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Extreme Temperature Pressure Cycling Test of Compressed Hydrogen Tanks for Vehicles
— Performance Deterioration due to Examination Temperature —
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The purpose of this study is to investigate the influence of examination temperature during

extreme temperature pressure cycling test to determine the performance of two types of

compressed hydrogen tanks for vehicles, VH3 and VH4. Decreased fatigue life was observed in

the VH3 tank used for this examination, and decreased burst pressure was observed in the VH4

tank.
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Table 1 Specification of test tank

VH3 Tank (Type3)
KHK Approved

VH4 Tank (Type4)

Specification ANSI/IAS NGV2-1998

Filling Pressure [MPa] 35 35
Volume [L] 39 65
Diameter X Length [mm] $ 297 X 906 ¢ 400 x 832
FRP Type CFRP CFRP (External Layer : GFRP)

Linner Material Al (A6061-T6) |High Density Polyethylene (HDPE)

Table 2 Result of ambient temperature pressure cycling test
(Maximum pressure : over 44MPa (=FPX125%))

Tank type | Life [cycles]| Termination | LBB Position
VH3 23,336 LBB Dome Part
19,658 LBB Dome Part
VH4 53,541 LBB (No check)
81,858 LBB (No check)
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Fig. 1 Test apparatus and tank
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Table 3 Test conditions

Test Place Temperature & Humidity Chamber
Fluid (Medium) Perfluoropolyether (PFPE)
Minimum Pressure undre 1 MPa
Test . over 44 MPa
Conditions Maximum Pressure (Filling Pressure X 125%)
Freauenc VH3 : 40 sec/cycle
d Y VH4 : 50 sec/cycle
Measurement Pressure, Strain, Temperature
(Sampling Rate : 10Hz)
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Fig. 2 Schematic diagram of target test conditions
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Fig. 3 Mounted position of strain gauge and thermocouple
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Fig. 4 Temperature, pressure vs. time during high
temperature test of VH3 tank
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Table 4 Results of temperature condition during extreme

temperature pressure cycling Test

H & &A%

Tank Type | Target Temp.| Fluid Temp. in Tank | Tank Surface Temp.
VH3 =85°C 85°C~96°C 87°C~90°C
-40°C+5°C -36°C~-43°C -40°C~-43°C
VH4 =85°C 85°C~97°C 90°C~92°C
-40°C+5°C -24°C~-35°C -37°C~-39°C
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Fig. 5 Cylindrical strain vs. pressure during tests
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Fig. 6 Result of penetrant testing of LBB tank liner
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Fig. 7 Result of burst test (VH3 tanks)

140

< 120
a
= 100 948 955 934 937
w0 831 817
2 FP x[2.25
Q60 [ — — H
a
% 40 — — H
[4
=3
@ 20 [ — — H
0
Initial Burst Pressure  Burst P fter Burst Pressure after

urst Pressure a
Ambient Temp. Extreme Temp.
Pressure Cycling Test Pressure Cycling Test

Fig. 8 Result of burst test (VH4 tanks)
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Fig. 9 Appearances after burst test (VH4 tanks)
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