement is directly
executed. Effectivelyit reflects a chassis dyno test where chassis and most likely the final
drive (and possibly the gg#ox) are simulated by the tdséd contrder. The components
simulated are subject to tsame provisions as specifiéat the HILS methodn Annex 9.

Validation of the methods

57. As part ofthe development process of this amendment to gtr Nitrde different
European heawgluty hybrid vehicles served to validate the propobgdS procedure.

Since hybrid systems are still a niche application in the hdaty sector and not widely
spread over all vehicle categories, two of thearebuses and one vehicle was a delivery
truck. Two parallel hybrid system layouts with different electoiccombustion engine

power ratios and one serial hybrid system installed aityabus with a relatively small
energy storage system and thus a transient combustion engine operation were tested within
this research program.

58. Since the emission measurem for the resulting engine duty cycle in Annex 9 is
performed according to the provisions already included in gtr Nehedprimary focus was

laid on the HILS model validation. Therefore chassis dyno teste performed with all
threevehicles. The desloped WHVC schedulerasapplied according to itactualstage of
development at the respective test timed the experience gained cotitdisbe used for
further development in terms of test schedule alignment with the WHTC and drivability on
a chassis yho. In the absence of other available validation criteria, the Japanese criteria of
Kokujikan No. 281 were taken for assessing the HILS approach.

59. Real HILS model validationwas not possible for all participatingnanufacturers

within the validation tesprogram and therefore the validation results have been achieved
using one HIL (hardware in the loop) system, one SIL (software in the loop) system and
one MIL (model in the loop) system setup. As the chassis dyno measurements produce the
reference dateof the model validation, the accuracy of the dyno measurements turned out
to be a key enabler far successful model validation.

60. Independent of the use of HILS, SILS or MILS vitas demonstrated that an
increased hybrid system complexity increases tleleh validation effortsignificantly.
Consequentlythe model validation for the serial hybrid system, which is the most complex
of all systems tested, was not succesafutn applying the Japanese validation crite@if

the two parallel hybrids, one vete passed all the Japanese criteria, the second one only
part of them.

61. Alternative HILS model validation criteria hatherefore beeronsideredout could
not befurther investigatedvithin the timeframe of thedDH mandate. It was therefore
agreed atthe seventeetih meeting of the HDH informal group to adopt the validation
criteria adaid downin Kokujikan No. 281 and consider a modificationtloé criteria orthe
validation method in a potential amendment later on.

11
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"A.

62. The powertrain method could nbe specifically tested within the validation test
programs as part of the development process to this proposal of the amendment of gtr
No. 4. However, a validation program was conducted by Environment Protection Agency in
the USA (US EPA) and Environme@tnada, which demonstrated the general feasibility of
the method."

Adopted amendments to
ECE-TRANS-WP29-GRPE-201411e

The amendments are marked in "track changes".

Statement of technical rdionale and justification

Paragraplt2., amend to read

Anticipated benefits

7. To enable manufacturers to develop nevaybrid vehicle modelsmore effectively
and within a shorter time, it is desirable thatgtr n°4 should beamended to cover the
special requirements for hybrid vehicles Thesesavings will accrue not only to the
manufacturer, but more importantly, to the consumer as welReserved.

However,amendinga test procedure just to address the economic question does
not address the mandate given wdn work on this amendmentwas first started. The
test procedure must alsobetter reflect how heavyduty engines areare actually
operated in hybrid vehicles Compared to the measurement methods defined ithis
gtr, the new testing methodsfor hybrid vehicles are more representative of inuse
driving behaviour of heavy-duty hybrid vehicles.

Text of Regulation

Paragrapt2., amend to read

"2. Scope

2.1 This regulation applies to the measurement of the emission of gaseous and
particulate pollutants fromcompressiosignition engines and positive
ignition engines fuelled with natural gas (NG) or liquefied petroleum gas
(LPG), used for propelling motor vehiclemeluding—hybrid—vehiclespf
categoried-2 and 2, having a design speed excee@bigm/h andhaving a
maximum mass exceeding 3.5 tonnes.

2.2. This regulation also applies to the measurement of the emission of
gaseous and particulate pollutants from powertrains, used for propelling
hybrid motor vehicles of categories 422 and 2, having a design spee
exceeding 25 km/h and having a maximum mass exceeding 3.5 tonnes,
being equipped with compressiofignition engines or positiveignition
engines fuelled with NG or LPG. It does not apply to plugn hybrids."

Paragraph 3.14., amend to read
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"3.1.14. "Energy converter' means the part of the powertrain converting one
form of energy into a different onefor the primary purpose of vehicle
propulsion.”

Paragraph 3.16., amend to read

"3.1.16. " Energy storage systelmmeans the part of the powertrain that can ®re
chemical, electrical or mechanical energynd that may also be able to
internally convert those energies without being directly used for vehicle
propulsion, and which can be refilled or recharged externally and/or
internally. "

Paragrap 3.1.37and3.1.52.,to be added

"3.1.37. "Parallel hybrid' means a hybrid vehicle which is not a series hybrid; it
includes powetsplit and seriesparallel hybrids.

3.1.52. "Series hybridl means a hybrid vehicle where the power delivered to the
driven wheels isprovided solely by energy converters other than the
internal combustion engine.”

New ParagrapB.2.1, to be added
"3.21 Symbols of Annexes 9 and 10

Symbol Unit Term
A B, C - chassis dynamometer polynomial coefficients
Avont 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
Corag - vehicle air drag coefficient
Dpm m? hydraulic pump/motor displacement
Dtsyncindi S clutch synchronization indication
DyNnOmeasu - chassis dynamometer A, B, C measured parameters
Dynr?)iemng - chassis dynamometer A, B, C parameter setting
Dynaarget - chassis dynamometer A, B, C target parameters
e \% battery opencircuit 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
frol - tyre rolling resistance coefficient
g m/s’ gravitational coefficient
1 aux A electric auxiliary current
iem A electric machine current
J kgm? rotating inertia

13
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Symbol Unit Term
Jaux kgm? mechanical auxiliary load inertia
Jar! Jai2 kgm2 clutch rotational inertias
Jem kgm? electric machine rotationd inertia
Jig kgm2 final gear rotational inertia
Jiywheel kgm? flywheel inertia
Jgear kgm2 transmission gear rotational inertia
NAYINY kgm? torque converter pump / turbine rotational inertia
Jom kgm? hydraulic pump/motor rotational inertia
Jpowertrain kgm? total powertrain rotational inertia
Jretarder kgm2 retarder rotational inertia
Jspur kgm? spur gear rotational inertia
Jiot kgm2 total vehicle powertrain inertia
Jwheel kgm2 wheel rotational inertia
Kk - PID anti-windup parameter
Kp, K, Kp - PID controller parameters
M aero Nm aerodynamic drag torque
My Nm clutch torque
M ¢l maxtorg Nm maximum clutch torque
MuceVT Nm CVT torque
M grive Nm drive torque
Mem Nm electric machine torque
Miywheel,lo W flywheel torque loss
Msgs,a\, Nm gravitational torque
Mice Nm engine torque
M mech,aux Nm mechanical auxiliary load torque
M mech_brak Nm mechanical friction brake torque
ij M Nm torque converter pump / turbine torque
Mom Nm hydraulic pump/motor torque
M etarder Nm retarder torque
Mol Nm rolling resistance torque
Mgtart Nm ICE starter motor torque
Mic loss Nm torque converter torque loss during lockup
Myehicle kg vehicle test mass
Myehicle,0 kg vehicle curb mass
Nact mint actual engine speed
Niinal min* final speed at end of test
Ninit min*t initial speed at start of test
ns/ Ny, - number of series / parallel cells
P kw (hybrid system) rated power
Pacc Pa hydraulic accumulator pressure

14



ECE/TRANS/WP.29/GRPE/69/Add.2

Symbol Unit Term
pedalccele - accelerator pedal position
rator
pedalyake - brake pedal position
pedakiych - clutch pedal position
pedajmit - clutch pedal threshold
Petaux kw electric auxiliary power
Petem kw electric machine electrical power
Pem kW electric machine mechanical power
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
Rpat,th KW battery thermal resistance
revT - CVT ratio
Rem,th K/W thermal resistance for electric machine
lg - final gear ratio
l'gear - transmission gear ratio
R q capacitor internal resistance
R, R o] battery internal resistance
I'spur - spur gear ratio
lwheel m wheel radius
SGyg - skip gear flag
Slipimit rad/s clutch speed threshold
SOC - state-of-charge
Tact(Nacy) Nm actual engine torque at actual egine speed
That K battery temperature
That.cool K battery coolant temperature
Tcapacitor K capacitor temperature
Teiuten s clutch time
Tem K electric machine temperature
Tem cool K electric machine coolant temperature
Tice,oil K ICE oil temperature

T max(Nact) Nm maximum engine torgue at actual engine speed

Thorm - normalized duty cycle torque value
Tstartgear S gear shift time prior to driveaway
u V voltage
Uc V capacitor voltage
Ug - clutch pedal actuation

15
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Symbol Unit Term
Usinal \Y final voltage at endof test
Uin / Uout \% input / output voltage
Uinit \Y initial voltage at start of test
Ureg \% requested voltage
Ve minmax \Y capacitor minimum / maximum voltage
Vyas m? accumulator gas volume
Vinax km/h maximum vehicle speed
V hominal \% rated nominal voltage for REESS
Viehicle m/s vehicle speed
Waet kwh actual engine work
Weng_HiLs kWh engine work in the HILS simulated run
Weng_test kwh engine work in chassis dynamometer test
Wsys kwh hybrid system work
Weys HiLs kwh hybrid system work in the HILS simulated run
Wsys test kWh hybrid system work in powertrain test
X - control signal
Xpepe - DC/DC converter control signal
Uoad rad road gradient
) - adiabatic index
MAh Ah net change of REESS coulombic charge
mpE kwh net energy chamge of RESS
P FuLs kWh net energy change of RESS in HILS simulated running
P Fest kWh net energy change of RESS in test
devr - CVT efficiency
dococ - DC/DC converter efficiency
dem - electric machine efficiency
dsg - final gear efficiency
dgear - transmission gear efficiency
dom - hydraulic pump/motor mechanical efficiency
Ospur - spur gear efficiency
dvpm - hydraulic pump/motor volumetric efficiency
Ja kg/m® air density
a - first order time response constant
Ghat heat J/IK battery thermal capacity
Uose S clutch closing time constant
Q,ri\,eaway S clutch closing time constant for driveaway
Qm 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
o rad/s’ rotational acceleration

16



ECE/TRANS/WP.29/GRPE/69/Add.2

Paragraptb.1., amend to read

"5.1.
51.1.

5.1.2.

5.1.2.1.

5.1.3.

5.134.

Emission of gaseous and particulate pollutants

Internal combustion engine

The emissions of gaseous and particulate pollutants by thereesiall 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 systms.

ats shall

Hybrid powertrain

The emissions of gaseous and particulate potants by the hybrid
powertrain 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 electric motor, 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 provisions for hybrid vehicles, specifically Annexes 9 and 10,
compulsory in their regional transposition of this gtr.

In such case, theinternal combustion engine used in the hybrid
powertrain shall meet the applicable requirements of paragraph 5.1.

Measurement system

The measurement systems shall meet the linearity requirements in
paragraplt®.2. and the specifications in paragraph 9.3. (gaseous emissions
measurement), paragraphd. (particulate measurement) and in AnBex

Other system or analyzers may be approved by the type approval or
certification authority, if it is found that they yield equivalent results in
accordance with paragraptil 14

Equivalencg "

Paragraph 5.3., amend to read

"5.3.2.

Special requirements

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 powertrain family. These im&ctions 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.

17



ECE/TRANS/WP.29/GRPE/69/Add.2

The individual test cycleslEC 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 manufacturer shall simulate 4L$l test or run a
powertrain test with this powertrain configuration and record the resulting
duty cycle. Fhis-duty-cycle-shall-be-compared-to-the-duty-cycle-of the-parent
hybrid-powertrain-and-meet the-criteria-in-paragraph-5.3.2.1.

The duty cycle torquevalues shall be normalized as follows:

Taer{Mace)

Tnorm = Trmax (Maet)
D
Where:
Trorm are the normalized duty cycle torque values
Nact is the actual engine speed, mih
Tact(Nacy) is the actual engine torque at actual engine speed, Nm

T max(Nact) is the maximumengine torque at actual engine speed, Nm

The normalized duty cycle shall 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 belong to the same family, if the
criteria of table 2 in paragraph 7.8.8. are met.

5321 Reserved

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

Paragraphs 5.3.1., 5.3.3.2. and 5.3.3,/amend to read
"5.3.3.1. Hybrid topology (architecture)

(a) Parallel;

(b)  Series

5.3.322. Internal combustion engine

The engine family criteria of paragraph 5shall be met when selecting the
engine for the hybrid powertrain family.

Paragraph 5.38., amend to read

18
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"5.3.4. Choice ofthe 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 thinternal combustion engine with the highest power.

In case thke engine with the highest power is used in multiple hybrid
powertrains, the parent hybrid powertrain shall be the hybrid
powertrain with the highest ratio of internal combustion engine to
hybrid system work determined by HILS simulation or powertrain test.

Paragraph §amend to read

" 6. Test conditions

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

Paragraph &.1., amend to read

The after-treatment system is considered to be of the continuous
regeneration type if the conditions declared by the manufacturer occur
during the test during a sufficient time and the emission results do not
scatter by more than£25 per centfor the gaseous components and by
not more than +25 per centor 0.005g/kWh, whichever is greater for
PM."

Paragraph 6.8., amend to read

e .

Average brake specific emissions between regeneration phases shall be
determined from the arithmetic mean of several approximately
equidistant hot start test results (g/kWh). As 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 regeneration test shall be conductedAs an
alternative, the manufacturer may provide data to show that the
emissions remain constant®25 per centfor the gaseous components and
+25 per centor 0.005g/kWh, whichever is greater for PM) between
regeneration phases. In this case, the emiss®onf only one hot start test
may be used

Paragraph 9amend to read

"9. Equipment specification and verification

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

Internationally recognized-traceable standards shall be used to meet the
tolerances specified for calibrations and verifications.
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Instruments shall meet the specifications inable 7 for all ranges to be

used for testing.

instrument

specifications in table7 shall be kept.

that

instruments

Furthermore, any documentation received from
manufacturers  showing

meet the

Table 8 summarizes the calibrations and veriftations describedin

paragraph 9 and indicates when these have to be performed.

Overall systems for measuring pressure, temperature, and dew point
shall meetthe requirements in table8 and table 9. Pressure transducers
shall be located in a temperaturecontrolled environment, or they shall
compensate for temperature changes over their expected operating
range. Transducer materials shall be compatible with the fluid being

measured¥Fhis—gtr—does—not—contain—details—of {low,—pressure~ and

Table 7 (new)

Recommended performance specifications for measurement instruments

Complete Systen| Recording
Rise time frequency
Measurement Instrument Accuracy Repeatability
2.0 % of pt. or 1.0 % of pt. or
Engine speed transducer 1ls 1 Hz means 0.5 % of max 0.25 % of max
2.0 % of pt. or 1.0 % of pt. or
Engine torque transducer 1ls 1 Hz means 1.0 % of max 0.5 % of max
Fuel flow meter 5s 1Hz 2.0 % of pt. or 1.0 % of pt. or
1.5 % of max 0.75 % of max
CVSflow 1ls 1 Hz means 2.0 % of pt. or 1.0 % of pt. or
(CVS with heat exchanger) (5s) (1 Hz) 1.5 % of max 0.75 % of max

Dilution air, inlet air, exhausand

1 Hz means of 5 H

2.5 % of pt. or

1.25 % of pt. or

sample flow meters 1ls samples 1.5 % of max 0.75 % of max
2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer raw 25s 2Hz 2.0 % of meas. 1.0 % of meas.
2.0 % of pt. or 1.0 % of pt. or
Continuous gas analyzer dilute 5s 1Hz 2.0 % of meas. 1.0 % of meas.
2.0 % of pt. or 1.0 % of pt. or
Batch gas analyzer N/A N/A 2.0 % of meas. 1.0 % of meas.
Analytical balance N/A N/A 1.0ug 0.5 pg

Note:

Accuracy and repéability are based on absolute valugst." refers to the ovetamean value

expected athe respectiveemission limit ;"max!' refers to the peak value expected at the
respectiveemission limit over the duty cycle, not the maximum of the instrumentgeran

"meas. refers to the actual meaneasured over the duty cycle.
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Table 8 (new)
Summary of Calibration and Verifications
Type of calibration or Minimum frequency®
verification
9.2: linearity Speed: Upon initial installation, within 370 days beftesting and after major maintenance

Torque: Upon initial installation, within 370 days before testing and after major mainteng
Clean airand diluted exhaust flows: Upon initial installation, within 370 days before testin
and after major maintenagcunless flow is verified by propane check or by carbon oxyger
balance.

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

Gas analyzers: Upon initial installation, within 35 days before testingféedmajor
maintenance.

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

Pressure and temperature: Upon initial installation, within 370 days before testing and a
major maintenance.

9.3.1.2: accurag, Accuracy: Not required, but recommended for initial installation.
repeatability and noise Repeatability: Not required, but recommended for initial installation.
Noise: Not required, but recommended for initial installation.

9.4.5.6.: flow instrument Upon initial installation and after major maintenance.

calibration

9.5: CVScalibration ‘ Upon initial installation and after major maintenance.

9.55: CVS verification® Upon initial installation, within 35 days before testiagd after major maintenee. (popane
check)

9.3.4.: vacuunsideleak Before each laboratomgst according to paragraph 7

check

9.3.9.1 COanalyzer Upon initial installation and after major maintenance.

interference check

9.3.7.1: Adjustment of the | Upon initial instalation and after major maintenance
FID

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

9.3.7.3.: Oxygernterference| Upon initial installatbn, and after major maintenara®l afterFID optimization according to
check 9.3.7.1

9.3.8: Efficiency of the non | Upon initial installation, within 185 days before testing, and after major maintenance.
methane cutter (NMC)

9.3.9.2: NOx analyzer Upon initial instalation and after major maintenance.
quench check foELD

9.3.9.3: NOx analyzer Upon initial installation and after major maintenance.
qguench check for NDUV

9.3.9.4: Sampler dryer Upon initial installation and after major maintenance.
9.3.6.:NO, converter Uponinitial installation, within 35 days before testing, and after major maintenance.
efficiency
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Type of calibration or Minimum frequency®
verification

@  perform calibrations and verifications more frequently, according to measurement system manufacturer instructi
good engineering judgment.

®  The CVS verificabn is not required for systems that agree within + 2per cent based on a chemical balance of ca
oxygen of the intake air, fuel, and diluted exhaust.

Paragraph 9.1amend to read
"9.1. Dynamometer specification
9.1.1. Shaft work
An engine dynanometer shall be used that has adequate characteristics to

perform the applicable duty cycle including the ability to meet appropriate
cycle validation criteria. The following dynamometers may be used:

(a)  Eddy-current or water-brake dynamometers;

(b)  Alternating -current or direct -current motoring dynamometers;

(c)  One or more dynamometers.

9.1.2. Torque measurement
Load cell or in-line torque meter may be used for torque measurements.

When using a load cell, the torque signal shall be transferred to the
engine axis and the inertia of the dynamometer shall be considered.
The actual engine torque is the torque read on the load cell plus the
moment of inertia of the brake multiplied by the angular
acceleration. The control system has to perform such a calation

in real time. "

Paragraph 9.2amend to read
"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 e linearity requirements given irable?9. The linearity
verification according to paragra@2.1. shall be performed for the gas
analyzerswithin 35 days before testingatleast-everg-monthsor whenever

a system repair or change is made that caufldence calibration. For the
other instruments and systems, the linearity verification shall be wlibime

370 days before testlngs—requed—bHMe#m—aemﬂ—preeedewes—by the

Table 7, renumber table 9
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Paragraph 9.3.1amend to read

"9.3.1.
9.3.1.1.

9.3.1.2.

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 equipment shall be on a
level as to minimize additional errors.

Analyzers may be used, that have compensation algorithms that are
functions of other measired gaseous components, and of the fuel
properties for the specific engine test. Any compensation algorithm shall
only provide offset compensation without affecting any gain (that is no
bias).

Verifications for accuracy, repeatability, and noiséecuraecy

The performance values for individual instruments specified in table7
are the basis for the determination of 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 verify the performance of a new

9.3.173.

9.3.184.

manufacturer.
Rise time

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

Gas drying
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Exhaust gasemay be measured wet or dry. A ghying devce, if used,
shall have a minimal effect on the composition of the measured dases.
shall meet the requirements oParagrap!9.3.9.4.

The following gasdrying devices are permitted:

(@ An osmoticmembrane dryer shall meet the temperature
specificatons in paragraph 9.3.2.2.The dew point, Tdew, and absolute
pressure, ptotal, downstream of an osmotiemembrane dryer shall be
monitored.

(b) A thermal chiller shall meet the NGO, lossperformance check
specified in paragraph9.3.94.

Chemical dryers are nan—acceptable—methodpafrmitted for removing

water from the samplé.

Paragraph 9.3.3.3amend to read

"9.3.3.3.

Gas dividers

The gases used for calibration and span may also be obtained by means of
gas dividers (precision blending devices), dilutinghwourified N, or with
purified synthetic air. Critical -flow gas dividers, capillary-tube gas
dividers, or thermal-massmeter gas dividers may be used. Viscosity
corrections shall be applied as necessary (if not done by gas divider
internal software) to appropriately ensure correct gas division. The
accuracy of the gas divider shall be such that the concentration of the blended
calibration gases is accurate to withi@ per cent. This accuracy implies that
primary gases used for blending shall be knotwnan accuracy of at
Ieast°1per cent, traceable to national or international gas standakds.
A e-for
0 ieh may

b&pe#mmed—usmga%mthe%ahb%aﬂengas—%e%#enﬂeaﬂen—ha&falled

The gas divider system shall meet the linearity verification in
paragraph 9.2., table 7 Optionally, the blending device may be checked
with an instrument which by naturelisear, e.g. using NO gas with a CLD.

The span value of the instrument shall be adjusted with the span gas directly
connected to the instrument. The gas divider shall be checked at the settings
used and the nominal value shall be compared to the mdasameentration

of the |nstrumentlh+s4d4ﬁereneesha#m4aaeh—pe#mbe4mtkml—pepeenpef

Paragrah 9.3.4, amend to read

"9.3.4.

Vacuum-sidekleak check

Upon initial sampling system installation, after major maintenance such
as prefilter changes, and within 8 hours prior to eachtest sequence, it
shall be verified that there are no significant vacum-side leaks using
one of the leak tests described in thi®aragraphThis 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 flowhby measuring the pressurencrease of an
evacuated system, oby detecting the dilution of a known concentration
of span gas when it flows through the vacuum side of a sampling system

A-system-leak-check-shallbe performed
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9.34.1

9.3.42.

9.3.43.

Low-flow leak test

The probe shall be disconnected from the exhaust system and the end
plugged. The analyzer pump shall be switched on. After an initial
stabilization period all flowmeters will read approximately zero in the
absence of a leak. If not, the sampling lines dhalchecked and the fault
corrected.

The maximum allowable leakage rate on the vacuum side shall be 0.5 per
cent of the inuse flow rate for the portion of the system being checked. The
analyzer flows and bypass flows may be used to estimate thseifiow

rates.

Vacuum-decayleak test

AlternativelytheThe systemmayshall be evacuated to a pressure of at least
20 kPa vacuum (8RPa absoluteand the leak rate of the system shall be
observed as a decay in the applied vacuumTo perform this test the
vacuum-side volume of the sampling system shall be known to within
+10 per cent of its true volume.

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

Dp=p/ Vs x0.005X gy (74)
Where:

Vs is the system volume, |

Qs IS the system flow rate, I/min

Dilution -of-spangasleak test

A gas analyzer shall be prepared ast iwould 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 probethe open end of the transfer

line with the sample probe disconnected, oa three-way valve installed
in-line between a probe and its transfer line Anether—method—is—the

n [TaYalWa' ati he heginning-o ha mp“ng

It shall be verified that the measured overflow span gas concentration is
within £0.5per cent of the spangas concentration. A measured value

lower than expected indicates a leak, but a value higher than expected
may indicate a problem with the span gas or the analyzer itself. A

measured value higher than expected does not indicate a ledk.

Paragraph 9.3.8amend to read

"9.3.8.

Efficiency of the noamethane cutter (NMC)

The NMC is used for the removal of the aAmethane hydrocarbons from the
sample gas by oxidizing all hydrocarbons except methane. Ideally, the
conversion for methane @per cent, and fo the other hydrocarbons
represented by ethane 1i80per cent. For the accurate measurement of
NMHC, the two efficiencies shall be determined and used for the calculation
of the NMHC emission mass flow rate (see paragfapi.).
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It is recommended thata non-methane cutter is optimized by adjusting
its temperature to achieve &cp, < 0.15 and aEc,46 > 0.98 as determined
by paragraph 9.3.8.1 and 9.9.8.2.,as applicable. If adjusting NMC

temperature does not result in achieving these specifications, is

recommended that the catalyst material is replaced.

Paragraph 9.3.9.2,3amend to read

"9.3.9.2.3.

Maximum allowable quench
The combined C@and water quench shall not exceed 2 per-eghil-scale

Paragrapt®.3.9.4.2, amend to read

"9.3.9.42.

Sample dryer N@penetration

Liquid water remaining in an improperly designed sample dryer can remove
NO, from the sample. If a sample dryer is usadecombination—with—an
NBWU\analyzerwithout an NQ/NO converter upstream, it could therefore
remove ND, from the sample priadio 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, cdlibration gas that has an NQ concentration that is near the
maximum expected during testing shall beoverflowed at the gas
sampling system's probe or overflow fitting. Time shall be allowed for
stabilization of the total NOx response, accounting only fortransport
delays and instrument responseThe mean of 30 s of recorded total NQ
data shall be calculated and this value recorded asyoxer and the NO,
calibration gas be stopped

The sampling system shall be saturated by overflowing a dew point
generata’s output, set at a dew point of 50 °C, to the gas sampling
system's probe or overflow fitting. The dew point generator's output
shall be sampled through the sampling system and chiller for at least 10
minutes until the chiller is expected to be rmoving a constant rate of
water.

The sampling system shall be immediately switched back to overflowing
the NO, calibration gas used to establiskyoxer- It shall be allowed for
stabilization of the total NO, response, accounting only for transport
delays andinstrument response. The mean of 30 s of recorded total NO
data shall be calculated and this value recorded asoxmeas

Xnoxmeas Shall be corrected to Xyoxgy based upon the residual water
vapour that passed through the chiller at the chiller'soutlet temperature
and pressure.

If Xnoxdry 1S less than 95 per cent oknoxer, the sample dryer shall be
repaired or replaced ."

Paragrapt9.4.5.2., amend to read

"9.4.5.2.
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Reference filter weighing

At least two unused reference filters shall be weighetimvi2-80 hours of,
but preferably at the same time as the sample filter weighing. They shall be
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the same material as the sample filters. Buoyancy correction shall be applied
to the weighings.

If the weight of any of the reference filters changes betwsample filter
weighings by more thabOug or +10 per cent of the expected total PM
mass, whichever is higher all sample filters shall be discarded and the
emissions test repeated.

The reference filters shall be periodically replaced based onampteering
judgement, but at least once per yé&ar.

Paragrapt®.4.5.3., amend to read

"9.4.5.3.

Analytical balance

The analytical balance used to determine the filter weight shall meet the
linearity verification criterion of paragraph 9.2., tal¥#®. This implies a
precision{standard-deviatiomf at leas-0.5ug and a resolution of at least 1

Hg (1 digit = 1 pg).

In order to ensure accurate filter weighing;is—+ecommended—thathe
balanceshall be installed as follows:

éeéé.
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Annex 1(b).amend taead
" (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 b ¢
set.
Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
S d per cent S d per cent
km/h km/h
1 0 +5.02E06*pP? -6.80E03*pP +0.77 27 21;.
2 0 é 91 +1;.67TE06*pP? -2;.27E03*pP +0,.26
3 0 é o8 21;. . X
4 0 6 68 -1;.67E06*pP? +2,.27E03*pP -0,.26
. 21;.
5 0 é 29 21 .5.02E06*pP2 +6,80E03*P -0,77
6 0 é 30 20;.
7 27-3 44 é
5 é 31 19.
8 5.5 24 é
7 é 3 1%
9 8.1 57 é
8 é 33 15;.
9.3 53 é
10 .
7 e 34 13.
9.8 7 é
11 .
6 e 35 12,.
10. 95 é
12 .
18 e 36 12,.
10. 95 é
13 .
38 e 37 13,
10. 35 é
14 .
57 é 38 13,
15 10. 75 é
95 é 39 13.
11;. 82 é
16 .
56 é 40 13,
12. 41 é
17 .
22 e a1 12,.
12. 26 é
18 .
97 e 9.8
42 : .
14.. 2 e
19 .
33 é 5.9
43 :
20 & 6 6
38 é 44 2.2 é
21 12*" & 45 0 é
19. 46 0 é
22 gp 6 47 0 -1, 40E:06*pP? +2. 31E-03*P -0..81
23 20.. 48 0 +2;.22E06*pP? -2;.19E-03*pP -0,.86
85 é 49 0 +5;.84E06*pP? -6;.68E-03*pP -0,;.91
21 1,.8
24 5 é SO é
21;. 4.9
25 g9 é 1 &
21;. 52 8,4 é
26 98 ¢
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Vehi Vehi
) cle . ) cle )
Time Road gradient Time Road gradient
S S%ee per cent S S%ee per cent
km/h km/h
53 9.9 é 81 48.. )
50 1L 415 é
5 ) 82 3 ¢
55 15.
11 é 83 49;.
56 1o ! €
46 é 84 49;.
57 2% 43 ©
o ° 85 ‘op s
58 22, 28
. ) 8 65 ¢
59 24,
17 é 87 Aé?g )
60 25, 48
o ° 88 ‘g7 6
61 26, 48
97 ° 89 ‘o7 s
62 28, 48
L : 0 ‘g6 6
63 31;. 20
°5 ° %1 g s
64 33, 49
% : 92 ‘g 6
65 36 é
37 03 4% .
66 3 . 74 é
91 é 50,
67 . 9% 3 é
65 é
a1, o5 °O ,
68 Y ; 78 é
23 é
42- 96 50,. ]
69 - ; 75 é
85 é 50
70 ; 9 78 é
1 é 51
71 4k 4 98 21 é
37 é 1
72 % ) 9 5 &
3 é 51
73 A4 ) 100 gd s
17 é 52
74 4% ) 101 oo s
13 é 51
75 44 ) 102 58 s
17 é 51
76 4 103 54 s
51 +3;.10E-06*pP? -3;.89E-03*pP -0,.76 5o
" 04 5 :
16 +3;.54E07*pP? -1;.10E-03*pP -0,.61 5o
IS 105 55 ¢
64 -2;.39E06*pP? +1;.69E-03*pP -0,.47 5o
79 4% ; 106 47 é
16 é 52
46;. 107 " )
80 99 é 03 e
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\éelzehi Vehi

Time Road gradient Ti cle i

spee ime Road dient

s d per cent s sr()jee Ogergcr:ntlen
km/h km/h
46 é
o1 137 0 é

109 T
31 & 138 0 +2,..18E-06*pP2 -1,.58E-03*pP +1,.27

110 51.. , 139 0 +5..31E06*pP2 -5;.52E-03*pP +1;.80
45 é 140 0 +8;.44E-06*pP2? -9;. 46 E03*pP +2,.33

111 51;. 141 0 é
48 é 142 0.6

112 51;. 3 é
29 é 143 1,5

113 51;. 6 é
12 é 144 2:.9

114 59%. ) 9 é
o é 145 4,5 é

s O . 146 O3 ,

116 50, X )
86 é 147 5::5 .

117 51;. o ©
34 é 148 5.4 .
51;. > °

118 68 & 149 5,2 é
51,. 150 49

119 58 é fG ¢
51;. 151 v

120 36 é 318 ¢
51;. 152 -

121 39 é o ¢
50.. 153 3.2

122 1 :
98 -1;.91E06*pP2 +1;.91E-03*pP -0,.06 ©

103 48 154 278.9 .
63 -1;.43E-06*pP2 +2,.13E-03*pP +0,.34 ©

124 44.. 155 313 .
83 -9,.50E07*pP2 +2.35E03*pP +0,.74 ©

195 40.. 156 41 .
3 é A ©
35. 157 -

126 g5 é 575 ¢
30. 158 -

127 53 é 527 ¢
24.. 159 o

128 4g é 630 ¢
18;. 160 ”

129 ‘96 ¢ o ¢
14,. 161 ”

B0 g € 162 ° :

7.7 4

131 &7 . 8.3 )
32 é 163 4 .

132 34 . 8.5 )
01 é 164 l .

133 6 . 8.2 ©
4 é 165 -

134 0 é 2 ¢

135 0 é 166 3’

2 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
S d per cent S d per cent
km/h km/h
167 8 ) 8
2 € 195 L6
168 *7 . 6 é
5 é 1,5
4.2 196 3 6
169 )
4 e 197 1,3 é
170 *0 . 198 1 P
5 é 0.7
171 9 , 199 7 s
8 é 0.6
172 9 , 200 s
1 é o5
173 38 , 201y 5
6 é 0.5
174 %1 , 202 7y 5
7 é 05
175 53 , 203 5
2 é o5
176 773;5 . 204 75 é
205 0,5 é
10..
177 gs s 206 0 é
14, 207 0 é
178 g é 208 0 é
179 15723' , 209 0 é
e 210 0 é
180 & 211 0 4
38 +2,.81E-06*pP? -3, 15E-03*pP +0;.78 e
181 1% 212 0 é
49 -2,.81E06*pP? +3.15E-03*pP -0,.78 213 0 &
187 15 214 0 &
18 -8,.44E06*pP? +9,46E-03*pP -2,.33 215 0 s
183 o* . 216 0 6
12, 217 0 -5,.63E-06*pP? +6,.31E-03*pP -1,.56
184 53 6 218 0 -2, 81E-06*pP? +3,.15E-03*pP -0,.78
185 12 219 0 +0,.00E+00%P?2 +0,.00E-+00%P +0,.00
03 é 220 0 é
186 1712 ) 221 0 6
10 e 222 0 é
g : o :
8;.6 e
188 g é 225 0 &
189 6,2 é oog 07
190 40 3 é
7 € 207 O
101 26 3 é
N g é 228 0 ¢
192 9 ) 229 0 p
2 e 230 0 é
1,6 ;
193 g . 231 0 &
194 1;6 é 232 0 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee t spee t
S d per cen S d per cen
km/h km/h
233 0 é 86
234 0 é 269 2%
235 0 é 65 e
236 0 é 270 2% .
. 18 é
238 0 é 211 33 é
239 0 é 18..
240 0 é 2712 3 é
241 0 é 273 16 .
242 0 +6,51E-06*pP? -6, 76 E-03*pP +1..50 195? ©
243 0 +1;.30E05*pP? -1;.35E-:02*pP +3,.00 274 oo &
244 0 +1,.95E-05*pP2 -2, 03E-02*pP +4;.49 13.
245 0 é 215 76 é
247 0 é 5 é
248 0 é 277 &6 )
249 0 ; 8 ©
€ 278 5.2 é
250 0 é 1.9
251 0 é 279 g é
252 0 é 280 0 é
253 171-5 ‘ 281 0 -1;.30E:05*pP2 +1,.35E-02*pP -3,.00
282 0 -6,.51E-06*pP? +6,.76E-03*pP -1,.50
4.1
254 P 283 0,5  +0.00E+00%P? +0,.00E+00%P +0;.00
0,5
7:.0 284 .
R ¢ 285 076 :
7. e
256 Ot , P
S e 286 .
11;. 8 é
257 g2 & 287 0 é
258 14 , 288 0 p
52 é 289 0 é
259 17 , 200 0 e
01 é i
201 0 é
19..
260 2 & 202 0 é
22.. 203 0 é
261 35 é 294 0 6
262 24, ) 295 0 é
75 é .
oy 296 0 é
263 55 1+6.51E06*pP? -6,.76E-03*pP +1..50 297 0 é
25,. 208 0 6
264 18 .6.51E06*pP? +6,76E-03*pP -1,50 209 0 ¢
065 23 300 0 é
94 -1;.95E05*pP? +2.03E02*pP -4,.49 301 0 é
266 232; . 302 0 6
303 0 é
217.
267 ,a 6 304 0 é
268 20, é 305 0 +5,.21E-06*pP? -5, 86E-03*pP -0,.21
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
S d per cent S d per cent
km/h km/h
306 O +1;.04E05*pP2 -1;.17E02*pP -0,.42 342 0 é
307 O +1;.56 E05*pP2 -1,.76 E02*pP -0,.62 343 0 é
308 O é 344 0 é
309 O é 345 0 é
310 O é 346 0 -6,.53E-06*pP2 +7,.62E-03*pP +1;.11
311 0 é 347 0 +2,.58E06*pP2 -2;.34E-03*pP +1;.60
312 0 é 348 O +1;.17E05*pP2 -1,.23E-02*pP +2;.08
313 0 é 349 O é
314 0 é 350 O é
315 0 é 351 O é
316 O é 352 0 é
317 0 é 353 O é
318 0 é 354 0,9 é
319 0 é 355 2 é
320 0 é 356 40 .
321 0 é 8 e
322 0 é 357 7‘7'0 &
323 0 é 10
324 30 . 38 25 é
1 e 12.
325 &1 ) %9 77 é
4 e 14,
326 13. ] 360 44 5
88 € 15.
327 18, } 361 73 é
08 € 17.
328 20;. ; 362 23 é
329 2O 33 04 €
3 +5;.21E-06*pP? -5;.86 E-03*pP -0;.21 20..
330 % 34 9g é
53 -5,.21E-06*pP? +5,86E-03*pP +0,.21 20
331 T ¥ g é
92 -1;.56 E-05*pP? +1;.76 E02*pP +0,.62 25
16;. 366 iy .
332 3 05 e
17 é
333 14, } 31 é
55 é
368 29.
334 12 } 54 é
92 e 31..
335 1l . 369 5 é
336 8.5 3 370 19 é
4 e 347
337 1 . 3711 67 é
5 e 36..
338 10 ) 372 3 é
6 e 37.
339 0 é 373 43 &
340 O é 39.
341 O é 374 07 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient
spee spee

S d per cent S d per cent
km/h km/h
40, 33,

315 4% ‘ 202 3> )
40. 35.

376 44 é 403 33 ¢
40. 36.

377 26 +6,91E06%pP2-7, 10E03*pP +0,94 404 g4 é
39. 38.

378 59 42.13E06*pP2-1,91E03*P -0..20 405 g é

379 & a06 0
23 -2.65E06*pP? +3,28E-03*0P -1..33 44 é
34, 42.

80 5 s a07 % )
30. 43.

81 Y s a08 *> s
25, 44,

382 ) 6 409 47 E
21. 44,

83 ¢ s a0 %% s
18, 44,

384 g é 4141 48.17E06%pP2-8,13E03%P +2,32
16. 43.

385 56 é 412 95 +3.39E06*9P? -2,.94E03%P +1..18
15, 43.

386 ‘39 é 413 41 1.39E06*pP2 +2.25E03%P +0..04
14, 42.

387 77 +2.55E06%pP? -2, 25E-03*9P +0..26 414 g3 é
14, 42.

388 5g  4+7.75E06*pP2-7.79E03*9P +1..86 415 45 ¢

389 % 416 A5
72 +1,30E05%P? -1, 33E-02*pP +3.46 28 é
15, 40.

390 o> . a7 Y .
16.. 38.

391 o . a8 % .
18. 37.

392 . a9 3% .
20. 36

393 ¥ . a0 3> .
21. 35,

394 2 . a1 % .
22. 34,

395 . 422 % .
24, 33.

396 % . a23 %> .
25. 31L.

397 o . 424 S5 .
26.. 29.

308 . 425 5% .
27. 26..

399 4% . 426 5> .
29. 23.

a00 ¥ . a1 % .
31. 20.

a1 3% . 428 %) .
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Vehi Vehi
Time sdge Road gradient Time sdge Road gradient
S sz per cent S F(Jj per cent

km/h km/h

19. 20..

429 59 +8,.47E-07*pP2 -6,.08E-04*pP +0;.36 456 15 é

19. 18.

430 36 43.09E06*pP2-3,47E03%BP +0,.69 457 sg ¢

19. 15,

431 79 45.33E06*9P2-6,33E03%P +1,.01 458 ‘g3 é

20.. 12.

432 2 s 459 27 s

20.. 7.9
433 7 s 460 % s

20.. 4.1
434 ‘2 s 461 g s

19. 1,7
435 of 5 462 % s

20.. 0.6
436 5 é 463 9 -1;.66E-06*pP2 +1,.6 7E-03*pP -0,.86

21 1;1
437 4 é 464 3 +5, 69E-06*pP2 -5, 91E-03*9P +0..68
438 23 465 2.2 +1;.30E-05*pP2 -1;.35E-02*pP +2;.23

67 é

26 466 335 ]
439 " ; e

09 é 4.8

o8 467 T ]
440 " ; e

16 e 5.8

29 468 5 3
441 iy ; e

75 é 6.7

30 469 7 ]
442 " ; e

97 é 8.0

3L 470 7 )
443 " ) e

99 € 471 1%

32. 02 é
444 "o s 5

33. 472 g9 ¢
445 2 s s

33 473 ” )

7. 43 é
446 45 é 18
a7 3% ara 3p ¢

27 +5,.50E-07*pP2 -1;.13E03*pP -0,.13 21..

32. 475 19 é
448 B6  423B06'P* +4,06E03'PP 126 476 24 .
449 iy 26;.

375 -9..01E06*pP2 +9,25E-03*pP -2;.40 4rr - o 6
450 " ) 29

255 é 478 53 é
451 " ) 32.

2% e 4 3 é
452 L & 480 33,. s

25..

453 ' ) 36..

2731 é 481 73 6
454 " ) 38.

2716 é 482 "¢ s
455 i ) 39.
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
S S%ee per cent S S%ee per cent
km/h km/h

ags ‘ s11. %% )

485 411£_§' s 512 279’é' s

age e ‘ 513 5% )

487 13177' +8, 26E-06*pP2 -8, 20E-03*pP +1,.09 514 3;3% ¢

488 tlg +3, 47E06*9P2 -3, 10E:03*pP -0,.05 515 °)" é

489 54 -1,31E.06*pP? +2.09E:03*pP -1.19 516 5o ¢

a0 3% s 517 5% s

a1 3% s 518 S s

a2 3% s 519 SF s

493 s 520 O s

a4 o> s 521 S s

495 oF s 522 S s

40 G +6,20E-07*pP2 -2, 47TE:04*pP -0,.38 523 oy ¢

497 252; +2, 55E:06*pP2 -2, 58E-03*9P +0..43 524 3;39:1' é

498 26227' +4, 48E-06*pP? -4, 92E-03*P +1;.23 525 3;1%' ¢

400 o é 526 4 é

500 o . 527 .

501 ‘on é 528 o 3, 04E07*pP? +2,73E:04*pP +0,.09
502 5 é 529 34 -5,09E:06*pP? +5, 46E:03*P -1,,04
503 gy é 530 g5 9, 87E:06P? +1,07E:02P -2,.18
505 oy é 532 5y é

507 2 . 534 7 .
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Vehi Vehi

Time cle Road gradient Time cle Road gradient
spee spee

S d per cent S d per cent
km/h km/h
17. 30..

538 7 é 565 05 .4.66E06*9P2 +4,79E03%P -0..81
14, 29.

539 g1 é 566 44 .9.44E06*9P? +9.98E03%pP -1,.95
12. 28.

540 ‘ 567 25 )
10. 27.

41 g7 é 568 53 é
8.8 26..

%42 g -5..09E-06*pP? +5, 46E-03*9P -1,.04 569 46 ¢

543 Sl 570 25
6 -1, 63E07*pP2 +4, 68E-05*pP +0,.17 03  -4.66E06*9P2 +4,79E03*P -0,.81

544 89 g 25
5 +4, 76E-06*pP? -5, 37E:03*P +1;.39 85  +1,21E07*pP? -4, 06E-04%P +0..33

545 1l 572 26
3 +4, 90E-06*pP? -5, 60E-03*pP +1,.47 14 +4,90E06*pP? -5, 60E-03*0P +1,47
14, 27.

546 g é 573 o é
15. 28.

547 g1 é 574 4 é
16. 29.

8 57 é 575 51 é
16. 30.

549 3 é 576 4 é
17. 30..

550 oy é 577 99 é
18. 31,

551 s é 578 33 ¢
20;. 31..

552 49 é 579 45 6
21. 32.

553 43 é 580 4y 6
22 32.

554 g é 581 39 6
23. 32.

555 59 é 582 45 6
24, 32.

556 53 é 583 g4 6
24, 32.

557 g . 584 o )
25. 33.

558 4o é 585 6
26.. 33.

559 47 é 586 5o 6
28. 34,

560 5 é 587 96 é
29. 36.

561 o5 é 588 g é
30. 37.

562 g é 589 5 é
30. 38.

563 59 é 590 5g 6
30. 39.

564 29 +1.21E07*pP? -4.06E-04*pP +0..33 591 ¢
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Vehi Vehi
Ti;ne s(;ge Ro:grgcr:gtient Ti21e s(;ge Ro;grgcr:gtient
d d
km/h km/h
593y ¢ 620 6 ¢
594 3;*" s 621 2413 s
595 %1 ¢ 622 gy ¢
596 5 ¢ 623 gr é
597 é 624 956 4, 66E06*pP2 +4, 79E:03*pP -0,.81
598 o é 625 ¢ +1, 21E-07*pP2 -4, 06E:04*pP +0,.33
599 SZT' é 626 12% +4,.90E-06*pP2 -5, 60E-03*pP +1,.47
600 3% s 627 1% s
601 % s 628 ' s
602 3% s 629 x s
603 4> s 630 > s
604 %= s 631 F s
605 % s 632 2% s
606 ‘o : 633 75 6
607 45" . 634 22?3 .
608 %% é 635 ¢ é
609 "’7121' . 636 29‘? .
610 "’0121' . 637 2;"' .
611 ";1%' . 638 29%' .
612 4(; ' é 639 28% +1;,21E-07*pP? -4, 06E-04*pP +0,.33
613 Aésle_'s' é 640 26497. 4, 66E-06*pP? +4,79E-03*P -0..81
614 tzé' é 641 28157. -9, 44E-06*pP? +9. 98E-03*P -1..95
615 47257;' +1,21E-07*pP? -4, 06E-04*pP +0,.33 642 1475 6
616 4325 -4, 66E-06*pP2 +4, 79E-03*P -0..81 643 1324 ¢
617 4705';' -9, 44E-06*pP? +9, 98E-03*P -1..95 644 755 ¢
618 3% , 645 4 6
72 é 646 1.7 ¢
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
S d per cent S d per cent
km/h km/h
6 24
647 0O é 679 204 .
648 0 é 29 é
649 0 é 680 % ]
- 18 e
650 0 é
58.
651 0 é 681 o s
652 0 -3,90E-06*pP? +4, 11E-03*pP -1,.07 59..
682 .
653 0 +1;.64E-06*pP2 -1,.77E03*pP -0,.19 49 e
654 0 +7,.18E06*pP2 -7,.64E-03*pP +0,.70 683 °& )
. 86 e
655 0 e 60-
! : o ;
e _
29 685 %11" .
658 ) e
6 é 61..
659 7.9 é 686 og 6
13. 63.
660 49 é 687 05 é
18. 64.
661 36 é 688 16 é
22,. 65;.
662 59 é 689 14 é
26.. 65:.
663 g é 690 g5 é
29. 66..
664 . 691 5 5
32. 66..
665 53 é 692 15 +2.39E06%pP2-2,55E03%P +0.23
34, 65:.
666 o1 é 693 01 .2.39E06%pP? +2.55E03%P -0.23
37. 62.
667 39 é 694 59 7.18E06*pP? +7.64E03%9P -0..70
39. 57..
668 o & 695 44 é
41, Sl
669 o1 s 696 47 é
43, 45,
670 54 é 697 o8 é
45, 41,
671 36 é 698 75 é
47, 38.
672 17 é 699 5 é
48, 34,
673 95 é 700 g5 é
50.. 30..
674 2 . 701 .
52, 26..
675 4 & 02 4 é
53. 22.
676 74 é 703 3 é
55,. 18.
677 oy . 704 % s
678 56, é 705 13, &
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Vehi Vehi
Time s(;ge Road gradient Time s(;ge Road gradient
S d per cent S d per cent
km/h km/h
79 749 0 é
206 952 . 750 0 ¢
751 0 é
707 4’59 ‘ 752 0 ¢
1.7 753 0 é
708 77 & 754 0 é
709 0 é 755 0 é
710 0 é 756 0 é
711 0 é 757 0 é
712 0 é 758 0 é
713 0 é 7%9 0 é
714 0 é 760 0 é
715 0 é 761 0 é
716 0 é 762 0 é
717 0 é 763 0 é
718 0 é 764 0 é
719 0 é 765 0 é
720 0 é 766 0 é
721 0 é 767 0 é
722 0 é 768 0 é
723 0 é 769 0 é
724 0 é 770 0 é
725 0 é 771 0 é
726 0 é 772 1,6 é
727 0 é 773 5.0 3
728 0 é 93 . e
729 0 é 74 Ty é
;22 8 8 775 13 é
e
732 0 é 776 1642' ¢
733 0 é 277 15 ’
734 0 é 15 é
735 0 é 778 1> ’
i 67 e
736 0 é 16.
737 0 é 779 g &
738 0 é 17,.
780 )
739 0 -2;.53E06*pP? +2.43E-03*pP +0..05 88 e
740 0 +2, 12E-06*pP2 -2, 78E-03*pP +0,.81 781 18 )
741 0 +6,.77E-06*pP2 -7, 99E-03*pP +1,.56 13;’ €
742 0 e 782 31 12,26E06*pP2-2,66E034pP +0,52
743 0 é 18.
744 0 é 783 05 3. 26E06%pP? +2.66E-03*pP 0,52
745 0 é 24 1%
746 0 é 39 -6;.77E06*pP? +7;.99E-03*pP -1;.56
747 0 é 785 15 ,
748 0 & 35 ©
786 14, é
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Vehi Vehi
Ti;ne s(;ge Ro:grgcr:gtient Ti21e s(;ge Ro;grgcr:gtient
d d
km/h km/h
71 76
787 T ‘ 814 %127' )
788 ;® ‘ 815 4% )
89 5'52 -2,.26E.06*pP? +2..66E:034pP -0,.52 816 %25' ¢
790 456 +2, 26E-06*pP? -2, 66E-03*pP +0.52 817 4227 ¢
7o1 % +6,77E-06*pP? -7, 99E-03*pP +1,56 818 %33' ¢
792 &2 s g0 4% s
795 L s 822 > s
796 1193' s 823 ‘g‘ s
797 27%' . 824 437;' s
798 °% . 825 % s
799 2% . 826 1% s
800 o . g7 1% .
801 23' ' é 828 Agf{ +2,26E-06*pP? -2, 66E-03*pP +0,.52
802 2157" é 829 4273 -2,.26E:06*pP? +2. 66E-03*P -0..52
803 55 é 830 go 6,77E06pP? +7,99E:03%P -1,.56
804 o é 831 ‘on é
813  40. 6 840 36, ¢
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
S S%ee per cent S S%ee per cent
km/h km/h
27 63
B4l S é 868 521293' +2, 26E-06*pP2 -2, 66E:03*pP +0,.52
842 31721' é 869 5129 -2,.26E:06*pP? +2. 66E-03*P -0..52
843 313é. é 870 5812 6,.77E-06*pP? +7. 99E-03*P -1..56
844 35%' s 871 ‘le s
gas s 872 %12 s
846 3875' s 873 %(i' s
847 38%' s 874 52%' s
848 355?;' s 875 50%' s
849 3041' s 876 ‘g%' s
850 3822; -2,.26E.06*pP? +2.66E:034pP -0,.52 8ri %97;' ¢
851 35227' +2, 26E-06*pP? -2,.66E-03+pP +0,.52 8r8 fg ¢
852 7" +6,77E-06*pP2 -7, 99E-03*pP +1,.56 879 45 ¢
855 v é 882 oy é
856 o é 883 g é
857 p é 884 o é
858 4y é 885 g é
g é v 3 é
g0 > . 887 5 .
o % é - é
865 o . 892 > .
867 52. 6 894 6.2 6
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Vehi Vehi
i cle i i cle Road gradient
Road gradient Time g
TI;n © sr()jee o;?ergcent s sr()jee per cent

km/h km/h
8 924 43

2:.2 55 é
895 4 6 925 42..

4 97 é
896 O é A

897 0 é 926 Oé. 6
898 0 é 927 40..

899 0 -3,.61E-06*pP? +4,12E-03*pP -0,.93 38 é
900 O -4, ATE-Q7*pP? +2,44E-04*pP -0,.31 928 40

901 0 +2,.71E06*pP2 -3,.63E-03*pP +0,.32 43 e
2_5 929 40;'

902 6 é 4 é
40;.

903 418 ) 930 2 &
40;.

o4 &3 ) 931 33 .
o ¢ 40;

905 &56 6 932 8 6
41;.

906 Lk . 33 7 é
37 é 43

%7 ¥ S B34 16 é
17 é an

908 13 . 935 ‘o .
32 é 26

909 15,. i 936 42 é
94 e ey

910 & , 937 ‘4; .
89 é 25

o1z 17 , 938 ‘04 .
13 é 10,

912 o : 939 66 é
04 é 50,

913 g : 940 5 é
96 é S0

014 oo S 91 g4 ¢
05 é oy

915 o ' 942 59 é
65 é Ay

916 25;. ) 943 5' &
72 é i~y

917 28;. ) 944 9' &
62 é e

918 3L , 945 37 .
99 é ey

019 ' 946 g8 é
07 é cg

920 37-. ) 947 6é 6
42 é vy

921 3% ) oag o )
65 é oy

922 AL ) 949 5% )
78 é og

43;. 950 O .

923 04 é 03 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
S S%ee per cent S S%ee per cent
km/h km/h

951 528é' é 978 5763, +2. 0BE-06*pP2 -2, 00E-03*pP +0,.46
952 568;' é 979 %63 +1, 44E-06*pP2 -3, 72E-04*9P +0..61
953 5783' é 980 %rg +8,03E-07*pP2 +1; 26E-03*pP +0..75
954 % s 981 ¢ )

955 % ‘ 982 v )

956 o ‘ 083 % )

957 > ‘ 984 ok )

958 o 6 085 6

959 % +2,08E:06*pP? -2, 00E-03*pP +0,.46 986 40 ¢

%0 4 +1, A4E-06*pP2 -3, 72E:04*pP +0,.61 9B 3o ¢

961 5583' +8,03E07*pP2 +1; 26E.03*pP +0,.75 988 54% ¢

%2 °F s 989 ‘& s

963 > s 990 ‘o s

964 ¥ s 901 s

965 5643' . 992 ";172" .

966 504;' . 993 "é% .

967 5135' . 994 "E)eg .

968 50227' +1, 44E-06*pP? -3, 72E-04*pP +0,.61 995 %57" ¢

969 53177' +2, 08E-06*pP? -2, 00E-03*pP +0,.46 996 A%?g ¢

970 54117' +2, 71E-06%pP? -3, 63E-03*pP +0,.32 997 L‘E)lf{ ¢

971 55" . 998 %85 .

072 G¥ é 999 Gy é

é w0 3 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s spee per cent s spee per cent

d d
km/h km/h

100 20. 103 35.

5 34 é 2 91 é
100 18. 103 36.

6 9 é 3 06 é
100 16, 103 35.

7 21 é 4 5 e
100 13. 103 34.

8 84 é 5 76 é
100 12. 103 34.

9 25 é 6 7 é
101 10. 103 35.

0 4 é 7 41 é
101 7:.9 103 36,

1 4 é 8 65 e
101 6,0 103 37.

2 5 +1;48E07*pP? +2,. 76 E04*pP +0,.25 9 57 é
101 5.6 104 38.

3 7 -5,.06E07*pP? - 7;.04E-04*pP -0,.26 0 51 é
101 6,0 104 39.

4 3 -1;.16E06*pP? -1;.68E-03*pP -0,.77 1 88 e
101 7:.6 104 41,

5 8 é 2 25 é
101 10. 104 42.

6 97 é 3 07 é
101 14, 104 43.

7 72 é 4 03 e
101 17. 104 44

8 32 é 5 4 e
101 18. 104 45,

9 59 é 6 14 é
102 19. 104 45,

0 35 é 7 44 é
102 20. 104 46,

1 54 é 8 13 é
102 21, 104 46,

2 33 é 9 79 é
102 22, 105 47.

3 06 é 0 45 e
102 23, 105 48.

4 39 é 1 68 e
102 25, 105 50.

5 52 é 2 13 e
102 28. 105 51,

6 28 é 3 16 e
102 30. 105 51,

7 38 é 4 37 e
102 31, 105 51,

8 22 é 5 3 e
102 32. 105 51,

9 22 é 6 15 é
103 33. 105 50.

0 78 é 7 88 é
103 35. 105 50.

1 08 é 8 63 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s spee per cent s spee per cent

d d
km/h km/h

105 50. 108 38.

9 2 é 6 9 é
106 49. 108 38.

0 12 e 7 67 é
106 48. 108 39.

1 02 é 8 03 é
106 47. 108 40.

2 7 é 9 37 é
106 47. 109 41

3 93 é 0 03 é
106 48. 109 40.

4 57 é 1 76 é
106 48, 109 40.

5 88 é 2 02 é
106 49. 109 39.

6 03 é 3 6 é
106 48, 109 39.

7 94 é 4 37 é
106 48, 109 38.

8 32 é 5 84 é
106 47. 109 37.

9 97 é 6 93 é
107 47. 109 37.

0 92 -1;.80E-06*pP? -5;.59E05*pP -0;.62 7 19 é
107 47. 109 36.

1 54 -2;.43E06*pP? +1,.57E-03*pP -0;.48 8 21 -2;.43E-06*pP? +1;.57E03*pP -0,.48
107 46, 109 35.

2 79 -3;.07E06*pP? +3.20E-03*pP -0;.34 9 32 -1;.80E-06*pP? -5,.59E-05*pP -0,.62
107 46, 110 35.

3 13 é 0 56 -1;.16E06*pP? -1;.68E-03*pP -0,.77
107 45, 110 36.

4 73 é 1 96 é
107 45, 110 38.

5 17 é 2 12 é
107 44, 110 38.

6 43 é 3 71 é
107 43, 110 39.

7 59 é 4 26 é
107 42, 110 40,

8 68 é 5 64 é
107 41, 110 43.

9 89 é 6 09 é
108 41,. 110 44,

0 09 é 7 83 é
108 40. 110 45,

1 38 é 8 33 é
108 39. 110 45,

2 99 é 9 24 é
108 39. 111 45,

3 84 é 0 14 é
108 39. 111 45,

4 46 é 1 06 é
108 39. 111 44,

5 15 é 2 82 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
s spee per cent s spee per cent
d d
km/h km/h
111 44, 114 31L.
3 53 é 0 85 é
111 44, 114 26,
4 77 é 1 87 e
111 45, 114 21
5 6 é 2 41 é
111 46, 114 16,
6 28 é 3 41 e
111 47 114 12,
7 18 é 4 56 e
111 48, 114 10.
8 49 é 5 41 e
111 49, 114 9.0
9 42 é 6 7 e
112 49, 114 7;6
0 56 é 7 9 e
112 49, 114 6.2
1 47 é 8 8 e
112 49, 114 50
2 28 é 9 8 e
112 48, 115 4.3
3 58 é 0 2 e
112 48, 115 3.3
4 03 é 1 2 e
112 48, 115 1,9
5 2 é 2 2 é
112 48, 115 1,0
6 72 é 3 7 e
112 48, 115 0,6
7 91 é 4 6 e
112 48, 115 0
8 93 é 5 e
112 49, 115 0
9 05 é 6 é
113 49, 115 0
0 23 é 7 é
113 49, 115 0
1 28 -1;.80E-06*pP? -5,.59E-05*pP -0,.62 8 é
113 48, 115 0
2 84 -2;.43E-06*pP? +1,57E03*pP -0,.48 9 é
113 48, 116 0
3 12 -3;.07E06*pP? +3.20E-03*pP -0,.34 0 é
113 47, 116 0
4 8 é 1 é
113 47, 116 0
5 42 é 2 é
113 45, 116 0
6 98 é 3 e
113 42, 116 0
7 96 é 4 é
113 39, 116 0
8 38 é 5 e
113 35, 116 0
9 82 é 6 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s spee per cent s spee per cent

d d
km/h km/h

116 119

7 0 ¢ s 0 ¢
116 119

g O ¢ 5 O ¢
116 0 119 1,5

9 é 6 4 é
117 0 119 4.8

0 é 7 5 é
117 0 119 9.0

1 é 8 6 é
117 0 119 11%.

2 é 9 8 é
117 0 120 12.

3 é 0 42 é
117 0 120 12.

4 é 1 07 é
117 0 120 11.

5 -1;:.73E07*pP? +5,.68E-04*pP +0,.07 2 64 é
117 0 120 11.

6 +1;.53E06*pP? -2;.06 E03*pP +0,.47 3 69 é
117 0 120 12.

7 +3;.82E06*pP? -4;.70E-03*pP +0,.87 4 91 é
117 0 120 15,

8 é 5 58 é
117 0 120 18.

9 é 6 69 é
118 0 120 21

0 é 7 04 é
118 0 120 22.

1 é 8 62 é
118 0 120 24,

2 é 9 34 é
118 0 121 26,

3 é 0 74 é
118 0 121 29.

4 é 1 62 é
118 0 121 32.

5 é 2 65 é
118 0 121 35,

6 é 3 57 é
118 0 121 38.

7 é 4 07 é
118 0 121 39.

8 é 5 71 é
118 0 121 40,

9 é 6 36 é
119 0 121 40,

0 é 7 6 é
119 0 121 41,

1 é 8 15 é
119 0 121 42,

2 é 9 23 é
119 0 122 43,

3 é 0 61 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
s d per cent s d per cent
km/h km/h
122 45, 124 74,
1 08 é 8 55 e
122 46, 124 75,
2 58 é 9 18 é
122 48, 125 75,
3 13 é 0 59 e
122 49. 125 75,
4 7 e 1 82 é
122 51, 125 75,
5 27 é 2 9 é
122 52. 125 75,
6 8 é 3 92 é
122 54, 125 75,
7 3 é 4 87 e
122 55, 125 75,
8 8 é 5 68 é
122 57. 125 75,
9 29 é 6 37 é
123 58. 125 75,
0 73 é 7 01 +7;.07E06*pP? - 7;.30E-03*pP +1;.19
123 60, 125 74,
1 12 é 8 55 +1;.03E-05*pP? -9,.91E03*pP +1;.51
123 61, 125 73.
2 5 é 9 8 +1;.36 E05*pP? -1;.25E-02*pP +1;.83
123 62. 126 72.
3 94 é 0 71 é
123 64. 126 71
4 39 é 1 39 é
123 65, 126 70,
5 52 é 2 02 e
123 66, 126 68,
6 07 é 3 71 e
123 66, 126 67
7 19 é 4 52 e
123 66, 126 66,
8 19 é 5 44 e
123 66, 126 65,
9 43 é 6 45 e
124 67;. 126 64,
0 07 é 7 49 e
124 68, 126 63,
1 04 é 8 54 e
124 69, 126 62.
2 12 é 9 6 e
124 70, 127 61,
3 08 é 0 67 e
124 70, 127 60,
4 91 é 1 69 e
124 71, 127 59,
5 73 é 2 64 e
124 72, 127 58,
6 66 é 3 6 e
124 73, 127 57.
7 67 é 4 64 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s s;()jee per cent s s;()jee per cent

km/h km/h

127 56, 130 66

5 79 é 2 74 é
127 55, 130 67.

6 95 é 3 43 é
127 55, 130 68.

7 09 é 4 44 é
127 54, 130 69.

8 2 é 5 52 é
127 53. 130 70.

9 33 é 6 53 é
128 52. 130 71.

0 52 é 7 47 é
128 51, 130 72.

1 75 é 8 32 é
128 50. 130 72.

2 92 é 9 89 é
128 49, 131 73,

3 9 é 0 07 é
128 48, 131 73.

4 68 é 1 03 €-+2.39E-06*P2-3.13E03*P +0.89
128 47. 131 72.

5 41 é 2 94 é-+1.26E07*P2-9.74E04*P +0.74
128 46, +9;/40E06*p2-8,92E03*p+1.50r1.06E 131 73,

6 5 05*P2-1.01E02*P +1.57 3 01 é--2.14E06*P2 +1.18E03*P +0.60
128 46, +5;22E7.62E06*p2-5:328P2-7.70E 131 73,

7 22 03*pP +1;16.30 4 44 é
128 46, +1,04E1.65E06*p2-172HP2-5.29E03*p 131 74

8 44 +0;82 +1.03 5 19 é
128 47, 131 74,

9 35 é 6 81 é
129 49, 131 75,

0 01 é 7 01 é
129 50. 131 74,

1 93 é 8 99 é
129 52. 131 74,

2 79 é 9 79 é
129 54, 132 74,

3 66 é 0 41 é
129 56, 132 74,

4 6 é 1 07 é
129 58. 132 73.

5 55 é 2 77 é
129 60, 132 73.

6 47 é 3 38 é
129 62. 132 72.

7 28 é 4 79 é
129 63, 132 71,

8 9 é 5 95 é
129 65, 132 71,

9 2 é 6 06 é
130 66, 132 70.

0 02 é 7 45 é
130 66, 132 70.

1 39 é 8 23 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s s;()jee per cent s s;()jee per cent
km/h km/h

132 70, 135 70.
9 24 é 6 49 é

133 70. 135 70.
0 32 é 7 63 é

133 70. 135 70.
1 3 é 8 68 é

133 70. 135 70.
2 05 é 9 65 é

133 69. 136 70, +4;29E1.12E06*p2-4,338°2-1.42E03*p
3 66 é 0 49 +1.14P +0.92

133 69. +4,29E1.12E06*p2-4-33EP2-1.42E03*p 136 70. +454E4.37E06*p2-6;94E2-4.03E
4 26 +134P +0.92 1 09 03*pP +1;46.24

133 68, +7454E4.37E06*p2-6,94E2-4.03E 136 69. +1,08E05%p2-9.54E+7.62E06*P2 -
5 73 03*pP +1;46.24 2 35 6.64E03*pP +1;78.56

133 67%. +1.08E05%p2-9.54E+7.62E06*P2 - 136 68.
6 88 6.64E03*pP +1,78.56 3 27 é

133 66, 136 67.
7 68 é 4 09 é

133 65, 136 65.
8 29 é 5 96 é

133 63. 136 64.
9 95 é 6 87 é

134 62. +7454E4.37E06*p2-6,9482-4.03E 136 63.
0 84 03*pP +1;46.24 7 79 é

134 62. +4,29El.12E06*p2-4-33E°2-1.42E03*p 136 62. +754E4.37E06*p2-6,94E2-4.03E
1 21 +1.14P +0.92 8 82 03*pP +1;46.24

134 62. +1,04E2.14E06*p2-P? +1,72E18E 136 63, +4;29El.12E06*p2-4,338°2-1.42E03*p
2 04 03*pP +0,8260 9 03 +114P +0.92

134 62. 137 63. +1,04E2.14E06%p2-P? +1,72E.18E
3 26 é 0 62 03*pP +0,8260

134 62. 137 64.
4 87 é 1 8 é

134 63, 137 65,.
5 55 é 2 5 é

134 64, 137 65. +4;29E1.12E06*p2-4,338°2-1.42E03*p
6 12 é 3 33 +1,14P +0.92

134 64, 137 63. +#54E4.37E06*p2-6,94E°2-4.03E
7 73 é 4 83 03*pP +1;46.24

134 65, 137 62. +1,08E05*p2-9,54E+7.62E06*P? -
8 45 é 5 44 6.64E03*pP +1;78.56

134 66, 137 61,
9 18 é 6 2 é

135 66, 137 59.
0 97 é 7 58 é

135 67%. 137 57.
1 85 é 8 68 é

135 68. 137 56
2 74 é 9 4 é

135 69. 138 54
3 45 é 0 82 é

135 69. 138 52. +8;89E6.78E-06*p2-8,298°2-6.35E
4 92 é 1 77 03*pP +2;,21.06

135 70. 138 52. +6;99E5.95E-06*p2-#038°2-6.07E
5 24 é 2 22 03*pP +2;6356
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s spee per cent s spee per cent

d d
km/h km/h

138 52. +5,09E 11E-06*pP? -5 /7E 78E-03*pP 141 52.

3 48 +3;.06 0 66 é
138 52. 141 53,

4 74 é 1 18 é
138 53. 141 53,

5 14 é 2 8 é
138 53. 141 54,

6 03 é 3 53 é
138 52. 141 55,

7 55 é 4 37 é
138 52. 141 56,

8 19 é 5 29 é
138 51, 141 57.

9 09 é 6 31 é
139 49, 141 57.

0 88 é 7 94 é
139 49, 141 57.

1 37 é 8 86 é
139 49, 141 57.

2 26 é 9 75 é
139 49. 142 58,

3 37 é 0 67 é
139 49. 142 59.

4 88 é 1 4 é
139 50. 142 59.

5 25 é 2 69 é
139 50. 142  60.

6 17 é 3 02 é
139 50. 142 60.

7 5 é 4 21 é
139 50. 142 60.

8 83 é 5 83 é
139 51, 142 61,

9 23 é 6 16 é
140 51, 142 61,

0 67 é 7 6 é
140 51, 142 62.

1 53 é 8 15 é
140 50. 142 62. +2:29E 30E-06*pP? -3:3A#E 18E-03*pP

2 17 é 9 7 +1;.81
140 49, 143 63. -543E04E-07*pP? -5/70E74E-04*pP

3 99 é 0 65 +0,.57
140 50. 143 64,.

4 32 é 1 27 -3;.31E06*pP? +2,.03E-03*pP -0,.68
140 51, 143 64,.

5 05 é 2 31 é
140 51, 143 64,

6 45 é 3 13 é
140 143 64,

7 52 é 4 27 e
140 52. 143 65,

8 3 é 5 22 é
140 52. 143 66,

9 22 é 6 25 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
s d per cent s d per cent
km/h km/h
143 67. 146 80.
7 09 é 4 61 -1;.05E-05*pP2 +8,.45E-03*pP -1;.74
143 68, 146 80.
8 37 e 5 46 -1;.42E-05*pP2 +1;.1 7E-02*pP -2;.27
143 69. 146 80.
9 36 é 6 42 é
144 70, 146 80.
0 57 e 7 42 é
144 71 146 80.
1 89 é 8 24 é
144 73, 146 80.
2 35 é 9 13 é
144 74, 147 80.
3 64 é 0 39 é
144 75, 147 80.
4 81 é 1 72 é
144 77 147 81
5 24 é 2 01 é
144 78, 147 81
6 63 é 3 52 é
144 79, 147 82.
7 32 é 4 4 é
144 80, 147 83.
8 2 é 5 21 é
144 81, 147 84
9 67 é 6 05 é
145 82. 147 84
0 11 é 7 85 é
145 82. 147 85,
1 91 é 8 42 é
145 83. 147 86,
2 43 é 9 18 é
145 83. 148 86,
3 79 é 0 45 é
145 83. 148 86,
4 5 é 1 64 é
145 84. 148 86,
5 01 é 2 57 é
145 83. 148 86,
6 43 é 3 43 é
145 82. 148 86,
7 99 é 4 58 é
145 82. 148 86,
8 77 é 5 8 é
145 82. 148 86,
9 33 é 6 65 é
146 81;. 148 86,
0 78 é 7 14 é
146 81;. 148 86,
1 81 é 8 36 é
146 81;. 148 86,
2 05 é 9 32 é
146 80. 149 86,
3 72 -6;.93E06*pP? +5,.24E-03*pP -1;.21 0 25 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s spee per cent s spee per cent

d d
km/h km/h

149 85, 151 80.

1 92 é 8 42 é
149 86, 151 79.

2 14 e 9 21 é
149 86, 152 78,

3 36 é 0 83 é
149 86, 152 78.

4 25 é 1 52 -5;.24E-06*pP2 +4, 57E-03*pP -1;.18
149 86, 152 78,

5 5 é 2 52 -6,.08E-06*pP? +5,.30E03*pP -1,.06
149 86, 152 78,

6 14 é 3 81 -6,.91E06*pP2 +6,04E-03*pP -0,.93
149 86, 152 79.

7 29 é 4 26 é
149 86, 152 79.

8 4 é 5 61 é
149 86, 152 80.

9 36 é 6 15 é
150 85, 152 80.

0 63 é 7 39 é
150 86, 152 80.

1 03 é 8 72 é
150 85, 152 81.

2 92 é 9 01 é
150 86, 153 81L.

3 14 é 0 52 é
150 86, 153 82.

4 32 é 1 4 é
150 85, 153 83.

5 92 é 2 21 é
150 86, 153 84.

6 11 é 3 05 é
150 85. 153 85.

7 91 é 4 15 é
150 85. 153 85.

8 83 é 5 92 é
150 85. 153 86.

9 86 -1;.09E05*pP? +9..06 E-03*pP -1;.95 6 98 é
151 85, 153 87.

0 5 -7;.66E06*pP? +6,.45E-03*pP -1;.63 7 45 é
151 84. 153 87.

1 97 -4;.41E06*pP? +3.84E03*pP -1;.31 8 54 é
151 84. 153 87.

2 8 é 9 25 é
151 84. 154 87.

3 2 é 0 04 é
151 83. 154 86,

4 26 é 1 98 é
151 82. 154 87.

5 77 é 2 05 é
151 81, 154 87.

6 78 é 3 1 é
151 81, 154 87.

7 16 é 4 25 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s s;zjee per cent s s;(ajee per cent

km/h km/h

154 87%. 157 87.

5 25 é 2 14 é
154 87%. 157 86.

6 07 é 3 96 é
154 87%. 157 86.

7 29 é 4 85 é
154 87. 157 86.

8 14 e 5 77 é
154 87%. 157 86.

9 03 é 6 81 é
155 87%. 157 86.

0 25 é 7 85 é
155 87%. 157 86,

1 03 é 8 74 é
155 87%. 157 86,

2 03 é 9 81 é
155 87%. 158 86.

3 07 é 0 7 e
155 86, 158 86,

4 81 é 1 52 é
155 86, 158 86,

5 92 é 2 7 e
155 86, 158 86,

6 66 é 3 74 é
155 86, 158 86,

7 92 é 4 81 é
155 86 158 86,

8 59 é 5 85 é
155 86, 158 86.

9 92 é 6 92 é
156 86, 158 86.

0 59 e 7 88 e
156 86, 158 86.

1 88 é 8 85 é
156 86 158 87.

2 7 e 9 1 e
156 86, 159 86.

3 81 e 0 81 e
156 86, 159 86.

4 81 é 1 99 e
156 86, 159 86.

5 81 é 2 81 e
156 86 159 87.

6 81 e 3 14 e
156 86, 159 86.

7 99 é 4 81 é
156 87%. 159 86.

8 03 é 5 85 é
156 86, 159 87.

9 92 e 6 03 é
157 87. 159 86.

0 1 e 7 92 e
157 86, 159 87.

1 85 é 8 14 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
s d per cent s d per cent
km/h km/h
159 86, 162 86
9 92 é 6 81 é
160 87%. 162 87.
0 03 é 7 14 é
160 86, 162 86.
1 99 é 8 77 é
160 86, 162 87.
2 96 é 9 03 é
160 87%. 163 86.
3 03 é 0 96 é
160 86, 163 87.
4 85 é 1 1 é
160 87%. 163 86
5 1 é 2 99 é
160 86, 163 86
6 81 é 3 92 é
160 87%. 163 87.
7 03 é 4 1 é
160 86, 163 86.
8 77 é 5 85 é
160 86, 163 86
9 99 é 6 92 é
161 86, 163 86
0 96 é 7 77 é
161 86, 163 86
1 96 é 8 88 é
161 8%. 163 86
2 07 é 9 63 é
161 86, 164 86,
3 96 é 0 85 é
161 86, 164 86,
4 92 é 1 63 é
161 87%. 164 86,
5 07 é 2 77 -6;.00E-06*pP? +5,.11E-03*pP -0;.41
161 86, 164 86,
6 92 é 3 77 -5;.09E-06*pP2 +4,,19E03*pP +0,.10
161 87%. 164 86,
7 14 é 4 55 -4;.18E06*pP? +3.26 E03*pP +0,.61
161 86, 164 86,
8 96 é 5 59 é
161 87%. 164 86,
9 03 é 6 55 é
162 86, 164 86,
0 85 é 7 7 é
162 86, 164 86,
1 77 é 8 44 é
162 87%. 164 86,
2 1 é 9 7 é
162 86, 165 86
3 92 é 0 55 é
162 87. 165 86
4 07 é 1 33 é
162 86, 165 86
5 85 é 2 48 é
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Vehi Vehi
Time cle Road gradient Time cle Road gradient
spee spee
s d per cent s d per cent
km/h km/h
165 86, 168 87.
3 19 é 0 58 -6;.568E-06*pP2 +5,.65E-03*pP -0,.51
165 86, 168 87.
4 37 é 1 61 -8;.97E-06*pP2 +8,.04E-03*pP -1;.64
165 86, 168 87.
5 59 é 2 76 -1;.14E-05*pP2 +1;.04E-02*pP -2;.77
165 86, 168 87.
6 55 e 3 65 é
165 86, 168 87.
7 7 é 4 61 é
165 86, 168 87.
8 63 é 5 65 é
165 86, 168 87.
9 55 <] 6 65 é
166 86, 168 87.
0 59 é 7 76 é
166 86, 168 87.
1 55 é 8 76 é
166 86, 168 87.
2 7 é 9 8 é
166 86, 169 87.
3 55 é 0 72 é
166 86, 169 87.
4 7 e 1 69 é
166 86, 169 87.
5 52 é 2 54 é
166 86, 169 87.
6 85 é 3 76 é
166 86, 169 87.
7 55 é 4 5 é
166 86, 169 87.
8 81 e 5 43 é
166 86, 169 87.
9 74 é 6 47 é
167 86;. 169 87.
0 63 é 7 5 é
167 86,. 169 87.
1 77 é 8 5 é
167 87%. 169 87.
2 03 é 9 18 é
167 87%. 170 87.
3 07 é 0 36 é
167 86,. 170 87.
4 92 e 1 29 é
167 87%. 170 87.
5 07 é 2 18 é
167 87%. 170 86,
6 18 é 3 92 é
167 87%. 170 87,.
7 32 e 4 36 é
167 87%. 170 87.
8 36 é 5 03 é
167 87%. 170 87.
9 29 é 6 07 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s spee per cent s spee per cent

d d
km/h km/h

170 87%. 173 86.

7 29 é 4 08 é
170 86, 173 86.

8 99 e 5 22 é
170 87%. 173 86.

9 25 é 6 33 é
171 87%. 173 86.

0 14 e 7 33 é
171 86, 173 86.

1 96 é 8 26 é
171 87%. 173 86.

2 14 é 9 48 é
171 87%. 174 86,

3 07 é 0 48 é
171 86, 174 86,

4 92 é 1 55 é
171 86, 174 86,

5 88 é 2 66 é
171 86, 174 86,

6 85 é 3 66 é
171 86 174 86,

7 92 é 4 59 é
171 86 174 86,

8 81 é 5 55 é
171 86 174 86,

9 88 é 6 74 -4..31E06*pP? +3,.96 E03*pP -0;.51
172 86, 174 86,

0 66 é 7 21 -1;,06E-06*pP? +1;.35E03*pP -0,.19
172 86,. 174 85,

1 92 é 8 96 +2;.19E06*pP? -1;.26 E03*pP +0;.13
172 86,. 174 85,

2 48 é 9 5 é
172 86,. 175 84,.

3 66 é 0 77 é
172 86,. 175 84,.

4 74 -1;,01E05*pP? +9.14E03*pP -2;.12 1 65 é
172 86, 175 84,

5 37 -8;.83E06*pP? +7;..85E-03*pP -1;.47 2 1 é
172 86, 175 83.

6 48 -7;.56E-06*pP? +6,.56 E-03*pP -0,.83 3 46 é
172 86, 175 82.

7 33 é 4 77 é
172 86, 175 81,

8 3 é 5 78 é
172 86, 175 81,

9 44 é 6 16 e
173 86,

0 33 é 175 80,
173 g6 ) 7 42 é

1 e 175 79.
173 86,. 8 21 é

2 33 é 175 78,
173 86, 9 48 é

3 22 é 176 77 é
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Vehi Vehi

Time cle Road gradient Time cle Road gradient

s srzjee per cent s s;()jee per cent

km/h km/h

0 49 7 01
176 76, 178 15,

1 69 é 8 05 é
176 75, 178 12.

2 92 é 9 09 é
176 75, 179 9.4

3 08 é 0 9 é
176 73, 179 68

4 87 é 1 1 é
176  72. 179 4.2

5 15 e 2 8 é
176 69. 179 2.0

6 69 é 3 9 é
176 67. 179 0.8

7 17 é 4 8 é
176 64. 179 0.8

8 75 é 5 8 é
176 62. 179 0

9 55 é 6 é
177 60, 179 0

0 32 é 7 é
177 58. 179 0

1 45 <] 8 é
177 56, 179 0

2 43 é 9 é
177 54, 180 0

3 35 é 0 é
177 52.

4 22 e "
177 50,

5 25 é
177 48,

6 23 é
177 46,

7 51 é
177 44,

8 35 é
177 41,

9 97 é
178 39.

0 33 e
178 36,

1 48 é
178 33.

2 8 e
178 31,

3 09 e
178 28,

4 24 é
178 26,.

5 81 é
178 23.

6 33 e
178 19. é
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Paragrapti.6.2., amend to read

"A.6.2. Basic data for stoichiometric calculations
Atomic mass of hydrogen 1.00794 gitermol
Atomic mass of carbon 12.011 gatermol
Atomic mass of sulphur 32.065 gatenrmol
Atomic mass of nitrogen 14.0067 ggtenmol
Atomic mass of oxygen 15.9994 ggtenmol
Atomic mass of argon 39.9 gatermol
e."
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Annex 9, amend to read

"Annex 9

Test procedure for engines installed in hybrid vehi@s using
the HILS method

A.9.1. This annex contains the requirements and general description for testing
engines installed in hybrid vehicles using the HILS method.

A.9.2. Test procedure
A9.2.1 HILS method

The HILS method shall follow the general guidek for execution of the
defined process steps as outlined below and shown in the flow chart of Figure
16. The details of each step are described in the relevant paragraphs.
Deviations from the guidance are permitted where appropriate, but the
specific rguirements shall be mandatory.

For the HILS method, the procedure shall follow:

@)
(b)
()
()
(e)
0]

9)
(h)
@i)

@)

Selection and confirmation of the HDH object for approval
Build HILS system setup

Check HILS system performance

Build and verification of HV model

Component test procedures

Hybrid systenrated powermappingletermination

Creation of the hybrid engine cycle

Exhaust emission test

Data collection and evaluation

Calculation of specific emissions
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Figure 16
HILS method flow chart

I Selection and )

confirmation of HDH
L. object for approval )
~ » ~ s

HILS con!ponent ] R Build and check of - Reference HV model
model library > HILS system setup (paragraph A.9.4.)
(paragraph A.9.7.) J L. (paragraph A.9.3.) ) L. paragraph A.9.4.
A4
-
[ Build and verification of ) Componenttest
> specific HV model < procedures

ks (paragraph A.9.5.) ) L (paragraph A.9.8.)
r =

Hybrid system rated

—> power determination

3 (paragraph A.9.6.) )
i Creation of N

hybrid engine cycle
L. (paragraph A.9.6.) N
4 R

Exhaust emission test

(paragraph A.9.2.5)

. J
\
3 Data collection and h
evaluation

(paragraph7,8,A.9.2.6.) |

y
Calculation of
specific emissions
(paragraph A.9.2.7.) )

\.

A.9.2.2. Build and verification of the HILS system setup

The HILS system setup shall be constructed and verified in accordance with
the provisions of paragraph A.9.3.

A.9.2.3. Build and verification of HV model

The reference HVmodel shall be replaced by the specific HV model for
approval representing the specified HD hybrid vehicle/powertrain and after
enabling all other HILS system parts, the HILS system shall meet the
provisions of paragraph A.9.5. to give the confirmed repregive HD
hybrid vehicle operation conditions.

A.9.2.4. Creation of the Hybrid Engine Cycle

As part of the procedure for creation of the hybrid engine test cycle, the
hybrid system power shall be determined in accordance with the provisions
of paragraph A.9.6.3. or A.10.4. to obtain the hybrid system rated power. The
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hybrid engine test cycle (HEC) shall be the result of the HILS simulated
running procedure in accordance with the provisions of paragraph A.9.6.4.

A.9.2.5. Exhaust emission test
The exhaust emission test shall be conducted in accordance with
paragraphs 6 and 7.
A.9.2.6. Data collection and evaluation
A.9.256.1. Emission relevant data
All data relevant for the pollutant emissions shall be recorded in
accordance with paragraphs7.6.6. during the engine emission test run.
If the predicted temperature method in accordance with paragraph
A.9.6.2.18. is used, the temperatures of the elements that influence the
hybrid control shall be recorded.
A.9.2.6.2  Calculation of hybrid gstem work
The hybrid system work shall be determined over the test cycle by
synchronously using the hybrid system rotational speed and torque aalues
the wheel hub (HILS chassis model output signals in accordance with
paragraph A.9.7.3.) from the valid HILS simulated run of paragraph
A.9.6.4. to calculate instantaneous values of hybrid system power.
Instantaneous power values shall be integrated over the test cycle to calculate
the hybrid system work from the HILS simulated runnifgs ris (kWh).
Integration shall be carried out using a frequency of 5 Hz or higher (10 Hz
recommended) and includalonly positive power valuesn accordance
with paragraph A.9.7.3
The hybrid system worldsys shall be calculated as follows:
(a) Cases wher@Vg < Werg His:
(Eg—107)
1 2
Wiys = Ways srrzs X Wace/Wang ses % () (107)
(b)  Cases Wher@aOWeng riLs
(Eg-108)
1 2
1'1'5_1;3 = 1'1":3_1.'3_1-.'::.5 * (E) (108)
Where:
Wiys +—Hybridis the hybrid system work, kWh)
Wiys miLs ——Hybridis the hybrid system work fronthe final HILS
simulated rur, KWhy
Wit +—Aectuals the actual engine work inthe HEC test{,
kWh)
Weng iLs —EnRgirgs the engine work from the final HILS
simulated rus, kWhy
All parameters shall be reported.
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A.9.2.6.3. Validation of predicted emperature profile

In case the predicted temperature profile method in accordance with
paragraph A.9.6.2.18. is used, it shall be proven, for each individual
temperature of the elements that affect the hybrid control, that this
temperature used in the HLS run is equivalent to the temperature of
that element in the actual HEC test.

The method of least squares shall be used, with the bd#tequation
having the form:

y = aX+a (XX)
Where:

y is the predicted value of element temperature, °C

a; is the slope of the regression line

X is the measured reference value of element temperature, °C

a, is the yintercept of the regression line

The standard error of estimate (SEE) of y on x and the coefficient of
determination (r?) shall be calculatedfor each regression line.

This analysis shall be performed at Hz or greater. For the regression
to be considered valid, the criteria of Table XXX shall be met.

Table XXX

Tolerances for temperature profiles
Element temperature

Standard error of estimate (SEE) ofy | maximum 5 per cent of maximum measured

onx element temperature

Slope of the regression lineg, 0.95t01.03

Coefficient of determination, r2 minimum 0.970

y-intercept of the regression lineay maximum 10 per cent of minimum measured
element temperature

A.9.2.7 Calculation of specific emissions for hybrids

The specific emissiongy,s or ey (9/kWh) shall be calculated for each
individual component as follows:

(E
(=

64

fal
o
m

.= (109)

Wiy

Where:
e is the specific emissiof g/kWhy
m is the mass emission of the componrgigttes}

Wss is the cycle work as determined in accordance with paragraph

A.9.25.1-6.2.,kWh)

The final test result shall be a weighted average from cold start test and hot
start test in accordancettvthe following equation:
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(014 3 nf 20+ (DLBE X Mg e )

- (014X Wey g cold)+(0-B6 X W ey s kel (110)
Where:
Meold is the mass emission of the component on the cold statf, test
g/tes}
Mot is the mass emission of the component on the hot staft tgsts)

Wyyscola IS the hybridsystem cycle work on the cold start #gdWhy
Wayshot IS the hybrid system cycle work on the hot start{gstvhy

If periodic regeneration in accordance with paragraph 6.6.2. applies, the
regeneration adjustment factdgg or k; 4 shall be muiplied with or be added
to, respectively, the specific emission resuis determined in equations 109

and 110.
A.9.3. Build and verification ohilsHILS system setup
A.9.3.1 General introduction

The build and verification of the HILS system setupgadure is outlined in
Figure 17 below and provides guidelines on the various steps that shall be
executed as part of the HILS procedure.

Figure 17
HILS system build and verification diagram
4 D
Confirmation HDH
Approval Object
- »
e '
Build HILS setup
(paragraph A.9.3.)
. J
{ . N
HIIZLQSIQ:: :::z vl:\‘lh :e ferron;‘: ;l;Vadega |4 lns : l' ;r: :;:::z s
L (paragraph A.9.3.) ) (paragraphA.9.3., A 94, ) (paragraph A.9.4.)
Reference HV
Results Data Pesfomiance Ok
(paragraph A.9.4.) Paragrapi il

The HILS system shall consist of, as shown in Figure 18gegliired HILS

hardware, a HV model and its input parameters, a driver model and the test
cycle as defined in Annex 1.b., as well as the hybrid ECU(s) of the test motor
vehicle (hereinafter referred to as the "actual ECU") and its power supply and
requiredinterface(s). The HILS system setup shall be defined in accordance
with paragraph A.9.3.2. through A.9.3.6. and considered valid when meeting
the criteria of paragraph A.9.3.7. The reference HV model (paragraph A.9.4.)
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Figure 18:

and HILS component library (paragtapA.9.7.) shall be applied in this
process.

Outline of HILS system setup

( ) HV model (example) Input parameters, e.g.

“Chassis

(;): e O] I];( Ergie )(:: - Vehicle mass
2 o - Tire radius

- Engine (Torque map)
- EM (Torque map, Electric-power consumption map)
- REESS (Internal resistance, Open-circuit voltage)

Chaeh

’ - Inertia
- Transmission efficiency
DA REESS - Gear ratio
W

A HILS hardware (example) \ GEEEE
[ I
I
i | [ Host | | pigital ;
{r: ) platform l— Signal  fe— Interface T P
i N Processor
Reference vehicle speed + slope 1 % | ECU(S)
(test cycle from Annex1.b.) ‘ Po:ver Bower I
4=
Nem e eey ) Lty L

Driver model @

Acceleration

& Braking
Clutch, £
Gear shift &

A.9.3.2.

A.9.3.3.

A.9.3.4.

HILS hardware

The HILS hardware shall contain all physical systems to build up the HILS
system, but excludes the actual ECU(s).

The HILS hardware shaHave the signal types and number of channels that
are required for constructing the interface between the HILS hardware and
the actual ECU(s), and shall be checked and calibrated in accordance with the
procedures of paragraph A.9.3.7. and using the referétV model of
paragraph A.9.4.

HILS software interface

The HILS software interface shall be specified and set up in accordance with
the requirements for the (hybrid) vehicle model as specified in paragraph
A.9.3.5. and required for the operatiofithe HV model and actual ECU(Ss). It
shall be the functional connection between the HV model and driver model to
the HILS hardware. In addition, specific signals can be defined in the
interface model to allow correct functional operation of the actud)(BC

e.g. ABS signals.

The interface shall not contain key hybrid control functionalities as specified
in paragraph A.9.3.4.1.

Actual ECU(s)

The hybrid system ECU(s) shall be used for the HILS system setup. In case the
functionalities of tle hybrid system are performed by multiple controllers, those
controllers may be integrated via interface or software emulation. However, the
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key hybrid functionalities shall be included in and executed by the hardware
controller(s) as part of the HILS sgat setup.

A.9.3.4.1. Key hybrid functionalities
— Reserved.

The key hybrid functionality shall contain at least the energy
management and power distribution between the hybrid powertrain
energy converters and the RESS.

A.9.3.5. Vehicle model

A vehicle model shall represent all relevant physical characteristics of the
(heavyduty) hybrid vehicle/powertrain to be used for the HILS system. The

HV model shall be constructed by defining its components in accordance
with paragraph A.9.7.

Two HV models areequired for the HILS method and shall be constructed
as follows:

(@) A reference HV model in accordance with its definition in paragraph
A.9.4. shall be used for a SILS run using the HILS system to confirm
the HILS system performance.

(b) A specific HV model defined in accordance with paragraph A.9.5.
shall qualify as the valid representation of the specified hdaty
hybrid powertrain. It shall be used for determination of the hybrid
engine test cycle in accordance with paragraph A.9.6. as ptriso
HILS procedure.

A.9.3.6. Driver model

The driver model shall contain all required tasks to drive the HV model over
the test cycle and typically includes e.g. accelerator and brake pedal signals
as well as clutch and selected gear position ire cals a manual shift
transmission.

The driver model tasks may be implemented as a cliosgx controller or
lookup tables as function of test time.

A.9.3.7. Operation check of HILS system setup

The operation check of the HILS system setup shall bdiegtrihrough a
SILS run using the reference HV model (paragraph A.9.4.) on the HILS
systemA.9.

Linear regression of the calculated output values of the reference HV model
SILS run on the provided reference values (paragraph A.9.4.4.) shall be
performed. The method of least squares shall be used, with thefibest
equation having the form:

y=aX+a (111)
Where:

y =is theactualHILS value ofthe signal

X =is the measuredeference value dhe signal

a— =

a is the slope of the regression line

b— =
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Q

is they-intercept value of the regression line

For the HILS system setup to be considered valid, the criteria of Table 10
shall be met.

In case the programming language for the HV model is other than
Matlab®/Simulink®, the confirmation of the calculation performance for the

HILS system setup shall be proven using the specific HV model verification
in accordance with paragraph A.9.5.

Table 10

Tolerances for HILS system setup operation check

Verification items

Criteria

slopea
ai

y-intercept,b
a

coefficient of determination,
2
r

Vehicle speed

ICE speed

ICE torque

EM speed

EM torque

0.9995Fo 1.0005

+0.05 % or less of the
maximum value

minimum 0.995ef
higher

REESS voltage

REESS curnet

REESS SOC

A.9.4.
A.9.4.1.

A.9.4.2

The

reference HV model

Reference hybrid vehicle model
General introduction

The purpose of the reference HV model shall be the use in confirmation of
the calculation performance (e.g. accuracy, frequency) of the HILS system
setup (paragph A.9.3.) by using a predefined hybrid topology and control
functionality for verifying the corresponding HILS calculated data against the
expected reference values.

Reference HV model description

The reference HV model has a parallel hylridvertrain topology consisting
of following components, as shown in Figure 19, and includes its control
strategy:

(@) Internal Combustion Engine
(b)  Clutch

(c) Battery

(d)  Electric Motor

(e) Mechanical gearing (for connection of EM betweelutch and
transmission)

)] Shift transmission
(g) Final gear
(h)  Chassis, including wheels and body

is available as part of the HILS library available at

http:/Aww.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29glob_registry.tatnthe GTR No.4

addendum.
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The reference HV model is nhamed "reference_hybrid_vehicle_model.mdl" and its parameter
files as well as the SILS run output tala are available

at the following directory in the HILS library:
"<root>\HILS GTRVehiclesReferenceHybridVehicleModel" (and all of its
subdirectories).

Figure 19
Reference HV model powertrain topology

Chassis

Clutch
M
(Shift) e

Transmission ; 1
G
e
EM l: 2
2 r

|— REESS
A.9.4.3. Reference HV model input parameters

All component input data for the reference HV model is predefined and
located in the model directory:

"<root>\HILS_GTR\VehicledReferenceHybridVehicleMod€larameterData".
This directory contains files with the specific input data for:

(@)  The (inernal combustion) engine model "para_engine_ref.m"

(b)  The clutch model : "para_clutch_ref.m"

(c)  The battery model : "para_battery_ref.m"

(d)  The electric machine model : "para_elmachine_ref.m"

(e) The mechanical gearing : "para_mechgear _fren"

)] The (shift) transmission model : "para_transmission_ref.m"
(g) The final gear model : "para_finalgear_ref.m"

(h)  The vehicle chassis model : "para_chassis_ref.m"

0] The test cycle : "para_drivecycle_ref.m"

()] The hybrid controktrategy : "ReferenceHVModel_Input.mat"

The hybrid control strategy is included in the reference HV model and its
control parameters for the engine, electric machine, clutch and so on are
defined in lookup tables and stored in the specified file.

A.9.44. Reference HV output parameters

A selected part of the test cycle as defined in Annex 1.b. covering the first
140 seconds is used to perform the SILS run with the reference HV model.
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The calculated data for the SILS run using the HILS system shedicbeded
with at least 5 Hz and be compared to the reference output data stored in file
"ReferenceHVModel_Output.mat" available in the HILS library directory:

"<root>\HILS _GTRVehiclesdReferenceHybridVehicleMod&imResults".

The SILS run output datahall be rounded to the same number of
significant digits as specified in the reference output data file and shall

maoat tha orj la 1N
HILS setup with 8 Verification HV
specific HV model (s:::'f: ':‘VA":’:;') input parameters
(paragraph A.9.5.7.) paragraph A.9.5.5. (paragraph A.9.5.6.)

no

erification needed

paragraph A.9.5.3.

[

Verification test
actual HV powertrain
(paragraph A9.54.)

Tolerances Ok
paragraph A.9.5.8.

A.9.5.3.

Cases requiring verification of specific HV model and HILS system

The verificationaims at checking the operation and the accuracy of the
simulated running of the specific HV model. The verification shall be

conducted when the equivalence of the HILS system setup or specific HV
model to the test hybrid powertrain needs to be confirmed.

In case any of following conditions applies, the verification process in
accordance with paragraph A.9.5.4. through A.9.5.8. shall be required:

(@) The HILS system including the actual ECU(s) is run for the first;time
e-g—alterchanges-to-ts-hardearactual- ECU{s)-calibratian.

(b)  The HV system layout has changed.

(c) CEShangeStructural changes are made to component modds.g.
structural—change,—larger—or—smaller—number—oef —medel—input
parameters).

(d) Different use of model componenfe.g. manual to automated
transmission).

(e)

gl Changes are made to the interface modleht have relevantimpact
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on the hybrid functionality.
(gf) A manufacturer specific component model is used for the first time.

The type approval or certification authority may conclude that other cases
exist and request verification.
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The HILS system and specific HV mel including the need for
verification shall be subject to approval by the type approval or certification
authority. All deviationsthat affect the above mentioned verification
criteria shall be provided to the type approval or certification authoritggalo
with the rationale for justification and all appropriate technical information as
proof therefore e.g. the deviation by changes to the HILS system
hardware, modification of the response delay times or time constants of
models. The technical informatio shall be based on calculations,
simulations, estimations, description of the models, experimental results and
so on.

A.9.5.4. Actual hybrid powertrain test

A.9.5.4.1  Specification and selection of the test hybrid powertrain

Reserved
reServe

TV .

The test hybrid powertrain shall be the parent hybrid powertrain. If a
new hybrid powertrain configuration is added to an existing familyin
accordance with paragraph 5.3.2., which becomes the new parent
powertrain, HILS model validation is not required.

A.9.5.4.2. Test procedure

The verification test using the test hybrid powertrain (hereinafter referred to
as the "actual powertrain test") which serves as the standard for the HILS
system verification shall be conducted by either of the test methods described
in pargraphs A.9.5.4.2.1. to A.9.5.4.2.2.

- ing
A.9.5.4.2.1. Powertrain dynamometer test

The test shall be carried out in accordance with the provisions of
paragraphs A.10.3. and A.10.5. in order to determine theneasurement
ofitems specifed in paragraph A.9.5.4.4.

The measurement of theexhaust emissions may be omitted.

A.9.5.4.2.2. Chassis dynamometer test
— Reservedd.9.5.4.2.2.1. General introduction

The test shall be carried ot on a chassis dynamometer with adequate
characteristics to perform the test cycle specified in Annex 1.b.

The dynamometer shall be capable of performing an (automated)
coastdown procedure to determine and set the correct road load values
as follows:

(1) the dynamometer shall be able to accelerate the vehicle to a speed
above the highest test cycle speed or the maximum vehicle speed,
whichever is the lowest.

(2)  run a coastdown

(3) calculate and subtract theDynoyeasureq l0ad coefficients from the
Dyn0uarger cOefficients

(4)  adjust the DyNOsetings

(5) run a verification coastdown
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A954222

A954223

"q,r'ror!r

The dynamometer shall automatically adjust itSDynoserings DY repeating
steps (1) through (5) above until the maximum deviation of the
DynoOmeasured/0ad curve is less than 5 per cent of theDyno,.ge I0ad curve
for all individual speeds within the test range.

The Dyno,rge: road load coefficients are defined as A, B and C and the
corresponding road load is calculated as follows:

Fi"DEﬂEDEd —A+EBExv+0x 1;-": (112)
Where:
F ' oadioad is the dynamometer road load, N

DyNOneasured are the A, By, and C,,, dynamometer coefficients calculated
from the dynamometer coastdown run

DyNOseiings  are the Age, Bser and Cee coefficients which command the
road load simulation done by the gnamometer

DyNOiarget are the Awget Biaget @and Ciger dynamometer target
coefficients in accordance with paragraphs A.9.5.4.2.2.2.
through A.9.5.4.2.2.6.

Prior to execution of the dynamometer coastdown procedure, the
dynamometer shall have been dérated and verified in accordance with
the dynamometer manufacturer specifications. The dynamometer and
vehicle shall be preconditioned in accordance with good engineering
judgement to stabilize the parasitic losses.

All measurement instruments shall neet the applicable linearity
requirements of A.9.8.3.

All modifications or signals required to operate the hybrid vehicle on the
chassis dynamometer shall be documented and reported to the type
approval authorities or certification agency.

Vehicle test mass

The vehicle test massn,nicle Shall be calculated using the hybrid system
rated power P,yq, as specified by the manufacturer for the actual test
hybrid powertrain, as follows:

Myenicte = 15.1 % PgiLg (113)
Where:

Myenicie 1S the vehick test mass, kg

P ated is the hybrid system rated power, kW

. Air resistance coefficients

The vehicle frontal area Asont (mz) shall be calculated as function of
vehicle test mass in accordance with A.9.5.4.2.2.2. using following
equations:

(@ for Mmence©® 18050 kg
= -1.69 x 107 x mE‘ehirEe +6.33 x107% x Myghicte T 1.67 (114)

or
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(b) for myenicle > 18050 kg :

Arone = 7.59 m? (115)
The vehicle air drag resistance coefficienCqyg (-) shall be calculated as
follows:
2.6 (D.00299 1A pr o — LDDDEIL | g

Carag = A —— (116)
Where:
g is the gravitational acceleration with a fixed value of 9.80665 ns
}a is the air density with a fixed value of 1.17 kg/fh

A.9.5.4.2.2.4. Rolling resistance coefficient
The rolling resistance coefficient {) shall be calculated as follows:
fron = 0.00513 + ——— (118)

Where:

Myenicle IS the test vehicle mass in accordance with paragraph
A.9.5.4.2.2.2., kg

A.9.5.4.2.25. Rotating inertia

The inertia setting used by the dynamometer to simulate the vehicle
inertia shall equal the vehicle test mass in accdance with paragraph
A.9.5.4.2.2.2. No correction shall be carried out to account for axle
inertias in the dynamometer load settings.

A.9.5.4.2.2.6. Dynamometer settings

The road load at a certain vehicle speed shall be calculated using
equation 112.

The A, B and C coefficients are as follows:

A= Myghicie X § % fronn X)
B=0 (X)
1

= ;X Pz r:dn:g bt -’q,r'rc-r!r X)

Where:

v is the vehicle speed, m/s

Myehicle is the vehicle test mass in accordance with paragraph
A9.5.4.2.2.2., kg

frol is the rolling resistancecoefficient specified in accordance
with paragraph A.9.5.4.2.2.4.

g is the gravitational acceleration as specified in accordance
with paragraph A.9.5.4.2.2.3., m/$

Ja is the ambient air density as specified in accordance with

paragraph A.9.5.4.2.2.3., kg/m
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Crag is the vehicle air drag coefficient as specified in accordance
with paragraph A.9.5.4.2.2.3.
Asont is the vehicle frontal area as specified in accordae with

paragraph A.9.5.4.2.2.3., h

A.9.5.4.2.2.7. Dynamometer road load simulation mode

A.9.5.4.3.
A.9.5.4.3.1.

A.9.5.4.3.2.

The dynamometer shall be operated in a mode that it simulates the
vehicle inertia and the road load curve defined by the Dynging
coefficients.

The dynamometer shall be capable of correctly implementing road
gradients as defined in accordance with the test cycle in Annex 1.b. so
that A effectively satisfies:

A= Mypehicle = § X ﬁ’l}ff x ':":'S{ﬂrn-cd:] + Mpehicle = § X Siﬂ{arncdj (X)

Rrond = ﬂtaﬂ{ﬂrocdr'rlun:] (X)
Where:
Uoad is the road gradient, rad

Umad_pm is the road gradient as specified in Annex 1.b., per cent
Test conditions
Test cycle run

The test shall be conducted a timebased tesby running the full test cycle

as definedn Annex 1.b. using the hybrid system rated power in accordance

with the manufacturer specification.
Various system settings
The following conditions shall be met, if applicable:

(1) The road gradient shall not be fed into the ECU (leveground
position) or inclination sensor should be disabled

(2) The ambient test conditions shall be between 20°C and 30°C

(3) Ventilation systems with adequate performance shall be used to
condition the ambient temperature and air flow condition to
represent ortroad driving conditions.

(4) Continuous brake systems shall not be used or shall be switched
off if possible

(5)  All auxiliary or PTO systems shall be turned off or their power
consumption measured. If measurement is not possible, tip@wer
consumption shall be based on calculations, simulations,
estimations, experimental results and so on. Alternatively, an
external power supply for 12/24V systems may be used.

(6) Prior to test start, the test powertrain may be keyon, but not
enaling a driving mode, so that data communication for
recording may be possible. At test start, the test powertrain shall
be fully enabled to the driving mode.

(7)  The chassis dynamometer roller(s) shall be clean and dry. The
driven axle load shall be suicient to prevent tire slip on the
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chassis dynamometer roller(s). Supplementary ballast or lashing
systems to secure sufficient axle load may be applied.

(8) If the desired deceleration of the test cycle cannot be achieved by
braking within the allowable errors in accordance with paragraph
A.9.5.4.3.3., e.g. a heavy vehicle with one axle on the chassis
dynamometer roller(s), the chassis dynamometer may assist
decelerating the vehicle. This may result in a modification of the
applied road gradient as sgcified in accordance with Annex 1.b.
during these decelerations.

(9) Preconditioning of test systems:

For cold start cycles, the systems shall be soaked so that the
system temperatures are between 20°C and 30°.

A warm start cycle shall be precondtioned by running of the
complete test cycle in accordance with Annex 1.b. followed by a 10
minute (hot) soak.

A.9.5.4.3.3. Validation of vehicle speed

The allowable errors in speed and time during the actual powertrain test
shall be, at any point durng each running mode, within £4.0 km/h in
speed and +2.0 second in time as shown with the colour@@ragraphn
Figure 21. Moreover, if deviations are within the tolerance
corresponding to the setting items posted in the left column of Table 11,

e mis AlnaAall lna A mimaa Al b e a it ‘J-L.A -“A....—L.l-a errors. The duration Of
——— Reference mode ifiad in accordance with
s "“\‘ 1e total cumulative time.

Il not apply in case the
obtained during periods
Lower limit line (maximum performance

Reference point
' test

Toleranc
e

+4.0km'h

< +2.0 second

< 2.0 seconds

+ 2.0 second

< *4.0 km/h

ynamometer test

A.9.5.4.3.4. Test data analysis

The testing shall allow for analysing the measured data in accordance with
the following two conditions:

(@) Selected part dest cycle, defined as the period covering the first 140
seconds;

(b)  The full test cycle.
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For all applicable components, at least the following items shall be recorded
using dedicated equipment and measurement deyicefelred) or ECU data
(e.g. usmg—GAN—ygnals)—'qu—aeearaey—ef—measuﬂng—dewees—shalL be in
; ampling
#equeney—sha#—be%—Hz—eMugher—Data—se—ebtamed—shaﬂ—beeeme the
actualhrmeasurd-data-for- the HILS system-verification-(hereinafter referred
to—as-the"actuallyneasured—verification—valdedlising CAN signals) in

order to enable the verification:

(a)  Hybrid—system-—speed—{mih),—hybrid—system—torque—(Nm)—hybrid

{b}—SetpoinTarget and actual vehicle speed (km/h);

(eb) Quantity of driver manipulation of the vehicle (typically accelerator,
brake, clutch and shift operation signals, and alike) or quantity of
manipulation on the engine dynamometer (throttle vadypening
angle). All signals shall be in units as applicable to the system and
suitable for conversion towards use in conversion and interpolation

(dc) Engine speed (mif};) and engine command values, @-per cent,
Nm, units as applicablg

) or, alternatively, fuel injection value (e.g. mg/str);
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(d)  Electric motor speed (miih), torque command value, %per cent,
Nm as applicable) (or their respective physically equivasigmals
for non-electric energy converters,

(fe) (Rechargedp) energy storage system power (kW), voltage (V) and
current (A) (or their respective physically equivalsignalsfor non-
electric RESS.

The accuracy of measuring devices shall be in accordance with the
provisions of paragraphs 9.2. and A.9.8.3.

The sampling frequency for all signals shall be 5 Hz or higher.

The recorded CAN signals in (d) and (e) shall be used for post processing
using actual speed and the CAN (command) value (e.g. fuel injection
amount) and the specific characteristic componenmap as obtained in
accordance with paragraph A.9.8. to obtain the value for verification by
means of the Hermite interpolation procedure (in accordance with
appendix 1 to Annex 9).

All recorded and post process data so obtained shall become the
actually-measured data for the HILS system verification (hereinafter
referred to as the"actually-measured verification values).

The specific HV model for approval shall be defined in accordance with
A.9.3.5.(b) and its input paramesetefined in accordance with A.9.5.6.

Specific HV model verification input parameters

A.9.5.4.4. Measurement items
routines;

A.9.5.5. Specific HV model

A.9.5.6.

A.9.5.6.1. General introduction

Input parameters for the applicable specific HV model components shall be
defined as outlined in paragraphs A.9.5.6.2. 18.3.6.16.
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A.9.5.6.2. Engine characteristics

The parameters for the engine torque characteristics shall be the table data
obtained in accordance with paragraph A.9.8.3. However, values equivalent
to or lower than the minimum engine revolution speed beagdded.

A.9.5.6.3. Electric machine characteristics

The parameters for the electric machine torque and electric power
consumption characteristics shall be the table data obtained in accordance
with paragraph A.9.8.4. However, characteristic values i@volution speed

of 0 rpm may be added.

A.9.5.6.4. Battery characteristics

The parameters for thisternalresistance—and-opehcuit-voltage—of-the
batterymodel shall be the input data obtained in accordanite paragraph
A.9.8.5%

A.9.5.6.5. Capacitor characteristics

The parameters for the cajtar model shall be the data obtained in
accordance with paragraph A.&&6.

A.9.5.6.6. Vehicle test masand-curb-mass

The vehicle test masa,qyceshall becaleulated-using-the-hybrid-system-rated
powerP...sdefined as specified-by-the-manufagterfor the actuahybrid

powertrain test hybrid—powertrain—as—follows1 accordance with
paragraph A.9.5.4.2.2.2.

(Fa 114
===

A.9.5.6.7. Air resistance coefficients

The vehiclefrontal-ared\.oair resistance coefficientsshall beealeulatedefined
as function—of—vehicldor the actual hybrid powertrain test mass-in

accordance witlpparagraph A.9.5. Eg—47)
Where:
: itational lerati . fixed £9.80665%m/s
R —ai i j i : n2.2.3.

A.9.5.6.8. Rolling resistance coefficient
The rolling resistanceecefficientoefficientsshall becaleulatedefined as{Eg—118)

AMhara-
e.

vV iTeT

Fehicle :for the actual hybrid powertrain testvehicle-mass—{kgjin
accordance with paragraph A.%54.2.2.4.

A.9.5.6.9. Wheel radius

The wheel radius shall be the manufacturer specified value as used in the
actual test hybrid powertrain.
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A.9.5.6.10.

A.9.5.6.11.

A.9.5.6.12.

A.9.5.6.13.

A.9.5.6.14.

A.9.5.6.15.

A.9.5.6.16.

A.9.5.7.
A.9.5.7.1.

A.9.5.7.2.

Final gear ratio

The final gear ratio shiabe the manufacturer specified ratio representative
for the actual test hybrid powertrain.

Transmission efficiency

The transmission efficiency shall be the manufacturer specified value for the
transmission of the actual test hybrid powasrt.

Clutch maximum transmitted torque

For the maximum transmitted torque of the clutch and the synchronizer, the
design value specified by the manufacturer shall be used.

Gear change period

The gearchange periods for a maal transmission shall be the actual test
values.

Gear change method

Gear positions at the start, acceleration and deceleration during the
verification test shall be the respective gear positions in accordance with the
specified methods fahe types of transmission listed below:

(@) For manual shift transmission: gear positions are defined by actual test
values.

(b)  For automated shift transmission (AMT) or automatic gear box (AT):
gear positions are generated by the shift strategythef actual
transmission ECU during the HILS simulation run and shall not be the
recorded values from the actual test.

Inertia moment of rotating Paragraphs

The inertia for all rotating Paragraphs shall be the manufacturer specified
valuesrepresentative for the actual test hybrid powertrain.

Other input parameters

All other input parameters shall have the manufacturer specified value
representative for the actual test hybrid powertrain.

Specific HV model HILS ruror verification
Method for HILS running

Use the HILS system pursuant to the provisions of paragraph A.9.3. and
include the specific HV model for approval with its verification parameters
(paragraph A.9.5.6.) to perform a simulated runningspant to paragraph
A.9.5.7.2. and record the calculated HILS data related to paragraph A.9.5.4.4.
The data so obtained is the HILS simulated running data for HILS system
verification (hereinafter referred to as the "HILS simulated running values").

Auxiliary loads measured in the actual test hybrid powertrain may be used as
input to the auxiliary load models (either mechanical or electrical).

Running conditions

The HILS running test shall be conducted as one or two runs allowing for
bothof the following two conditions to be analysed (see Figure 21):

(@) Selected part of test cycle shall cover the first 140 seconds of the test
cycle as defined in Annex 1.b. for which the road gradient are
calculated using the manufacturer specified liybystem rated power
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also applied for the actual powertrain test. The driver model shall
output the recorded values as obtained in the actual hybrid powertrain
test (paragraph A.9.5.4.) to actuate the specific HV model.

(b)  The full test cycle as defed in Annex 1.b. for which the road
gradients are calculated using the manufacturer specified hybrid
system rated power also applied for the actual hybrid powertrain test.
The driver model shall output all relevant signals to actuate the
specific HV modelbased on either the reference test cycle speed or
the actual vehicle speed as recorded in accordance with paragraph
A.9.5.4.

———HIf the manufacturer declares that the resulting HEC engine operating
conditions for cold and hot start cycles are differbath-the(e.g. due to the
application of a specificcold and-hetstart eyclestrategy), a verification
shall beverified.carried out by use of the predicted temperature method
in accordance with paragraphs A.9.6.2.18. and A.9.2.6:3t shall then be
proven that the predicted temperature profile of the elements affecting
the hybrid control operation is equivalent to the temperatures of those
elements measured during the HEC exhaust emission test run.

In order to reflect the actual hybrid powertrain testditions (e.g.
temperatures, RESS available energy content), the initial conditions shall be
the same as those in the actual test and applied to component parameters,
interface parameters and so on agledeor the specific HV model.

Figure 21
Flow diagam for verification test HILS system running with specific HV model

- - e e - e e = e - w— - . - - -y

! One heap in test cycle (Annex 1.b.)r

HILS simulated running calculation using
actual vehicle manipulation amount

comparison between HILS simulated running
value & actually-measured verification values

Is determination
coefficient within
tolerance?

e e o e o o - -
Entire test cycle (Annex 1.b.)

HILS simulated running calculation by
means of driver mode operation, etc

v

values & actually-measured verification values

[Comparison between HILS simulated running]
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A.9.5.8.
A.9.5.8.1.

Validation statistics for verification of specific HV model for approval

Confirmation of correlation othe selected part of theest cycle

Correlation betweerht actuallymeasured verification valudas reference
values) and the HILS simulated running values shall be verified for the
selected test cycle part in accordance with paragraph A.9.5.7.2.(a). Table 11

shows the requwements for the toIerance cnteenavben those vaIueBI:eFe

The following points may be omitted from the regression analysis:

(@) the gear changeperiod

(b) 1.0 second before and after the

gear change period

egression

A gear change period is defined from the actualiymeasured values as:

(1) for gear change systems that require the disengagement and
engagement of a clutch system, the period from the sBngagement
of the clutch to the engagement of the clutch,

or

(2) for gear change systems that do not require the disengagement or
engagement of a clutch system, the period from the moment a

gear is disengaged to the moment another gear is engaged.

fa tact Nnain

Aleu]

tion

of

. oR-pHiest peinisTsha
engine work. and/or engine

ar-thereplepiation

(or equivalent)

T 1 Ie -
EleGtric Storage

Device
(or equivalent)

Table 11

Speed Torque

Power Torgue

Power

Power

Toleranc éég.}ﬂ'&?eﬁ?lgplea alt G5 g7 eSliCY5 880

values fo ﬂgﬁwﬁaggﬁnpdel verification

a(>0_89/ ﬂhe>0.88':.'0 ar>0188L:> SlmUO.ssﬂ ran

A.9.5.8.2.
A.9.5.8.2.1.

Overallverification for complete test cycle

Verification items and tolerances

Correlation between the actuallyeasured verification values and the HILS
simulated running values shall be verified for the full test cycle (in

accordance with para@ph A.9.5.7.2.(b) )Here—th&data—&*nng—ge&r—ehange

The following points may be omitted from the regression analysis:

(@) the gear change priod
(b) 1.0 second before and after the

gear change period

a period

A gear change period is defined from the actualymeasured values as:

(1) for gear change systems that require the disengagement and
engagement of a clutch system, the period from the disgagement of the
clutch to the engagement of the clutch,

or

(2) for gear change systems that do not require the disengagement or
engagement of a clutch system, the period from the moment a gear is

disengaged to the moment another ge

ar is engaged.

ng



ECE/TRANS/WP.29/GRPE/69/Add.2

The omission of test pni ts_shall not anply for the calculation of the

. Positive
engine work. Vehicle speed Engine engine
For-the-specific H\V-model to-be-considergd-valid-the criteﬁ&e#%éﬂﬁ%—l%&mi
those of paragraph A.9.5.8.1. shall be mel.  Torque —eng HILS

We'ng_test

Table 12 Coefficient of | _ _
Tolerances (foydidhigshgypiarfor aely|meas>.0-9erificatior>.9:88s and HILS simulated funning

values Conversion ratio 0.97<é <Y
Where:
Weng_HiLs +Engings the enginework in the HILS simulated running,
kWhy
Weng_test +Engings the enginework in the actual powertrain tesf,
kWh)

————Wsys_HILSHybrid system-werk-in-HILS-simulated-running-(kWh)
—————Wsys—test—Hybrid-system-work-in-actual- powertrain-test(kWh)
A.9.5.8.2.2. Calculation method for verification items

The engine torque, power and the positive work shall be acquired by the
following method, respectively, in accordance with the test data enumerated
below:

(a)  Actually-measured verification values in accordance with paragraph
A.9.54.

Methods that are technically valid, such as a method where the value is
calculated from the operatingonditions of the hybrid system
(revolution speed, shaft torque) obtained by the actual hybrid powertrain
test, using the input/output voltage and current to/from the electric
machine (high power) electronic controller, or a method where the value
is calawlated by using the data such acquired pursuant the component
test procedures in paragrafit9.8.

(b)  HILS simulated running values in accordance with paragraph A.9.5.7:

A method where the value is calculated from the engine operating
conditions (sped, torque) obtained by the HILS simulated running.

A.9.5.8.2.3. Tolerance of net energy change for RESS

The net energy changes in the actual hybrid powertrain test and that during
the HILS simulated running shall satisfy the following equation:

\AEg;s — *iEresrlﬂ'Veng mns < 0.01 (119)

Where:

P s —Net is the net energy change of RESS duringe HILS
simulated running, kWhy

P Rsi—Net is the net energy change of RESS duritige actual
powertrain tes¢, KWhy

Weng_niLs—Positivds the positiveengine work fomthe HILS simulated rur, kWhy

And where the net energy change of the RESS shall be calculated as follows
in case of:
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(a) Battery

(EG-AE = AAR X Vigmina: (120)

Where:

A h——Electricityis the electricity balance obtained by integration
of the battery currert Ah )

Viomina—Rated  is the ratednominal voltagd, V)
(b)  Capacitor

AE = 0.5 xCpgy X {'[{r;ir!ci - U'.':nir} (121)
Where:
Ceap +Rateds the rated capacitance of the capacHgi)
Uinit nitialis the initial voltage at start of tegt V)
Ufinal +Finals the final voltage at end of te$t V)
(©) Flywheel:
AE = 0.5 ® Jfipwheet % ':i:]: = {ﬂjl';[i’!EE - ﬂ'.':ﬂir} (122)
Where:
Jiywheet  —Fiywheels the flywheelinertiaf, kgn)
Ninit nitialis the initial speed at start of tegtmin™)

Nfinal —Finals the final speed at end of tegtmin™)
(d) Other RESS:

The net change of energy shall be calculated using physically
equivalent signés$) as for cases (a) through (c) in this paragraph. This
method shall be reported to the Type Approval Authorities or
Cerification Agency.

A.9.5.8.2.4. Additional provision on tolerances in case of fixed point engine operation

In case of fixed point engine operating conditions (both speed and torque),
the verification shall be valid when the criteria for vehicle speeditipe
engine work and engine running duration (same criteria as positive engine
work) are met.

A.9.6. Creation of the hybrid engine cycle
A.9.6.1. General introduction

Using the verified HILS system setup with the specific HV model for
approval, thecreation of the hybrid engine cycle shall be carried out in
accordance with the provisions of paragraphs A.9.6.2 to A.9.6.5. Ri@ure
provides a flow diagram of required steps for guidance in this process.
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Figure 22
Flow diagram for Creation of the Hybrid Engine Cycle

s : A
HILS setup with "
specific HV model ‘ HE(C :;:r::u:&a ;atr;n 29 t)ers
b (paragraph A.9.5.) y PATOGIADIEAL et

Hybrid system
rated power
| (paragraph A.9.6.3.)

HILS run
(paragraph A.9.6.4.) J

[ Hybrid engine cycle

peed tolerance Ok
Energy balance Ok?
paragraph A.9.6.4,

Create HEC
dynamometer setpoints

(paragraph A.9.6.5.)

data

A.9.6.2. HEC run input parameters for specific HVY model
A.9.6.2.1  General introduction

The input parameters for the specific HV model shall be specified as outlined
in paragraphs A.9.6.2.2. to A.9.6.2.16. such as to represganeric heawy

duty vehicle with the specific hybrid powertrain, which is subject to
approval. All input parameter values shall be rounded to 4 significant digits
(e.g. x.xxxEyy in scientific representation).

A.9.6.2.2.  Engine characteristics

The paramters for the engine torque characteristics shall be the table data
obtained in accordance with paragraph A.9.8.3. However, values equivalent
to or lower than the minimum engine revolution speed may be adided.
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A.9.6.2.3. Electric machine characteristics

The parameters for the electric machine torque and electric power
consumption characteristics shall be the table data obtained in accordance
with paragrgh A.9.8.4. However, characteristic values at a revolution speed
of 0 rpm may be added.

A.9.6.2.4. Battery characteristics

The input-parameters for theternal-resistance-and-opeincuit-voltage—of
theresstor-basedbattery model shall be thabledata obtained in accordance

with paragraph A.9.8.5%-

A.9.6.2.5. Capacitor characteristics

The parameters for the capacitor model shall be the data obtained in
accordance with paragraph A.9.8.6.

A.9.6.2.6. Vehicle test masand-curb-mass

The vehicle test mass shall be calculated as functiotheofsystem rated
power A10.as declared by the manufacturer) in accordance with equation
112.

— The vehiclecurb-mass-shallbecalculated-using-equations-113-and 114.
A.9.6.2.7. Vehicle frontal area and air drag coefficient

The vehicle frontal area ah be calculated using equation 115 and 116 using
the test vehicle mass in accordance with paragraph A.9.6.2.6.

The vehicle air drag resistance coefficient shall be calculated using equation
117 and the test vehicle mass in accordance with paragragh2369.

A.9.6.2.8. Rolling resistance coefficient

The rolling resistance coefficient shall be calculated by equation 118 using
the test vehicle mass in accordance with paragraph A.9.6.2.6.

A.9.6.2.9. Wheel radius

The wheel radius shall be defined @40 m or a manufacturer specified
value—whichever In case a manufacturer specified valuds used, the
wheel radius that representsthe worst case with regard tbe-exhaust
emissionsshall be applied

A.9.6.2.10. Final gear ratiand efficiency
The efficiency shall be set to 0.95.

The final gear ratio shall be defined in accordance with the provisions for the
specified HV type:

(@) For parallel HV when using the standardized wheel radius, the final
gear ratio shall be calculated as follows:

B0 X2 KT X kel % D.EEEX[D A5 N+ 04T N g+ L KR — Rl J 20327 +nigpe

(123)

13 100D 5 e Voear_high
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Where:

l'gear nig—iS the ratio of highest gear number for powertrain
transmissiort-)

rwheel> 1S thedynamic tire radiugm)-in accordance with paragraph
A9.6.2.9, m
Vinax - is the maximum vehicle speed with a fixed valo¢ 87

km/h

Nio» Mhi, Naies Norer——are the referenceengine speeds in accordance
with paragraph 7.4.6.

(b)  For parallel HV when using a manufacturer specified wheel radius,
the rear axle ratio shall be the manufacturer specified ratio
representativéor the worst case exhaust emissions.

(c) For series HV, the rear axle ratio shall be the manufacturer specified
ratio representative for the worst case exhaust emissions.

A.9.6.2.11. Transmission efficiency

In case of a parallel HV, tHellewing-shal-be-used:

{a)—TFhe—efficiency of the—transmission—shall-be—0.98 for—a—direct
transmission,-and-0-95-for-all-others.

— (b)y Theefficiency-of the-final reductienchgear shall beset t00.95.
or:

In case of a series HV, the following shall be used

&) The efficiency of the transmission shall be 0.95 or can be a
manufacturer specified valufor the test hybrid powertrain for
fixed gear or ear transmissionsFhe—manufacturer—shallthen

. | e , e Mistificat]

— (2} TFheeficiency—of-the finalreduction—gear—shall-be-0-95-orcan be a
manufacturer—specified—valuelhe manufacturer shall then provide all

relevant information and its justification to the type approvatantification
authority.

A.9.6.2.12 Transmission gear ratio

The gear ratios of the (shift) transmission shall have the manufacturer
specified values for the test hybrid powertrain.

A.9.6.2.13. Transmission gear inertia

The inertia of each gear ofthe (shift) transmission shall have the
manufacturer specified value for the test hybrid powertrain.

A.9.6.2.14 Clutch maximum transmitted torque

For the maximum transmitted torque of the clutch and the synchronizer, the
design value specified by thmanufacturerfor the test hybrid powertrain
shall be used.

A.9.6.21315. Gear change period
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The geaithange period for a manual transmission shall be set to one (1.0)
second.

A.9.6.21416. Gear change method

Gear positions at the start, accelerationl deceleration during the approval
test shall be the respective gear positions in accordance with the specified
methods for the types of HV listed below:

(@) Parallel HV fitted with a manual shift transmission: gear positions are
defined by the shifstrategy in accordance with paragraph A.93.4.
and shall be part of the driver model.

(b) Parallel HV fitted with automated shift transmission (AMT) or
automatic shift transmission (AT): gear positions are generated by the
shift strategy of the actualransmission ECU during the HILS
simulation.

(c) Series HV: in case of a shift transmission being applied, the gear
positions as defined by the shift strategy of the actual transmission
ECU control shall be used.

A.9.6.21517. Inertiamementof rotaing Paragraphs

Different inertiamement(J in kgnt) of the rotating Paragraphs shall be used
for the respective conditions as specified below:

In case of a parallel HV:

(@) The inertiamementof the Paragrapfrom-the-gear-on-the-driven-side

ofbetween the (shift) transmissiooutput shaft up to and including

the tyFeSNheelsshall be calculatedqat—n—ma%ehes—ﬁper—eentusing

squaredand wheel radlusrwhee| (in accordance wih paragraph
A.9.6.29:6:2:9) as follows:

errll,ﬂrrc'r' =0.07 = Mypshicis,0 1 r'W' (124)

The vehicle curb massmyenicie.0 Shall be calculated as function of
the vehicle test mass in accordance with following equations:

(1) for mengee©O 35240 kg

Myghiclen = —7.38 X 107° X Migpicte + 0.604 X Mygpicie (113)
or

(2)  for Myenice™> 35240 kg :

Myenicien = 12120 kg (114)

The wheel inertia parameter shall be used for the total drivetrain
inertia. All inertias parameters from the transmission output shaft
up to, and excluding, the wheel shall be set to zero.

(b)  The inertiamementof the Paragraph from the engine to Hesaron

the—driving—sideutput of the (shift) transmission shall be the
manufacturer specified valug{sfor the test hybrid powertrain.

In case of a series HV:
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The inertiamoement for the generator(s), wheel hub electric motor(s) or
central electric motor(s) shall be the manufacturer specified f@luke test
hybrid powertrain .

A.9.6.21618. Predicted input temperature data

In case the predicted temperature method is used, the predide
temperature profile of the elements affecting the hybrid control shall be
defined through input parameters in the software interface system.

A.9.6.2.19 Other input parameters

All other input parameters shall have the manufacturer specified value
representativdor thewerst-case-exhaust-emissidast hybrid powertrain.

A.9.6.3. Hybrid PewerMappingystem rated power determination
——— Reserved.
The rated power of the hybrid system shall be determined as follows:

(@) The initial energy level of he RESS at start of the test shall be
equal or higher than 90 per cent of the operating range between
the minimum and maximum RESS energy levels that occur in the
in-vehicle usage of the storage as specified by the manufacturer.
In case of a battery this eergy level is commonly referred to as
SOC.

Prior to each test , it shall be ensured that the conditions of all
hybrid system components shall be within their normal operating
range as declared by the manufacturer and restrictions (e.g.
power limiting, th ermal limits, etc.) shall not be active.

Figure 23
Initial energy level at start of test

N

90%

operating range

>

minimum maximum Energy
level

(b)  Set maximum driver demand for a full load acceleration starting
from the initial speed condition and applying the respective
constant road gradient as spefied in table XXX. The test run
shall be stopped 30 seconds after the vehicle speed is no longer
increasing to values above the already observed maximum during
the test.
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(©

(d)

Record hybrid system speed and torque values at the wheel hub
(HILS chassis modeloutput signals in accordance with paragraph
A.9.7.3.) with 100Hz to calculatePsys i s.

Repeat (a), (b), (c) for all test runs specified in table XXX. All
deviations from Table XXX conditions shall be reported to the
type approval and certification authority along with all
appropriate information for justification therefore.

All provisions defined in (a) shall be met at the start of the full
load acceleration test run.

Table XXX

Hybrid system rated power conditions

Road gradient Initial vehicle speed

(per cent) (km/h)
0 30 60

0 test #1 test #4 test #7
test #2 test #5 test #8
test #3 test #6 test #9

(e)

()

Calculate the hybrid system power for each test run from the
recorded signals as follows:

Fye = By mns ¥ (i) X)
Where:

Psys is the hybrid system power, kW

Psys_HiLs is the calculated hybrid system power in accordance

with paragraph A.9.6.3.(c), kW

The hybrid system rated power shall be the highest determined
power where the coefficient of variationCOV is below 2 per cat:

Prated = max(By, (COV < 0.02)) X)

For the results of each test run, the power vectoP.(t) shall be
calculated as the moving averageing of 20 consecutive samples of
Psysin the 100 Hz signal so thatP(t) effectively shall be a 5 Hz
signal.

The standard deviation i(t) is calculated using the 100 Hz and 5
Hz signals:

[
o) = |3 Zalxi— B(0))? 9
Where:
Xi are the N=20 samples in the 100 Hz signal previously

used to calculate the respectivé®.(t) values at the
time step t, kW

The resulting power and covariance signals shall now be
effectively 5 Hz traces covering the test time and these shall be
used to determine hybrid system rated power.
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A.9.6.4.
A.9.6.4.1.

A.9.6.4.2.

A.9.6.4.3.

The covariance COV(t) shall be calculated as the ratio of the
standard deviation 0(t) to the mean value of powerP(t) for each
time step t.

cov(t) = olt) /B, (t) X)

If the determined hybrid system rated power is atside + 3 per cent of
the hybrid system rated power as declared by the manufacturer, the
HILS verification in accordance with paragraph A.9.5. shall be repeated
using the HILS determined hybrid system rated power instead of the
manufacturer declared value

If the determined hybrid system rated power is inside + 3 per cent of the
hybrid system rated power as declared by the manufacturer, the
declared hybrid system rated power shall be used.

Hybrid Engine Cycle HILS run
General intrduction

The HILS system shall be run in accordance with paragraphs A.9.6.4.2.
through A.9.6.4.5. for the creation of the hybrid engine cycle using the full
test cycle as defined in Annex 1.b.

HILS run data to be recorded

At least followinginput and calculated signals from the HILS system shall be
recorded at a frequency of 5 Hz or higher (10 Hz recommended):

(@) SetpeinTarget and actual vehicle speed (km/h)

(b)  (Rechargeable) energy storage system power (kW), voltage (V) and
current(A) (or their respective physically equivalent signals in case of

anotherechargeable-energy-storage-sydygm of RESS

(c)  Hybrid system speed (mf), hybrid system torque (Nm), hybrid
system power (kW)at the wheel hub (in accordance with
paragraph A.9.2.6.2.)

(d)  Engine speed (mif), engine torque (Nm) and engine power (kW)

(e) Electric machine speed(s) (rifip electric machine torque(s) (Nm)
and electric machine mechanical power(s) (kW) as well as the electric
machine(s) (high power) contter current (A), voltage and electric
power (kW) (or their physically equivalent signals in case of & non
electrical HV powertrain)

(d)  Quantity of driver manipulation of the vehicle (typically accelerator,
brake, clutch and shift operation signals andn).

HILS run adjustments

In order to satisfy the tolerances defined in paragraphs A.9.6.4.4. and
A.9.6.4.5., following adjustments in interface and driver may be carried out
for the HILS run:

(& Quantity of driver manipulation of éhvehicle (typically accelerator,
brake, clutch and manual gear shift operation signals)

(b) Initial value for available energy content of Rechargeable Energy
Storage System
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In order to reflect cold or hot start cycle conditions, following initial
temperature conditions shall be applied to component, interface parameters,
and so on:

(1) 25 °C for a cold start cycle

(2)  The specific warmedp state operating condition for a hot start cycle,
either following from a cold start and soak period by $llrun of the
model or in accordance with the manufacturer specified running
conditions for the warmed up operating conditions.

A.9.6.4.4. Validation of vehicle speed

The allowable errors in speed and time during the simulated running shall be,
at any pint during each running mode, within £2.0 km/h in speed and 1.0
second in time as shown with the coloured Paragraph in Figure 23. Moreover,
if deviations are within the tolerance corresponding to the setting items
posted in the left column of Table 1Bely shall be deemed to be within the
allowable errors. Time deviations at the times of test start and gear change
operation, however, shall not be included in the total cumulative time. In
addition, this provision shall not apply in case demanded acdelesand
speeds are not obtained during periods where the accelerator pedal is fully
depressed (maximum performance shall be requested from hybrid
powertrain).

Table 13

Tolerances for vehicle speed deviations

Setting item Tolerance

1. Tolerable time ange for one deviation < 1.0 second
2. Tolerable time range for the total cumulative < 2.0 seconds

value of (absolute) deviations

3. Tolerable speed range for one deviation < +2.0 km/h
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Figure2324

Tolerances for speed deviation and duration duringdILS simulated running

+2.0km/h

A.9.6.4.5.

A.9.6.5.
A.9.6.5.1.

Reference mode
Upper limit line /

Lower limit line

Reference point

* 1.0 second

Validation of RESS net energy change

The initial available energy content of the RESS shall be set so that the ratio
of the RESS net energy change to the (positive) engine work shall satisfy the
following equation:

(EQ|AE /Wapg snrs] < 0.03(125)

Where:

pE——Netis the netenergy change dhe RESS in accordance with
paragraph A.9.5.8.2.3.@&H-(), kwhy

Weng rei—Htegrated-—positivg, s is the engineshaftpowework in the
HILS simulated rug, kwh}

Hybrid Engine Cycle dynamometer setpoints

From the HILS system generated data in accordance with paragraph A.9.6.4.,
select and define the engine speed and torque values at a frequency of at least
5 Hz (10 Hz recommended) as the command setpéintthe engine exhaust
emission test on the engine dynamometer.

If the engine is not capable of following the cycle, smoothing of the 5 Hz
or higher frequency signals to 1 Hz is permitted with the prior approval
of the type approval or certification auhority. In such case, the
manufacturer shall demonstrate to the type approval or certification
authority, why the engine cannot satisfactorily be run with a 5 Hz or
higher frequency, and provide the technical details of the smoothing
procedure and justification as to its use will not have an adverse effect on
emissions.
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A.9.6.5.2. Replacement of test torque value at time of motoring

When the test torque command setpoint obtained in paragraph A.9i6.5.1
negative, this negative torque value shall h@aged by a motoring request
on the engine dynamometer.

A.9.7. HilsHILS component models
A.9.7.1. General introduction

Component models in accordance with paragraphs A.9.7.2. to A.9.7.9. shall
be used for constructing both the reference HV model hadpecific HV
model. A Matla§/Simulink® library environment that contains
implementation of the component models in accordance with these
specifications is available at:

http://www.unece.org/trans/main/wp29/wp29wgs/wp2 9gm2Pglob—registr
ywp29qlobregistry.html.

Parameters for the component models are defined in three (3) categories,
regulated parameters, manufacturer specified parameters and tuneable

parameters Regulated parameters are parameters which shall be

determined in accordance with paragraphs A.8.6.2 and A.9.8. The
manufacturer specified parameters are model parameters that are

vehicle specific and that do not require a specific test procedure in order
to be determined. The tuneable parameters are parameters that can be
used to tune the performance of the component model when it is working
in a complete vehicle system simulation.

A.9.7.2. Auxiliary system model
A.9.7.2.1. Electric Auxiliary model

The electrical auxiliary systefikelyreguired valid for both high and low
voltage leads—enlyauxiliary application, shall be modelled as eenstant
{controllable-desired) electrical power 10SSPeaux The current that is
discharging the electrical emyy storagei.,, is determined as:

Eoriziaur = Pei_::i.Lr-"Iru (126)
Where:
Paaux S theelectric auxiliary power demardwW}
. onloftld | | sianal | iary load leva) (
u :is the electrical DCbus voltagd, V}
lelaux  +iS theauxiliary curreng, A}

For the model as available in the standardized HILS library, the model
parameter and interfacing definition is given in Table 14.

Table 14
ElectricalAuxitiarrauxiliary model parameters and interface
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Type / Bus Nane Unit Description Reference
Parameter Poauw | W Auxiliary system-doad | datauxiliaryload-value
Command *¥Peaux | 8-2W | Control signal for Aux_flgonOff-BpwrElecReq_
Signal auxiliary system power| W
leveldemand
Sensor signal | i A Auxiliary system curren| Aux_iAct_A
Elec in [V] u \Y, Voltage phys_voltage_V
Elec fb out [A] | iaux A Current phys_current_A

A.9.7.2.2.  Mechanical Auxiliary model

The mechanical auxiliary system shall be modelled using a controllable
power 10Ss, Rechaux The power loss shallebimplemented as a torque loss
acting on the representative shaft.

Miechcux = Prech.aux/ @ (127)

Where:

Pmechaux  +1S the mechanical auxiliary power demafdVy
———x———on/off/dutycycle-signal-tocontrol-auxiliary-loadleve) (

¥ :is the shaft rotationaspeed!, min™}

Mmech,aux IS the auxiliary torquef, Nmy

An auxiliary inertia load J,. shall be part of the model and affect the
powertrain inertia.

For the model as available in the standardized HILS library, the model
parameter and interfacingfitétion is given in Table 15.

Table 15
MechanicalAuxitiaryauxiliary model parameters and interface
Type / Bus Name Unit Description Reference
Parameter Prcchaux | W Auxibary-systemdoad | datawdliandeadvalue
Parameter Jaux kgn? Inertia Dat.inetia.value
Command signal *Pmechau | 0-2W Controlsignal for Aux_flgonoff-BpwrMechReq_
X auxiliary systenpower | W
demand
Sensor signal MouMaux | Nm Auxiliary system Aux_tgAct_A
torque output
Mechinout MouMaux | Nm Torque phys_torque_Nm
[Nm]
Joutdaux kgn? Inertia phys_inertia_kgm2
Mech fbeutin ¥ rad/s spee®peed phys_speed_radps
[rad/s]
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Table XXX

Mechanical auxiliary model parameters

Parameter Parameter type Reference paragraph
Jaux Manufacturer specified | -

A.9.7.3. Chassis model

A basic model of the chassis (the vehicle) shall be represent insrtia.

The model shall compute the vehicle speed from a propeller shaft torque and
brake torque. The model shall include rolling and aerodynamic drag
resistances and take into account the road slope resistance. A schematic
diagram is shown in Figura4.

Figure2425
Chassis (vehicle) model diagram

total inertia, incl mass

(cngue wheel
drive speed
8 ' O
z velocity
torque 5 2 J\
1/s r
brake - —) / =
position
s |-@
aerodynamics e}
rolling resistance
gravitational load slope(time)
‘act final-drive

- with fixed ratiar
The drive torqueMgqve Shall be counteracted by thigction brake torque

Myrake—Fhe—resultigMyic prakee The brake torque actuator shall be
modelled as a first order system as follows:

Mpric prave = =2 {“;m braie — Mpric_brake dss) (XXX)
Where:

Mtric_brake is the friction brake torqueshall-be-converted-fdNm
Mtic_brakedes IS thedriveforee-usindesired friction brake torque, Nm

a is the wheelradivg, peortn-accordance-with-eguation-129-and
acts-on-the road-to-drive-the-vehicliFiction brake actuator

time response constant
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The forceF4..total drive torque shall balance withfercedgorques for
aerodynamic di FaerdMaeror rolling resistancek, M., and gravitation

FyaMgay to find resulting accelerationforce—according-torque in
accordance withdifferential equation 130:

Jeot@wheel = Marive — Mpvic brake — Maero — Meon — Mgrayp (130)
Where:

mg—Jit IS thetotal masénertia of the vehtle(kg), kgm2

D phasi is the wheel rotationalacceleratiofm, rad/s}

The total masénertia of the vehiclemgJdy: Shall be calculated using the
vehicle massnniceand the inertia load from the powertrain components:

Jrn:-r = Mypshicls ¥ Tf:g +.|r;:|m1'errr|:[r! +_|r11'|":9£[ (131)
Where:
Mehicle +Masss the masf the vehiclef, kg)

— 3 Inertiaof the final- gear (kg
Jpowertrain +Sumis the sumof all powertrain inertias$, kgmz)
Juheel trertids the inertia of the wheel, kg/m?

The wheelehicle speedvyenice Shall be determined from theshiclavheel
speeds yhee aNd Wheel radiusynee aSs:

Vpehicle = hwheel X Tivheel (132)
The aerodynamidrag-fereg¢orque shall be calculated as:
Maero = 0.5 p; % Cargg X Arrone X Vicnicie * Meheel (133)
Where:
Aur——— o is the air density{, kg/nr)
Crag sis the air drag coefficien{y
Asront :is the total vehicle frontal areé4, mz)
Viehicle + is thevehicle speed, m/9}
The rolling resistancand gravitational torque shall be calculatedsingas
follows:

(Eq—134)
Megn = frott X Myghicie X @ % €C0S{@pga) X Fynest (134)
Myrgy = Myenicie % g % sin(@rp0g) X Hipeer (XXX)
Where:
fron :is thefriction factor for wheelroad contac-)
g :is the standard earth gravitatignm/s?)
g :Uoaq is theroad slopd, rad
The positive hybrid system work shall be determined in the chassis
model as:
Wiys = Jy max (0, Maripe) X whypeer dt (134
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For the model as available in the standardized HILS library, the model
parameter and interfacing definition is givieriTable 16.

Table 16
Chassis model parameters and interface
Type / Bus Name Unit Description Reference
Parameter Myenicle | KQ Vehicle mass dat.vehicle.mass.value
Fig - Final-gearratio datfg-ratio-value
= - Final-gearefficiency | datfg-efficieng-value
I kgn? | Finalgearinertia datfg-inertia-value
Avont m? Vehicle frontal area | dat.aero.af.value
SeCurag | - Air drag coefficient dat.aero.cd.value
I'wheel m Wheel radius dat.wheel.radius.value
Juheel kgm2 Wheel inertia dat.wheel.inertia.Mae
ffron - Rolling resistance dat.wheel.rollingres.value
coefficient
a Brake actuator time | dat.brakeactuator.timeconsta
constant nt.value
Command Mprake Nm Requested brake Chassishassis tqBrakeReq_N
signal torque m
Sensor signal | Vyenicle | M/S Actual vehicle speed | Chassishassis vVehAct_mps
YTwheel | rad/s Actual wheel spei Chassishassis nWheelAct_ra
dps
Mot kg Vehicle mass Chassishassis massVehAct K
g
M grive Nm Actual wheel hub chassis_tqSysAct_Nm
torque
Woag rad Road slope Chassishassis slopRoad_rad
Mech in [Nm] Marive Nm terguelorque phys_torque_Nm
Joowertra kgn? tnertidnertia phys_inertia_kgm2
n
Mech fb out YTwheel | rad/s Rotational speed phys_speed_radps
[rad/s]
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Table XXX

Chassis model parameters

Parameter Parameter type Reference paragraph

Myehicle Regulated A.9.5.6.X,, A.9.6.2.X,, A 10.X.X.
Afront Regulated A.9.5.6.X,, A.9.6.2.X., A.10.X.X.
Crag Regulated A.9.5.6.X,, A.9.6.2.X., A.10.X.X.
Iwheel Regulated A.9.5.6.X,, A.9.6.2.X,, A.10.X.X.
Juheel Regulated A.9.5.6.X,, A.9.6.2.X.,, A 10.X.X.
fron Regulated A.9.5.6.X,, A.9.6.2.X., A.10.XX.
V] Tuneable default: 0.1 second

A.9.7.4. Driver medemodels

The driver model shall actuatbe accelerator and brake pedagnalsto
realize the desired vehicle speed cycle and apply the shift control for manual
transmissions through clutch and geanttol. Three different models are
available in the standardized HILS library.

Figure-25

A.9.7.4.1  Driver output of recorded data

Recorded driver output data from actual powertrain tests may be
used to run the vehlclehodeldagtam—ln open loop mode The

the accelerator pedal, the brake pedaland—thetefe.te—eentams

different-submodules—The-model-shown-in-Figure-25-is-capable of
Funnmg—a—vehtele—equtppedm case a vehiclewith elthe.ta manual

pedal—ateuused—l;er—themanshift transm|SS|orveh+eleJehedee|5|ens
fepgeapsm#—maneewpes—are%kqnbe—geapseleetet—submedule

ed also if

eyete—and—compares—+t+—to—the vehicles a

speed-is-to-low-it-uses-the-accelerator pedal-to-demand-acceleration,
ahd—vice versa—+f the vehiecleds speed i

brake pedald-demand-a-deceleration-of the-vehicle- Forvehicles not
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