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Tensile Properties of Notched 3D Angle Interlock
Woven Layup Composites
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(1. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China; 2. Ministry of
Education Key Laboratory of Advanced Textile Composite Materials. Institute of Composite Materials.,

Tiangong University, Tianjin 300387, China)

Abstract In order to study the influence of pore size on the tensile properties of three-dimensional angle
interlock woven laminated composites, three kinds of three-dimensional angle interlock woven laminated
composites with different pore sizes were prepared and their tensile properties were tested, and the com-
posite material was characterized using a non-contact full field strain testing system and microscopic image
analysis technology. The results show that the strain concentration area transited from the periphery of the
hole to the left and right sides, and the cumulative strain change rate increases with the increase of the hole
diameter. Compared with the samples before the opening, the tensile strength of the samples with 6, 10,

and 14 mm pore sizes decreased by 23. 13%, 44.47%, and 50. 08%, respectively, and the modulus of the
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i

opened specimens decreased by 16. 92% ., 14. 93%., and 22. 25% ., respectively. Tensile failure includes
yarn breakage, fiber pull-out, and interfacial debonding. However, under larger pore sizes (14 mm), the
phenomenon of delamination at the fracture surface was not significant,

Key words 3D angle interlocking woven layer composite material; aperture; tensile properties of opening;

failure mode
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Table 1 Structural parameters of carbon fiber

Fiber type Density /(g + cm™ ) Breakage elongation (%) Tensile strength/MPa Tensile modulus/GPa

TG800H-12K 1.79 2.28 5 810 289




48 I R 27 2 R CE S8 B 2 O

‘slmnsmnal W.
structure

<« »
Central holed diameter

1

1

1

1

1

1

L 1

E

V i

,:,':':;:,‘?:' i=6 mm. 10 mm. 14 mm 36‘m’ m “ ’ E
>y, ! i
" d 1
IREA T i
U S - |/ Point angle 120° E
1

1

1

1

1

ww O0€¢

Pl 1 eI BIHLZY R 5L OB RDT FL IR 2 i R/ 1

Fig. 1 Schematic diagram of the preparation process of three-dimensional angle interlocking

woven laminated composite open-hole samples

1.2 PiippEfE it
PRR AR P BE R FH B AG-250KNE J7 BEARHAIR LA T, B 2 P FLIRE R A 52 30 B s 3
s DIC Ik 22 48 35 H T R AT FLIRRR AR S (o A2 b A 4 35 1
A o . T LR S 50 1 IR bR o 3 5 S I AST-
MD5766/D5766M-2011, 73 BE #4 ki 56 B ) in 2K 3 BF i &
2 mm/min,
1.3 Byl R R 5T ik
FEFLAR AR AR Hr o 1o T v L0 R S X3 4 28 1 2 v 57 7 5 I
LI B AR RS N AR R R AR IEAROC., BRI, R LUE =
T L 30 0 75 B R B A B FL N S PR R A

testing machine

max

K =7 (1 2 RBLEERRASE A BRI LB
¢ FeA R R

K. = Em: , (2) Fig. 2 Schematic diagram of the experimental
€

process of three-dimensional woven laminated

Kb K, AR REL o SHIeg5 me At in i 1 1y FLi g Ak composite with open-hole tension
MR IER o™ o K. AN R, e TCT5 AN iR AE o €™ gL Ak i fe RV AR
LT R A
P
WXH’
Ko, FPHHREE (MPa) . F™ i KPR (N WA (mm) » H AR (mm) .
2 ARSI

2.1 Pl B 7 AL 43 B
Bl 3 o =FhfLA2 (6,10 14 mm) =HEHLEUHIZ S G BORHEE 16 A RS- 2 18 A8 T AOR A A 4237 100 A2

(3

0



51 KT MBI R S AR T LB R fE 49

Al b e Fonag i, I 3 Al L IFFLIURE A B ARRAS L2 2 20 70 Al A B 2 v =R
Vi BET7 1)t SRR SO CHN PR 21 (8RR ZRAE P 719 33 2 v T 0 AR 4 vp S ORI AR R 20 8] Hh B s R X X 2R X
SR Sy e HE AR ELREA e AN 22 . BEE N3 B3SO T AL VR FLIA T B ™ A 0 AR 4 vp (Ui P
PR AMERT AN » ELI A HE v E oot AL B DX 2 a2 20 2 £ 8 L 0 2 A ) 5 L DX Sl e 2 4
TURE AR A1 3 B2 T ALRE BRI 7E [R)— P B R AR KT  BORALAR A i 15 S e AL B P A i A
o AT G o LA S SR AR 48 IR Dz 7t Bt 3 LA (38 sl s

0,
£=0.84% 7]

27

24

2.1

] 1.8

p - 15
- 12
. 0.6

0.3

£=0.20% £=0.30% £=0.40% £=0.50% £=0.56% 3 %)

(b) 2. 5DWL, ,,C-CHD,,

£=0.20% £=0.30% £=0.40%

(2)2. 5DWL, ,,C-CHD;

£=0.70%

£=0.40% £=0.50%

(¢) 2.5DWL, ,,C-CHD,,

Bl 3 AWl fLER 4R DLEURRZE ST 05 b RHRL A R AL 2%
Fig. 3 Nephogram of tensile strain of three-dimensional woven laminated composites with different apertures
Pl 4 Ca~ o) g AN [l FLAR IR A doe DNV Ak 1) 72 SR ARV A7 AT BRI B P 4 (D PR . i8] 4(a
~ ) TR FL 2 A TR 4 37 28 22 P o 2B el e ) 4 0 38 9 4 A s 7 A8 AT AL i 5 g ik I 3 e 52 3L
YR AR AR I W/ o BER FLAR IR Ze A7 PN AR 22 8 T — 2 R WDR B2 HABCRAL
TRl B LS B A R B R



50 I R 27 2 R CE S8 B 2 O

4r st
(a) W Epsilon Y(stage 33) (b) Epsilon Y(stage 25)
- Fps ilon Y(atagt 66) W Epsilon Y(stage 50)
W Epsilon Y(stage 75)
4+ 9 Epsilon Y(stage 100)
3t — Eps:l)n Y(;(aq 1(3) T Epsilon Y(stage 125)
W Epsilon Y(stage 198) " Epsilon Y(stage 150)
o
=
S2
©w
1F
../ n
SN D=6 BRSTRER— D—IO e
0 f f L ' 3 '
0 5 10 15 20 25 30 15
Distance/mm Distance/mm
W Epsilon Y (stage 24)
4 _( & ) W Epsilon Y(stage 48) ( d )
" Epsilon Y(stage 72)
W Epsilon Y(stage 96)
- Epsilon Y(stage 120)
W Epsilon Y(stage 144)
Distance

0 5 10 15 200 25 30
Distance/mm

4 AW4LER 2. 5DWL, 5 C dpp/EE i b i 48 R i 1k

Fig. 4 Cumulative strain changes at the minimum section of 2. SDWLI. 33C with different apertures
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