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Investigation on Mechanical Properties for Three-dimensional Braided Circular Tubes
and the Bearing Capacities for the Analogue Structure of a Rocket Linking-Stage

Shen Huairong
(Institute of Command and T echnology Beijing)
Zheng Wenglong
(Department of Aeronautics, NUDT, Changsha, 410073)

Abstract T he compression and torsion behavior for the threedimensional braided C/ E 4-D and 5-D circular tubes
and the axial compression bearing-capacity for the Analogue Structure of Rocket Link—stage were investigated by experi—
mental method in this paper- T he experimental results show that the compression behavior for 5-D material is superior
to 4D material but the shear modulus for 5-D specimens are nearly the same with 4-D ones. The 3—cell model and FGM
model are applied to predict the relative properties and compression strength of the tubes. The comparisons betw een the
theoretical results and the experimental ones indicate that the predict results by 3—<cell model are fairly coincident with
the experiments, and the predict values by FGM model are lower. T he results in this paper are a good basis for the de—
signer of the braid structures.
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Fig- I Schematic for the rocket link -stage analogue structure
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Tab. 1 Experimental results of circular tubes
, 3D
4D
GPa GPa MPa
2
4D 17.0 16.0 125
2
5D 30. 8 17.8 184.8
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2 3-Cell FGM 5D
Vi = 60% :B= 120,F= 48, R= 0 5D
115
R D= 10%, x= 1% ,
Eri= 221GPa Ep2= 20GPa Griz= 49. 6GPa
viz= 0.22 vz = 0.31
Em = 3. 92(;Pa Vm = 0. 34
2
T able2 com parison between theoretical computations and ex perim ents
4D 5D
3Cell FGM 3Cell FGM
E(GPa) 17.0 18.0 9.6 30.8 31.8 21.7
E A GPa) 12.9 11.6 15.1 14.7
E A GPa) 11.3 11.6 14. 4 14.7
Gi2(GPa) 12.0 13.9 13.3 15. 4
G13(GPa) 16.0 15.8 13.9 17.8 17. 4 15.4
G13( GPa) 14.9 17.7 16. 4 19.2
Via 0.17 0.33 0.18 0.32
Vi3 0.56 0.33 0.52 0.32
V23 0.55 0.48 0.55 0.55
0y (M Pa) 125 122 79.6 184.8 180.5 131
2
(1) 4 5D :
(2) . 5D 4D
5D 4D 25%



12 1999 1

(3) ’ 3- ’
) FGM

I Frank K- Ko and Christopher M. Pastore, Structure and Properties of an Integrated 3-D Fabric for Structural Com posites- Recent
Advances in Composites in the U nited States and Japan, ASTM ST P 864 1985: 428 439

2 . . , 1991, (4)

3 Jenn-Ming Yang , Changdong Ma and T su-Wei Chou. Fiber Inclination Model of Three-dimensional T extile Structural Composites.
Journal of Composite Materials, 1986, 20: 472484

4 Chang Long Ma, Jenn Ming Yang and Tsu Wei Chou. Elastic Stiffness of T hree-dimensional Braided T ex tile Structural Composites-
Composite M aterials: Testing and Design ( Seventh Conference). ASTM STP 893, 1986: 404-421

/ s : [ 1, 1988

6 F K Ko. Three-dimensional Fabrics for Composites In T extile Structural Composites, Edby T su-Wei Chou and Frank K. Ko, ELSE-

VIER, 1989: 129 172

~

D L Wu- Threewcell M odel and 5D Braided Structural Composites. Composite Science and Technology (56) 1996: 18

8 R . . , 1997, 29 (3): 306 313

A B Macander, R M Crane and E T Jr. Camponeschi. Fabrication and M echamical Properties of M ultidimensionally (X-D) Braided

Composite M aterials. Composite Materials, ASTM STP893, 1986: 422 443

10 SS Yav, T W Chou, Frank K. Ko. Flexural and Axial Compressive Failures of T hree-dimensionally Braided Composite [-beams,
Composites, 17, (3): 227 232

11 . . , 1996, 27 (6), 707771

12 , 1997, (6): 20 21, 41

13 . , 1996, 17 (4): 50 57, 63

14 Tang Wen-Biao, Shen Huai-Rong. Mechanical Properties of C/E Three-dimensional Braid Structural Composites. Pro. of
IMMM 95, International Academic Publishers. 1995. 8: 233 238

15 s R

o

, 1996



