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General Concepts for Safety Regulation

( Criteria for whole vehicle ]

Criteria for individual components . o
Hydrogen leakage limit in collisions
Fuel Container and its attachments

“Hydrogen system” =

[ Criteria for safety system ]

Hydrogen safety: High voltage safety :
‘Protection from direct contact

- Hydrogen leak warning system _ o
‘Protection from indirect contact, etc.

- Hydrogen gas purge amount, etc.
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ltems considered to establish hydrogen safety

CNGV CHG FCV |To establish safety Regulation
Fuel gas Natural gas | Hydrogen gas| Have no leaks
; Which components ?
Max. operating 25MPa 35MPa Hydrogen system composition ?
pressure Hydrogen brittleness ?
Sensing leaks Sense of smell ?
Y, J Sense and shut off hydrogen
5_3 Shut off gas at the Manual > gas when leakage occurs
@ event of a leak operation '
O | Accumulation and Have no accumulation and no
entry of gas into entry of gas into the passenger
the passenger Sense of smell ? compartment in the event of a
compartment in leak
the event of a leak
No discharge over the lower
o | Purge _ 2 2T
o flammability limit
3 Safe release method to prevent
& 2| Fire PRD release < secondary disaster
O o Difference between natural gas
and hydrogen gas at fire ?
= Gas leak limits is equivalent to
é) gas Ieak ||m|tS No particular test procedure <- the heat Value Stlpulated fOI’
8 (FMVSS 303) gasoline leak limits.
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Concepts for technical standards regarding
hydrogen gas leaks

Have no leaks

leakage occurs

Sense and shut off hydrogen gas when

Have no accumulation and no entry of gas

into the passenger compartment
In the event of a leak




1. Measures for “Have no leaks”

M Issues for investigation

® Safety measures for hydrogen gas system

High pressure sections: Pros and cons of conform to the
High Pressure Gas Safety Law

Mid and low pressure sections: Contents of regulations

® Hydrogen brittleness

Regulate usable or unusable materials

1. Measures for “Have no leaks”

M [nvestigation results

®Hydrogen gas system safety measures

High pressure sections: Conform to High Pressure Gas
Safety Law

The few parts that cannot stop a leakage at the time of its trouble
needs the certification.

Container, Main shut off valve, Container safety valve,

Container check valve

(Main shut off valve, Container safety valve and Container check valve shall be
attached directly to each gas container.)

Low ] i [ Mid et { High l Ll
| pressure | =1 | pressure | e | pressure | =
Pressure ' Pressure ' Pressure Container  Gas filling port
regulator relief valve regulator check valve (with a built-in gas filling
b A ¥ ‘ valve that prevents spills)
J v

Overflow
prevention valve

Pressure gauge/
Residual fuel meter Container
(at the driver’s seat) safety valve

Main shut off valve

Container




1. Measures for “Have no leaks”

M [nvestigation results

@®Hydrogen gas system safety measures
Mid and low pressure systems: Specify performance
requirements and minimum necessary structural requirements

Regulator shall not be attached upstream of main stop valve.

Overflow shall be prevented by one of following method.

Overflow prevention valve or Closing main stop valve by detecting
abnormal pressure drop or abnormal flow raise of gas

Safety device shall prevent the significant rise in pressure at the
downstream side of regulator by one of following method.

Pressure reducing valve or Closing valve that shut off hydrogen supply
at the primary side when pressure exceeds general-use pressure

Pressure Pressure Pressure Container Gas filling port
regulator relief valve regulator check valve (with a built-in gas filling
P A U il g ‘ valve tgat prevents spills)
< 5

Overflow
prevention valve

Pressure gauge/ /,@------ Main stop valve
Residual fuel meter Container

(at the driver’s seat) safety valve Container
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1. Measures for “Have no leaks”
M [nvestigation results
@Hydrogen brittleness
High pressure sections: Difficult to regulate usable or unusable
materials
Prescribe use of materials with consideration of hydrogen brittleness
Mid and low pressure sections: Unnecessary if air-tightness
IS requisite owing to excess strength in piping
[ Tow | e [ Md || [ Hgh
| pressure | [ | pressure | il | pressure |
Pressure ' Pressure ' Pressure Container Gas filling port
regulator relief valve regulator check valve (with a built-in gas filling
R A u o ¥ ‘ valvett;at prevents spills)

Overflow
prevention valve

Pressure gauge/ /,@---...: .
Residual fuel meter Container
(at the driver’s seat) safety valve

Main shut off valve

Container




2. Method of “Sense and shut off
hydrogen gas that occur”

M [ssues for investigation

® Method of sensing leaks
Sensor
Measurement of decreases in pressure
Measurement of flow rate

M [nvestigation results
® Use the method of hydrogen sensor
® Detection threshold: lower flammability limit (4%)

® Determine sensor location
(each compartment equipped with at least 1 sensor)

Examples of hydrogen
sensor arrangement

. With 1 compartment

Motor compartment

Vehicle interior (passenger
and luggage compartments)

Compartment holding hydrogen

L . components
Ex. I-1: Hydrogen components placed under vehicle interior

floor, separated from motor compartment Hydrogen detection sensor

K

Hydrogen piping, etc.

PCU Power control unit

Drive
motor

‘IIIIIIIIIIIIII

£ FC

Il. With 2 compartments

) Ex. lI-1: Hydrogen components placed in motor
Ex. I-2: Hydrogen components placed under vehicle compartment and under vehicle interior floor
interior floor (2 detection locations)

Ex. II-2: Hydrogen components placed on roof and
under passenger compartment floor

motor
N—

10




Examples of hydrogen
sensor arrangement

[ll. When tank container is within vehicle
interior

Ex. Ill-1: Hydrogen components are placed in the motor
compartment, and in tank container within luggage
compartment

Drive Yy
\
motor .

Motor compartment

Vehicle interior (passenger
and luggage compartments)

Compartment holding hydrogen
components

Hydrogen detection sensor

K

Hydrogen piping, etc.
PC

C

Power control unit

Ex. Ill-2: Hydrogen components are placed under the floor, and in tank

container within luggage compartment

[Illlllllﬁ =
2 FC

S
. |
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Leak Detection Ability of Hydrogen Sensors

Nozzle diameter 4mm, flow rate 30NL/min

3 Mt Vehicle rear (high concentration meter)
Hydl’Og g é . ’_",_ -Vehlcle fro?t cite_r -(hlgh concenirallon meter)
sensor Eg dn P P ey o e B
22 TN AN ™1 o
%% o W i v Jc'_l‘_ '_ B [T )

< L ; ¥ " Height 150cm, distance Oct
1N T T 1 {low concentration meter) |
LI G Lo S

Fig. 3-58 Hydrogen flow rate 30 NL/min
Table 1 Hydrogen concentration with upward release from central portion of vehicle
Hydrogen Hydrogen concentration (%)

flowrate Vehicle front centerfVVehicle rear] Vehicle front side] H=150cm,L=50cm| H=150cm,L=0cm

10 Maximum 1.6 6.0 3.2 0.13 0.20

Immed. before supply cutoffi 1.2 4.2 2.8 0.07 0.10

1 min after supply cutoff 0.2 0.2 0.3 0.08 0.07

12 Maximum 3.2 4.9 3.9 0.11 0.15

Immed. before supply cutoff] 1.9 2.9 2.8 0.07 0.04

1 min after supply cutoff 0.2 0.2 0.4 0.09 0.05

15 Maximum 3.5 6.2 4.3 0.14 0.17

Immed. before supply cutoff] 1.7 5.7 3.3 0.08 0.08

1 min after supply cutoff 0.2 0.3 0.6 0.09 0.09

30 Maximum 5.0 8.5 5.3 0.29 0.50

Immed. before supply cutoff} 3.8 7.1 4.5 0.21 0.17

1 min after supply cutoff 0.4 0.3 0.6 0.22 0.13

131 Maximum 7.2 7.2 6.1 0.33 0.80

Immed. before supply cutoffi 6.7 6.9 5.7 0.00 0.04

1 min after supply cutoff 0.3 0.2 0.5 0.04 0.03

Hydrogen concentration
(low concentration meter) (%)

12




Leak Detection Ability of Hydrogen Sensors

=== ===

135c 135cm 135cm
<
Hydrogen ) Hydroge
sensor ase point senso
Releape point
75cm 65cm”
© 50cm
Nozzle diameter 4mm © Nozzle diameter 4mm
10. 05 10.( 05
90— High concentration meter Low concentration meter H . High concentration meter Low concentration meter L
5 W ==\/ehicle front center Height 150 cm, distance 50 cm i IS < ==\/ehicle front center Height 150 cm, distance 50 cm w ®
c = — i - Hei i = S I <
2% VEhfde rear Height 150 cm, distance 0 cm L ‘% g 5o Vehicle front side =Height 150 cm, distance 0 cm S—
g g 7o Vehicle front side £% % g N =2
§ c 60 — 03 8 s % E s 03 g £
g % o SN /‘h L’v\ f»l’wf‘v\‘w A Nn § % 8 § . § é
N v TN N e | g2 SE £ £
ggm “I w‘\’ﬂ “ 0.208",8 884 ozqc)g
g5l Mv,\“ y o™ VAVM 5§ 8¢, §§
> °
= [ YA VARV, Ml 5 | F5 28 | 22
< A Ll o | = T2 Te
< 1L U : S TS =
W A LW EANNS | I MWWUU
0 100 200 300 400 500 600 0 100 200 400 700
Time (sec) Time (sec)
Release downward from centre of vehicle, Release downward from rear side,
(hydrogen flow rate 20NL/min) (hydrogen flow rate 20NL/min)

An appropriately placed sensor can detect hydrogen leaks at a level equivalent to the sensitivity
of the human nose in detecting gas leaks from natural gas vehicles.
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3. “No accumulation and no entry
of hydrogen in the event of leak”

M |ssues for investigation
@ Check whether hydrogen gas enters vehicle interior

® Determine where hydrogen gas accumulates

M |nvestigation results

® |In a entering test, hydrogen gas did not enter the vehicle
interior or trunk

® |In an accumulation test, the hydrogen gas concentration was
high in the engine compartment, but fell to below 4% within
180 sec. after supply was shut off

No particular standards prescribed
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Verification Test on Hydrogen Gas Entering the
Passenger Compartment

Pressure
gauge

Mass flow
meter

Hydrogen tank E

Type of vehicle: sedan; emission conditions: centre, upward release, 4 mm nozzle, 131 NL/min, windows closed

Fuel nozzle

—Upper vehicle interior
23 Mid-level vehicle interior
=y T
I o0 b L [ S Lower vehicle interior
c Trunk
S )
§ I SRR R R e LR E EEEEEEEEEEEEEEEEHEE SEEEEEEREED Engine compartment
=
@
3 10 g i [P i A eeea oo
c
8
.................................................................................
N
T
0

0 200 400 600 200 1000

H, release time [sec]

No hydrogen gas enters vehicle interior or trunk.
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Verification Test on Hydrogen Gas Accumulation

Standing hydrogen concentration at various
locations with various flow volumes

Concentration at Concentration Concentration
Leak flow rate - } at front side of at front side of
. mid-engine hood ) )
(NL/min) (%) upper radiator lower radiator
(%) (%)

131 23 20 0

100 22 18.5 0

e 50 17 12 0

. . 20 12 5 0

Underside of test vehicle Cl;:>
5 7 2 0

Concentrations within detonation range |

Hydrogen concentration in engine compartment with different leak flow rates
Q =131 NL/min Q = 20NL/min

w
o

< — s 30 ——

= — Mid-engine hood 35 —— Mid-engine hood

g [ —— Upper radiator, front > —— Upper radiator, front
CC; 20 A \ Lower radiator, front 5 20 Lower radiator, front
g ( g

5 =

S @

8 10 | 8 10 o \

: : m
o © r

o~ IN
T o 0 ‘ ‘ ‘

0 400 800 1200 0 400 800 - 1200
Time, s Time, s

Standing hydrogen concentration at center of hood tends increase as flow
rate increases. The time required for hydrogen concentration at the mid-

hood area to fall below 4% was less than 180 sec. under all test conditions.
16




Ignition Test Within the Engine Compartment

F 2=-3

Air cleaner side Injector side
, T
I

i

Condition of tissue paper after test

(131NL/min)

Table 2.1 Summary of flammability test results

Tissue paper within engine Maximum
compartment burned thermocouple

Tissue paper in designated

Leak flow rate

(NL/min) |qtal<|e manifpdld In‘ta_ke man?;old frrc?lr;; (l))fufrrr:):; temperature (°C) Pressure
air cleaner side injector side g at center of
engine hood
131 A C D 185.2 N/A
100 C A D 216.4 N/A
50 c c D 1755 N/A
20
5

A: Burn B: Partial burn C: Partially burned but original shape maintained
D: No burn

Hydrogen-air mixed gas does not ignite with 20, 5L/min 17

4. Hydrogen gas discharge
(hydrogen purge)

M [ssues for investigation

® Establish upper limit for purged hydrogen
concentration

® Location for measurements of purged hydrogen

M [nvestigation results

® Purged hydrogen concentration is below the lower
flammability limit (4%)

® Purged hydrogen measurement location: Within 100
mm of exhaust pipe end

18




Location for Measurement of Purged Hydrogen

nozzle
H,sensor = ~C ™ X7 T : .
2 $ e . .......... :
: S P e :
: LY T
Flow meter Pl AL '. ¢
007 g gie TEE 0 H, sensor
: [t I N
Pressure N P ’ i l0
regulator Flow R P -
H, 1% -. 25 > adjustment BT e
N, balance valve L (mm) B
Sensor distance vs H2 concentrationI
1.2 ] gas concentration : 1.04[%)] ‘-‘
L 10 Gagewyg o I
6 —— Flow rate = 0.433 m/s
.2. 08 frmmmmmm e N —=— Flow rate = 0.866 m/s
g —A— Flow rate = 8.66 m/s
E 06 ommmo NI Standard H2 concentration
IS
]
S 04 [ T
(@]
(&)
o L *
0.0
0 100 200 300 400 500 600 700 800 900 1000

Distance of sensor from nozzle : L [mm]
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4. Hydrogen gas discharge
(PRD release at time of fire)

B [ssues for investigation

® Comparison of fire with a gasoline vehicle, a natural gas vehicle and
a hydrogen gas vehicle

® |nvestigate safe release method to prevent secondary disaster
B Investigation results
® Effect of hydrogen fire on surroundings is equivalent to or less than
that of existing CNG and gasoline vehicles.
® Prescribe direction/location in which hydrogen release cannot
be allowed

No direct release into passenger or luggage compartments

No release within tire housing or toward exposed electric
terminals or switches, or other sources of ignition

No release toward other gas containers
No release toward front of vehicle

20




Comparison of each fire of a gasoline vehicle,
a natural gas vehicle and a hydrogen gas vehicle

View from rear

pm—

View from left

o~ b 1] T T T
£ ) 2nd PRD action
LT S S —p -
B i i
Sam [ oo el o e e ekl Wt
g Aax 136kW/m? - 1
b e 1st PR_Qactlon Y -
IS ] I . |
el Bt o e | A =13 e VanaEn
e} 1 1 ]
g, e L

1 | w 13

Time (min)

Radiant heat : 1m vehicle side,1.2m height

Scope of flames is greater than with
hydrogen. This is thought to be
because even with low radial
pressure the combustion velocity is
slower than with hydrogen.

: 1
1st/2nd continuous

PRD action

T
1
- 4
1
1

Radiant heat (kW/m?)

100 ————————-|————————L———————-|—
1 1 1
1 1 1
W e S T T e I A L
[ e 5
i 4
1 | 14 15
Time (min)

Radiant heat : 1m vehicle side,1.2m height

20min30sec

Gasoline : steel tank 40L

P T

E o

E Le 1]

E:\II

Sim

=

C 1

S

T =

I

X a

m 12 M -] m
Time (min)

Radiant heat : 1m vehicle side,1.2m height

Effect of hydrogen fire on surroundings is equivalent to or less than that
of existing CNG and gasoline vehicles.
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PRD Release Combustion Test Conditions

column
thermocouplesi’
Model vehicle 1m 5m
front nozzle rear , fixing
< rope
0.3m
GL nozzle im
[ ] \
7
A=0,30,45,60,75,90deg
d: diameter of nozzle Release box
Model vehicle L=0.1m
< > ,,,,I 7777777777777 e —— ,JQ L ]
oz IR A =l (Lear2
' 0.1m nozzle GL
7 e

ﬁ igniter
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PRD Release Combustion Test Conditions

T Im
steel plate steel plate H

2m by 2m nozzle 2m by 2m
im nozzle . 0.3m

I/

7 .
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Scenes from PRD Release Combustion Test

1m nozzle steel plate im
2m by 2m steel plate H nozzle
2m by 2m
0.3m ‘ 0.3m
' 45deg.

24




Summary of PRD Release Combustion Test

1. Ignition occurred nearly simultaneously with the release of
hydrogen, and the maximum spread of hydrogen flames
was observed immediately after ignition.

2. In cases of direct release of hydrogen, flame length
extended more than 6 m, and maximum temperature was
1400 deg.C.

3. Flames spread much to the sides when the direction of
hydrogen release tended downwards and flame length was
small. In cases of direct downward release, flames spread
about 2 m in the front, back, and side directions.

4. This discharge combustion experiment had 2 different
discharge flow rates and release upward and at a 45 deg.
downward angle. No effect of differences between these
two discharge flow rates was seen.

5. The results of this study indicate that direct discharge of
hydrogen to the front, back, and sides should be avoided.
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5. Hydrogen gas leaks in collisions

M |ssues for investigation
® Prescriptions for hydrogen gas leaks in collisions

Prescribe leak limit?

Shut off hydrogen supply at time of collision?

M Investigation results

® Set leak limit of 131 L/min in collisions

131 L/min is equivalent to the heat value stipulated for gasoline
leaks (30 g/min)

® Conduct collision tests to confirm leak volume
Prescribed Helium gas instead of Hydrogen gas

To measure pressure down in the container is available to
confirm leaks

Measuring Lapse time minimum 60min after collision
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Comparison of combustion
(Flame upward release : hydrogen 131NL/min, methane 40NL/min)

1. Flame temperature

———
Nozzie

Noxzle

1200 /—_Xv
1000 —————_>

g

1000

(7] (5]
150mm : + 5 o ek -‘.__\ é
& 800 —— . g 800
900mm l g 600 \ é 500
— E — - 5 600 =
5 S/ \» H
| E 400 — E 400
v = @
! 200 : ' ' 200 - -
Ll' 1 50 W0mm  450mm  600mm  750mm  S00mm 1 S0 300mr 450mr B0 750 [
: : Measurement distance from nozzle easurement distance from nozzle tip
Measuring point of thermocouple ea ment distance from le tip Measurem distance from nozzle tig
Hydrogen 131NL/min Methane 40NI/min
1
3.0 30
B Convection heat|
n 25 O Irradiant heat
1 B = 5
w| 8 E 20 = 20
= | 5 = -
| = = =3 =
M- &= % 15 %l
1=l N E=: = =
300mm gy & 510 210
«— il = o -
I 2 05 0
v | ] 1
| 00 T
L.— Heightlem] 25 50,75 25.50.75 2550.75 25,5075 255075 Heightlem] 255075
40 70 102 126 158
Measuring point of heat flux Nozzle diameter [mm]

Hydrogen 131NL/min

[mm]

Flame length

Comparison of combustion
(Flame upward release : hydrogen 131NL/min, methane 40NL/min)

3.Flame length Fydrogen

Nozzle(mm) 15.8 | 12.6 | 10.2 | 7.0 | 40
Flow rate(NL/min) 131
Radiation factor

==

== Hydrogen flame Methane flame I e
i 50
1200 o
1000 . =
- ”*_._._4-—-'"— '
600 » Hydrogen 131NL/min
Methane
400
Nozzle(mm) 158 | 126 | 102 | 7.0 | 4.0
200 Flow rate(NL/min) 40
Radiation factor 0.16
0
0 5 10 15

o

RN

Nozzle diameter [mm]

Hydrogen 131NL/min, Methane 40NI/min

) ] ] Methane 40NL/min
No difference in distance from flame for safety
regardless of flame temperature

Similar size flames
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Comparison of combustion

(Flame downward release : hydrogen 131NL/min, methane 40NL/min, gasoline 30g/min)

4.Comparison of radiation, convection with downward release flames

Fuel Hydrogen

Nozzle diameter
radius—increased

[mm] .h...
—————— Downward / steel plate radiation

Methane [ Convection 1 | Radiation 1

7|

Gasoline only
Small nozzle

35
30
25

20

KW/ m?

15 ¢

Gasoline |

10 ¢
05
00

Hydrogen Methane Gasoline

No difference in distance from flame for safety

Similar size flames
29
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30




Test Conditions

Test piece plate

Honeycomb face

l\%
e
RN

50km/h Fixed %

» ~ Dbarriers
e
s

i

Chassis simulating the vehiclée ..
Data transmission cable for

continuous measurement (120
meters long)

Instruments for

continuous
measurement
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Test Piece Conditions (A, B)) |ugnpressure gas Manual vaive
cylinders
Orifice Vehicle

front

— >

Solenoid valve 1

®® @ Pressure- Pressure- Solenoid valve 2

reducing reducing

Impact velocity: 50 km/h

-
N

Amount of helium gas leakage (orifice design target
value)
Target amount of hydrogen leakage: 131 L/min, 65 L/min He
Converted to helium: 92 L/min, 46 L/min
>

All parts should be of rigid fixation Main stop valv

(The parts must be solidly fixed in such away that they P: Pressure gauge

do not come apart under the impact) T  Thermometer valvel valve2 Test piece plate]
High-pressure cylinders specifications Valve Operating Conditions
Type 3 composite cylinders for motor vehicles Main stop valve: Usually open
Capacity: 34 L Solenoid valve 1: Opens after the collision
Maximum filling pressure: 35 MPa Solenoid valve 2: Closes after the collision
Gas type: Hydrogen only Manual valve: Usually closed
Filling permission: Helium filled with special permission.
Number of cylinders used: 3 cylinders per test Electric measurement
Chassis simulating the vehicle
Stack type: Solid high polymer type Acceleration (Front, center of gravity): Measures collisions of

500 msec in impact velocity after collision.
Valve operation: Measurement on collision, continuous

Valve specifications
Main stop valve: in-tank valve for motor vehicles measurement

Pressure reducing valve 1: Parts for motor vehicles (made by X ) (35 MPa Pressure, temperature: Continuous measurement (one hour
--> Less than 1 MPa) after collision, wired measurement)

Pressure reducing valve 2: Industrial parts (Less than 1 MPa --> Stack Event signals: Measurement on collision, continuous

supply pressure: About 0.1 MPa) measurement
Solenoid valves 1 and 2: Solenoid valves for motor vehicles (made by X) - . .
Sensors Measurement on collision: Short-time, high-response

Pressure gauge P1: Delivered as part of the in-tank valve (Capacity = 50 measurement using materials for impact test. )
MPa) Continuous measurement: Low-response measurement using

Pressure gauge P2: Sensor exclusively used for measurements (Kyowa the data recorder.

Dengyo: 50 MPa)

Pressure gauges P3: Sensor exclusively used for measurements (Kyowa
Dengyo: 2 MPa)

Temperature sensor T1: Delivered as part of the in-tank valve

Optical Measurement: With five high-speed video cameras
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Test Results A

| Amount of Leakage Converted in Hydrogen: 131 L/min

71Al High-pressure Parts Pressure 71A1 Leakage Flow Rate

40 80
= =
© = 70
2 5 - €
=3 = 60 W-‘L
2 2
2 30| . . C 50
3 2
& S a0
2 - \
2 — Strain sensor 30 — Flow meter |
— In-tank sensor
20 20
0 600 1200 1800 2400 3000 3600 600 1200 1800 2400 3000
Time (sec) Time (sec)

High-pressure Parts Pressure - Time Diagram Flow Meter Flow Rate - Time Diagram

Amount of Leakage Converted in Hydrogen: 65 L/min

71A2 High-pressure Parts Pressure 71A2 Leakage Flow Rate

40 80

— Flow meter ]
s G
a £70
35 fro
% e ?_E; 60
2 20 e o
7] © 50
g :
T 3 40
BH —giai o
train sensor 20
— In-tank sensor
20 20
0 600 1200 1800 2400 3000 3600 0 600 1200 1800 2400 3000 3600

Time (sec) Time (sec)

High-pressure Parts Pressure - Time Diagram Flow Meter Flow Rate - Time Diagram

Calculate the amount of
leakage from the pressure
sensor.

Measure the amount of
leakage with the pressure
sensor.

Validation of accuracy.
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Test Results B

Amount of Leakage Converted in Hydrogen: 131 L/min |

Leakage status

Chassis deceleration

T71B1 High-pressure Parts Pressure

35\

30 T

T71B1 Chassis Deceleration

400
350
300
250 \
200 \
150 / \

[—Chassis]

Pressure (MPa)

50 — In-tank sensor
0 20 40 60 80 100 0 600 1200 1800
Time (msec) Time (sac)

Deceleration (m/s”2)

2400 3000 3600

High-pressure Parts Pressure - Time

. . Diagram
Amount of Leakage Converted in Hydrogen: 65L/min

Leakage status

Chassis deceleration

T71B2 High-pressure Parts Pressure

Measurement: OK
Sensor accuracy:
OK

T71B2 Chassis Deceleration 40
< 400 - z
) [—Chassis| g
% 350 L%
£ 300 1 2
S 250 1 2 30
g 20 | &
2 150
2wl | 5 — Strain sensor
© 5 ~~ — In-tank sensor
20

1800 2400 3000 3600
Time (sac)

0 20 40 60 8 100 0 600 1200
Time (msec)

High-pressure Parts Pressure - Time Diagram

Calculate the amount of
leakage with the pressure
sensor.
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Reference : Comparison of hydrogen and other
automobile gaseous fuels

Max. burn rate

Fuel

Combustion heat

Flammable range

(m/sec) concentration at (@10°Pa, 25°C) (@101kPa, in air) Vol %
max. burn rate (%) (kd/mol)
Hydrogen 291.2 43 286 4.0-75
Methane 33.8 9.96 891 5.0-15.0
(main component of
natural gas)
Propane 39.0 4.54 2219 2.1-95

(main component of LPG)

Basis for view that
hydrogen is less
dangerous than other
gaseous fuels

In combustion
due to escaped
fuel during
vehicle fires, the
blaze range is
smaller with the
same fuel
release volume
(flow rate)

Methane and
propane reach
maximum burn
rate with smaller
leak volumes than
hydrogen
(although max.
burn rate is small)

Propane has the
highest combustion
heat when fuel is
released in the same
space and a
combustible mixture
is formed. Hydrogen
is about 1/10 of
propane

Propane has alean
flammability limit, and
combustion (eruption of
fire) occurs with a small
amount
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