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Effect of opening position on the connection performance of 3D woven

composite materials

ZHANG Yifan"?, SHI Zhiwei'? , ZHANG Qian"?, LIU Yanfeng® , ZHANG Daijun® , CHEN Li"?
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China; 2. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China; 3. National Key
Laboratory of Advanced Composites, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: To reveal the effect of opening position on pinned-joints mechanical properties and failure mechanism of

3D woven composites, three different 3D woven composite structures were designed and prepared, and the load-

bearing performance and damage modes of these composites with different opening positions was discussed. The

results show that there are differences in the effect of end-diameter ratio (E/D) on composites with different struc-

tural parameters. When the E/D decreases from 3 to 2, the ultimate compressive strength of three structural com-

posites decreases by 5.3%, 9.9%, and 5.9%, respectively. When the E/D decreases from 2 to 1, the ultimate compres-

sive strength decreases by 73.3%, 68.9%, and 69.8%, respectively. When the E/D changes from 3 to 1, the damage

mode of the composites changes from extrusion damage to interfacial debonding, and the damage propagation of

each yarn layer presents obvious angle features.

Keywords: 3D woven composites; multiaxial; opening position; mechanical properties; failure mechanism
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Table1 Parameters of material properties

Yarn specification Density/(g-cm™) Yarn linear density/tex Tensile strength/MPa Tensile modulus/GPa Breakage elongation/%

TG800 HX-12K 1.8 500 5678
TG800 HX-6K 1.8 250 5678
TDE86 1.2 - 80

290 2.32
290 2.32
3.5 -
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Fig.1 Schematic diagram of 3D woven preforms and resin transfer moulding (RTM) process: (a) MW3D-I; (b) MW3D-II; (¢) MW3D-11;
(d) RTM process flow; (e) Lower plate; (f) RTM mold
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Table 2 Structural parameter of 3D woven composites

Yarn linear density/tex

Fabric density/(tows-cm™)

No. Fabric structure Warp/

Thickness/ Fiber volume

. Weft Binderyarn Warp Weft Biasyarn ~mm frction/vol%
Bias yarn
[90°/0°/90°/0°/90°/
MW3D-I 1000 1000 250 4 4 4 4.27 54.63
0°/90°/0°/90°]
°/45°/—45°/90°
MW3D-II [30°745°/-45%/30°/ 1 000 1000 250 4 4 4 3.85 54.73
-45°/45°/90°]
90°/45°/0°/-45°/90°
MW3D-III [90°/45%/0%/ 190°/ 1000 1000 250 4 4 4 4.73 54.20
—45°/0°/45°/90°]

JSHoh 135 mmx36 mmxh (b AR ), JFFLAL
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L—Length; W—Width; E—Edge; &, D—Aperture; H—Thinkness
K2 FALARRER
Fig.2 Schematic diagram of open-hole specimen
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Table 3 Dimensions of composites joints

Length  Width Aperture

No. L/mm W/mm E/mm D/mm W/D E/D
A 135 36 18 6 6 3
B 135 36 12 6 6 2
C 135 36 6 6 6 1

3 JFfLiE I B R IE

Fig.3 Schematic diagram of the test fixture for composites joints

4 ZLENZE AR (SDWC) i Kl 7
Fig.4 Experimental process of 3D woven composites (3DWC) joints
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Table4 Maximum loads of the 3D woven composites

opening joint
No Load/kN
’ A(E/D=3)/kN  B(E/D=2)/kN  C(E/D=1)/kN
MWS3D-I 12.59(x0.87)  11.19(+0.44)  3.89(%0.23)
MW3D-II  11.23(+1.30)  10.84(+1.18)  4.33(%0.29)
MW3D-III  15.61(20.56)  15.24(£0.48)  5.38(20.27)
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Fig.5 Load-displacement curves of 3DWCs joints with different

fabric structures
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Fig. 6 Surface height distribution of 3DWCs joint specimens
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Fig.7 Load-displacement curves of 3DWCs joints with different

edge/diameter ratios
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Fig. 8 Strength of 3DWC joints
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