£ 4

7|‘7f 7]'43*& EIRTIE S | 4 A 2018 4F

Acta Materiae Compositae Sinica Vol.35  No.4  April 2018

DOI: 10. 13801/j. enki. fhelxb. 20170628. 003

WEERA T RIS CFRP RERIS EHRKER

i

o SPT T il B R £
RS s SR B R BRI B

WG RS H 0

DR,

CPHAE Tk K2 i 2s 258 N % 710072)

B Hk, fxTREEA CERP B e %@ . 43 S R 3 F 82 il ) P 23R D B A (SCZMD AL F 2R
IR, BiE 5T CFRP J2 A 4 o i o7 0 5 A % 550 %) v AL B A . 4R

RE 2k 494 0T 3 ) W A T R ) B T A 5 R A R R

JEJE IR+ % 53 )2 T AR UL TG 52 Ry T Wﬁiiﬂ‘ﬁﬁﬁ%&ﬁ’%ﬂéﬁﬁ?ﬁﬁ& A BE— 2 RN R BN
SR, TS R R R I GHEAT XS L o S B 1) 40 2 0 M U2 0K P TR AR PRI S 2 17 )2 A e 2R 2

KER:  RHEBL: KR

O
@O scarf repaired CFRP under imp

XHERER: A XERS: @&2018)04-1024-08

mage mechanism of laminates delamin t and bondline for
parameter study

FENG We Fei”
(School of Aeronautics, Northwesterg@chnical University, Xi’an 710072, China) @
Abstract: First, on account of the shortcomi elative low ability of resistance to the impact load ggf re-
paired CFRP. surface based cohesive m *ZM) and element based cohesive zone model (ECZ e used to

simulate laminates delamination and b
. . . o . .

of two failures were investigat &0, the influences of the impact energy, scarf angle a

ied. Results indicate that% es delamination initiates prior to the bondline da n i

the applied impact energy.

ine damage, respectively. The impact response of CFR@ﬂd the evolution

] .
¢-tension were stud-

¢ bondline damage area increases much obviously th ¢ Taminates delamination with

the increasing of impact energy. The scarf angle will significantly influencdline damage, while has almost

no effect on the laminates delamination area. The pre-tension has negativ

effect of laminates delamination on bondline damage was further disti

cffett on these two failures. At last, the

e damage area of bondline and delay the cata-

strophic failure of bondline.

considered bondline damage. The laminates delamination will e%&c
o%
o)

Keywords: scarf repair; delamination; bondline dame arf angle; pre-tension

%Lﬁ%ﬂ’ﬁiﬁﬁ*ﬂrﬁﬁﬁéﬁﬁiéﬁbﬁE’Jf”ii@ FHA 5RO SR IT T R R, S B R
MHEPL b PERE 2, E A MBI BEAER A aE (oW 7 IRJZ N o0 i . JF 41 X4 R Bl = A8
T R R A A T ARG Y ST N ST A A, R R RURHE MR S S R AT A, LR s g
WG RW A E R, N FENBEN TR AR,

— ROk N b 2 R B AN e R A M AN, BRI 02 A B Rk ] RE T I el e
YR BEE: 2017-04-05; FABHEI: 2017-06-23; & HARKTE: 2017-06-28 15:19

P 2& M kR 3E : https://doi. org/10. 13801/j. enki. fhelxb. 20170628. 003

E£mA:
BIAES :

S AR

FEML BRI 3£ 8 (1620317) 5 H e i AL B A BRI AL 55 2% (G2017KY0003)

frdk, Wik, BUR . WA RN, BER O SRS 1% E-mail: xufei@nwpu. edu. cn.

. AR hilifE T RHEB AN CFRP JZ 18432 R Z BB LH R 2800l ]. EA M EAR, 2018, 35(4): 1024-1031.
FENG Wei, XU Fei. Damage mechanism of laminates delamination and bondline for scarf repaired CFRP under impact and parame-
ter study[J]. Acta Materiae Compositae Sinica, 2018, 35(4): 1024-1031 (in Chinese).



g, A iR R R RHE B RN CFRP J2 )43 J2 12 0 843 WL ) e 5 8003 B

+ 1025 -

(N UUS T R OIS R K (TR N =3 |1 s =
FRE J2 W I8 2 B i 5 R 41 7K 208 1 (CAD Al e
d PR R AE S (CTAD R RN, SR 1 A1 56 7 1
A TP IRGE B o [ = . Hoshi 2555 58 i 5256 48
et A 405 AR 4 A ) G ORI RS R, DA S 3O
PLAFSRE T R, LIU 20900 & 7 AS [ 58 & 0o
I e I R Sk 0 R 46 R T, R R G 0 [
FEZ 3005 LAY 2w, Kim X B AR R Y

%%%%%%ﬁﬂﬁ@%ﬁ@ﬁﬁ@%ﬁ,%%f§>
i, %ﬁﬁﬂﬂ%fﬁﬁﬁ%‘{ﬁlﬂﬂiﬁ@ﬁﬂ%iﬂuﬁﬁvﬁd

6y TR0 G5 T B . AT th T RS
R RER A B2, 00 ol 3 @g%ﬁﬂ
mﬁﬁﬁﬁ%W%Zﬁ,muﬁwﬁéﬁﬁ%,ﬁ
) LA F AL AR P
T AL 407 T

%?ﬁﬁﬁﬁ§§§®%ﬁﬁﬂwmm%%
ﬂ%ﬁ%ﬁﬁg% VR, BE TS WM

RS 1 THICH) N R IR (ECZMD 1E
P )= —ERmAITAR Y R R
i)

J& b MBE . IS T RIE B AR R K

ARHZAG K IR 1y 3230 R A0 U\Wﬁ%ﬁ%ﬂ%ﬁﬁw

UK, bl RERE L A A IR U A X P AR G 2K
A2 . I3 5 7 TR B B4 19 0 2 AT X
oo BE— 2P THE )R 8] 702 6 1 2 BER 1R 2

1 CZM &EZ

‘{i,‘
AR A8 B RE A W BE T 4R 55 Ak, R o A R i
WU ORI AR I Yk 44 SR g BN AR o U K
Wt A< SCHE TR TR 20 87 v F D B g D

[F + (3] + (50 -

Koo Mo 205000 T3S, 1T RN RL A4 1 7 5
NS RUT 43 531 5 368 137 f9 5 1 568 5

P05 A4 AR BB 05 . R 4k ) Sk BE
HUPIERPo I DG P A i) TR 7 N I P U K TR e
{14 bR B4 ) — AT 52 B o DU 1 R e B i A< v T, A

o &,ZJ Ko,
l

SCR IR A AU T 2L BE B RE T A o DU b A R i )
(Power law) :
) & e 2)
P Goy G MG 2o T 1A T B 68 i R i
s Gy GO G 430 22 % 7 i i B RE B BRI
P28 & D Al DLl i A [\] 09 A 4 A B OR 1
oy S r OBk M A8 AR B B R T R R U T R
SOPE AR SCHE SR 2 1 43 A o 4 OB P A A
XFFE 1 BRI G B RS Dol R A
R

_on (o —an)
D= ot —a )

s on AR Hoa i AR AT R A KR OT B o
o5, 73 531 O 458 4% RUAL B A e AW IR L R

TR N o
Vil

. 03 >0
5 = LAANT G+ (p? )
@ hcar é\3 < 0
201+ 1r [1}a*a
|:[GTC + GHC :| 63 > 0

VO +(85)°

G0
§§° 3(@

Her, 8 f1 ol G=1. 2. )% — AL 45 i
ﬁ@ﬁm%ﬁ%%%ﬁ%§§ﬁmﬁ%mﬂﬁ%@

RO s K o 5Tl Re.
AR5 Hr Al SCZM & I AH [a) 1 453 13

A {5 TRONEI . 1T ECZM I L 44 i

sive HLIGRIIL 40 2 5 (1 SCZM B, BEA~

ﬁgS#%—Ei%$ﬁ%%,EW4%EZEM

8 T R S fil A A A )2

B R B AR R

Fig. 1 Mix-mode cohesive law



+ 1026 -

EEMHER

2 SCZM #1 ECZM i34 bk 1§ i

A% HEF SCZM F1 ECZM 77 #: % K 200 mm.,
$& 100 mm fY T300/913 E%Hﬂf’*fiﬁ id o
R, 35 Sk (17 ]8R 56 45 B 1T 0 1,
PLESIE SCZM B8 43 J24 404 407 1 o e 1 . 3R 199 o
A 30 mm B I RERE A, wp AL E AR PG, BB Y
8T, w3k HZH 12 mm, 24 AR K[45/90/
—45/01,., ®JEJE 0.2 mm, E, =96 GPa, E, =
E,=6.4 GPa, G,
Vi =v;;=0.45, v,; =0.2, f=1.5X 10"’ mg/
ERSHIFE 1., I@

P 2 % 5 9 o 75 1 0 o o s R i 28
I5 SCER 17 i e Rz 2 A7 % H S . A
ECZM #il SCZM 5 %15 3] )2 i e [ e —
=, ﬁﬁ%iﬁgﬁéﬁ‘ﬂ#iﬁﬂuﬁﬁ%

F 2 U — 0 PR A B B K #k L B

ERARTH tﬁ% Y70 R 1A K
B, AT SCZM J7 ¥ 453 2 1 e K AT
T300/913 (/= 18] 5 "
Table 1 terlal properties of T300/913 for delamination"**

—G., =4 GPa, Gy, =2.1 GP i@

*2 HERETEAHHEARRENSTEK17]
IR IR R
Table 2 Comparison of impact results between simulation

and test''”) under the same energy on composite laminates

Experimental

Comparison items ECZM SCZM resultstl7]

Peak load/N 4 051 4116 3 700
deflection/mm 5.00 4. 96 4. 88

@\inmion area/mm? 223 198 180—200

B I oy 2 H A 5 SCEk 17 Rk 50 245 ) A i
4, BUE T SCZM Jr ik A stk . s A SC-
ZM B0 MOk B ECZM 19—, 3 8 R 18
PAHRE 5

3 PRSI

WE 3 iR, BHER A CFRP s R, L=
200 mm, W= H=3.2 mm, h=0. 38 mm,
a=5° Je 4y, 6=30 mm, HHZ

R B R — R SR I ROR , BREE
Ji2 2 B 30 A5 5 4> C3D6R PRt b, H A3 M

Material prope:’tles T300/913 W C3DS8R iﬁ , {E‘I‘ ﬁ%%gﬁﬂq COH3DS %?J\ .
K1 /(Nemm *) 1 600 000 @ .
Tie AR ZEE 7 5 SR i TE
SRR Lo ) Tie 2954042 4 b L1 g 1
D AV 32 ~7 T
e . N . R A SR
tur, 2 =tutr, 3/ MPa 60 o% Gk il Hfﬁéﬂﬂ?ﬁijﬁ[ﬁl
Gic/(Nemm 1) O‘ |
Gic= Gpc/(Nemm™!) 03
Notes: Ki, Kiy, Kmflnterfq\é stiffness;  our, 1 —Normal '
strength; i, 2+ zui, 3—Shear strength; Gic—Normal fracture lmpactor
toughness; Gic» G L*Sheqr fracture toughness.
5000 g% H
B —0— SCZM %
4000 —A— ECZM Bondlme Composne lammates
—O— Test!!”!
5
s = d B3 BB CERP B 554
g Fig. 3 Sketch of scarf repaired CFRP model
g' 2 000 ]
R 3 FM 300 B4R S50
1000 (% N ‘o\o Table 3 Material properties of FM 300 adhesive**]
\
xﬂj Q Material properties Value
A\
| | -
0 05 10 15 20 25 30 E/MPa 2 400
Time/ G/MPa 900
{me/ms ou. 1/ MPa 52.1
2 BERIAHR S 2B T300/913 &M RZE S WY =z s /MPa 30.1
ol 8 5 1 1N ) L
Fig. 2 Load-time histories of T300/913 composite laminates by Gic= Gpc/(Nemm 1) 3.2

simulation and test

Notes: E—Elastic modulus; G—Shear modulus.
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