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A QUASI-ANALYTIC FINITE ELEMENT METHOD OF THE
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Abstract: In this paper, according to the characteristics of nozzle’s axisymmetric structures, the
quasi-analytic finite element method is used to establish the axisymmetric 8-node element finite equa-
tion of a laminated composite nozzle subjected to asymmetric loading. The computal program with
FORTRAN is designed. The correctness and feasibility of the program is validated throgh some ex-
amples. Finally, the static computation of a solid rocket swing nozzle is accomplished by using the
method and program. A engineering method of movable nozzle’s static computation is presented.
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Table 1 The redial displacement at the loading point

The term of Fourier The computational result of 4 The computational result of 8 Analytic
series development node element (100 element) node element (20 elements) solution®)
0 0. 008127 0. 001127
2 0. 01355 0. 01552
4 0. 05955 0. 06250 0.1852
6 0.1344 0.1335
8 0.1817 0. 1852
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Fig. 2 The sketch of nozzle Fig. 3 The displacement diagram of nozzle
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Fig. 4 The stress diagram of nozzle

Fig. 5 The section deformation sketch
at the swing forces point
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Fig. 14 Instantaneous thrust history Fig. 15 Average thrust history
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