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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO d

ISO/IEC

ISO draw

CUIMEInt Sioutd be noted. TS document was dratted i accordance witit the editoriat Ta
Directives, Part 2 (see www.iso.org/directives).

Any trade name used in this document is information given for the convenience of users and
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and exf

related

Organizdtion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew

This do¢ument was prepared by Technical CommitteecISO/TC 22, Road vehicles, Subcommitte
Electrically propelled vehicles.

This sec
revised.

The main changes compared to the previous.edition are as follows:

revi
addi

addi
acce

addi
and

revi

addi

o conformity assessment, as well as information about ISO's adherence to the Wor

es of the

s attention to the possibility that the implementation of this document may involvesthe yise of (a)
patent(s]. ISO takes no position concerning the evidence, validity or applicability of any claime
rights in| respect thereof. As of the date of publication of this document, ISO had not.réeceived not
patent(s] which may be required to implement this document. However, implementers are cautio
this may|not represent the latest information, which may be obtained from the patent database av
www.isd.org/patents. ISO shall not be held responsible for identifying any or,all such patent rights.

d patent
ice of (a)
ned that
hilable at

does not

ressions
ld Trade
rd.html.

nd edition cancels and replaces the first edition (ISO/TR 11954:2008), which has been te

bion of the scope;
[ion of normative references;

ion of terms and définitions, e.g. complete vehicle kerb mass, maximum thirty minute
eration, speed uphill and hill starting performance;

kion of driving.performance tests, e.g. maximum thirty minutes speed, acceleration, spe
hill starting,performance;

bion of'the'method for adjusting the RESS SOC;

e SC 37,

Chnically

s speed,

bd uphill

’:ion of driving mode setting method.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Technical Report ISO/TR 11954:2024(en)

Fuel cell road vehicles — Performance measurement —
Vehicles fuelled with compressed hydrogen

1 Scope

This docpmrenrtspeeifiestestmethedstor-the- measurementof performaneestehasaeecelerationmaximum
speed and hill climbing ability, of fuel cell hybrid electric vehicles (FCHEV) as passenger cars and’light duty
trucks wlith a maximum authorized total mass of 3 500 kg and fuelled with compressed hydrggen.

2 Normative references

The following documents are referred to in the text in such a way that some or all gf their content copstitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the lates} edition of the referenced document (including any amendments) agplies.

ISO/TR §713:2019, Electrically propelled road vehicles — Vocabulary

3 Terms and definitions

For the purposes of this document, the following terms and" definitions given in ISO/TR 8713|and the
following apply.

ISO and ]JEC maintain terminology databases for use intstandardization at the following addresses:

— ISO Qnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1
accelerdtion ability
shortestftime required to accelerateythe vehicle from speed v, to speed v,

[SOURCH: I1SO 8715:2001, 3.7,modified — Note 1 to entry was removed.]

3.2
complete vehicle kerb mass
mass of [the vehicle including batteries, without occupants but with fuel, cooling liquid, window washer
fluid, lulricating.oily tools and spare wheel, on-board charger, portable charger or part of it, if prdvided as
standard equipment by the vehicle manufacturer

[SOURCH: £50-8715:2001, 3.1]

3.3
dynamic loaded radius
effective radius of a tyre when it is deformed by the mass of the vehicle loaded to its test mass (3.14)

[SOURCE: ISO 8715:2001, 3.4]

3.4

FCHEV operation mode

fuel cell hybrid electric vehicle operation mode

mode of a fuel cell hybrid electric vehicle (FCHEV) (3.5) in which both a rechargeable energy storage system
(RESS) (3.10) and fuel cell system are used sequentially or simultaneously for vehicle propulsion

© IS0 2024 - All rights reserved
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3.5

FCHEV

fuel cell hybrid electric vehicle

electrically propelled vehicle with a rechargeable energy storage system (RESS) (3.10) and a fuel cell system
as power sources for vehicle propulsion

[SOURCE: ISO 23828:2022, 3.7]

3.6
hill starting ability
maximum slope on which the vehicle can start moving over a minimum distance of 10 m

[SOURCEHS6-845:2664-3%

3.7
maximum design total mass
maximum vehicle mass as specified by the vehicle manufacturer

[SOURCH: ISO 8715:2001, 3.2]

3.8
maximum speed
highest qverage speed which the vehicle can maintain throughout a specifiédtest

[SOURCH: ISO/TR 8713:2019, 3.89]

3.9
maximum thirty minutes speed

V30
highest qverage speed which the vehicle can maintain over@0 min
[SOURCH: ISO 8715:2001, 3.6, modified — Note 1 to entky was removed.]

3.10
RESS
rechargpable energy storage system

rechargdable system that stores energy for delivery of electric energy for the electric drive

EXAMPLE Battery, capacitor, flywhéel.
[SOURCH: ISO/TR 8713:2019, 3.117]

3.11
RESS SO(C
RESS state of charge

residual capacity of a«echargeable energy storage system (RESS) (3.10) available to be discharged

RESS operation'mode

orage system

3.13
speed uphill
highest average speed which the vehicle can maintain on a given slope over a distance of 1 km

[SOURCE: ISO 8715:2001, 3.8]

3.14
test mass
sum of the complete vehicle kerb mass (3.2) plus

© 1SO 2024 - All rights reserved
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— the maximum authorized load mass (including driver) if it is equal or less than 180 kg;
— 180 kg, if the maximum authorized load mass exceeds 180 kg but is less than or equal to 360 kg;
— half of the maximum authorized load mass if this load mass exceeds 360 kg

[SOURCE: ISO 8715:2001, 3.3]

4 Parameters, units and accuracy of measurements

Table 1 shows parameters and their units and accuracy.

Table 1 — Parameters, units and accuracy of measurements

Parameter Unit Accuracy
Time S +0,1s
Distance m +0,1 %
Air temperature °C +1 9%
Air pressure kPa +1'kPa
Speed km/h *1 %'or£0,1 km/h
whichever is greater
Mass kg +0,5 %
Tyre pressure kPa +1,5 %
DC current A +0,3 %32
a2 For the DC current measurement, a wideband cufrernt meter or wideband ampere-hour
meter for operation in connection with pulsed powenelectronics is used. Any errors in the DC
electric energy measurement system are less thamd\% of the reading or 0,3 % of full scale.

5 Test conditions

5.1 Vehicle conditions

The vehifle is loaded to the test mass.according to the specification given for each test.

The vehikcle tyres are inflated to_the pressure specified by the vehicle manufacturer when the tyrfes are at
ambient femperature.

The visgosity of oils for\the mechanical moving parts conforms to the specification of the vehicle
manufacfturer.

The lighting, signalliiig and auxiliary devices are off, except those required for testing and usual day-time
operatioh of the ¥ehicle.

All energy storage systems available for other than traction purposes (electric, hydraulic, pneumatic, etc.)
are chargédyup to their maximum level specified by the vehicle manufacturer.

The vehicle is clean, and the windows and air entries, not needed for the correct operation of the vehicle and
the drive system, are closed by the normal operating controls.

If batteries are to be operated at temperatures above ambient temperature, the driver follows the procedure
recommended by the vehicle manufacturer to keep the battery temperature within its operating range.

The vehicle is driven over at least 300 km before the test(s) with the onboard fuel cell system.
The RESS is in the state of charge required for the test to be performed.

The hydrogen fuel tank is filled according to the test to be performed with a fuel quality according to
ISO 14687 and the equivalent regional standard.

© ISO 2024 - All rights reserved
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5.2 Atmospheric conditions

5.2.1 Ambient temperature and atmospheric pressure

The outdoor test is performed at an ambient temperature between 5 °C and 32 °C. Indoor tests are performed
at a room temperature between 20 °C and 30 °C. The atmospheric pressure is between 91 kPa and 104 kPa.
The tests are performed in the absence of rain and fog.

5.2.2 Air density

According to Formula (1), the air density in the test does not change more than 7,5 % compared with the air
denslty } } tha rafaranca caonditianc

trre-rercrerrece-corro oo

Air densl]ty calculation is obtained according to Formula (1):

d. =gy X——x— 1
0% (1

d, |isthe air density in reference conditions [d,, = 1,189 kg/m3];
Hp |is the pressure during the test;

H, |is the pressure at reference conditions [H, = 100 kPa];

Ty |is the absolute temperature during the test, in kelvins;

T, |is the temperature at reference conditions [T, =293 K (20 °C)].

5.2.3 Wind speed

The averjpge wind speed measured at a height of P'm above the ground is less than 3 m/s. Gusts are |ess than
5m/s.

5.2.4 elative humidity

The relagive humidity is less than 95 % and the track is dry.
5.3 Track conditions

5.3.1 eneral conditions

The meapurements)are taken on a dry track, which can be either a straight track or a loop track. The surface
of the track is liard, smooth, clean and give good adhesion.

5.3.2 traight track

The length of the measuring zone is at least 1 000 m.

The length of the launching track is long enough to achieve a stable speed 200 m ahead of the measuring
zone. The longitudinal slope on the measuring zone and on the last 200 m of the launching track does not
exceed 0,5 %. The longitudinal slope on the launching tracks does not exceed 4 %.

The transverse slope in the measuring zone does not exceed 3 %.

In order to reduce the influence of factors such as road slope and wind direction/speed, the acceleration and
the speed tests are executed in both directions of the test track in direct sequence, taking care to use the
same stretch of the track.

© 1SO 2024 - All rights reserved
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When conditions preclude performing the test in both directions, a single direction test is carried out as in
5.3.4.

5.3.3 Loop track

The length of the loop track is not less than 1 000 m. For calculating the speeds, the length of run is the
distance covered by the vehicle while it is being timed.

The loop track may vary from a perfect circle to straight sections linked by approximately circular sections.
The radius of the curves is not less than 200 m.

The longitudinal slope in the measuring zone does not exceed 0,5 %. The effects of centrifugal forces can
be compEnsate € transverse proiile o 'mal line
without finy action on the steering wheel.

5.3.4 S$ingle direction test

Testing in one direction only is permitted on the straight track if, because of the characteristics of the test
track layput, it is not possible for the vehicle to reach its maximum speed in both directions.

The follgwing conditions are fulfilled:

— the frack conforms to the information provided in 5.3.2;

— the variation in altitude does not exceed 1 m between any two p@ints;
— the 1fun is repeated twice in immediate succession;

— the ¢omponents of wind speed parallel to the track does hot exceed 2 m/s.

6 Preronditioning of the vehicle

6.1 Hydrogen refuelling

Hydrogeh is refuelled to the vehicle’s hydtrogen tank according to the vehicle manufacturer's specjfication.
The hydgogen refuelling procedures complies with the relevant hydrogen refuelling standards.

6.2 RHSS state of charge preconditioning of externally chargeable FCHEV

Vehicle gerformance of externally chargeable FCHEV is evaluated under FCHEV operation mode.[To avoid
the test In RESS operation‘mode, initial SOC of RESS on performance test is limited in certain level. Before
the perfgrmance test, SOG-0f RESS is confirmed in the allowable SOC range. This allowable SOC range can be
reached py the following steps.

a) Thelinitial SOC of RESS is set according to the manufacturer's instructions, so that the vehicle system
reaches thesFCHEV operation mode during the 30 min maximum speed test. If the manufhcturer's
instructions are not available, initial SOC range could be between 30 % to 70 %.

b) The 30 min maximum speed test is performed. And the profile of the SOC during the test is recorded.

¢) The minimum SOC value (Sy¢ v30 min(%)) is obtained during the test. (So¢ v30 min 1S the minimum SOC
level after FC system works during the performance test.) Then, the allowable SOC range of RESS to
start performance test is within Sy y30 min 10 %.

If SOC information is not available or feasible at some special situation, quantity of electricity measurement
of the RESS (Qgrgss(Ah)) can be applied instead of SOC(%). Details of the procedure are listed in Annex B.
The procedure in B.1 uses full charge operation to initiate the quantity of electricity value by referring the
nominal capacity (Qyomna) and also uses discharge operation to adjust SOC to the initial SOC (So¢ )
before the 30 min maximum speed test. For FCHEV with large RESS, the procedure in B.2 can be used to set
Soc, in1 to avoid drawbacks of the associated power loss and time required.

© 1SO 2024 - All rights reserved
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6.3 Warming up

The vehicle is driven over a distance of about 5 000 m at 80 % of the manufacturer’s estimated maximum
thirty minutes speed in order to warm up the motor and transmission gears.

6.4 Selection of driving mode

If the vehicle has multiple driving modes (e.g. intelligent mode, sports mode), and if the vehicle has a main or
default mode, it is operated in main or default mode. If the vehicle has no main or default mode, the driving
mode recommended by the vehicle manufacturer is selected and noted in the record of Annex A.

7 Testsequence

7.1 Tesst sequence for non-externally chargeable FCHEV

Test for mon-externally chargeable FCHEV is performed by following steps.

a) Thepehicle is loaded to the test mass (see 3.14).

b) Vehikle is preconditioned without SOC preconditioning (see 6.1).

c¢) The warming up operation is performed (see 6.3).

d) The[driving mode is selected (see 6.4).

e) TheFCHEV operation mode test items number 1 to 4 in Table'2 are performed sequentially.
f) The ehicle is loaded to its maximum design total mass.

g) The FCHEV operation mode test items number 5 and*6 in Table 2 are performed sequentially.

7.2 Test sequence for externally chargeable FCHEV

Test for ¢xternally chargeable FCHEV is performed by following steps.
a) Thepehicle is loaded to the test mass.(see 3.14).

b) Vehicle is preconditioned with-SOC preconditioning (see 6.1, 6.2).
c¢) Thewarming up operation is-performed. (It can be skipped if test is performed in a short pause.)
d) The{driving mode is seleeted (see 6.4).

e) The|FCHEV operation mode test items number 1 to 4 in Table 2 are performed sequentially. Each test
starts within the-allowable SOC range of RESS described in 6.2, B.1 or B.2.

f) The pehiclé&isloaded to its maximum design total mass.

g) The|FCHEV operation mode test items number 5 and 6 in Table 2 are performed sequentially. Each test

startswithim the attowable SO€ Tange of RESSdescribedim 62, B-torB:2:

According to the manufacturer's requirements, the maximum speed and acceleration ability test according
test item number 7 to 8 of Table 2 in the mode recommended by the manufacturer can be added. Therefore,
the RESS SOC of the vehicle can be adjusted according to the manufacturer's requirements.

© 1SO 2024 - All rights reserved
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Table 2 — Test procedure

NO. Reference Items Note
1 6 Preconditioning
2 8.1 Maximum speed in FCHEV operation mode Mandatory
3 8.2 Maximum thirty minutes speed in FCHEV operation mode Mandatory
4 8.3 Acceleration ability in FCHEV operation mode Mandatory
5 8.4 Speed uphill in FCHEV operation mode Mandatory
6 8.5 Hill starting ability in FCHEV operation mode Mandatory
7 8.1 Maximum speed in the mode recommended by the manu- Optional
IdCLUrer I
8 8.3 Acceleration ability in the mode recommended by the man- Optio1\al
ufacturer
9 ISO 8715 Maximum speed in RESS operation mode Optio+al
10 ISO 8715 Acceleration ability in RESS operation mode Optio+al
] ISO 8715 Speed uphill in RESS operation mode Optio+al
11 ISO 8715 Hill starting ability in RESS operation mode Optiollal

8 Test procedure

8.1 Maximum speed

8.1.1 $tandard test procedure

The test procedure is as follows.

a) The|vehicle is brought to a maximum speed on@he straight or loop track and it is maintaine
spedd over a distance of 1 km.

b) The pame test is performed immediately‘in-the opposite track direction.

The may

imum speed value in kilometres per hour (km/h) is the arithmetic average between

measureld values.

8.1.2 $ingle direction test procedure

The test procedure is as follgws.

a) Theehicle is brought to a maximum speed and it is maintained at this speed over a distance o

b) The pingle direction test is carried out using a test track as in 5.3.4, The speed results for the t

v
%

mes

max|

%

r p the-ntaximum speed per run corrected by the wind speed, v and the maximu

is detérmined according to Formulae (2) to (4):

max_r_n’

d at this

the two

1 km.

WO runs,
m speed

=1 /¢

(2)

mes_T.nm__ —n/7 °n

Vmax_r_n = (Vmes_r_n t Vw xf) x 3,6

Vmax

= (Vmax_r_l + Vmax_r_Z) / 2

© ISO 2024 - All rights reserved
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where
Vmes.rn 1S the measured speed for test run n in m/s;
n is the counter for test run 1 or 2;
L, is the measured length for test run n at maximum speed in m;
t is the measured time for testrunnins;

max rn 1S the determined maximum speed for test run n in km/h;

+ the—+ oisu tstrsediftheaxtat-wind LUllllJUllCllt tstrthe uyyuoitc directiontothe-vehtgle driv-
ing direction; the - sign is used if the axial wind component is in the same directienas the
driving direction;

Vow is the axial wind component in m/s;
f is the wind correction factor = 0,6;
Vimad is the maximum speed determined as arithmetic average for the fwo test runs in km/h.

8.2 Maximum thirty minutes speed

The test] of the maximum thirty minutes speed is performed either on a loop track or on 3 chassis
dynamoineter calibrated according to ISO 8715, as follows.

a) The maximum thirty minutes speed, v;, is determined by driving the vehicle at the manufactuyer’s best
estimate of such a speed +5 % for 30 min. (Speed variations during the test can be compensatgd for by
pressing the accelerator pedal to match the +5 % range.)

b) The fistance covered, d, is measured, in metres, and the average thirty minutes speed, v, is cdlculated,
in kilometres per hour (km/h) with the Formula'(5):

v3o £d / 500 (5)
c) If the speed has dropped below the - 5 % level during the test, the test can be repeatdd at the

manufacturer’s discretion with'either the same or a revised manufacturer’s estimated maximym thirty
mingites speed.

8.3 Adceleration ability{v, to v,)

8.3.1 Acceleration’ability 0 km/h to 50 km/h
The testprocedurejis as follows.

a) The pehicle is stopped on the test track in the start position.

b) The vehicleisacceterated by fulty activating theacceterator pedatand; if fitted; by usinmg thectutch and
gear lever.

¢) The time is recorded which elapsed from depressing the accelerator pedal to achieving the speed of
(50 £1) km/h.

d) The same test in the opposite direction is performed immediately.

The 0 km/h to 50 km/h acceleration in seconds [s] is the arithmetical average of the two measured time
periods.

© 1SO 2024 - All rights reserved
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8.3.2 Acceleration ability 50 km/h to 80 km/h

The test

a) The

procedure is as follows.

vehicle is stopped on the test track in the start position.

b) The vehicle is accelerated to the speed of (50 + 1) km/h, and it is maintained at this speed over 0,5 km.

c) The vehicle is accelerated by fully depressing the accelerator pedal and, if fitted, by using the clutch and
gear lever.

d) The time is recorded which elapsed from fully depressing the accelerator pedal to achieving the speed
of (80 + 1) km/h or 90 % of the maximum speed, if it is lower than 89 km/h. In this case the final speed
is ndted in the report.

e) The

The 50 K

periods.

kame test in the opposite direction is performed immediately.

8.4 Spleed uphill

The test
a) The

valu

NOT
b) The
c¢) The
d) The

dete)
e) The
8.5 Hi

procedure is as follows.

vehicle is positioned on the dynamometer and adjustments could be made to suit the ISO-M

a)

L

) The test can also be done using a dynamometer trailer,
bench is set up with an additional load corresponding to a 4 % slope.
vehicle is accelerated by fully depressing the accelerator pedal.

maximum stabilized speed value that the\vehicle can reach and travel over a distance o
rmined.

Lest starting with the bench set up.with an additional load corresponding toa 12 % slopeis

Il starting ability

8.5.1 Principle

The mea
possible

surement of hill starting ability is performed by starting on a slope featuring an angle, a;, a
to the vehicle manufacturer’s claimed hill starting ability, a,,.

The diffdrence between the real angle a; and the claimed a is compensated for by an additional or 3

mass Ani.

In the ca

se where the angle a is unknown, it can be evaluated using Formulae (7) and (8).

m/h to 80 km/h acceleration in seconds (s) is the arithmetical average of the two measujred time

107 mass

F 1 km is

epeated.

S near as

reduced

8.5.2 Procedure

The test procedure is as follows.

a) The vehicle is arranged on test gradient slope a; which is selected as near as possible to a;, and faces up
the slope.

b) The mass Am is added or reduced, which is calculated with Formula (6):

Am=m

(sinag —sinay )

(sinoy —R)

© 1SO 2024 - All rights reserved
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where

m  is the mass ISO-MO07 of the vehicle under test, in kg;

R  isthe tyre rolling resistance, conventionally equal to 0,005 to 0,01.

The mass

Am is uniformly distributed in passenger and load compartments.

¢) The vehicle runs over a distance of at least 10 m.

8.5.3 Evaluation of

With kn¢gwT peak motor shalt torque, the wheel torque is calculated with Formula (7]

C,. =[Cy XTxn,

and with

known tyre rolling radius the balance of forces:

C
F, =F-=mxgx(sinay +R)

r
e

C. is the wheel torque;

C, is the maximum peak motor shaft torque;

T is the total gear ratio;

N,  isthe gear efficiency;

F; is the total traction force necessary\to balance the load, in Nm;
r is the tyre dynamic loaded radius, in m;

g is the acceleration of gravity, in m/s2.

From Fofmulae (7) and (8), a, and the'hill starting ability, equals to

tan ¢, X100

can be cd

Iculated.
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Annex A
(informative)

Test results of performance measurements

Date: Test site: Person responsible: Temperature:

J\VE= W0 < 1200 Lo 15 00 Lo Yo [=Y S
03 0T 1o 1 R0 0 100001 oY=

TOTALINILEAGE vt R km

Tyre pressure of drive Wheels: ... e kPa

DIIVINE MOAE! e s e

Maxi]:um speedill ......ccceveuene. IMNOAE: ..ot km/h

Maxi

Accelpration time in............... mode:

Speed uphill:
ON A4 U0 SIOPE! e km/h
ON A 12 90 SIOPE: ot km/h
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Hill Starting ability: .o e

Remarks:
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