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Safety Evaluation of Metal Hydride Hydrogen Storage Tanks
— Investigation of Fire Test and Drop Test—
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Abstract

In this study, we performed safety evaluation tests on high-capacity hydrogen-storage tanks,
referring to the safety evaluation test method for transportable MH tanks, ISO/TS16111,
established in ISO TC197/WG10. In the fire test, a cylindrical tank, which may be used in any
position, was tested in the vertical and horizontal positions. In addition, a rectangular tank was
tested in the horizontal position. The pressure-relief device was activated in both types of tanks,
confirming the suitability of this test method for these tanks. In the drop test, almost no damage
was observed to the cylindrical tank after the drop test, partially because of the effect of the valve
protector. The rectangular tank has a hydrogen pipe welded to it, and the valve is attached to the
tip of the pipe. Therefore, the valve-mounting position is sensitive to the drop test.
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Table 1 MH tank specifications

Rectangular Cylindrical
tank tank
BCC type AB5 type
W type (TiVCrMn) (MmN MnCo)
Tank dimension |80%x120x670mm| ¢ 50.8 x 363mm
Operating pressure <1MPaG
MH weight 4. 8kg 1. 3kg
Total weight 11. Tkg 2. 2kg
Hydrogen capacity | 1m*(Normal) 200L (Normal)
Pressure-activated
PRV 1. 4MPaG 8MPaG
Thermal ly-activated o o
PRD 110°C 138°C

Rectangular Tank Cylindrical Tank
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Table 2 Test conditions

Heat exchange

Test No. MH tank Test position .
pipe
1 Horizontal B
Cylindrical |—Ro-upvard)
2 tank Hor izontal B
(PRD: downward)
3 Vertical -
4 Rectangular Hor i zontal without water
5 tank with water

Video camera

! ! PRD

PROD shield

Thermocouple

MH Tank

Pressure gauge 4= Propane gas

(P IPropane burner

Emergency valve

Fig. 1 Schematic of testing diagram
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Thermocouple installing points
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(cylindrical tank)
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(rectangular tank)

Fig. 2 Temperature and hydrogen pressure

Horizontal position (PRD:upward)
(cylindrical tank)

Vertical position

Hydrogen
flame

Without water

(rectangular tank)

Fig. 3 Picture of PRD activation
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Fig. 4 Horizontal drop test (cylindrical tank)

Table 3 Damage condition of cylindrical tank

L. Damage condition
Drop position -
Picture Damage
Vertical No damage
(Valve:Upward) &
Vertical No damase
(Valve:Downward) &
45° angle H Slightly dent
Horinzontal E Depth of 1mm

[y v 71%, REBI2G0y v 7 2R L.
527 AZTHEDILNHTE 2 T2 L TORFEET
CASPHE T BLOEERE T E2ITo72. ¥ ¥ 7BIXH
EOFR VR Z TIC L CORFEET £45° % T %
To7z. B, "V 7a2HFELLZEHZ FIZLTO
HEH 3% T IIKREELE OB AN 2 % TRtk %
T2OFER L o 72, Table 4127 T EROfEGIKI
N KR T T, 0.5~ 2mmAEREE A
CUkERE o, T2, ¥ IBOKFEETT
INVTOBHBEIL ) IKEEESMDBLER L 2o
2. TDOZENS, NIVT EERLZEEAE
TEHRERIAT LTIV & 2R L. BT REBR%
DWEETINE, ¥~ 7 AD18.9MPaG, ¥ » 7 B2S
20.5MPaG & 72 o 72, & TIEBRRFED & > 7 O
L TEHI2IMPaGTH 5 DT, A RIFEf L 7-7%
TOBEBGIZ L BWREREN~OZEITIZEALRS
N WEER L 7 5 72,

266 — 12 —

Table 4 Damage condition of rectangular tank

Damage condition
Picture Damage

No. Drop position

Horinzontal Depth of 0.5mm

A 45° angle Slightly dent
Vertical 6mm of pipe
(Valve:Upward) contracted

Depth of 1-2mm

Hor inzontal Pipe bended

45° angle .:‘

Slightly dent
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