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Failure simulation of carbon fiber reinforced epoxy resin composite-aluminum
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Abstract: Based on the software ABAQUS. the strength prediction model of carbon fiber reinforced polymer
(CFRP)-aluminum bonded-bolted hybrid double-lap joint was built and simulation analysis was carried out. Compa-
ring with the test result, the failure modes and the carrying capacity of the joint were studied under the tensile load
condition. It is shown that the adhesive joint can be reinforced with the load-sharing of the bolt. The hybrid joint
firstly suffers the fracture failure of the adhesive and reaches the final failure when the bearing failure appears near

the hole. The carrying capacity of the joint predicted by the model has the error value of 9. 7%, which illustrates

good consistency with the test result. This method can offer some references for the analysis and design of the com-

posite-metal bonded-bolted hybrid joints.
Keywords:

carrying capacity

W 52 A AERMRE TR AR W 2 s e R R
FFRHE L 7% A AE RS R P N Y
o PR . R i = T A B A A AT
VAN ey AR ] KN NE AP DR NP S 24
A T 4 S R RO CR 1 2 AR AR R A& Ty XN 4 4
JA BB, Z ARG R B RS T T 2 A
TE T X 48 TR A 4, W LAY % 35 0 3UA %
B HUBOE SRR & 1 = RS EEE N —

carbon fiber reinforced polymer (CFRP); bonded-bolted hybrid joint; finite element analysis; failure;

ol L i 42 5 2, RN A 4 3 1 N ML B
e, HiitZ I UOE o T 3 m a5 I 2 200 R .
B2 BEE DR RAWTTR A, K BLE 3 5 B 45 40 %
T R A R B T A i 1 MBI 2 A i 8 JEE
A 57 P RE T AR AT B2 W S A B2 T

FUAT . X &5 b RER 4 Jm 1R  i2 122 45 40 1) T
T2 LA RS BOE WUE 4 S I WX 4, i i
PRI X FU TR 5 128 Sk MR 42 Sk . BILWOE 426 22 K A

YR BHE: 2018-09-29; FEABHE: 2018-11-22; MK HARKE: 2018-12-20 16:32

P 2& MRk https://doi. org/10. 13801/j. enki. fhelxb. 20181217, 002

E£WAB: H=AEZXESU LI (2016 YFB1200505-011)
BIRAEE: XGRS, W, Bz, BFoE O R g A g oY O AT SR

zhmliul @m. bjtu. edu. cn

SIAREN: XU, VPR, BRET 20 0 PR AU A2 5 B0 S SR U IR R B e R A B U], e MR AR, 2019, 36(10) ¢ 2308-2315.
LIU Zhiming, XU Chang. Failure simulation of carbon fiber reinforced epoxy resin composite-aluminum bonded-bolted hybrid joint
[J]. Acta Materiae Compositae Sinica, 2019, 36(10): 2308-2315 (in Chinese).



RUEWL ., A5 BRZT A8 0 2R SR R S 5 B ORE 5 0 AR BRI

P Sk R BT A 2309

S FUIE 57 M BB 7 I 25 55, IR 4 B IR A 3k
PE BB T e Bz 1 e RTBLAN 722 42 82 3k 1) S BRI
SR, IR IEIER — A R e L R, M
T RS R AT S R BR OT Oy 2k UR A Sk
SRR BOE XA R, HA R TSR,
Bois %38 it 8 37 2 fife A 455 R 1) Oy 3k T sk £F 4
B R IR A R B A AR (CFRP) JZ & M58 B iR & 42
KRR EE , 5 IR TR B BB P O RO 1 B TR
R RPN R R, JF 5 s A BR T
gh R AT L, 560 TR AR A ) o B . Paroissien
SOV FH — i S B B R 4> BT T2 BY N 7
B S1 A3 AR, R T TR A Sk B SR
IZAE R R M R E MR A R, EHTE S
MR-E R IR A Bk 1 . SRS R 2 A
BHE IR IR A 42 3k A% T AL A0 -8R 2 18] (1% 722 I 03 34
ST BT e 0 RS % R R B ey, T
BBRAELWRE S, BHitEHS KB HEY S K
U AR A SCHER 11 ] B9 B oY S A L 0 B S
SAAT SRR L iR, TR T R)Z R L IR
B IR NI S S B R A Sk R T 1
M) KA S ML oA T A R R TR A RS
T, AN BT ANSYS & @57 1 i
LU 5 MR- IR & S SR Y R AL,
FCr R T ARG i 1n) T, B0 T 25 R 5K
WEERY G BRI, B EBEE WA A ABAQUS
PREEST T 5 A MR- B R G 3% 2 = 4k i i B s
AL, XF LA AT T HE S L SRR A5 A TR & 45
R 588 B FR AL . 108 T 4T 308 20 R 98 4% e Xt
TR A T2 422 45 A0 5 3 RS 0 T X B )

FIEBE X2 A MR- 4 R IR IR A i ek
BN A FRIT I BT A SR B/ A SCHE i N 9 3 30 F
FEELAN b, PR T F B R A AR R G AR
TE 451 05 455 0 0 )2 o 9 1k AR R ) CFRP )2 & -4
M B WR IR A B B B Sk nm R T AL A, O O F
ABAQUS ¥ & WHFfF VUMAT £ B X} CFRP
FIRE 2 A G it 5 S D ROHN 3 1 T X SRR 5 %
P4 3k 0 R R 1 AR BO% X AT T 4.

1 CFRP Z&R-BHKEBREEREEZEL
SCHRC15 % CFRP 2 A M-85 A 38 XU 422 1R
A LT T IR, EE R, RIRIRA
T 4 Sk MR T 4l e RN LB B S o B 48 A 4
1. ELMUA 3 122 42 3k ik BE 24 Ry 4l s 2 4 3k 5 JE 1Y

2. 4 A% o ARSC LA IR 50 Ir FH 1 3R 245 48 B b RE S 8k
A R 5 SR B A S X L X G AT IR MR R
B % H 4 S o T I ASE AR ) 50

fili /§ ABAQUS 45 BR 7T 43 7 4 {4 2 7. CFRP J2
B M -FR AR R TR G e e Sk = A IR OT TR,
RAEL RS RER A 1R, REHEk A
PR gE R, R ORI CFRP 2 A0, P ia Bl 4
g ALK, $5381X M 25. 4 mm X 25. 4 mm HJIE T IE

CFRP J2 &Mt USN125 Bk 4 4t /3 A W ig &2
A AR TR R AR TR B, B2 R P O [ £ 45/0/
90, o HATAMRERE M 0. 114 mm, B[] 4 (4 3 A< bF
BHE I R E, =131 GPa, E,=8.2 GPa, v, =
0.281, G, = 4.5 GPa, X; = 2 GPa, X, =
1.4 GPa, Y+ = 61 MPa, Y. = 130 MPa, S =
70 MPa, HH: E; | E 40518 S AN . 1 ] 1 B
[CHE I s G o SR AR N ] 1 BT DDA 3t 5wy, O B ) A
AR E s Xo o Xo 430 R B i A A 1) Al R
ARDREE s Yoo Yo 430k B ) B ) B AL R 46 5
JEs SO m AR Y bl aR . HARMBHRM N E, =
E,s vis=vis Gi; =Gy, Gy; =3.5 GPa, v,; =0. 47,
S;; =S, =S, S,; =40 MPa""*" , {K ¥ 5 & b kb W
PR S, Ze =Y, Ze=Yc.

FRACR T 7075-T62 4844, JE B4 3. 224 mm,
WA A 71.0 GPa, JAFA R 0. 33, Ji IR 5 &
505 MPa, %[5 B8 # 5R 35 [ i 25 b o 55 1
NAS6203-05, EH# K 4. 763 mm. MR K
it R 206. 0 GPa, JAMA LR 0.3, B8R4 38 2 it in
0.5 Nem (147 % H 5 X 0 e 2 3 g2 4 . B
JIiE A AR
Fiog = T/ (kd) (1)
Horp . T #RWEH; d BRBKRER; & BUE
0.2, BEMER EA9394S, JZEREE N0, 12 mm,
A RE B4 S I 7t g -1 AR i 2 an 18] 2 TR, R

_ 216
318 — 31.8 = CFRP
3.224%‘! ! I :: Al
254 |
P4.763 ;5_4’
Unit: mm

K1 BREFAEN IR G Y E S M EHCFRP) JZ G M-8 AU %
B A R R R
Fig. 1 Diagram of size of the carbon fiber reinforced polymer

(CFRP)-aluminum bonded-bolted hybrid joint
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Fig. 2 Stress-strain relationship of the adhesive material
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Fig. 3 3D finite element model of the CFRP-

aluminum bonded-bolted hybrid joint
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Fig.4 Local mesh refinement of CFRP-aluminum

bonded-bolted hybrid joint model
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Table 1 Stiffness degradation rules of the CFRP material

Failure modes Stiffness degradation rules

Fiber tensile

1 =0.07
failure (¢y = 0) Ex E

Fibercompressive failure ,
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(o1 < 0) ! :
EY,=0.2E,, G2 = 0.2Gy2,
Gh% = 0.2 Gy
Matrix compressive failure Er=10.4Es, Gr1o=0.4G1s,
(o2 + a3 < 0) Ghs = 0.4 Gos

Matrix tensile failure
(o2 + 03 = 0)

Vis = 0.2 u13, vos = 0.2 vo3 s
E3;=0.2E;, G35 =0.2Gu;,
Ghs = 0.2 Goy

Tensile delamination failure
(o5 = 0)

Vis = 0.2 v13 voy = 0.2 va3

E; =0.2 E;; . G/l.; =0.2 G13 .

(;/p, =0.2 (;23

Notes: E{(i=1.2,3)— Young’s Modulus of the laminate in three di-
rections after degradation; G'hs, G35 Gb;—Shear Modulus of the

Shear delamination failure

(0'3 < O)

laminate in three directions after degradation; viss viss vbs—Pois-
son’s ratio of the laminate in three directions after degradation; Oth-

er parameters have been defined in the previous description.
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Fig. 7  Tensile load-displacement curve of the CFRP-aluminum

bonded-bolted hybrid joint
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adhesive enters the plastic stage

Stress/MPa

(Avg: 75%)
+8.494e-04
+7.786e-04
+7.078e-04
+6.370e-04
+5.662e-04
+4.,955e-04
+4.247e-04
+3.539¢-04
+2.831e-04
+2.123e-04
+1.416e-04
+7.078e-05
+0.000e+00

P9 e J2 e N S P I B 6 A58 2 4 i 2% T
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