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Abstract

The spatial topology of the 3D five-directional braided composite material is complex. In order to
accurately predict its stiffness performance, this paper firstly studies the motion law of the yarn in
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the 3D braiding process, which is determined according to the distribution of the spatial yarn tra-
jectory at the corner, surface and interior. A three-cell solid model consists of corner, face and in-
ner cells. Then, the three-cell model is divided into symmetrical meshes and reasonable periodic
boundary conditions are applied. After calculating the stiffness properties of the unit cells through
finite element analysis, the overall stiffness of the macroscopic material is obtained by the volume
average method and compared with the experimental values. The research results show that the
three-cell structure model constructed in this paper can accurately reflect the microstructure of
the 3D five-directional braided composite material, and the stiffness performance prediction re-
sults are good, which provides a theoretical basis for the selection of component materials and the
improvement of the weaving process.
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Figure 1. Schematic diagram of weaving process
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Figure 2. Motion rule of yarn carrier chassis
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Figure 3. The three-cell model selection location
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Figure 4. Weaving yarn space trajectory
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Figure 5. Three-cell entity model
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Table 1. Material property parameter
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éﬂ%*j*il‘ E]_]_/GPa Ezz/GPa GlzlGPa ng/GPa Uqo Uss
CCF800H (12K) 294 18 12 6.39 0.3 0.35
5284 LM i 3.13 3.13 - - 04 0.4
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Table 2. The volume ratio of different cells
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S, Mises S, Mises
(Avg: 75%) (Avg: 75%)
+6.304e+02 +1.938e+03
+5.783e+02 +1.777e+03
+5.262e+02 +1.615e+03
+4.741e+02 +1.454e+03
+4.220e+02 +1.293e+03
+3.698e+02 +1.131e+03
+3.177e+02 +9.699e+02
+2.656e+02 +8.086e+02
+2.135e+02 +6.472e+02
+1.614e+02 +4.858e+02
+1.093e+02 +3.244e+02
+5.716e+01 +1.630e+02
+5.042e+00 +1.660e+00
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Figure 6. Results of finite element analysis under axial tensile load
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Table 3. Predicted values of elastic properties
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F E11/GPa E,,/GPa Uy
PY T 108 7.09 0.541
T T 111 7.63 0.402
A RLFE 110 7.46 0.445
T BT YRS B A2 IE R 120 - -
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S, Mises S, Mises

(Avg: 75%) (Avg: 75%)
+2.288e+02 +3.044e+02
+2.110e+02 +2.806e+02
+1.933e+02 +2.568e+02
+1.755e+02 +2.329e+02
+1.577e+02 +2.091e+02
+1.400e+02 +1.853e+02
+1.222e+02 +1.615e+02
+1.044e+02 +1.377e+02
+8.667e+01 +1.138e+02
+6.891e+01 +9.003e+01
+5.114e+01 +6.621e+01
+3.338e+01 +4.240e+01
+1.561e+01 +1.858e+01
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Figure 7. Results of finite element analysis under transverse tensile load
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+1.946e+03 +1.041e+03
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+1.637e+03 +8.800e+02
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+1.018e+03 +5.577e+02
+8.635e+02 +4.772e+02
+7.088e+02 +3.966e+02
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+3.994e+02 +2.355e+02
+2.447e+02 +1.549e+02
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Figure 8. Results of finite element analysis under in-plane shear load
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Figure 9. Unnotched tensile test
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Table 4. Matrix of experimental research on 3D five-directional braided composites
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I AY BIGTH H E N OWIRES JUFT RS} (mm) R
VAER LT AR %% ASTM D 3039 [6] 250 x 25 x 2.5 O 3K
PR NETALE 6 fF x 34tk
36 1
PRI 2 ISR WA 5.
Table 5. Measured values of elastic properties
F 5. RIEMAESTE
ESil E1/GPa E,,/GPa Uy
TR AR B 110 7.46 0.445
TR AR AR & A IE TME 120
AR IE 136 7.24 0.415
(LES 11.8% 3.03% 7.2%
DOI: 10.12677/ms.2022.1211140 1266 PR 2


https://doi.org/10.12677/ms.2022.1211140

Wi 5

X EEA PR G20 A A5 2R 45 380 A A S 191 55 1 5 ST, ARk R ) P A B O 5 S AT 1) e 22
3.03%, 75 1A VAR EE TR 5 Se B I 22 7.2%, 45 BRI, HRm R . TR
e AR R, 42 PRI T R PR AR BT A B 0 2 R IUINME S 110 GPa, H A IRTHEA 1)
YA G B S SMEAEE — B 25, RS B0 200 R FME AT 45 1E 515 212 WA R T
M SRS B0 120 GPa,  TIINAE 5 #1224 11.8%.

5. &

AT = A G R SRS T, AL 7 =R, i T =4E AR
BRI E NI RS, FESE RN

) WNT=4fmgmBEatel, RN, RIMA KDL EIFAHIE, 75008 A M.
THT A A RE 0 SIS A L AU 5 4 5

2) MT =N RmMAR AR, BT VAT FEuFE R A ML, (HRXEERUNERE, T
JEL R o AR AR BRI S T RE R P AR, DR 2% T P S

3) ANSCHE NI = M A5 AR R AL 2 ORI P A e BB TR SRR B L ST RS L BT R4 B T
FSEL, X rsiE, T B T2, SRR EER S ShMEa W, B sEks
{IERITINS

SE W

[1]1 EFEAR =4 L SRS ST IR R AW EUE T FU[D]: [ 22 A 50, 2 T EFR BRI, 2000.
https://doi.org/10.7666/d.y361907

[2] Chen, L., Tao, X.M. and Choy, C.L. (1999) Mechanical Analysis of 3-D Braided Composites by the Finite Multiphase
Element Method. Composites Science and Technology, 59, 2383-2391.
https://doi.org/10.1016/S0266-3538(99)00087-1

[3] VERIE, =4 SR LA 7 B SRR FE[D]: [t 22 A 5], st bR R, 2006.
https://doi.org/10.7666/d.d047037

[4] Yu, X.G. and Cui, J.Z. (2007) The Prediction on Mechanical Properties of 4-Step Braided Composites via Two-Scale
Method. Composites Science and Technology, 67, 471-480. https://doi.org/10.1016/j.compscitech.2006.08.028

[5] A%, ERY. =4imBREGMRIRIE R AR K A7 2# R 7 e [J]. Ml G HR, 2011(20): 40-44.

[6] #t3&X, RME. SEMBGII IR TTCY P E R A ER T 2. o E R A BOR P & B BoR T ) g k20
RS, bRt B, 1998: 1007-1014.

[71 A, ZFfR, Y. =4emSh O LME s A ]. EEMEAER, 2002, 19(2): 71-74.

[8] Pandey, R. and Hahn, H.T. (1996) Visualization of Representative Volume Elements for Three-Dimensional Four-Step

Braided Composites. Composites Science and Technology, 56, 161-170.
https://doi.org/10.1016/0266-3538(95)00137-9

[9] American Society for Testing and Materials (2014) Standard Test Method for Tensile Properties of Polymer Matrix
Composite Materials. ASTM International, West Conshohocken.

DOI: 10.12677/ms.2022.1211140 1267 PR R


https://doi.org/10.12677/ms.2022.1211140
https://doi.org/10.7666/d.y361907
https://doi.org/10.1016/S0266-3538(99)00087-1
https://doi.org/10.7666/d.d047037
https://doi.org/10.1016/j.compscitech.2006.08.028
https://doi.org/10.1016/0266-3538(95)00137-9

	基于三胞模型的三维五向编织复合材料刚度性能预测
	摘  要
	关键词
	Prediction of Stiffness Properties of 3D Five-Directional Braided Composites Based on Three-Cell Model
	Abstract
	Keywords
	1. 引言
	2. 三胞实体模型
	3. 有限元分析及刚度性能预测
	4. 模型有效性验证
	5. 结论
	参考文献

