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Sensitive characteristics of structural parameters of pressure
bearing and deformation compensation of S-shaped

bellows in heavy duty engine

ZHAO Jian' ,TAN Yonghua® ,CHEN Jianhua' ,GAO Yushan'
(1. Xv’an Aerospace Propulsion Institute, Xi’an 710100, China;
2. Academy of Aerospace Propulsion Technology, Xi’an 710100, China)

Abstract; The overall layout of ‘swinging behind the pump’ which is used for thrust vector regulation
is adopted in China’s 500 tf LOX/kerosene staged combustion engine for the first time. Among them, the
flexible swinging component suitable for high-temperature, high-pressure and oxygen enriched gas envi-
ronment is one of the key technologies that need to be overcome firstly. In this paper, a research method
of structural parameter sensitivity for the multi-layer thin-walled S-shaped bellows of swing assembly
based on orthogonal experimental design theory, nonlinear finite element method and mathematical statis-

tics theory was proposed. In order to obtain the influence of its structural parameters on the structural
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characteristics such as swing stiffness and stability. The OPTIMUS was used as the control platform in this

method, where the orthogonal test scheme of large samples based on the parametric nonlinear finite ele-

ment simulation program could be automatically analyzed, and the data information could also be pro-

cessed through correlation analysis, principal component analysis, analysis of variance and single factor

response analysis. The effects of different influence factors on the pressure bearing performance and dis-

placement compensation performance of S-shaped bellows were studied, and the sensitivity information of

each influence factor was obtained as well. The results show that the number of layers and the thickness

of single layer have a significant effect on the pressure bearing performance of bellows, while the wave

distance and peak radius have little effect. The axial stiffness of bellows decreases as a hyperbolic func-

tion with the increase of wave number and layer number, and the influence of wave distance can be ig-

nored.

Keywords ;: S-shaped metal bellows; flexible swinging component; orthogonal experimental design;

analysis of vaniance
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Tab.1 The distribution of structural parameters
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Fig. 4 Variation of maximum deformations to mesh sizes
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Fig. 5 Schematic diagrams of correlativity distribution
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Tab.3 The correlation coefficients of factors
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Fig. 6 Schematic diagrams of principal component analysis
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Fig.7 The von Mises stress of one combined bellows
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Tab. 4 The correlation coefficients of pressure responses
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Tab. 6 Load analysis of vaniance
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Tab. 10 Axial stiffness analysis of vaniance

M YT S s MS F
T 504 538.3 7 72 076.9 8.36
1) 15 376.5 7 2196.6 0.25
q 43 595.9 7 6228.0 0.72
t 131 463. 1 7 18 780. 4 2.18
n 1 809 895. 4 7 258 556.5 30.00
c 2 826 392. 1 7 418 056.0 48.50
w22 180 997. 6 21 8618.9 -

BEC 5612259.0 63 - -

5.2.4 BT R AT

e 1 rh 5 52 PR BB B vh RMELAE R
FEWEPTE | BRI 5 45 5% Wil DR] 7 G UL i T P %
PEARLZAT T von Mises [ 7 AR AE TR BE A4 52 i R o
R TR LA, A 5 i PR R 28 e e Nz 4 1) S
AL, AR K10 FEL 11 B s /9 58 5 52

—a—p
1.0 e
—A—
R —v—q
1= 0.8 1] ¢
s
E \A\. v v
5 06 —_ ‘N>'i'/ &
= —t——u_——p—1
\ h ]
I 0.4 ~~a
~
R ‘ —,
02 1 1 1 1
0.00 0.25 0.50 0.75 1.00

Tt Y5 A5

E 10 FTEHMMEFITTEL von Mises 7 J7 #2200
Fig. 10 The distribution of normalized von Mises stress

to normalized parameters
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