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Foreword

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

Fuel

cell vehicles (FCV) include the following types:

pure fuel cell vehicle (PFCV), in which the fuel cell system is the only on-board energy source for

propulsion and auxiliary systems;

:l;el cell hybrid electric vehicle (FCHEV), in which the fuel cell system is integrated with
chargeable energy storage system (RESS) for electric energy supply to propulsion
gystems.

EV/ design options include:

a) e¢xternally chargeable or non-externally chargeable;

b) rechargeable energy storage system (RESS): battery or capacitor;

c) driver-selected operating modes: if the FCHEV has no driver=sglected operating mode, it

This
mod

FCHEV mode.

¢ 1 shows the classification of FCHEV.

Table 1 — Classification of FCHEV

Chargeability Operating mode
FCHEV mode
externally chargeable
EV mode
FCHEV -
§&\ ‘ FCHEV mode
O non-externally chargeable
C) EV mode

International Standard is applicable to PFCV and to non-externally chargeable FCHEV
¢ only (see shaded boxes in Table 1).

an on-board
hnd auxiliary

has only an

with FCHEV

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=1b64766e4327527c94eb3b0b5c96a9dc



https://standardsiso.com/api/?name=1b64766e4327527c94eb3b0b5c96a9dc

INTERNATIONAL STANDARD 1ISO 23828:2008(E)

Fuel cell road vehicles — Energy consumption measurement —
Vehicles fuelled with compressed hydrogen

1 cope
This [International Standard specifies the procedures for measuring the energy consumptior] of fuel cell
passénger cars and light duty trucks which use compressed hydrogen and whichare npt externally
chargeable.

Anneixes A, B and C describe procedures specific to particular regions.

2 ormative references
The following referenced documents are indispensable for the! application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 1176, Road vehicle — Masses — Vocabulary and codes
ISO 3833, Road vehicles — Types — Terms and definitions

ISO 10521-1, Road vehicles — Road load =-Part 1: Determination under reference atmospheric conditions

ISO 10521-2, Road vehicles — Road load — Part 2: Reproduction on chassis dynamometer

3 Terms and definitions

For the purposes of this.document, the terms and definitions given in ISO 3833 and ISO 1176 and the
following apply.

31
battdry state.of charge

battery SOC

residlial‘capacity of battery available to be discharged

NOTE Battery state of charge is normally expressed as a percentage of full charge.

3.2
charge balance of battery
change of charge in battery during test period

NOTE Charge balance of battery is normally expressed in A-h.
3.3
electric vehicle operation mode

EV operation mode
mode of a FCHEV in which only the RESS is used for the vehicle propulsion and possibly auxiliary systems

© 1SO 2008 — All rights reserved 1
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3.4

fuel cell hybrid electric vehicle operation mode

FCHEV operation mode

mode of a FCHEV in which both RESS and fuel cell system are used sequentially or simultaneously for
vehicle propulsion

NOTE The fuel cell system can also charge the RESS during propulsion or standstill.
3.5

fuel cell vehicle

FCV

1 icle-usina-a-fuesl cell nower svstem for vehicle- bronulsion
electric vehigle-using-afuel cell power system for vehicle propulsion

NOTE A FCV can have additionally a RESS or other power sources for vehicle propulsion.
3.6

fuel cell hybrid electric vehicle

FCHEV

electric vehidle using a RESS and a fuel cell power system for vehicle propulsion
3.7

pure fuel cell vehicle

pure FCV

FCV using only a fuel cell power system for vehicle propulsion

3.8

rechargeable energy storage system

RESS

system that gtores energy for delivery of electric energy and that is rechargeable

EXAMPLE Batteries, capacitors.

4 Measurement accuracy

4.1 General

Measuremert accuracy shall be in @ccordance with national standards.

4.2 Hydrggen measurement accuracy

Test apparatus shall-assure the accuracy of measurement of £+ 1% for the total mass of hydfogen
consumption|during.thé“est cycle, unless otherwise specified in the relevant annexes.

5 Hydro

urement

5.1 General

Various methods for the measurement of hydrogen consumption have been developed which reflect the
current state of studies in the field. Hydrogen consumption shall be measured using one of the following:

— pressure method;
— gravimetric method;

— flow method.

2 © 1SO 2008 — All rights reserved
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These three methods, which are described in detail in Annexes D, E and F, have been shown to give
sufficiently equivalent results. Other methods may also become applicable if they show comparable
equivalence and reliability.

5.2

Pressure method

Hydrogen consumption is determined by measuring the pressure and temperature of gas in the high-pressure
hydrogen tank, before and after the test. A tank with known internal volume that allows measurement of gas
pressure and temperature shall be used for the test.

5.3

Gravimetric method

Hydr
after

5.4

The @amount of hydrogen supplied to and consumed by a vehicle is measured by)a flow meter.

6

6.1

The test shall be conducted after preparation of the vehicle‘and test apparatus as described in thi

6.2

6.2.1

The
vehio

The |
day-t

6.2.2

Prior

with @ manufacturer-determined distance, unless otherwise specified in Annex A, B or C (as appr

Test procedure

bgen consumption is calculated by measuring the weight of the high-pressure hydrogen.tan
the test. The tank used for the test shall be suitable for measuring weight.

Flow method

General condition

Vehicle condition

General

ehicle shall be clean, and the windows and air entries that are not needed for the correct op
le and the drive system shall be closed by the normal operating controls.

ghting, signalling and auxiliary devices shall be turned off, except those required for testing
me operation of the vehicle.

Vehicle stabilization

to testing, the‘test vehicle shall be stabilized; this includes vehicle mileage accumulation ir

k before and

5 clause.

bration of the

and for usual

accordance
ppriate).

6.2.3| Vehicle appendages
Vehibiub bild“ ;JU iUDtUU‘ Wltil IIUIIIIdi dppCllu‘dbe (IIIiIIUID, IL.)LJIII}.JUIb, Utb.). ‘VAV'iIUIU neLessaly,
(e.g. hub caps) may be removed for safety on the dynamometer.

6.2.4

Vehicle test mass

The vehicle test mass shall be selected in accordance with Annex A, B, or C.

6.2.5

6.2.5

Tyres

A General

Tyres recommended by the vehicle manufacturer shall be used.

©I1SO
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6.2.5.2

Tyre pressure

When the vehicle tyres are at ambient temperature, they shall be inflated to the pressure specified by the
vehicle manufacturer for the chosen test (track or chassis dynamometer).

6.2.5.3

Tyre conditioning

Tyres shall be conditioned as recommended by the vehicle manufacturer. See Annex A, B, or C for additional
requirements.

6.2.6 Lubricants

The vehicle |

6.2.7 Gear

If the vehicle
procedures (
previously in

Libricants specified by the manufacturer shall be used.

shifting

escribed in Annexes A, B and C. However, the shift positions may be selected and deterr]
accordance with the vehicle characteristics.

6.2.8 Regenerative braking

If the vehicle
testing. If a v
is tested on
set of wheels
shall be ma
braking systd

is fitted with a manually shifted gear box, gear shifting positions shall correspond to th¢ test

nined

has regenerative braking, the regenerative braking system 'shall be enabled for all dynam

a single-roll dynamometer, these systems may inadvertently interpret the non-movement
that are off the dynamometer as a malfunctioning:system. If so, modifications to these sys
e to achieve normal operation of the remaining vehicle systems, including the regene
m.

6.2.9 RESS$ stabilization

The RESS s

hall have been stabilized with the vehicle, as defined in 6.2.2, or by equivalent conditioning.

6.3 Chassis dynamometer conditions

6.3.1

Gengdral

The vehicle generally should béstested on a single-roll chassis dynamometer. A four-wheel-drive vehicle

be tested by
explained in

A four-whee
test is not po|

he test reports

5sible\for a specific four-wheel-drive vehicle.

o]
ehicle is equipped with an antilock braking system (ABS).or a traction control system (TC{

eter
and
f the
tems
Fative

shall

modifying the, drive train of the vehicle. When the vehicle is modified, the details shall be

-drive dynamometer test may be performed when a modification for a single-roll dynamofneter

6.3.2 Dynamometer calibration

The dynamometer shall be calibrated as specified by the vehicle manufacturer, or in accordance with the
specifications indicated in the service manual provided by the dynamometer manufacturer.

6.3.3 Dynamometer warm-up

The dynamometer shall be warmed up sufficiently prior to the testing.

© 1SO 2008 — All rights reserved
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6.3.4 Determining the dynamometer load coefficient

The determination of vehicle road load under reference atmospheric conditions shall conform to ISO 10521-1,
and the reproduction on a chassis dynamometer shall conform to ISO 10521-2 or national standards. Vehicles
equipped with regenerative braking systems that are activated at least in part when the brake pedal is not
depressed shall have regenerative braking disabled during the deceleration portion of coast-down testing on

both

6.4

6.4.1

Depgnding on the region concerned, the appropriate procedure shall be followed from Anhe

Deta

6.4.2

Vehigle preconditioning shall be carried out in accordance with the annex appropriate for the 1

case
suita

6.4.3

The
or C.

6.5

For t
in ac

hydrggen consumption can be measured by one of the methods described in Annex D, E, or
alternative method that provides equivalent'accuracy.

The hydrogen consumption is determined by means of one of the following equations:

the test track and dynamometer.
Fuel consumption tests

General

Is and common procedures for each test mode are described below.

Vehicle preconditioning

of FCHEV, the RESS state of charge may be pre-adjusted by charging or discharging
ble energy difference in RESS between the start and the end of test.

Vehicle soak

ehicle shall be soaked in accordance with the appropriate regional procedure prescribed in

Measurement over scheduled driving test

ne measurement of hydrogen consumption,.the test vehicle shall be driven on the chassis g
cordance with the running mode prescribed for the region (see Annex A, B, or C, as appr

A, B, or C.

egion. In the
to obtain a

Annex A, B,

ynamometer
ppriate). The
F, or by an

b0><10_3 w><22’414><1073
(g =—L = m 1
F1 I I (1)
m -3
s3> b
w107 P07 90 414 2)
-F2 T I
s +5=3 o wxwx’IO_SxOH
Cpg =1 = (L 3
F3 I 7 3)
where
Cgq is the hydrogen consumption per unit distance, in m3/km, referred to volume at normal conditions

(273 K; 101,3 kPa);

Cgo is the hydrogen consumption per unit distance, in kg/km, referred to weight;

Cgs is the hydrogen consumption per unit distance, in MJ/km, referred to caloric value;

L is the distance, in km;

©I1SO
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On

is the hydrogen consumption at normal conditions (273 K, 101,3 kPa);
is the hydrogen consumption, in g;
is the molecular weight of hydrogen (2,016);

is the lower calorific value of hydrogen (10,8 MJ/Nm3).

6.6 Correction of the test results for FCHEV

6.6.1 Gen

ral

After the FCH
RESS betwe

6.6.2 Allowable limit for RESS energy change for FCHEV

The allowabl
| AERes

where
AERess
Ecr

Further detai

6.6.3 Corré¢ction procedure using a correction coefficient

The hydroge
by the vehic
given in Ann

NOTE A

7 Preser

Test results
to provide th

HEV has been tested, the hydrogen consumption shall be corrected if the energy difference
en the start and the end of test is above the limit described in 6.6.2.

e limit for RESS energy change is

5 |< 0,01><EC|:

is the energy change in RESS over the test cycle;
is the energy of consumed fuel over the test cycle:

s are described in Annex J.

n consumption at AEgegg = 0 shall.be calculated by using a correction coefficient to be proj
e manufacturer. Details on the_acquisition and the application of the correction coefficier
ex K.

nex L gives recommendations on the data collecting procedure to obtain the correction coefficient.

itation of results

should bé.recorded in accordance with Annex I. The fourth significant digit should be round
b hydrogen consumption rate to three significant digits.

n the

(4)

vided
t are

bd off

Other data s

nodld be recorded as required by the regional regulations.

© 1SO 2008 — All rights reserved
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Annex A
(informative)

Test procedure in Japan

General

This
cons

A.2

annex describes the typical procedures and related conditions in Japan for measu
imption of passenger cars and light duty trucks, as defined in Japanese regulations.

Accuracy for determining vehicle road load and others

When determining road load, the accuracy shall conform to ISO 10521-1 and.IS® 10521-2.

A3

A.3.1

The
smod

A3.]

A3.2.

trans

A.3.2
the “I
switc|

A.3.2

Driving procedure

General

jear manipulation in each operational condition specified in Tables A.1 and A.2 shall 4
thly and quickly in accordance with the instructions in this clause.

P Vehicles with manual transmission

1 The idling operation refers to, a-¢ondition in which the accelerator pedal is not depres
Mission gear in neutral.

ow” gear position should réad"otherwise in Tables A.1 and A.2) 5 s before the idling opera

hed to the acceleration mode.

.3 For deceleration, the clutch shall be disengaged at a speed of 10 km/h during the

opergtion from 20 km/h’to 0 km/h, and at a speed of 20 km/h during the deceleration operation

to 0 |
30 kn

A.3.2
lever

n/h during the.deceleration operation from 70 km/h to 0 km/h, as specified in Table A.2.

.4 On vehicles with a 6-speed transmission in which it is not possible to drive by operg
in respective gear positions as specified in Table A.2 because of the running performance d

drivin

ing the fuel

e performed

sed, with the

.2 The transmission gear.shall be shifted to the low gear position (or such a gear in insfances where

tion mode is

deceleration
rom 40 km/h

m/h, as specified in Tables A.1 and A.2. In the same way, the clutch shall be disengaged at a speed of

ting the shift
f the vehicle,

g-may be carried out in accordance with the example of the 5-speed transmission specified

n Table A.2.

A.3.2.5

If the revolutions of the motor of the test vehicle exceed the revolution speed at which the motor

delivers its maximum output during the operation of the test vehicle, the gear position that is one step higher
than the original gear may be used. In this case, the vehicle speed at which the gearshift takes place shall be
the vehicle speed corresponding to the revolution speed at which the motor delivers its maximum output.

A.3.3 Vehicle with automatic transmission

The selector position shall remain in drive position. No further manipulation shall be made.

©I1SO
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A.3.4 Vehicles with other transmissions

Gear changes shall be made taking into consideration the running characteristics of the tested vehicle with
transmissions other than those described in A.3.2 and A.3.3.

A.4 Vehicle test mass

The test vehicle mass shall be obtained when two persons (each of an assumed mass of 55 kg) or a mass of
110 kg are loaded on the test vehicle, under the “unloaded state” prescribed in the Safety Regulations for
Road Vehicles, Ministry of Transportation Ordinance No. 67, 1951, Article 1, paragraph 1, item (3).

A.5 Tyre ¢onditioning
Tyres shall be conditioned as recommended by the vehicle manufacturer, shall have accumulated a minjmum
of 100 km (6R miles) and shall have at least 50 % of the original usable tread depth remaining.
A.6 Dynamometer inertia setting

The equivalegnt inertia mass set for the chassis dynamometer shall be the §tandard value of equivalent ipertia
mass specified in the right column of Table A.3, corresponding to the vehicle test mass specified in the left
column of Tgble A.3.

However, if the specified equivalent inertia mass is not available.onthe chassis dynamometer being usedl, the
equivalent inertia mass of within +10 % of the specified standard Value may be used.

8 © 1SO 2008 — All rights reserved
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Table A.1 — Operation conditions, vehicle speed, acceleration/deceleration of 10 mode

Mode | Operation Vehicle Duration Cumulative . Acceleration
. of . Standard gear positions or
no. conditions speed . time .
operation deceleration
) (3+0OD)- ] .
km/h s s 3-speed speed 4-speed S-speed m/s?
transmission . transmission | transmission
transmission
1 idling — 20 20 — — — — —
. (0-15)2 Low | (0-15)2 Low
= - a _ a
2 |acceleration 0-20 7 27 (0-20)? Low | (0-20)2 Low (15-20% 2nd | (15-20) 2nd 0,78
3 || constant 20 15 42 2nd 2nd 2nd 2nd —
speed
4 || deceleration 20-0 7 49 2nd 2nd 2nd 2nd 0,78
5 ||idling — 16 65 — — — — —
(0-15)*Low | (0-15)2 Low
- a _ a
6 ||acceleration | 0-40 14 79 ((200228)3"20;’; ((200223);20:; (1580 2nd | (15-30) 2nd|| 078
(80-40)? 3rd | (30-40)? 3rd
7 ||constant 40 15 94 Top 3rd Top 4th —
speed
8 || deceleration 40-20 10 104 Top 3rd Top 4th 0,59
g ||constant 20 2 106 Top-2nd 3rd-2nd Top-3rd 4th-3rd —
speed
10 || acceleration 20-40 12 118 2nd 2nd 3rd 3rd 0,49
40-20 10 128 Top 3rd Top 4th 0,59
11 || deceleration
20-0 7 135 Top 3rd Top 4th 0,78
@  Higures in brackets represent vehicle speeds for respective gear positions.
Y |
40 |
30
20 -
10
0 >
20 49 65 79 94104 118 | 135 X
27 42 106 128

Key

Y
X

vehicle speed (km/h)

time (s)

© 1SO 2008 — All rights reserved
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Table A.2 — Operation conditions, vehicle speed, acceleration/deceleration of 15 mode

Duration

Acceleration

Mode| Operation (Vehicle Cumulative .
i of . Standard gear positions or
no. | conditions | speed . time .
operation deceleration
mh | s s | speed |(3+OD)speed) dspeed | Sspeed | Gspeed | o)
ransmission | transmission [ transmission | transmission | transmission
1 |idling — 65 65 — — — — — —
(0-20)@ Low | (0-20)2 Low | (0-15)@ Low | (0-15)2 Low | (0-15)? Low
2 |acceleration | 0-50 18 83 (20-40)2 2nd| (20-40)? 2nd |(15-35)2 2nd| (15-35)2 2nd [(15-35)2 2nd 0,78
(40-50)? Top| (40-50)? 3rd | (35-50)? 3rd | (35-50)? 3rd | (35-50)2 3rd
3 [|constant 50 T2 95 Top 3rd Top 7 7 3
speed
4 |decelerafion | 50-40 4 99 Top 3rd Top 4th 4th 0,69
5 |constant 40 4 103 Top 3rd 3rd 3rd 3rd 4
speed
] (40-50)2 3rd
6 [|accelerajon | 40-60 16 119 Top 3rd 3rd 3rd (50-60)° 4th 0,89
7 |constant 60 10 129 Top 3rd Top 4th 5th 1
speed
8 |acceleraon | 60-70 11 140 Top 3rd Top 4th 5th 0,29
constant
9 speed 70 10 150 Top oD Top Top Top -+
10 [decelerafion | 70-50 10 160 Top oD Tep Top Top 0,59
11 |constant 50 4 164 Top 3rd Top 4th 5th 4
speed
12 |acceleratjon | 50-70 22 186 Top 3rd Top 4th 5th 0,29
constant
13 speed 70 5 191 Top b Top Top Top -+
i 70-30 20 211 Top oD Top Top Top ,
14 [deceleration
30-0 10 221 — — — — — ,88
15 lidling — 10 231 — — — — — —+
@  Figures in prackets represent vehicle speeds for respéctive gear positions.
70 | —
60 |
50 | —
40 | —
30 |
20
10
O |
65 83 95/103 119129 140 150 160 186 211221231 X
99 164 191
Key
X time, s
Y vehicle speed, km/h

10

Figure A.2 — 15 Mode, vehicle speed versus time

© 1SO 2008 — All rights reserved
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Table A.3 — Standard value of equivalent inertia mass versus test vehicle mass

Test vehicle mass Standard value of equivalent inertia mass
my, 1
kg kg
my, < 562 500
562 < my, < 687 625
687 <my < 812 750
812 < m,, < 937 875
937 <my <1125 1 000
1125 <my, < 1375 1250
1375 <my, <1625 1500
1625 <my, <1875 1750
1875 <my, <2125 2000
2125 <my, <2375 2250
2375 <my <2625 2500
2625 <m, <2875 2750
2875 <my, <3250 3000
continues in increments of 500 kg continues in increments of 500 kg
A.7 (Test procedure
A.7.1 Preconditioning for vehicle

The fest vehicle shall be placed on the ¢hassis dynamometer and warmed up continuously for ab
a constant speed of 60 + 2 km/h. The vehicle shall then be further warmed up with 15 mode
shown in Table A.2) performed onge:

A.7.2 Operating cycle
After|the preconditioning; the operating cycle shall start with the idling operation for 24 s, th

opergtion (as showriin Table A.1) shall be repeated 3 times consecutively, and 15 mode operati
in Taple A.2) shall ke performed once.

A.7.3 Tolerance of vehicle speed and time

put 20 min at
bperation (as

en 10 mode
bn (as shown

The festvehicle shall be operated within a range of £2 km/h of the specified speed, and within a

range of £1's

of the specified time, during the operations specified in Tables A.1 and A.2. The tolerable range is shown in

the area marked in Figure A.3.

If the testing time deviates from the tolerance, but the deviation time is less than 1 s at the time of gear shift

and transition of operation mode, the test result is acceptable.

For those vehicles that cannot reach the acceleration specified in Tables A.1 and A.2 with full
accelerator pedal, the aforesaid requirement shall not apply.

If the test vehicle cannot reach the level of acceleration specified in Tables A.1 and A.2, the
obtained from fully depressing the accelerator pedal shall be used.

© 1SO 2008 — All rights reserved
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upper tol
referencq
lower told
referencq

+2 km/h

YA
A

brable line
mode
rable line
point

Figure A.3 — Tolerance of vehicle speed and time in 10-15 driving mode
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Annex B
(informative)

Test procedure in Europe

General

Basef on the legal requirements in Europe, this annex specifies the specific preconditioning.prqcedures and
relevant test equipment for the determination of hydrogen consumption of PFCV and FCHEV

charg

eable, and with FCHEV mode only of categories M1 and N1 with a maximum permissible

accordance with ISO 1176) of 3 500 kg.

NOTH The outline given in this annex contains only those elements essential to understanding the
further details, reference is made to the relevant clauses and subclauses in the, regulations UNE
UNECE R 83.1)

B.2 [Test equipment

B.2.1 Chassis dynamometer

Featdres, accuracy, load and inertia setting, calibration.and other steps to prepare the chassis g
to be| used are prescribed in UNECE R 83, Annex 4,4.1, 5.1 and 5.2, and in Annex 4, Append

The pdjustment of the inertia simulators to the -vehicle's translatory inertias shall be in acc

Tablg

B.2.2 Chassis dynamometer

Featy
to be

The pdjustment of the inertia-simulators to the vehicle's translatory inertias shall be in acc

Table

B.1, given in UNECE R 83, Annex 4, 5.1.

res, accuracy, load and inertia setting, calibration and other steps to prepare the chassis ¢
used are prescribed in UNEEE'R 83, Annex 4, 4.1, 5.1 and 5.2 and in Appendixes 2 and

B.1 (as given in UNECE'R 83, Annex 4, 5.1).

n-externally
tal mass (in

rocedure. For
CE R 101 and

ynamometer
xes 2 and 3.
brdance with

ynamometer
B of Annex 4.
prdance with

1) This annex is based on the following editions of the two regulations:

— UNECE R 101: Trans/WP.29/GRPE/2004/2, 30 October 2003;

— UNECE R 83: E/ECE/324 Rev.1/Add.82/Rev.2 E/ECE/Trans/505, 30 October 2001.

It does not necessarily reflect subsequent amendments to UNECE R 101 and UNECE R 83.

©I1SO

2008 — All rights reserved
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Table B.1 — Equivalent inertia of the dynamometer related to the reference mass of the vehicle

Reference mass of the vehicle Equivalent inertia
my, 1
kg kg
my < 480 455
480 < my, < 540 510
540 <my, < 595 570
595 < m, < 650 625
650 Hiyy 710 680
710 <my, < 765 740
765 <my, < 850 800
850 < my, < 965 910
965 <my, < 1080 1020
1080 <my <1190 1130
1190 <m,, <1305 1250
1305 <my <1420 1360
1420 <my, <1530 1470
1530 <my, <1640 ™N690
1640 <my, <1760 1700
1760 <my, <1870 1810
1870 <my <1980 1930
1980 <m,, <2100 2040
2100 <m, <2210 2150
2210 <m, <2380 2270
2380 <my, <2610 2270
2610 <my, 2270
B.2.3 Test|equipment for hydrogen measurement methods
For specific test equipment for,the-hydrogen measurement methods, see Clause 5 and Annexes D, E and F.
B.3 Test vehicle
B.3.1 GenTraI

The test vehicle shall be in running order, as determined by the manufacturer, with all the equipment provided
as standard.

B.3.2 Test mass
The mass of the vehicle under test (referred to as “reference mass” in UNECE R 83, 2.2) shall be the

“unloaded mass” plus a uniform figure of 100 kg. The “unloaded mass” (see UNECE R 83, 2.2.1) is the mass
of the vehicle in running order, without load and persons, but with the hydrogen tank 90 % full.

14 © ISO 2008 — All rights reserved
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B.3.3 Tyres

The tests shall be performed with standard width tyres, as provided by the vehicle manufacturer. Alternatively,
the prescription of UNECE R 83, Annex 4, Appendix 3, 4.1.2, may be applied, i.e. only the widest of the
standard widths or the widest minus one (in case of more than three standard widths) shall be chosen.

The tyre pressure shall comply with the vehicle manufacturer specification, but may be increased by up to
50 % when the test is carried out on a two roller dynamometer (see UNECE R 83, Annex 4, 5.3.2).

B.4 Test cycle

The fest cycle to be applied shall be the same as that prescribed for the Type | test. This tlst, including
allowpble tolerances, is described in UNECE R 83, Annex 4, Appendix 1.
The {est cycle is made up of one Part 1 (urban) cycle, consisting of four elementasy lurban cydles, and one
Part 2 (extra-urban) cycle, as illustrated roughly in Figure B.1 and described in Table,)B.2.
Y 4 1 2
120 -
100
B0 |
3
50 |- < =
40
PO |
0 | |
0 200 400 600 800 1000 1200 X
Key
tme s

vehicle speed, km/h
Part 1 (urban) cycle

Part 2 (extra-urban) cycle
elementary urban cycle

w N = < X

Figure B.1 — Test cycle
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Table B.2 — General information on the test cycle

Parameter Urban cycle Extra-urban cycle
Average speed 19 km/h 62,6 km/h
Maximum speed 50 km/h 120 km/h

Effective running time 4 x195s=780s (13 min) 400 s (6 min 40 s)
Theoretical distance 4 x 1013 km =4 052 km 6 955 km

B.5 Test procedure

B.5.1 Precpnditioning of the vehicle

The vehicle ghall be stabilized in accordance with the vehicle manufacturer’'s specificatign;followed by two
consecutive full test cycles (see Clause B.4).

B.5.2 Conditioning of the vehicle
After precongitioning in accordance with B.5.1, the vehicle shall be kept infa room with a relative constant

temperature |of between 20 °C and 30 °C for at least 6 h, until the lubricant and coolant temperatureg are
within £2 °C pf the room temperature.

B.5.3 Performance of the test

B.5.3.1 General
After preconflitioning and conditioning in accordance:Wwith B.5.1 and B.5.2, respectively, one complet¢ test

cycle shall bg run in accordance with Clause B.4. The test equipment shall comply with Clause B.2 and the
test vehicle ghall comply with Clause B.3. The following requirements also shall be met during the test.

B.5.3.2 Additional conditions

The tempergture shall be between 20 fC and 30 °C and the absolute humidity between 5,5 g and 12,2 g
H,O/kg dry dir.

B.5.3.3 Pefforming the different steps of the test cycle

The test shall be performied in accordance with the prescriptions of the vehicle manufacturer, starting with the
activation of the propulsion system and followed by applying the test cycle. To match the allowable tolergnces
of the test cyle, the~procedure recommended by the vehicle manufacturer should be applied.

The hydrog ncaonsumption—chall ha maaciirad ticina ana Af tha mathade dacerihad in Clanica and
SA—GoRSHPHOR—SHan—Re—ReaSurea—uSHg—oRe—o— e et asS—aeS6HBea—hH—oradsSe

Annexes D, E and F, respectively, and in the case of FCHEYV it shall be corrected, if necessary.
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Annex C
(informative)

Test procedure in the USA

Background

This
SAE
and
SAE

C.2
This
elect

Instry

[

[

This
elect
stora

C3

C.3.7

annex describes the test procedure recommended for use in the USA and in other count
(Society of Automotive Engineers, Inc.) methods, for measuring fuel consumption and-rang
ybrid fuel cell electric vehicles fuelled by compressed gaseous hydrogen. This annex makes
J2572:2006 as the specific governing document.

General

annex prescribes the uniform chassis dynamometer test procedures for fuel cell and hy
ic vehicles designed to be driven on public roads. Low speed{vehicles are not covered i
ctions are given for measuring and calculating the fuel consumption and range using two teg

he “city” fuel consumption test using the Urban Dynamomgter Driving Schedule (UDDS), and

he “highway” fuel consumption test using the Highway Fuel Economy Driving Schedule (HFE

annex covers only fuel cell vehicles fuelled: with compressed gaseous hydrogen and hy
ic vehicles, also fuelled with compressed_gaseous hydrogen, and which have a recharg
e system (RESS) (battery or capacitor).

General test information

Driving schedules

The

riving schedules to(be used for vehicle testing provided by the United States Environmen

Agency (EPA) are the Urpan Dynamometer Driving Schedule (UDDS) and the Highway Fuel Eco
Schefdule (HFEDS).“The City Fuel Economy Test, which uses the UDDS, is detailed in SAE J25

The

ighway Fuel EConomy Test, which uses the HFEDS, is detailed in SAE J2572:2006, 6.2.

C.3.2 Battery state of charge

ries that use
e of fuel cell
reference to

brid fuel cell
n this annex.
t types:

DS).

brid fuel cell
bable energy

al Protection
homy Driving
y2:2006, 6.1.

If thel nét energy of the battery/capacitor system increases or decreases by less than or equal

o 1% of the

total hydrogen energy consumed by the vehicle during the course of the test, the application of a correction
equation is not necessary, i.e. no correction calculation is necessary if

| Astored electrical energy |<

1%

|tota| fuel energy consumed|\

where both the change in stored electrical energy (AEgggs) and the total fuel (H,) energy consumed, reported
to one decimal point (e.g. 0,1 g), are expressed in units of energy (J). The lower net heating value for
hydrogen gas is used to convert the total hydrogen consumed into units of A-h, using a factor of 120 000 J/g.

©I1SO

2008 — All rights reserved
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Expressed in

terms of the energy content of hydrogen per unit of weight, the calculation is as follows:

|AERESS |< 0,01x M x120000

(C.1)

where M is the total mass of hydrogen consumed over each phase of the test (MUDDS1, MUDDS?2,
MHWFET), in g.

All mass values are reported to the nearest 0,1 g.

All distances

are reported to the third decimal place (0,001 km).

All fuel consymption values are reported to the nearest 0,000 T kg/km.

C.4 Test 1]
C.4.1 Vehi

C.4.1.1

Prior to initia
delineated in

C.41.2 Ve
Prior to test
1600 km (1
specified in

and testing,
shall be used

C.41.3 Ve

Vehicles sha
be removed
the test vehig

C.41.4 Ac

All accessori

C415 Ve

General

hicle stabilization

equirements

cle condition

ion of testing and during testing, the overall condition and configuration of the vehicle shall
SAE J2572:2006, 4.1 and subsequent subclauses, all of which are represented below.

ng, the test vehicle shall be stabilized as determined by the manufacturer to a minimy
000 miles), but not more than 9 978 km (6 200 miles) using the durability driving sch
CFR Title 40, Part 86, Appendix IV, section (a)i’or an equivalent schedule. For all prepars
hydrogen complying with fuel specified by-the SAE or the appropriate U.S. government ag
, and that fuel shall comply with the fuel quality guidance specified in SAE J2719.

hicle appendages
Il be tested with normal appendages (mirrors, bumpers, etc.). Certain items (e.g. hub caps

Wwhere necessary for safety~on the dynamometer. If an off-board fuel source is used for the
le may include a connector to receive the fuel from that source.

cessories

bs shall be turhed off.

hicle test mass

DE as

m of
bdule
tions
ency

may
test,

The vehicle 9

hall be tested at loaded vehicle weight [curb weight plus 136 kg (300 Ib)].

C.4.1.6 Tyres

Manufacturer's recommended tyres shall be used. For dynamometer testing, tyre pressures should be set at
the beginning of the test at the pressure used to establish the dynamometer road-load coefficients (see C.4.3)
and shall not exceed levels necessary for safe operation. Tyres shall be conditioned as recommended by the
vehicle manufacturer, have accumulated a minimum of 100 km (62 miles) and have at least 50 % of the

original usab

C.41.7 Lu

The venhicle |

18

le tread depth remaining.

bricants

ubricants normally specified by the manufacturer shall be used.
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C.4.1.8 Regenerative braking

If the vehicle has regenerative braking, the regenerative braking system shall be enabled for all chassis
dynamometer testing, except for track coast down testing. If the regenerative braking level is adjustable, it
shall be set in accordance with the manufacturer's specification prior to starting dynamometer testing.
Operation of the regenerative braking system shall not cause speed and time tolerances specified by the test

driving schedule to be exceeded.

C.4.1.9 Vehicle capability

The test vehicle shall be able to maintain the speed and distance tolerances required by the UDDS and

HFEPS schedules.

C.4.1.10 Fuel cell stack condition

The gtack shall have been aged with the vehicle as detailed in C.4.1.2, or equivalentconditioning

C.4.1.11 Propulsion battery/capacitor condition

The propulsion system battery/capacitor shall have been aged with thé vehicle, as detailed i
equivfalent conditioning. The vehicle shall have an access point for measurement of current read
out of the energy storage device. Reading from a vehicle onboard eurrent measurement system
provifled that +1 % NIST (National Institute of Standards and Technology) traceability can be den

All instrumentation requirements for the test, including the list of instruments and instrum
requirfements,sare presented in SAE J2572:2006, 4.6 and subsequent subclauses. All ing
calibfation must be NIST traceable to within £1,0% of the full scale of the appropriate range.

n C.4.1.2, or
ngs into and
may be used
onstrated.

30 °C (68 °F

| vehicle and
its capability
D06, 4.5 and
contained in
5 shall be as

ent accuracy
trumentation

C.5 Required data collection

The data that must be collected regarding the vehicle, test conditions, instrumentation, fuel consumed and the
dynamometer type, settings and results, are detailed in SAE J2572:2006, 5.1, 5.2 and subsequent subclauses.

C.6 Testing the vehicle

C.6.1 General

The driving schedules provided by the U.S. Environmental Protection Agency (EPA) are used for the tests.

© 1SO 2008 — All rights reserved
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C.6.2 City fuel economy test

The driving cycle used for the city fuel economy test, illustrated in Figure C.1, represents U.S. city driving and
consists of a series of non-repetitive idle, acceleration, cruise and deceleration modes of various time

sequences th

roughout an interval of 1 372 s, as detailed in the EPA Urban Dynamometer Driving Schedule

(UDDS). Full detail is provided in SAE J2572:2006, 6.1. Specific speed tolerance and fuel consumption
considerations for the test sequence are presented in SAE J2572:2006, 6.3 and 6.4.

Y |

60

N A
\

50 |

40

30 | /‘ m

20 |

10 | )

0 J | | | | | | | | >
( 120 240 360 480 600 720 84002960 1080 1200 1320 X
Key
X time, s
Y vehicle speed, miles/h
Figure C.1 — Driving cycle used for the city fuel economy test

C.6.3 Highway fuel economy test
The driving ¢ycle used for the highway fuel economy test, illustrated in Figure C.2, represents U.S. highway
driving and donsists of a series.o0f non-repetitive acceleration, cruise and deceleration modes of variouq time

(HFEDS). F

sequences t}
consideratio

roughout an interval of 765 s, as detailed in the EPA Highway Fuel Economy Driving Schedule
Il detail is previded in SAE J2572:2006, 6.2. Specific speed tolerance and fuel consumption
s for the test.sequence are presented in SAE J2572:2006, 6.3 and 6.4.

20
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70 |

40 |

30 |

20

60 120 180 240 300 360 420 480 540 600 660 720 X

Key

X tme, s
Y ehicle speed, miles/h

Figure C.2 — Driving cycle used for the highway fuel economy test

C.7 |Vehicle fuel consumption

C.7.1 Test method

Fuel [consumed by a vehicle under test:.is determined by operating the vehicle on a dynam¢meter using
presgribed driving cycles.

C.7.2 Measurement of fuel consumption

The fuel consumed is reportéd-as the mass quantity of hydrogen consumed per distance travelledl, specifically
as kd/km. Three methods-are available for determining the net change in mass of hydrogen during testing:

— gtabilized pressure and temperature for a fixed volume pressure vessel taken before and aftgr each test,
— the gravimetric method for weighing auxiliary fuel tanks, and

— these of an appropriate fuel flow meter.

These three methods are presented in detail in SAE J2572:2006, 7.2.1, 7.2.2 and 7.2.3, respectively.

C.7.3 Calculation of fuel consumption rate

Equations 2 and 3 in SAE J2572:2006, 7.3, are used to calculate fuel consumption, expressed in kg/km, for
city driving and for highway driving, respectively.

C.7.4 Dynamometer coefficients

Dynamometer target coefficients shall be determined as prescribed in SAE J2264.

© IS0 2008 — Al rights reserved 21
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C.7.5 Dynamometer test procedure for city fuel consumption measurement

All specifics of the test procedure, including fuelling, temperature stabilization, vehicle preparation and
preconditioning, dynamometer preparation, etc., as well as the details of the tests to be conducted, are

presented in SAE J2572:2006, 7.5.1 to 7.5.13.

C.7.6 Dynamometer test procedure for highway fuel economy measurement

All specifics of the test procedure, including fuelling, temperature stabilization, vehicle preparation,
dynamometer preparation, etc., as well as the details of the tests to be conducted, are presented in

SAE J2572:2006, 7.6.1 to 7.6.13.

C.7.7 Fuel|consumption calculation correction to account for battery/capacitor effect

For hybrid fuel cell electric vehicles, a method is provided to correct for the battery/capacitor influence o
consumption| for the case where the final system state of charge has increased or decredsed by more
1 % from thefinitial system state of charge. For the case where there is an increase in battery/capacitor e
at the end of a test, the manufacturer has the option not to apply the correction cateulation. Details ¢

h fuel
than

hergy
f the

calculation methods are presented in SAE J2572:2006, 7.7 and subsequent subclauses, for a hybrid VIhicIe

equipped with a battery system, for the city (UDDS) test and for the highway (HEEDS) test, as well as fi
case of a hylrid vehicle equipped with a capacitor system.

C.8 Calculation of vehicle range

C.8.1 General

r the

The driving rfange of a fuel cell vehicle and of a hybrid fuel'cell electric vehicle is determined from the tgsting

and calculatipn methods used to develop the fuel consumption information.

C.8.2 City range

City range, pxpressed in km, is determined.by dividing the usable fuel amount (the difference in
between thg total fuel capacity and the' unusable fuel amount) by the city fuel consumption
SAE J2572:4006, 7.3, Equation 2). [See CFR Title 40, Part 600, section 209-95 (a)(2)(i) regarding
labelling purposes.]

C.8.3 Highway range

Highway range, reported.in kilometres, is determined by dividing the usable fuel amount by the corr
highway fug¢l consumption (from SAE J2572:2006, 7.3, Equation 3). [See CFR Title 40, Parj
section 209-95 (b)(2)(#) regarding U.S. labelling purposes.]

mass
from
U.S.

bcted
600,

C.8.4 Compined range

Combined range, reported in kilometres, is determined by dividing the usable fuel amount contained in the fuel

tank, by the combined fuel consumption. [See CFR Title 40, Part 600, section 209-95 (d)(2)(i).]

22 © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=1b64766e4327527c94eb3b0b5c96a9dc

ISO 23828:2008(E)

Annex D
(normative)

Pressure method

Either the internal tank or an external tank may be used to measure the hydrogen consumption. If an external
tank is used, it shall be connected to the vehicle by a bypass line.

For preconditioning, the internal hydrogen tank or an alternative source of hydrogen may be used as shown in
Figure D.1.

The Bypass line should be securely installed to prevent breakage or release by vibration/and inclysion of air.
The refuelling pressure should be adjusted within the manufacturer’'s recommended_values.
The fpllowing items are given as requirements for the pressure method hydrogen tank.

The |nternal volume of the high-pressure section of the tank shall bé known, and the internpl volume of
accesgsories (pressure regulators, hydrogen lines, etc.) may be neglected if small enough not to gffect the test

resulf.

A megans to measure the internal gas pressure and gas temperature shall be available. The volume change of
the hiydrogen tank during high-pressure refuelling shall be small enough not to affect the test resujt.

NOTE If gas temperature cannot be measured directly; an alternative method can be used, e.g. ap described in
Annex H.

5 @ e JL N\

Key

gxternal hydrogen supply

regurator

bypass line

fuel tank

fuel cell system
electric drive
temperature gauge
additional tank

© 0O N O o~ WN -~

exhaust emission

Figure D.1 — Example of instrumentation
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The measurément method is as described below.

a) Prior to

b) Upon completion of the measuring run, the gas pressure and gas temperature of the tank for the pre

method

c) To calcylate by means of the pressure method the hydrogen consumptionyin mass, w, expressed

apply th

Table D.1 — Example of hydrogen tank for pressure method

Internal volume (measured) 40,872 dm?3
Material Cr-Mo steel
Refuelling gas Pure hydrogen
Maximum refuelling pressure 14,7 MPaG

Tank diameter (external) multiplied by tank length | @ 232 x 1170mm

Mass approximately 42 kg

shall be measured.

is the molecular weight of hydrogen.(2,016);

accessories (pressure regulators, hydrogen lines, etc.);

is the gas constant 0,008314 5 (MPa-l/mol-K);

is the mol number of the gas in the tank at the time of initiation of measurement;

is the pressure~n-MPa, of the gas in the tank at the time of initiation of measurement;
is the temperature, in K, of the gas in the tank at the time of initiation of measurement;
is the mol'number of the gas in the tank upon completion of measurement;

is-the pressure, in MPa, of the gas in the tank upon completion of measurement;

the initiation of the measuring run, the gas pressure and gas temperature of the tank fqr the
pressurg method shall be measured.

ssure

in g,

b measured gas pressure and temperature before and after the test to the following equations:

m><(n1—n2) (D.1)

mx r X _h o Pp (D.2)
R z4xTy  zoxTy

is the volume, in I, of the high-pressure section of the hydrogen tank and if necegsary,

22

is the temperature, in K, of the gas in the tank upon completion of measurement;
is the compression factor at P4,7;

is the compression factor at P,,T5.

When an error is anticipated in measuring temperature due to a difference in the gas temperature before and
after the test, the tank should be sufficiently soaked until the gas temperature in the tank becomes equal to
the ambient temperature, so that the hydrogen consumption can be determined from the pressure and
temperature of gas after soaking. When a separate hydrogen supply line other than that for the hydrogen tank
for the pressure method is also used, the gas supply pressures in both lines should be maintained equal, so
that there is no input or output of gas when the lines are switched.

24
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(normative)

Gravimetric method

28:2008(E)

Either the internal tank or an external tank may be used to measure the hydrogen consumption. If an external
tank is used, it shall be connected to the vehicle by a bypass line.

For preconditioning, the internal hydrogen tank or an alternative source of hydrogen may be used

Figu

The

The refuelling pressure should be adjusted to the manufacturer's recommended values.

Since
temp
barrig

The
be m

Key

q

brature, an appropriate means for reducing the effects of these factors, such as a dampin

veight of the hydrogen tank should be minimized as much ag’poessible because the weight o
pasured is small in comparison to the weight of the hydrogen tank.

egulator

E.1.

ypass line should be securely installed to prevent breakage or release by vibration/and incly

measurement of a small weight difference can be affected by vibration, convection

r, etc., should be provided.

7

as shown in

sion of air.

And ambient
g table, wind

hydrogen to

xternal hydrogen-supply

ypass line

M
K

fueltank
fuel cell system

electric drive
precise balance
additional tank

© 00 N O O~ W N =

exhaust emission

Figure E.1 — Example of instrumentation
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The measurement method is as described below.
a) Measure the weight of the tank using a balance before starting the measuring run.

b) The gas supply pressure from the hydrogen tank should be set equal to the pressure of the line so that
there is no input or output of gas when the connection is made.

¢c) Remove the hydrogen tank from the hydrogen line and measure the mass after the test using a balance.

d) To calculate the hydrogen consumption in mass, w, expressed in g, from the measured mass before and
after the test, use the following equation:

w=81-82 (E-1)
where

g4 |is the weight of the tank, in g, at the start of the test;

go |is the r weight of the tank, in g, at the completion of the test.

When a sepgrate hydrogen supply line other than that for the hydrogen tank for the gravimetric method i$ also
used, the gag supply pressures in both lines should be maintained equal, so-that there is no input or output of
gas when th¢ lines are switched.
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Annex F
(normative)

Flow method

The hydrogen shall be supplied at a manufacturer’s recommended pressure.

A flow meter shall be installed to measure the hydrogen flow supplied to the fuel cell system during the test.

The flow meter and bypass line should be securely installed to prevent breakage or release.by yibration and
inclugion of air.

2 JU N
T 3
(=9 51O
[ e w—— =N
\ N\ W\ )
/.
Key
1 gxternal hydrogen supply
2 flow meter
3  lBypass line
4 fuel tank
5  fuel cell system
6  electric drive
7  gxhaust emission

Figure F.1 — Example of instrumentation
The measurement/method is as described below.

a) Tlhe amount of hydrogen consumed by the vehicle shall be determined from flow meter heasurement
fesults.

b) The’hydrogen consumption in mass, w, expressed in g, shall be calculated by applying the measured flow
volume to following equation:

w=b

m
_m_ F A1
1052414 F1

where

b,o is the fuel consumption in volume, in |, at 273 K, 101,3 kPa;

m is the molecular weight of hydrogen (2,016).
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Annex G
(informative)

Current method

The electrical current method is designed to determine the quantity of hydrogen consumed, by measuring
electrical current output from the fuel cell stack. Based on the principle that the amount of electrical current
generation by a fuel cell stack is proportional to the quantity of hydrogen consumed, it is possible to determine

hydrogen co

determine th
and lost thrd
consumption

In the curren

near the fuel

In the case ¢

care should

clamp area \

A current se

input and sampling frequency can fully trace the current variations caused by the load variations of test cy

hsumption by integrating electrical current values. However, the electrical current methodsc

measurement method needs to be used.

t method, a current sensor shall be installed on the output wire of the fuel.cell’ stack at a
cell stack (see Figure G.1).

f a clamp type current sensor susceptible to the influence of a large eufrent and magnetic
be taken to avoid such influence and to ensure that there is no gap or foreign material i
hen the sensor is installed, and any offset shall be compensated«

nsor shall be selected such that, in addition to its satisfactory measurement accuracy, its

b quantity of the hydrogen that is not used in power generation, e.g. hydrogen used for\pU
ugh leakage. Therefore, if these losses are recognized to be significant, a different-hydfogen

Annot
rging

point

field,
h the

ower
cles.

! I 1 . \
e SR\
| 2 |
C=2 s j
T~ L7 N
N =, \ N )
v,
Key
1 exhaust gmission
2  fuel tank
3 fuel cell dystem
4  electric clurfent'sensor
5 electric drive

Figure G.1 — Example of instrumentation

The measurement method is as described below.

a)

cell stack is started.

b)

cell stack is ended.

28

Simultaneously with the start of the measurement drive, integration of output current values from the fuel

Simultaneously with the end of the measurement drive, integration of output current values from the fuel
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From the integrated value of electrical current, the quantity of hydrogen consumption in volume, b;,
expressed in |, (conversion assuming 273 K and 101,3 KPa) is calculated according to the following

equation:
t 22,414
bi :Joldt o F Xn
where

t
J.oldt is the integrated current of the fuel cell stack, in A-s;

t is the measurement time;
v is the number of valence electrons (2 electrons);
F is the faraday constant 9,648 5 x 104, in C/mol;
n is the number of cells in the fuel cell stack.
Conversion from fuel consumption volume to mass is determined by applying the following equati
“h 3414

wher

W

w is the fuel consumption in mass, in g;

m  is the molecular weight of hydrogen (2,016).

© 1SO 2008 — All rights reserved
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Annex H
(informative)

Determination of tank surface temperature measuring points

H.1 General

This annex
soaking time

H.2 Test ¢

The atmosph
test shall con

H.3 Testr

H.3.1 Test

A standard fl
constant flow

As shown in
surface temg
two-thirds of]
material for 1
surface.

Key
test tank

Hescribes a method of determining the tank surface temperature measuring points ,and

tonditions

form to the fuel consumption test conditions for fuel cell vehicles.

nethod

equipment

pbw rate generator shall be used that has the capability to generate a stable flow of hydroge
rate within £1 % from a set value and that has.aflow rate integration function (see Figure H

erature. Sensors shall be affixed at points equidistant from one another and ranging over
the overall length (height) of the {ank. Each sensor shall be covered with a heat insu
hinimizing the influence of atmospheric temperature and shall be set in full contact with the

tank

eric pressure, the temperature inside the test room, the test equipment_and the conduct ¢f the

N at a

1),

Figure H.2, the test tank shall be affixed with temperature sensors for measuring its ex{ernal

hbout
ating
tank

pressure
pressure

hydrogen

N O 0o b WN -~
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regulator
controller

sonic nozzle
suction pump

standard flow rate generator

Figure H.1 — Example of standard flow rate generator
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tank top

tank bottom
temperature sensor
test container

pproximately 2/3 of overall tank length.

verall tank length.

Figure H.2 — Temperature measuring points on the test tank

Test procedure
st procedure is as described below.

oak the test tank before the test until the internal gas temperature is stabilized to examing
e measurement point of the tank surface.temperature.

ctivate the standard flow rate generator to release hydrogen from the tank at a constant f
ow rate, measuring time and initial’ pressure of the hydrogen shall be set equivalent to
pplied fuel consumption test,

The test room temperature shall be kept within the range specified in the given fuel
Measurement.

The quantity-0f released hydrogen, w, expressed in g, shall be calculated by means of
equation;

Continue the measurements even after the end of gas release while the tank is being soaked.

the effect of

ow rate. The
hose for the

consumption

the following

(H.1)

W=mx—X| ————5—
R T, x T

AN | t 2 2

where

m is the molecular weight of hydrogen (2,016);

V is the volume, in I, of the high-pressure section of the hydrogen tank and, if necessary,

accessories (e.g. pressure regulators, hydrogen lines);

R is the gas constant 0,008 314 5 (MPa‘l/mol-K);

P, is the pressure, in MPa, of the gas in the tank at the time of initiation of measurement;

T, is the temperature, in K, of the gas in the tank at the time of initiation of measurement;
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f)

g)

32

Py |
T, i
Z1 |

22 |

s the pressure, in MPa, of the gas in the tank upon completion of measurement;

s the temperature, in K, of the gas in the tank upon completion of measurement;

is the compression factor at P4,7;

is the compression factor at P, T5.

The pressure method error is determined from the integrated value of standard flow rates. Plot the error
of each temperature measuring point against soaking time, as illustrated in Figure H.3. Select the area
(point) where the error converges on around 0 % for each line of every measurement point of the tank.

ption

hetres

The time_carresponding to the selected area is determined as the soaking time in the fuel consum
measurgment.
Dimensiong inmillin
Y 4
6
5
vy A
4
3 \ M, My, My My My Mg A
< 2
? IN
(7L 2
N e ”
———
0 L= ——
.\\1
-1
) ! ! ! My ! ! ! ! A J
0 5 10 15 20 25 30~ 35 40 X
a) b)
sdaking time (min)
pressurized method error ffom integrated value of standard flow rates (%)
tept tank
.. M;  tenperature measurement points
Figure-H.3 — Example of error versus soaking time/measurement points
In caseqd whefe-the tank experiences a wide range of conditions such as flow rate, measuring timg
initial pressure of the hydrogen repeat b) to f) under different condltlons Plot the data of pre
method le

and
sure

error distribution of the pressure method for each measuring temperature point. Set the points where the
temperature sensors should be attached to target the error range of +1 %, as shown in the example in
Figure H.4.
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