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Dynamic design research of staged-combustion
engine overall layout

Liang Junlong, Tan Y onghua, Sun Hongming
{ Shaanxi Power Machine Design and Research Institute, Xi’ an 710100, Chinal

Abstract : Based on fundamental vibration theories, the natural frequencies and mode shapes of
the entire staged-combustion rocket engine and the engin€’ s main pipeline system were investigated
with modern finite element analysis method. The modal test of Y-shape-pipe on the entire structure
was carried out and coupling resonance frequencies of the actua entire engine were also analyzed
during operation. The results show that computational natural frequencies and mode shapes of
Y-shape pipe are consistent with experimental natural frequencies and mode shapes, the lowest
natural frequency of the pipeline system is higher than the lowest natural frequency of the entire
structure, and the coupling resonance of the entire engine and the natural characteristics can not
happen during operation. These results of the modal computations and modal tests indicate that
overall layout of the entire engine structure is obviously reasonable for the dynamic characteristics.
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Fig.1 Finite element model of the entire engine
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Tab.2 Moda frequencies under some load cases 42MPa. ' ' Y
/Hz : ’ A
1 2 3 ’
1 10.466 18.695 15.575 Y : . .
2 15.273 19.175 15.687 . \ %
3 17.698 19.632 17.779 .
4 19.146 23.375 20.229 .
5 10148 | 242590 | 21594 41
6 20.189 31.829 27.381 Y
7 21.077 39.289 32.12 .
8 23.907 39.296 32.122 . .
9 37.665 41.741 35.032
10 39.295 43.316 38.084 a 6861 » 6911 '
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Fig.3 Finite element model of Y-shape-pipe
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Fig.4 Classica support of the pipe
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Tah.3 Computational and experimental modal

frequencies of Y-shape-pipe
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Fig.6 Vibrant curves of oxidant pump in frequency domain
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