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Mode II delamination property and damage evolution characterization

of twill woven carbon fiber/epoxy resin composites

YUN Xinyao , LIANG Chaohu’, SONG Weike
(China Special Equipment Inspection and Research Institute, Beijing 100029, China)

Abstract: This paper deals with the delamination behaviors and damage evolution modes of woven composites un-

der quasi-static/cyclic loading. Mode II delamination propagation tests were conducted on twill woven

CF3052/3238A carbon fiber/epoxy resin composites subjected to quasi-static/cyclic loading. Experimental results

demonstrate that due to the latitudinal fiber bundles, a periodical retardation occurs during interlaminar delamina-

tion propagation accompanying with intralaminar debonding between latitudinal fiber bundles. Although the crack

growth rate for mode II delamination of the twill woven CF3052/3238A carbon fiber/epoxy resin composites follows

the Paris model, the variation law in fatigue driven force under load-control mode differs from that under displace-

ment-control mode. That is, fatigue driven force changes parabolic monotonously under load-control mode, but

wavily under displacement-control mode. Fatigue driven model is apt to characterize the damage evolution of the

twill woven CF3052/3238A carbon fiber/epoxy resin composites under load-control and displacement-control

modes. Good correlation is achieved between the proposed model and experimental results.

Keywords: composites; weaving; fatigue; delamination; characterization; damage

HEEMBMEEg R RAIEER . T2 a2~ R B 45 1k
FEMIBER . B T fa A find, WUk S Stk, &J7 s m a7 Rk, bz E
A 28 SO Ry A3 A R i i g R R A 4% P A 3 A MRHEESS AL . A MR R T 203

Logi=h R

2019-11-27; SRAHHE: 2019-12-25; MEEH LZRFIE: 2020-01-02 18:56:58

M4 & Hidk: https://doi.org/10.13801/j.cnki.fhclxb.20200102.002

HE&WH:
EiEEE:

5l AR

Ex “+=7" #HARAITR NQI £ (2016YFF0203100; 2016YFF0203101)
PR, W, TE TR, P57 ) KB AR B Y 2 1 2= B G550 2 0 4F  E-mail: liangchaohu@csei.org.cn

ZHIE, R, RAEL BSR4t /IR AR IR 2B AR T L3RR RE KA Ui (LR AE [7]. S AR, 2020, 37(10): 2452-2462.
YUN Xinyao, LIANG Chaohu, SONG Weike. Mode II delamination property and damage evolution characterization of twill woven carbon
fiber/epoxy resin composites[J]. Acta Materiae Compositae Sinica, 2020, 37(10): 2452-2462(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20200102.002
https://doi.org/10.13801/j.cnki.fhclxb.20200102.002
mailto:liangchaohu@csei.org.cn

ZHISE A RIS SUBRET 4l B0 SRR S5 bR TT 2 5 2 1 A B A0 3 18 AL SR AE - 2453 -

W (AR N T BB ) B 2 A AR AR B S B Ao
(55 . vhiy) ¥l Re s B A 4 REZ E] 1 S AT
24, R AL BRI B, WA Z 42 i —
YR, A ORGSR IR R T o R Y 4
FEAIG, 25 44 1 f 4 BB AN 75 Ay AT 940, @i
SRS A VERE . B G OB A R I B A o R
WAL 2y o TR (5K JF) . 108 (v P 59 41)) A0 101 &Y
(M4 BTUI) =Fh . X TEAMEURIER S, HE
L) rE RN e R G e U ) S 1 DIV B S )
FEAR IR G = A 1L BUSE 55 5y 2T, 48 e fh
WA A MR R R 2545 19 55 i A IR 1, 42
m H R e e, A EXE AR T2
A8 2 R AR AL ) 2R A5 B 5

FAEEHIF T 4 b X ) 2 e £F 2 HE A )
BB TR 2 )% 55 PERE A 9Y . Yun 25 S — Fif
B i) ffie £ 2 0 o B[] 356 B £ 4R )22 G Al Y TD B
S4B RN 97 R ey R REUEAT T, SRR
HH 28 oy 2 AR X R B 4T 4R 2 S RO E YT R K
BTN ARG R R B TR BRI K, R S 20K OF
ST BUM N . Bienias 250 %) o) ik £F 4 -4 @ £
Y Ry B 1) Il B 2T 2 -4 R 2T 4 25 AR T B T 2
REIEAT TWR9Y, 25 R 57 1T 0 32 2 th A
PERB YL E , T RS0 R o R T 2R 4 R i B
T B & 7 . Gong %517 Xt 24 )2 M1 2 A A 11 g
9507 JA AL HEAT T HE9E, RISy e i 2
TR T BAT R, DR T X we E
AR B g0y A sCE AT T F5Y, 40 Shindo
GOSN (ZE . 77K M 4K) T BEES
27 4k /B i A BV S M R SRS R R R SR AL
M2E 5, S5RFRW, BEERBERAL, Moy Rl
RBEREAL, M T IMERRE; MRS
AR RIS AS [ TRLEE B 3 S TR IE T R B A%
RAEAR S IG5 T 4% 5 % 1 FI 4k A 4 Xt
BEREAMEN B Z RN, 45 R R,
K8 & LR MR G R W 6 53 2 BT
BT =i s A BB BUR A EZT R S i)
A LA B A 0 2 T3 B RO . T A U E g
T 0°/45°Z [ B2 TR IR K /IR & R A+
BERY 2 EVERE, LI IR 2P R A FE E it
B, WiR R EREE MR L B, BEEIR
BRI B R, o3 2 W 2B K

DL RS 3E AR OE T &2 G MR O 2 1 R Bk
W T 2 R A AR 55 R TR AR A

AT T RAEMESE, R8I TAHHOCRAEB AL, H
HFRAE 2P R 19 22 MU R 41 45 Paris B
AU Forman A& 1 0 Elber #5415 11 Walker 5
RIUO S5 Horp Paris R 0 OB X e 8, T
PAESHEOE/D, WimE TREETER T 20
N U Elber 455 Y Fil Walker 55 50 % (& 1 1 )
b R X432 s AT R By 52, 3& FH T 0 7
AN[F 5 &G, Forman £ AU rh it — 20 5] A W 245
Pk G, %18 TR X 3 28 R M A0 5 .
AR HGE TR 0 JE AR E Y R B,
T R A MRS R Y A T A 0 45 BRI
() an ELTH ML 254 ), oA P S TR
R IR L 28 da/dN 25 R RS, BRI R
E S — AL FEIE T T E Gy, PRI 2430 1 G,
Y BT Gy, T ELEISRIRIS . Jones 5 L
BTN ZY BRI LS, &3 Hartman-
Schijve £5 %1 * g % &2 & B4R TR, T1AEVRT /11 R
B 55 E 0N A B, HLkE e B A Paris
BRI K Fe B G0, il T3l
Dahlen % ) # 4f Elbert £5 1, #7 T ii 2% 2 52
(&N ) SR G BTN TR G
BLIE 55 3 SR 00 1 2 R 00 RAEAL AL, 752 43 S il
S 3 g R 50 0 5 BRI TR R XD R 0 J2 /9 55 4%
JZPERE, MIMBA E BER Y) 9 AT S8, I
RUB T b it iR TS 8 N 2 &M EHR A 2250 2
PR, HUGSEGL 2, B HBAE,
J T ARUE B AT SR, 53 o PO K R A
R, Y TEEME S ZEH 00 R,
Argiielles 25 9 AR I Weibull HE 3R /> 7 B AL, 4 i
HE 9 55 A8 AT (B TE A8 25 1F R 1Y Gray Ny BE R T 2K
T RAE /11 BYE 55 W) 4 43 J2 0 SR 106 PR AL N 5
KB RERETIUR G MIER R . A ME S
B 57 47 )R EBERIE AL R, 28 K 2 BUNMES £
BE R @R TRGEN AR SHAX, F
PR SN LY e dOR W AR i B ORI 3R
ik, B K A MR RS i i A8 S S0 I A 4K
TG PR R B r v AL AR bt 9 . B A MRk 57 2
SUY R AT () RAE — VR FH 4 B 9 57 24y e 3R
FEA AL, R b s 3 2 i A, SR B 9E 3R
W, XNTEASME S ZEY RS, R 2
U DA IR 1) 5 B TN RS BB, s Ak, 22 s
TR Jry BR P I R I AE 2% 57 43 )2 i AR RR T JR By
B, SRV REEN B AN TS K, ME



- 2454 -

EEMRER

TR 23 SR R R IR 2 O AT IRAE, NI
AREARGF MR AL S MR RUE T R B R J
4 532 T8 AL LA

PATEBIE ST 51 %8 2 2152 5 B0 R TR 23 2 1 fiE K
AT Ty AL S AL, AR SO RS2 2
21 Y 30 AN i B2 bR T 2 A I 07 A T
(4 10 B0 S0 R AR BE A 0 J2 AR kAT T T 5T
IR JH e T 2 Ay 47 o A R 67 A% 42 o A2 5T B
5 K Bl 3 R X AR 2 AR £ 4 /3R B I S b
BHEFT B AL RAE, 133 T RAFAYRABOR

1 XBHESERITIE
L1 REEHE

wmE 1R, IR G o = a5 i B
#it 1T (Three-point bend end notched flexure, 3-
ENF) il ke, HEA TR oy 5508
HE AR £ RS0 41 CF3052 ik £F 4 /3238A ¥
AW IR AR, Haff, SRR T2 XK
AT A, EEM TR (1) SRk
(2) #e MR T A Z A R kL, JEFE R Z — X
PRI T SE 4 00— )2 ) BE /N T 40 wm 1) 58 DU 98 & 95
WL, NS B T o3 2 2L (3) kAR [ Ak 5
(4) X [E A 5 Y %% B 25 Ml AT o e i DA DR A1
BN BB SE R PE s (5) # ARG 192 G MRk BRI
H IR TUAR] RST S#EAT HLARON T2, e 2445 B P 75 1k
o F= 1 AR L S5

Length /
ENF specimen f Loading pin

\e%d

Precrack length q, ()/
Span 2L

Width b
Thickness 24 ] |

Supporting pin:

1 RIS E CF3052 RiR2T4E/3238A H4AM NG E A8

Fig.1 Schematic of geometry shape and fixture of twill woven CF3052
carbon fiber/3238A epoxy resin composite three-point bend end notched

flexure(3-ENF) specimen
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Table1 Geometry size of twill woven CF3052 carbon
fiber/3238A epoxy resin composite 3-ENF specimen

Material type Length/mm Width/mm Thickness/mm
Twill woven
CF3052/3238A 140 2 40
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Fig.3 Load-displacement curves of twill woven CF3052 carbon
fiber/3238A epoxy resin composite 3-ENF specimens under

mode II quasi-static delamination load
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Table 2 Initial stiffness and peak load of twill woven CF3052
carbon fiber/3238A epoxy resin composite 3-ENF
specimens under mode II quasi-static load

Parameter Value
Average initial stiffness Dy/(N-mm™) 327.09
Variation coefficient/% 18.14
Average peakload P,,,,/N 1476.25
Variation coefficient/% 13.30
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Fig.4 Schematic diagram of delamination path of twill woven CF3052 carbon fiber/3238A epoxy resin composites 3-ENF specimen
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Fig.5 Mode II cyclic delamination test system

and crack observation device
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Fig.6 Mode II cyclic delamination propagation curves of twill woven CF3052 carbon fiber/3238A epoxy

resin composites 3-ENF specimen under load control
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Fig.7 Mode II cyclic delamination propagation curves of twill woven

CF3052 carbon fiber/3238A epoxy resin composite 3-ENF specimens

under displacement control
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Fig.9 Mode II cyclic delamination propagation fitted curves
of twill woven CF3052 carbon fiber/3238A epoxy resin
composite 3-ENF specimens under load control
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Fig. 10 Mode II cyclic delamination propagation fitted curves

of twill woven CF3052 carbon fiber/3238A epoxy resin

composite 3-ENF specimen under displacement control
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Fig.11 Mode II fatigue-driving force of twill woven CF3052 carbon fiber/3238A epoxy resin composite

3-ENF specimen under load control (a) and displacement control (b)
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Fig. 13 Mode II fatigue-driving force of twill woven CF3052 carbon fiber/3238A epoxy resin

composite 3-ENF specimen under load control (a) and displacement control (b)
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