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Abstract

This paper predicted the engineering constants of gpatialy reinforced carbon/ carbon
composites and analyzed the mechanica behaviour of the kick motor nozzle. Those
equivaent engineering constants are used to anayze the mechanical behaviour of the
kick motor nozzle. Because the distribution of equivalent engineering constants is
varying as change its structure, we made a program to predict engineering constants of
spetially reinforced composites. The kick motor nozzle consigs of graphite or spatialy
reinforced carbon/ carbon composites for the nozzle throat, carbon/ phenol for the nozzle
entrance and the expansion part, and steel for the outer surface of the expanson part.
The 4-D carbon/ carbon composite shows the smadlest deformed shape of the nozzle
throat, which has a favorable effect on the rocket thrust, and the most uniform
deformation of all nozzle throat materials. In addition to anadyss, ground firing tess of
4D C/ C nozzle throat and graphite nozzle throat were performed.
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1.1. Spatially reinforced composite nozzle.
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2.1. Local and global coordinate system for the rod. ’
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2.2. Unit cell of the 3-D SRC. GSO—StI’aln) [1’2,3,4]
SRC

[Cle= B VEIKITIC JK] + (- 2 VF )Clw (24)

2.3. Unit cell of the 4-D SRC.
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2.1. Material properties of the rod.

Symbol Rod
d(mm) 1
Elr(GPa) 166
E2r, E3r(GPa) 6.83
G12r, G13r(GPa) 29
G23r(GPa) 239
v12r, v13r 034
2.3.
( 23
([Slo) (Clo)
(Se= 1)

Ene= USye, Epe= USy,
E33C: 1/833c ) G230= 1/8440

Gaie= USsse , Gpe= U S

Vige = -

S320 / S220

Voge = -
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2.4. Arbitrary direction of the SRC.
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2.2. Material properties of the carbon matrix.

Symbol Carbon matrix
Em(GPa) 3
vm 035
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2.10. Poisson's ratio distribution of the

4-D SRC.
3.
3.1
MSC
PATRAN , ABAQUS
31
2.9. Shear modulus distribution of the 4-D (graphite)
SRC. 3D/ 4D SRC,
Carbon/ phenaol,
3.1. Material properties of kick motor nozzle(l).
Symbol 3-D SRC 4-D SRC Symbol Carbor/ Phenol
1d,2d,3d,4d (mm) 111 1111

Exx(GPa) 378 335 Ezz(GPa) 73.7
Eyy(GPa) 378 265 Eqq(GPa) 73.7
Ezz(GPa) 378 265 Err(GPa) 5*
Gyz(GPa) 21 98 Grq(GPa) 25
Gzx(GPa) 21 21 Gqz(GPa) 5.0
Gxy (GPa) 21 21 Gzr (GPa) 25*

Xy 0.078 0.077 vrq 0.03*

vzX 0.078 0.061 vrz 0.03*

vyz 0.078 035 vQz 01
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3.1. Mesh generation for the nozzle.
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3.2. Pressure distribution on the wall along the axis.
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3.2. Material properties of the kick motor nozzle(l).

Symbol Graphite S-4130

Em(GPa) 70 200

ym 0.071 0.28
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