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Fig. 1 Special polyurethane foam
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Fig. 2 Belt solution of typical package
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Fig.3 Setup diagram of packages in cargo spacecraft
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Fig.4 Dynamic model of test table-spacecraft-package

system
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Fig.5 Partial test instrument
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Fig. 7 Local vibration test picture of goods shelf and

package
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Tab.1 Package belt solutions
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Tab. 2 Test results comparison of different package belt solutions
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Fig. 8 Comparison of package belt scheme
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Tab. 3 Results comparison of package belt scheme test

R AL
R
X Y Z
BB 4L 7 3 4.6 4.3 5.0
EE RV EN 3.5 2.6 1.9

AR A A T AT LA X AN [ 2 2 5% 40 R A7
1715 EL T RIASAELEE 40 1A 9 38 Y AN 24 Al L (H R X
M7 AR T A 2, B R LR R, 3l
TEREM SRR . J7 6 o0 B A% 2 A BT
A B0 A B — 4> B i Ll ik — > BUSH Jt
S E S TS A R R T
RN EAT AL, o b SO AT R A T A Y
BRI S R AT AN 239 4 22 S 0 o TR e BT 3k —
75 30 B9 Dy BT 07 vk TSI B0 R TR AR A R
JURE L, FE S AT 9 /s B9 A BROCAR Y I, 4 IR 4k
By PR 2 1 B B A L IO 3 5, 4 I 52 B

A A DR S A B 7 B T AR UL BE AT A% ) 23 O R AT
P s TG O P A
X
Z~—TY

M9 MERRARGHRTER

Fig. 9 Finite element model using mass point of package
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Fig. 10 Authentication and acceptance test curves of

typical measure point in Y direction
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Fig. 11 Authentication and acceptance test curves of

typical measure point in Z direction
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Tab. 4 Fundamental frequency and connection stiffness

of packages
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Fig. 12 Finite element model of goods shelf using
BUSH element method
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Fig. 13 Vibration test view of cargo spacecraft
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Fig. 14 Strain curve of 5.5 t package in Y direction base
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Fig. 15 Strain curve of 4.4 t package in Y direction base
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Tab.5 Simulation error comparison of different solutions
e R A SCT5 i WIRrS
W&/t H/He 315/ H, iR25/% R/ H 235/ %
5.5 4.79 4.75 1 5.33 11
4.4 5. 34 5.30 1 5.84 9
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Packaging and modeling technology research
of flexible packages on cargo spacecraft

JIA. Dongyong', LEl Jianyu™', SUN Wei', BAIl Mingsheng's, HAN Bin', YU Xiaozhou®

( 1. Institute of Spacecraft System Engineering, China Academy of Space Technology, Beijing 100094, China;
2. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China )

Abstract: To address the problems of the large number and mass of flexible cargo packages and the
influence of stiffness nonlinearity on the whole ship’s fundamental frequency during the development
of Chinese cargo spacecraft, a binding strap tying scheme based on honeycomb sandwich panel
structure and a flexible cargo package simulation method based on BUSH element method are
proposed. Sub-structure local tests are carried out to obtain the key parameters of the cargo packages
and shelf connection stiffness. And the above key parameters are used to simulate the cargo package
accurately by means of generalized spring element (BUSH) and mass point. The vibration tests of the
whole cargo ship in different cargo states are conducted to verify the whole ship fundamental frequency
calculated by this method. The results show that the method reduces the test-simulation deviation
from the original 10% to 1%, and successfully solves the problem that the flexible state of the cargo
package is difficult to simulate. The method has been applied to the Tianzhou cargo spacecraft, and

can be applied to other spacecraft development such as manned lunar spacecraft.

Key words: cargo spacecralt; cushioning package; dynamic analysis; frequency indication; modeling





