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Abstract

With the global energy transition and advancing carbon neutrality initiatives, hydrogen fuel cell
vehicles (HFCVs) are gaining momentum as efficient, zero-emission transportation solutions. Among
onboard hydrogen storage technologies, the high-pressure gaseous hydrogen storage has become
the mainstream approach due to its mature technology and rapid charging/discharging capabilities.
However, the safety and reliability of HFCV onboard hydrogen systems remain critical challenges
for commercialization, constrained by complex operational factors including pressure-tempera-
ture cycling, road vibration impacts, and hydrogen chemical environments. This paper systemati-
cally investigates failure modes and mechanisms in onboard hydrogen systems through multi-level
analyses at both structural and component levels. Building on this foundation, it introduces quanti-
tative analysis methods including failure criterion formulas and material performance data, cover-
ing traditional structural strength and dynamics analysis, fatigue damage and life prediction, with
particular emphasis on the necessity and advancements in multiphysics coupled simulations. By
integrating theoretical frameworks, empirical data, and case studies, this work establishes a
knowledge framework bridging qualitative and quantitative approaches. The findings provide the-
oretical and methodological references for optimizing onboard hydrogen system design, safety as-
sessments, and full lifecycle management, ultimately advancing the safe, reliable, and sustainable
development of hydrogen energy transportation.

Keywords

High Pressure Hydrogen Storage, Onboard Hydrogen System, Failure Mode, Quantitative Analysis

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|

fEA BRI FI R S ARAR R BURIR R W RF SRR IR AR D7 RV AR ARE R T, SRR AAR
IR R BERE AR = (20 142 MU/Kg) il PR i i o5 Yt 200 etk #0200y 21 el
iRV DI — R KRG . AR A REMIR U b, BRI 4R (FCEV) i a6 B O L
M fL[1] [2]X IR A BT RAT KSR . BEWBAE 3~5 B A SE DR RE AN TR U BE T, DA
AR 2 b R AR b SE LR HEROR 9 R o5, AR A BRVCAE P LA s Bl Ak 7 1A B R R TR L, 1B
W RAFAE AR T BRI EZAE o B3 SC Rk r it (PEMFC) BRI AR IR AR WA/, 3 3k
JER. RERHAACERESEREN A, @S . [ e 2R il KR 1% RS 2 A SUR S I P 7
ALK o SRTT,  BORE LR R — 2B 4 T T e — WO B —— RO R R A HA PR i 4 B A7
fi AR H T AR AT BMRAS A D o Sk A7 i RSO i 20 AR P b 22 RS g sl AL S P ) B B2 TR R 22— [3] o

I BT 3, S RS HE S A EOR A R . R G D T o ATEE A R DL AR T
RS, BN FHM ARG EREART B (NGR4T, FREER
GiEBUKMHPIRIIRE: — A RSRIN 2 L RE T R TR RE i B HEIZ AT 1 SES
ok, REMSRELR N SRENA . R, DIAGEA L. 5B T/ SR R, Ek
GRS A RE R, B ERE SOV RIS RS2 A REMA Y. B4k, HMEIZAT X A AR E
P15 Bl A B RE B HY B R, T B R G AT I AR B LR R ORI AR M AR REAE R

DOI: 10.12677/dsc.2025.144047 485 B 1RG5


https://doi.org/10.12677/dsc.2025.144047
http://creativecommons.org/licenses/by/4.0/

ML 5

Mo FHt, ABRERGE R RE HVRE g GRS e nl S B S 3 Y [4] [5]. #RkHH
WYL SEPRAT M R T, RS R G A B b 252 2k B BS80S i 3 BA KA 2 [8]
FHE S 2 P S EATER . KIS RS 7] B S B A R AL R R B BB Rl
55, LI RESMRE R WAk, TR RINE IS 2 B i S RS R 5T A, de R
JRAL AR -

BT ERER, AN ERARSGR KRR GPENT, XA A T KGR S 398,
Mgl E BN R BRI, FE S SR T RS BRI TS R RS
R IVEATIRY, DA FERMEA RA NS B I AN S 22 IR0 2% 530K
(# 1).

Table 1. Performance comparison of different on-board hydrogen storage technology routes
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Table 2. System-level failure mode characteristics
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Table 3. Typical material properties of type IV hydrogen storage bottles
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Table 4. Common valves and main failure modes of on-board hydrogen systems
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Table 5. Modal analysis results of a vehicular hydrogen system
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Table 6. Typical impact test load parameters
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Table 7. Key multiphysics coupling problems of on-board hydrogen system
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Table 8. Key parameters of drop impact simulation model
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Table 9. Stress verification of key components in drop impact simulation
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