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Structural topology optimization of vibration test fixture

for orbit and attitude control engines
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(X?’an Aerospace Propulsion Institute,Xi’an 710100, China)

Abstract  Aiming at the problems of some vibration test fixture of orbit and attitude control engines,
such as large mass, low frequency characteristic, the topology optimization method was adopted to im-
prove the structure design of typical test fixture. Based on the topology optimization module of Optistruct
software,, the dynamic topology optimization model and multi-objective optimization strategy were dis-
cussed, and the setting of optimization control parameters such as dispersion parameters ( DISCRETE )
and minimum member size (MINDIM ) was introduced. Based on the topology optimization of block test
fixture of thrust device, the influence of optimization objectives and control parameters on optimization re-
sults was studied. The optimized fixture frequency characteristics meet the test requirements, and the
weight reduction effect is obvious. The fixture control response under sinusoidal and random vibration test
conditions is verified to be stable and effective, and meets the tolerance requirements of the test. Finally,
by improving the design of cone test fixture of a certain orbit and attitude control engine, the topology op-

timization method is further extended and applied. The simulation results show that the modal frequency
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and dynamic response characteristics of the optimized fixture are significantly improved, which provides

reference and guidance for the design of vibration test fixture.

Key words orbit and attitude control engine ;block fixture ; cone fixture ; multi-objective topology optimi-

zation jnatural frequency ;vibration test
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Fig.1 Topology optimization results with different DISCRETE parameters
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Fig.2 Topology optimization results with different MINDIN parameters
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Fig.5 Results of single objective topology optimization
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Fig. 6 Results of multi-objective topology optimization
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Fig.9 Optimization results of fixture in x and y
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Fig.10 Optimization results of fixture in z test direction
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Fig.13 Installation diagram of vibration test fixture
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Fig.16 Cone fixture topology optimization process

AR RS PI2B A AL J7 ik 26— iR Hs
REHL™ b 932 1 LA K IR 3 65 19 28258 RS, f e B
MR IR . [ 16 S — A
2R B XK, @R o AR s X . H
s pR A = [ A 90 25 i DR R LR RE B /1, A
IR B B R B0 SR AR . 58 0 15
— AR AR EE AL PR AT ML, F B e
KR I FL A5 7 i 22 2 P9 L i TR JO0 S 0 ) (L A
BEMLIE R RMS , [5] B L] A7 590 3% 7 1 2 e 55 0 24
HE

BOTIEW AL T, 1 5, LU A B A
AR REAEL R 2Ry I AT OUAL , REAS BRAT LL T3 i
LS R SEAS AR NG 55 SR, LA S T 57 ) i
JRE 25 SR e JSE AT PROCOLAL , REAS 4R AL Sy R A 23
A FIEEHE ], T AR T 4 00 A =) 8 o 37 g e
JE JRUCE M, Al RS

MIEL 16 T LAFE HY, P04 5 G548 RIS R 22 2 T LE
DUACRTAT A S K, fE R A S I 00 T, 4R
A i 17 e B S, ) A, 2354 B o 2 L O A R i
BN o A, e LM BE 1 HE T A P22 SRR 1 BLAE
2, MHEA —E L. LRI AR 5
i Je HAR [ A I AL o

XHICAERT e B e B A7 A BROTEE S 70 A, 15
I DU R [ A AR AR, A el 17 18] 18 M1 2 Jir
o PARIR e B i i DY B 32 BRI AL AT S A
WL HETE, Horp— R AR LU AU AL AT A 337 Hz 25

#7781 Hz  BORIEABOR R

17 ALK R B AR MRS
Fig. 17

The first four vibration modes of the

cone fixture before optimization

A1, /=781.89 Hz

\o/ o I

2. /=894.73 Hz

FiZS5,/=1122.2 Hz

FiZ59,/=1401 Hz

—

18 ALK KB AT M ETS
Fig.18 The first four vibration modes of the

optimized cone fixture



H49 % 11

KA, 55 R R SRS e R A5t iR ML ie 101

R2 ERXERIMAR . EHEZSHXILL

Tab.2 Comparison of main parameters of cone fixture before and after optimization
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Fig.19 Acceleration amplitude-frequency response curve

of upper face of fixture before optimization
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Fig.20 Acceleration amplitude-frequency response curve

of upper face of optimized fixture
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