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Experimental Study on the Structural Integrity of Type IV Hydrogen
Pressure Vessels Experienced Impact Loadings

Min-Gu Han*, Kyung-Chae Jung*, Seung-Hwan Chang**

ABSTRACT: In this paper, finite element analysis and real time monitoring experimental work using FBG sensor were
carried out for analyzing structural integrity of a Type IV hydrogen pressure vessel under impact loading condition.
By using finite element analysis with the ply based modeling technique, sensor insertion points and pressure condition
were suggested. Tensile test with an angle ply specimen was conducted for getting the reliability of FBG sensor
insertion method. After fabricating the vessel, total five times pressurization fatigue tests were conducted (Non-impact
pressurization: 1, After impact pressurization: 4). Experimental results revealed that filling cycle time was gradually
increased and filling gradient was decreased when the vessel experienced impact.

8 & AROE Tipe IV £ GBI AT SRS 2ol S Tk AR UG 12

431 FBG ALA AIRIS B AAT R AL
RS B9l EBG AAS AT +4 4719 AR 4 zo e ZZﬂE M

B 7% Y Sustlch A4 7 A LA AT A4S

AR, o1 A5 24 B ohel Lo sl B A oo 1152 ke 1A 5 43

4 9249 SRSk ARET 1FE TRt W2 ARIAL 4 FUT ASS Byor], 4819 F

UYL 8719 F7 Aol HAHOR ZAekn A

>~;§oﬂ
o
=
il
i o o goh ik ko

£ o Hr o oo b Ph
2

Key Words: <=4~ ¢12]-8-7| (Hydrogen pressure vessel), 337 Al A (FBG Sensor), 52 5|5 (Impact loading), S%&
(Filling gradient)

1.4 = 22 ARAA 2P| Aol 7H43HE 1 gk AR AX
AOIA 88 YIS S G819 48 )

W OAAReR B dr g 8 oddo] PstEy  we U WES A 91 e L o 4
A olE A Sietel A Wkl AABE Aul 4 Eshol A o] o] Bk 5o ggo 2y
(CAFE)? 2o AES WSO, $A0 314 RS o SH4E REsh Sy shastud Auralel 34 4
AL A Aol Waro] gxuo] 44 JUAE BE =7t ohd A, MFES} £ Trbe] TG BE
STl AT ok B e doRNE AgReE, RS BEsl] AXsta gk AeIE oy FHL §
g AUARA) TFe Aol Wl L sk oS A S ARHE Sa GRgTI A FAS HAYR FS

Received 1 April 2016, received in revised form 28 April 2016, accepted 28 April 2016

*School of Mechanical Engineering, Chung-Ang University
*School of Mechanical Engineering, Chung-Ang University, Corresponding author (E-mail: phigs4@cau.ac.kr)



Experimental Study on the Structural Integrity of Type IV Hydrogen Pressure Vessels Experienced Impact Loadings 61

7HX 0, B2ke el 0] B @AlA el eeld Zhw
WS 5 TRHQ BAHS AT OBz, o3t T2
o YA mAYa A Fof L sH4lo] B ThFet A7t
A3 9lek. Son H{1,2}E AR HBHG HH2 4
W17 15to] Type I 54912871 wale A 457
297 7]Wo] obd Sefo] mAY /ML Bgsto] Hr}

2 A A stsieh Kim S(3.4]
2 Bgstol a PUGTI AT B
shoich. Rt oleet Bl W e Bgdte] 44 ¢
719] A B 24 NI A= ks A
T} Hong {512 44 e§719) 37 A MAgsi 2%
MBS Wske] B R B A BY A3tE T
A7) gre] 2 AABLEOv, Hu Sl6le FRAoR o
2 Brhsto] BN RS vhE WS HHHoE B
SIS g2 g7) FEoNA AT et
o FANAS +qste] 14 A7) B
2 ahe YRS RASIT of o Aol EE

Felgrle] A% A% % 1% 57 2700 =54

u, ofuf] FE0| AR Htel A4S of

2 e o @
N 3R
Ko
2
= F
1o

A

Mo 4T mu > ok > & ol
s

1o KT OB
My e e
OBt o
_?L
fr
ok
o
2
=
ox
2
i
iy,
i)
N
£
1
K-
e
oft
-
BN

s (L
)
-,
X
fr
—

o E
<
+
br
e
1
op
N,
>
24
e

> (o
o
op

o=
ol
2L

W&i7) FBG ALA B 412
st let. Fatase)s

EJEE Ao, 8

o F
W
-0 ol

lo

e
mz
>

1z

ul
© M @
-
o

2
o

l'_l

[
-1
o &

o mz 31"
@

Mo = wu
o o R
o o

o o

2

-

N

e

lo

il

>

L

H

°

) o
AL o e Tox Koo @ ok

ofs
S

fr 2o o o
o B 4y & w2

o O o2t Mo o B x &

o o
B
e B 38
X o -
1
o
N
o

ol 4

>Ry o
g9t

oX,

)

ol

o

T 2
re,

-

il r

N
30
rok
k0
B>
§l|=l
1z

N

Y
B
1o
02
0z

|E

e —
rr

5t

1o

2

-

o W

e M
A2 Type IV B3R 4
1 % 20.7 MPa Folct. 524 912
TR, GG BAHR} 2l

b eholuiof kil

l‘ll‘%

Lui-'.

|

iy

A1 =

R Hdr —
e 8

o

of MU X

et
o
o

2 pth golu = el g71el W2 49e 5%
5t A1 = E 2w (HDPE)= A &L=, 574 F7of A
o /Wy FARIA EE 3 en HHE bRl
(AI6061-T6)S 0] 25T}, Bala]mis B0 o] ZA] (T700/
epoxy) & AH&-SH o H, s A o] &85 72 A7 o) B4
Table 19} A 2|3} ).

Type IV AAIE =4 4 E87]= F 32 S0l 2 445

iy
rr

o

Table 1. Material properties

High Density Polyethylene(HDPE)
E 1.8 GPa v 0.42
930 kg/m’

Aluminum (6061-T6) [8]
E 69 GPa v 0.3
2700 kg/m’ 276 MPa

otvielzl

Carbon/epoxy (T700/epoxy)

E, 144.8 GPa Vios Vi3 0.31
E, E, 8.6 GPa Vi 0.38
G, Gy3 5.2 GPa r 1595 kg/m’
Gy 2.8 GPa
& T1700epoxy
(=9 HDIE
& awo61-r6 | CYETL--

Tort & Knob

Fig. 1. Type IV prototype hydrogen pressure vessel FEA model
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Fig. 3. Maximum stress in helical winding layers (a) fiber direc-
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Under 20.7 MPa
80

~— Hoop
—— Helical
— High Helical

Transverse Stress (MPa)

Fig. 4. FBG Sensor insertion points



Experimental Study on the Structural Integrity of Type IV Hydrogen Pressure Vessels Experienced Impact Loadings 63

He MRS £ Al 2o FopE Mgl on], e
F|oFR = 2] 2 (Helical), 21 &) (High helical) 2117 1
Blo] Sroiglch 414 A1e2 HAE A Floknel Szt
© Ae] S AFSHTHEig 4)

w
>

(=3 |
[ =]

3.1 AHE 6z
Type IV 52 12l 87] A1 o
e oleld 7718 Sgato] A2He 43
17]0ll SbAl FBG AlA]o] Al=l4e ghelst
s}l Tt FBG Al A o] 72 A
oAbl ApgR ol 4k g
Sibie Fage A9 gt

=

HAM HEY Stel
o Alare A9 2
5 A

p 2
oglg‘
ol

>
)
4>
b

> 1% 12
ok
fr 1o
2
N o
N
1% g

oo &

i)

oX,

=2 et

st >~ o
N A
;_lg Fl[‘
il
n
o
2
1o
o
)
e
o
T
T
o= HZ

2
il
e
|o
m\u
).
%0,
_V,L
e
I'F
é
&
2 £
q%
(e}

6}04 FBG HMH a]xl
a8 Foldlglon, AEFog 8 FgAS
olo] 25 7] A2 2 A
}oFo 2 FBG AllA AFe] 9l H3E AllA|(Strain
A| (Extensometer)S 526t & A17)1-S v 06}
12|48 &olst9itt.
19871 AMAIE AZE 3ol Al FBG AlA S
ekt Setsaiol A A Al
A&sl7| FBG HAE AFelstaial efoly &
e 7;4 shleh Al 3o f1x]ofl 2+ = 7
Al 7H.4 FBG A A& AMelstg o
sfo] gt 140 weia

(Off-Axis)

o
2
o‘}&
e,
=y
Ll
lo HN'

o
o
o

R
N

2 oL = Mook o
i ok
agEs
o

e
iy
> Kl
L

o

Y

o2

2
=

=
o«

4

B
o_ﬂ

aal
|o
HUE
112:0

)

X
R
o%

Sensing
Interrogator

duta acquisition

@

Angle ply Specimen

Angle ply Specimen
350

Sémeomte Goge gh 2imc 0.25~0.30
£ 300 { — Strain gauge (Gage length: 2m e
8° ’ = FBG sensor (Gage length: l()mmv

250

Stress [MPa)]
- N
o 3
3 3

]
8

Caused by
Gage length Error

@
8

X
x, y: Laminate axis
1,2: Ply axis

0.000 0.001 0.002 0.003 0.004
Strain [mm/mm]

@& FBG Sensor
P Strain Gauge

(b)
Fig. 5. FBG sensor reliability; (a) Tensile test, (b) Sensor reliability

Final Product

Off-Axis Sensor

Fig. 6. FBG sensor installation during the fabrication process of
a Type IV pressure vessel

Ao AAE o] AU B oA 72 AAE A
Asto] e 3T AoIglout Aoty 5 29 22l
EoA F 7| AlA Y] &I FA TIeE AR 5 5 Al AlA
o] mto] whgste] AuH O 1M Q1B F A, 3w &
N, & Al A AA7E g Eel A AEshaict.

o ol

AE| +

3.2 7lgt A8
ARIE A2 g AA A1) # Type IV 44 Qhel87]9] 7}

200 A}O]EL.J 45 A]anl o _/,E?Sﬂ‘sl— o]_r 000 AJo|E =
7P% *Eou glo| el & g 35}gr}.
FBG AlA 7} 4Fel=l ZF ol oA o] ¥

- g
e 7474 s At fARE 2717 L}%%

& % UGITh B FEOA IS WFE ] Folt= Al
A A Tel A BAIRE 250 o3t Ao T B

) - 5
FE HIAYPH S o] Gl AAAS AL F HIE S
= a2

g m’ n* mn £,

&=| 0 m  —mn |qg, 1)

7 2mn 2mn m-n’ Yy

& Y ply strain, &, %, laminate strain, m: cos@, n: sin@



64

Min-Gu Han, Kyung-Chae Jung, Seung-Hwan Chang
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Fig. 7. Strain data during pressurization experiment
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