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Three-point bending strength analysis of middle cross beam-roof made of
carbon/glass fiber-reinforced and 2D triaxial braided composites
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Abstract: A stiffness prediction model was built for carbon/glass fiber-reinforced &. 2D triaxial braided
composites (2DTBC) in accordance with the feature of spatial geometry of carbon fiber and glass fiber, and
a strength prediction model was established based on Tsai-Wu failure criterion, thus a general process of
progressive failure analysis of braided composites being created. The corresponding material testing was
designed and the engineering constants and strength parameters obtained from it verified the reliability of
theoretical models. Furthermore, a strength analysis of three-point bending for middle crossbeam-roof
made of carbon/glass fiber-reinforced 2DTBC was conducted. The results show that failure-prone positions
are concentrated in the contact positions and edges of crossbeam-roof.
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Fig. 3 Undulating curve of braid tows
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Table 1 Weight-coefficient compromise method for engineering elasticity constants
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Fig. 4 Flow chart of progressive failure analysis in 2DTBC
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Table 2 Properties of braided composites
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Fig. 5 Schematic diagram of uniaxial tensile test
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Fig. 6 Schematic diagram of transverse tensile test Fig. 7 Schematic diagram of in-plane shear test
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Table 3 Comparison of predictions and experiments
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Fig. 8 Schematic diagram of the applied load and material orientation
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Fig. 9 Schematic diagram of the cross section at 1/6, 2/6, 3/6 of the length of braided structure from one end
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Fig. 10 Loading curve of braided structure in three-point bending
SV
(S{i\g%s%i:‘i:;;fl.ﬂ) ?B‘,}:é%'i;rﬁ.’m)cﬁonz—hﬂ)
+5.215e+02 +1.000e+00
4602 +aasTe Ol
3858
Z38em
+1.899e+02
B
bt
B 11 #EHAL 9.2 mm B AN S = E 12 WAL 9.2 mm B AYIR 15 4 E
Fig. 11 Stress nephogram at the loading Fig. 12 Damage nephogram at the loading
displacement of 9.2 mm displacement of 9.2 mm
M
6 & it

1) ARG B 2T 4 / B T 21 2 10 2 — 4k — Tl 2 USR5 Rk TP Tk 2T 2 SRR B B 2T 4 R4 2 (] L AR 4 A, S ST
T BRET Y/ B R LT TR g A e 2 S ORI RE RS O R T Tosai- W v DU S7 1 AR L 4 58 JBE 41
B, fi Je BT BB SE B BRI 1 BHE 20 A AR B B A AR

2) FPRFZ B B (5 100 45 R DR 22 B OR B — TR &[] Y L (58 B2, AR R 22 14.7 00, (T3 Ak T AT LU
2 HTEH

3) GRS e A WU B 07 B AR TP 7 T Sk g T S S 57 RS R gy AR A R A 5 T A 2l e e v A Y
KA T —RE WX FRBE A AT & T7 T = B IE T B — O A, — s R B RN T B TS



80 TR K FFHR %42 %

SE LWk

[ 1] Potluri P, Manan A. Mechanics of non-orthogonally interlaced textile composites[J]. Composites Part A: Applied Science
and Manufacturing, 2007, 38(4). 1216-1226.

[ 2 ] Aggarwal A, Ramakrishna S, Ganesh V K. Predicting the in-plane elastic constants of diamond braided composites
[J]. Journal of Composite Materials, 2001, 35(8): 665-688.

[ 3] Johnson W, Masters J, O’ Brien T, et al. Mechanical properties of triaxially braided composites: experimental and
analytical results[]J]. Journal of Composites Technology &. Research, 1993, 15;: 112-122.

[ 4] Byun J H. The analytical characterization of 2-d braided textile composites[ J]. Composites Science and Technology, 2000,
60(5): 705-716.

[ 5] Quek SC, Waas A M, Shahwan K W, et al. Analysis of 2D triaxial flat braided textile composites[]J]. International
Journal of Mechanical Sciences. 2003, 45(6/7): 1077-1096.

[ 6] Kier Z T, Salvi A, Theis G, et al. Estimating mechanical properties of 2D triaxially braided textile composites based on
microstructure properties[ ] ]. Composites Part B: Engineering, 2015, 68: 288-299.

[ 7 ] Shokriech M M, Mazloomi M S. An analytical method for calculating stiffness of two-dimensional tri-axial braided
composites[ ] ]. Composite Structures, 2010, 92(12): 2901-2905.

L8]/, Famk, sk, 4t =SV G ARG T RE 43 T[T, R )% 4, 2013, 34(2): 140-151.
YAN Xue, XU Xiwu, ZHANG Chao. Analysis of elastic properties of 2D triaxial braided composites[ J]. Chinese Journal
of Solid Mechanics, 2013, 34(2): 140-151. (in Chinese)

[ 90 5kI505 . XUA. 4k =g 21U 5 PR B K ot B0 B i LT ). HLAR T AR 224, 2015, 51(8): 84-91.
ZHANG Fangfang, LIU Cai. Progressive damage simulation and strength prediction of 2D triaxial braided composites
[J]. Journal of Mechanical Engineering, 2015, 51(8): 84-91. (in Chinese)

[10] sk, vk, 4t g 20U & bR LA BT Je M PERE TR LT ). A& MR =4 . 2010, 27(5): 129-135.
ZHANG Chao, XU Xiwu. Geometrical model and elastic properties prediction of 2D biaxial braided composites[]J]. Acta
Materiae Compositae Sinica, 2010, 27(5): 129-135.(in Chinese)

(1] 37, HER#, WFAR. ZmHAE MR EEERIR]. TR %, 2009, 26(1): 31-36.
ZHANG Ping, GUI Liangjin, FAN Zijie. Study on the elastic properties of triaxially braided composites[ ] ]. Engineering
Mechanics, 2009, 26(1): 31-36.(in Chinese)

[12] Tsai S W, Wu E M. A general theory of strength for anisotropic materials[J]. Journal of Composite Materials, 1971,
5(1): 58-80.

(% A )



