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Evaluation of Structural Integrity of 6.8 L Composite Pressure Vessel
Manufactured by Domestic Carbon Fiber
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In this study, the structural integrity of a 6.8 L composite pressure vessel manufactured using H2550 carbon fiber was
evaluated by the finite element analysis method, and the reliability of the analysis method was verified by comparing the
hydrostatic test and analysis results. The pressure vessel was manufactured using the filament winding method and a
hydrostatic test was performed to evaluate the failure mode and burst pressure of the manufactured composite pressure
vessel. To construct the finite element model, a cyclic symmetric model, which only considers 1° of the front part, was used
to reduce the analysis time and increase the modeling efficiency. As the carbon fiber was wound along the curved surface
of the dome part, the winding angle and lamination thickness were modeled to change according to the dome radius.
Comparison of the analysis and test results confirmed similar behavior in the axial and hoop strain diagrams due to internal
pressure. In addition, it was found that the maximum fiber direction stress of the hoop layer showed an error of 3%,
verifying the reliability of the finite element analysis method.
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NOMENCLATURE t. = Layer Thickness of Cylinder
L ] ) o, = Helical Winding Angle of Cylinder
6, = Ply Stress for Laminated Axis
Qup= Stiffness Constant
SﬁL = Ply Strain for Laminated Axis
= Lamination Angle 1. M=

o = Helical Winding Angle

o e SRS ALESIO] T sl PO AL B
i = t _ o s _ . _
U v thiknese WA AR S U D U5 Waem A% A F1sel
= ayer 1CKNEss - =
o 7] w71 B4R Qreiglel uls) £ o] dekisol
A L EY A 875 A BER AR L

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.021.088&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

954 | December 2021

wet BAS S5 5 9k ol Uk olefdt o HE 71X
T gle] A ABA) w4 FeAgY) L A A4B
5o BRAE Fol7] 913 BTA Y7t AgE et
B QeI T g o QI3 MRS B 4
52 sk, Aol 9L nHE Fa Al BaHG B
A AR T P FEolt ol A BaHAE H8T
B FATIE S MR BT B olSlolE AR FH
A AE o

]
N
o &
o
offt
K1
ol
Fo
<t
ro
;Y
)
iu)
2
H
)

o SEFAR QT B9l TAHAE ST 4 glol, PArg
Qe1§7]) AT B ARARe] EAsHA HThHS ofo]
8  wgle] ) 24
WAL Fe87] A W FEAA BT ek 2
© B3 egvle] RABE ) wEA] AaEolof AT
A 3hgolct. SHARE B ¢l A et ole 3
A WpE] 3 Ae] Hol7k 27] o] Akl AHg
317] SISl Al 40) ABOR $9MARS Akl A
B717} ool Aok Btk o) MY WS MWL o] gdto] B
8719 Ae BIS SIIAE AREE SAE B2
A g ARKE} Hlgo] Aat. o[5S sast
a3l He F3 BEA desvle) HauA
59| Pt A7} Waste,
Hwang 52 S3442] 4 9
slo] HBA fRLALSH HAS Fol B34 eI
gre] g o 53} 2
R A% WaEe W ALgdlel BaA geeel 4%

A
=
o
>
X
i3
it
AW
B
XN
4
= o
>
op
_?L
2
>

=

MAE AT, Rhee* 52 GENOAZ ol gafe] B34 ¢
28719 ahold Aol me WAA sEsse sl @
Agrele AxshTt. Kim' 5 §EHass|Ae o) fav}
SAE B3 e gle] WAEE Seu B3 4% %
ol W2 Ul Bksto] QPANS Salstgict

Te 7R AFES el HAHAE A8 Ba o
2g7]] ther Aol FaEol GO, FAF HAMGE 2
3 B /1S G /WS ol gste] Lok
e ek @ vjulsteh FAF T fet el B
i e Saolehm 71 AH B4 AolE 2] o] AkE 2
A g GA Px AT Aol Ko|F HolA Hek.

1S EA AL SANGE A8T

J
B b
A g9 TrohS BASHE At wEA A

=
SR LRSS

92 gIsh g 19 3l
(Cyclic Symmetry) BR& AHg3hglom, EHolA L 2ele o
o eadfol ool Zwst A3 P WeEE 2 9%

Nm\m

Dome Cylinder Dome Boss

Fig. 1 Dimensions of aluminum liner

JE7IE & b el EREn, Types 1S 3457 o
oluizut TAE We, 2= FEA) colu Aol 4%

g, 32 Aul elolu] M| Sy
SRS BT e, 1T 4 Behaen S uEs
o] AAle] B HAAE 1E Fejolct.

B Aol A Type 39] grelg7]ol e A7 Maskec
Type 39] Qe 87] QRulis oolul AR Shaif 23
2 B% FHE ARl ol i GA19 §4S Yol
Ful BaAg B Yoo oldt 35S At oae
Sasiet ofu BakA) A eI & W SRS Wi A,

5 &(Dome) -} A= W olFS @dt= & (Cylinder)
- 18)al BA(Boss) iR Y E T dFulE 2ol Al6061
25 ARSI eH, A= Fig 13 2 147.9, Zo]
503.9, Y55 =7 2.41 mmE 7}ZITh

dFulE oo BAE wadf E3Al= Helical -3

-
N
S
=
ot



December 2021 /955

Fig. 3 Manufacturing process of composite pressure vessel
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Fig. 4 Hydrostatic test for composite pressure vessel

Table 1 Experimental result of hydrostatic test

Failure pressure [MPa] 50.43
Hoop strain [ug] 16,259.31
Axial strain [ug] 7,419.65

Fiber direction stress [MPa] 2,545.17
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Table 2 Material properties of carbon/epoxy composite

Material property Symbol Value
. Ey 154.48
Elastl[cG rfr’lecl)]dulus Ex 261
Es; 8.61
G, 5.02
Shea[an;%iulus Gis 5.02
Gy 2.50
vi2 0.31
Poisson’s ratio Vi3 0.31
Vo3 0.45
Table 3 Material properties of aluminum
Material property Symbol Value
Elastic modulus [GPa] E 71.15
Poisson’s ratio v 0.33
Yield strength [MPa] Xyield 286
Ultimate strength [MPa] Xt 324
Elongation [%] I3 14
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Table 4 Structural analysis results

Fiber direction stress Hoop strain Axial strain
[MPa] [ug] [ue]
2,468.91 15,526.1 7,730.41
Table 4= LZ3[4 A= vehdct.
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