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Abstract: This study performed the progressive failure analysis of adhesive joints of a composite pressure
vessel with a separated dome by using a cohesive zone model. In order to determine the input parameters of
a cohesive element for numerical analysis, the interlaminar fracture toughness values in modes I and II and
in the mixed mode for the adhesive joints of the composite pressure vessel were obtained by a material test.
All specimens were manufactured by the filament winding method. A mechanical test was performed on
adhesively bonded double-lap joints to determine the shear strength of the adhesive joints and verify the
reliability of the cohesive zone model for progressive failure analysis. The test results showed that the shear
strength of the adhesive joints was 32MPa; the experiment and analysis results had an error of about 4.4%,
indicating their relatively good agreement. The progressive failure analysis of a composite pressure vessel with
an adhesively bonded dome performed using the cohesive zone model showed that only 5.8% of the total
adhesive length was debonded and this debonded length did not affect the structural integrity of the vessel.

- 7|sdH - a s Aol
b Al &
+ Corresponding Author, shin955@hanbat.ac.kr c : MMB Al A9 @ ol

© 2014 The Korean Society of Mechanical Engineers E, Aeursk g A4




o
o .
ol

ol
of

oy
1

o o%
SN

N

AN

j=|

==

Lo ox ol o= AL oo A

o L )y pm O oot o o >

o9
5 i ol v

0% ofo ofo

o
av
olo
B

(fiber reinforced composne)«] ﬂ’é HA A7
FEEO|LED olid kg A
3} AU (cylinder) FHo2 s I
]&g olel g /)=
3w A-HYE dAY
Zﬂ;‘—}o}ﬂ] o ey, HE S
3“3]15}?5‘}7] -‘Héﬂ %7}%01 LHPF

/\]alﬂ7]— —ra
ool A X3 = L
o= AEH=

i
SR

l

ol

-

2L

=

ol OH/H)G Jﬂ7].E =
azan et
Qg1 AN
EAE 7IRES

, weld w0 A

N

)

r
% o

)
Jz ox
]

>
il

fr ox

>, 3o o
N

-

1o o
=

rE
tlo
:N:r

gseley. ol Al oFd  AA
(adhesive bonding)S T3

GOHA, 7AA AAn
stes wAAE

ok
XNk

i)
=
:cl>1:
i
rlo
a9
203N
2

Bl o

& g 7ol §l
Pas = S T = sl 3
AAdFAA= HA&Ae] EAo] 522 (adherend)
o BEART oFalr] wiie] HEA FAA Fd
o] XAste] IHEE= S
failure mode)”} UE= Ao A .
upebA, B AFdAE w wEd 584 o
&719] AR AAdFel] g FXA sEgrt
SEl %{J}ﬁo]"qﬂr "—WL%ﬂ’ﬂ Proﬂ/qg] AA

r 2N for o

&
QSRS o
g % ZM(Coheswe Zone Model) 28
a2k SO czME ALEEH7] fldEl Zod S
3} 7] Q14 X] (interlaminar fracture toughness)E-< 7|
ZF BT [ BRE 11 283 &3 2 E=(Mixed-mode)
S Fd AH Fekdnh czMmel digk s
AN EE o]F HA7] o]a(double-lap joint) A]E
= Fdl e WHe-STHEE vt t
AFk. HAEHor HITE zMS HHA

7] J& AAF ALste] HRA &
T xS Hrkekslth

Efi o,
N
o & o

L)

)

oa] AAF (109t FHR27)E A
A AT FM73 JH2AE AHE3ste] AlE
colu, o]FAE Adste] 2T|HE S
AT ARgE EBIA 4E87]
o] &t d {7t A4, 1,700mm
%)

r_‘rl ot ol

lo o o od

Alge 2= I B= 11 a8y



n

oo ot
ol

} = (Mixed-mode)ol] W3sle] G~aeq L, A
12 Z}Z  DCB(Double Cantilever Beam),
ENF(End Notched Flexure) 12|31 MMB(Mixed
Mode Bending)S AF&-3}3iTh DCB 2 MMB A
o] A7]= 150x25mme| ™, ENF AlgHe] =
71 125x25mm= A 23RSt olw, EE AlEA
o] 27|49 50mmE F-oslth Fig. 12 Al
gael A5 2 Fge welFoh

¢

22 A" A 2O

22X Al¥ L Instron 5848 Micro TestersS A&
P on, R [& ASTM D5528,7 R= 119} &
¢t == ASTM D6671/D6671M®0] o] A &}o] A
1S FE T 35S Imm/min AYANE &
d Fostdch =3, £33 EEH(G/Gn)E 1/3,
1, 302 AAse] &3 o g F3tuael
A& HrEet. Fig. 2+ 94 AF

<«
Initial delamination : 50mm

(a) DCB/MMB

(b) ENF

Fig. 1 The dimensions of specimens

b
(a) DCB
2h4 &3 I;‘
?l—
N
(b) ENF
d c P Saddle

/7 &yolk
end, | ] system
blocks Lever arm
) !
2h

[ Base ]

oL specimen

(c) MMB

Fig. 2 The fracture toughness test configuration

AeE ool Bg) A g1e) WA AdRel tE BaH s 1267

3P
Gr= b )
94> P§

G,=—"210 2
T op(2L3+ 34d%) @
SR E AFHM G FAHE H O o]EQ]
4 3% AEHIo, Gie 4 @F 839
oo, A EF BE A4 4 G)

34 @l Fe B 2ESHGA

3PX3¢—LP |, 20 1 NWE,

G T e, | @

9P e—L)? | ,
17 a

16b*RALE,

T
ol
=
K=
B
-0,
X,
Q
rlo
12
I
~]
N
z
=]
=]
N
N
e

Table 1 Experimental results of fracture toughness

0% . . | 100%
GGt | pepy | 20% | 0% | 7% | b
G,
N | 076 | 085 | 110|168 | 790
Standard | o1 | 019 | 0.06 | 0.02 | 0.11
deviation
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Fig. 4 Guide blocks for double-lap joint specimen
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Fig. 6 Photograph of the fractured adhesive joint
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Table 2 The material properties of FM73 adhesive

Material property Value
G 0.8
Fracture toughness
Gy 7.9
[N/mm]
) ) Ky 2,000
Cohesive stiffness
Ky 2,000
[MPa]
Km 2,000
. Oult, 55
Cohesive strength
Oult1 32
[MPa]
Oulg, 11 32

Dome part [£27°]

Helical part[+10°]

Fig. 7 Finite element model of double-lap specimen
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Table 3 The material properties of carbon/epoxy

composite
Material property Value
E, 134.6
Young's modulus
E, 7.6
[GPa]
E; 7.6
G, 3.6
Shear modulus
Gis 3.6
[GPa]
Ga3 3.2
V12 0.3
Poisson's ratio 013 0.3
U723 0.5
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Fig. 8 Comparison of load-displacement curves for
double-lap joint
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