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Abstract: In order to obtain low frequency dynamic characteristics of engine structure, a
computing modal analysis model was set up for finite element method modal analysis of the four
parallel connected liquid rocket engines. To avoid some unnecessary complexities caused by the
unsymmetric characteristic of some engine structures, according to the principles of mass and stiffness
equivalence, sandwich plate structure of thrust chambers was simplified into monolayer plates. This
makes it easier to modeling. The most rest structures were modeled into space beams. The size of
simplified computing model is moderate. It reflects primary characteristics of engine structures
without waste the computer resources and computing time. The nature frequencies and modes of four
parallel connection engines have been obtained. Many of these modes have large axis motion, the
coupling between these modes and low frequency pressure oscillations of feedline and low frequency
modal vibration of rocket should be avoided.
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Fig.1 The simplify of the sandwich plate
structure of thrust chambers
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Tab.1 Elements of single engine

BT

BE (m) | A (m?) | #xH

LAY 0.022 0.3662 945

HEB 0.0035 0.3566 441
WHR 0.022 1.2523 2064
HAE 0.001 0.6878 432
Mppe = A E 0.0072 3.2805 5490
Lo 0.0072 0.2605 1449
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Tab.2 Mass density of the structure geometry model

JUFTERN AR BEEEER AR FHGER IR 23S
(m®) (kg) REMKHIESR
LERE 8.056x10° 63 2.1
£EH 1.279x10° 10 /
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Tab.3 Parts of the natural frequencies under

some load cases

WA | Isl | ITwW2 | IMm3 | L4
1 31 24 36 28
2 35 34 37 28.7
3 42 42 40 39
4 51 44 41 40
5 51 46 2 40.5
6 53 46 42.5 40.8
7 55 46 2.6 426
8 55.5 48 45 435
9 55.9 49 47 43.9
10 57.7 50 49 4.5
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