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Abstract : An improved _yn

cross-section shape Variatioq 0

tion, and this model was further used to prcdict cquivalcncc elastic constant. §D, based on analyzing the braiding

interior fiber bundles along their center line in mahufacfuting process of jamming ac-

e geometric position coordinates for
fiber bundle jamming regions of improved unit cell model were depi

tfonship between braiding parameters and unit cell

fiber bundle cross-section, assuming the original circular cro s% is squeezed into oval shape ellipse in pinch
regions, thus curling the fiber bundle paths. Mathematicalo'%\

geometric dimensions was also deduced, with a relative ulation error for braiding pitch length less than 4%

Ne els ignoring fiber bundles’ deformation. Finally, equiva-

lence elastic constants were predicted, further used to investigate the effects of braiding angle and fiber volume frac-

compared with test data, which is better than thg

ture to elastic constants.
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Table 1 Sample specifications of 3D four-directional braided composites preforms-*!
Samples No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8
D,/mm 0. 757 0. 757 0. 757 0. 757 0. 757 0. 757 0. 757 0. 757
MXN 22X6 22X6 226 226 195 19X5 195 195
a /(%) 19.0 21.0 21.0 21.5 40. 0 40.0 40. 0 39.0
h/mm 5.22 4.70 4.73 4. 60 2.57 2.59 2. 60 2. 64
Vi/% 65.42 68. 70 68.33 69. 07 61.09 60. 35 59.97 61.18
W, /mm 20. 35 20. 35 20. 35 20. 35 0. 35 20. 35 20. 35 20. 35
W, /mm 6. 00 6. 00 6. 00 6. 00 D6 6. 16 6.16 6.16
Notes: D,—Equivalent diameter of braiding yarn; M—Number of row, AMJumber of columns; a—Surface braiding angle; 2—Braiding pitch

length; Vi —Fiber volume fracture; W,—Width of braided compe:‘

®2 ZHNEHRA
Table 2 Sample predicted specific:}t}'\

»— Thickness of braided composites.

5 4 3 48 T JL AT R ~F o B

parlson of 3D four-directional braided composites performs

Using straight circular fiber b\@g\ﬁoddrﬂ

Using mesoscopic model in this paper

7/ mm RE/% QAW /mm RE/% 7/mm RE/% W, /mm RE/%
No. 1 5. 081 66 O\/ 19. 607 —3.65 5.121 —1.89 19. 741 —2.99
No. 2 4.498 — @ 19. 352 —4.90 4.534 —3. r@ 19. 485 —4. 25
No. 3 4.511 %%4 19. 404 —4.65 4.546 *3@ 19. 537 —3.99
No. 4 4. 385 @4. 67 19. 358 —4. 87 4. 420 Co2 19. 491 —4.22
No. 5 2.5 @ —0.83 20. 759 2.01 2. 566 @*O. 16 20. 901 2.71
No. 6 2&& —1.00 20. 885 2.63 2.582 @ —0.32 21.028 3.33
No. 7 S&@ 2 —1.07 20. 952 2.96 O —0. 39 21.095 3. 66
No. 8 612 —1.06 20. 532 0. 89 Al @ 630 —0.38 20. 672 1. 58
Notes: ;@\ﬁmg pitch length; RE—Relative error; W,—Width of mposites.
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Table 3 Mechanical properties of components for 3D

four-directional carbon/epoxy braided composites™*’

E\1/GPa Ej/GPa Gi2/GPa  Gy3/GPa vy,
C fiber 230.0 40.0 24.0 14.3 0. 26
Epoxy 3.5 — — — 0. 35

Notes: E11—Out-plane elastic modulus; FE»—In-plane elastic mod-
ulus; Gi2—Out-plane shear modulus; Gs3—In-plane shear modulus;

vi,—Poisson’s ratio.
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Table 4 Elastic properties prediction result and relative errors of 3D four-directional carbon/ e/p}o\x ided composites
o O
/¢ Vi/% Experimental @@T}]@V Using mesoscopic model in this paper Using ﬁ(ﬁ@circular fiber bundle model
a i/
E /GP E11/GPa RE/% RE/? E % RE/ 2 RE/%
1 ?\A‘\@“ 11/GPa /% P /% 1&(@&) /% vi2 /%
No.1 19.8  49.65 56.31 “\)) 79 53. 88 —4.32  0.753 —4.68 —5.43  0.745 —5.70
No.2 36.9 51. 81 17.91 0.67 17.07 —4. 69 0. 640 —4. 48 ~ 89 —5.70 0.633 —5.52
No. 3 40.2 59. 28 16. 61 0.41 15.79 —4.94 0. 392 (\ 15. 64 —5.84 0. 388 —5.37
Notes:
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